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A redescription and reassessment of the fossil trail Trisulcus
lagueatus Hitrcucock, 1865 from the Early Jurassic of Massachusetts

Patrick R. GETTYT & DoONALD H. GOLDSTEIN

Abstract

The ichnospecies Trisulcus laqueatus is an epichnial trail that is constructed of three grooves separated by two
ridges. It exhibits significant amounts of extramorphological variation because the maker was moving through
wet sediment. Thus, most details of the maker are obscured. Nonetheless, there is evidence of it having been made
by arthropods, including the sharply-angled turns in one example, the division of the lateral grooves into separate
imprints in some locations along the length of the trail, and comparison to modern trails produced by Cydnidae

(burrower bugs).

Keywords: Ichnology, actuopaleontology, Early Jurassic, Arthropoda, Repichnia.

1. Introduction

Almosthalfacentury ago, HANTzscHEL (1975) remarked
that the number of established ichnotaxa was excessive,
especially because some ichnotaxonomic names, and the
older ones in particular, were “useless.” Their lack of util-
ity resulted especially from the naming of poorly defined
or incomplete traces that could not be compared to ich-
notaxa from elsewhere. Further, many of these ichnotaxa
were badly illustrated, which hampered comparisons with
other trace fossils. Since HANTZSCHEL wrote, ichnologists
have been coming to a consensus on how to define new
ichnotaxa using specific morphological features called
ichnotaxobases (e.g., BERTLING et al. 2006), which should
prevent new taxonomic problems, such as the establish-
ment of unrecognizable taxa, if they are followed.

These guidelines, however, do not address the whole
issue because many of the problematic taxa were estab-
lished in the 19" century, when most researchers were
working alone during the infancy of paleoichnology.
The pioneers of 19" century ichnology sometimes did
not understand that they were working with trace fossils,
instead identifying the fossils as fucoids or algae (OsGoop
1975). One such ichnological pioneer was EbwaRD HitcH-
cock, who spent nearly thirty years studying the Early
Jurassic trace fossils of the Hartford and Deerfield basins
of Massachusetts and Connecticut. He was an early pro-
ponent of the animal origin of many trace fossils and in
1848 he named his first ichnogenus of invertebrate origin,
Herpystezoum (Hitcucock 1848: 245). He also created
the extensive ichnology collection at Amherst College to
which future writers could “refer, to test the accuracy of
drawings and descriptions” (Hircacock 1858). Hitchcock
was, however, in modern terms, a taxonomic splitter who
used slight differences in trace morphology as justifica-
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tion for the erection of 31 new ichnogenera and 60 ich-
nospecies from invertebrate traces that he studied. Many
of the diagnoses that he provided are lacking by modern
standards. For example, his diagnosis for the ichnogenus
Saltator was “animals small, generally moving by leaps.”
Note that this diagnosis included no morphological details
of the trace, but instead relied on HitcHcocK’s interpre-
tation of the locomotion of the tracemaker. HitcHcock’s
illustrations of his specimens were sometimes inade-
quately detailed. Scientific illustrations in that period
before photography, generally showed what the scientist
thought was most salient, sometimes omitting important
secondary details (GoLDSTEIN & GETTY 2022). Details were
also sometimes altered or lost in the process of preparing
lithographs for publication. This focus has made it diffi-
cult for later scientists to correlate newly found traces with
those described. For example, HitcHcock’s ichnospecies
Halysichnus tardigradus is indistinguishable from its jun-
ior subjective synonym Treptichnus bifurcus, which was
named decades later, but this was unknown until recently
due to the nature of the illustration (GoLDSTEIN et al. 2017).
Hitcucock (1865) noted that his drawing of Trisulcus
(Fig. 1), which is the subject of this paper, was imperfect.

Overtheyears, several researchers have beguntoreeval-
uate EpwarDp HitcHcock’s vertebrate and invertebrate ich-
notaxa (e.g., Lurr 1915, 1953; OLsEN & Papian 1986; OLSEN
et al. 1998; OLSEN & RAINFORTH 2003; DALMAN & WEEMS
2013; Lucas et al. 2013; GeTTy 2016, 2017, 2018; GETTY &
Loes 2018; GETTY et al. 2021). Although a monographic
treatment would be best, such an undertaking would be
time-consuming. Instead, the revisions to HitcHcock’s
ichnotaxa usually analyze one or a few ichnogenera and
their included ichnospecies. The same is true of the pre-
sent paper, in which we address the ichnogenus 7risulcus
and its sole ichnospecies, T. laqueatus.
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Trisulcus laqueatus. ey

Fig. 1. Epwarp Hircucock’s 1865 illustration of Trisulcus
laqueatus. Note the relatively smooth curvature of the loop, as
drawn, and compare this to the photograph of the same speci-
men in Fig. 5E.

Institutional abbreviations: Beneski Museum
of Natural History Ichnology Collection (Amherst College,
Amherst, Massachusetts, USA): ACM ICH.

Geographical and stratigraphic abbre-
viations (for Fig. 2): CT, Connecticut; MA, Massachusetts;
RI, Rhode Island; Jdb, Jurassic Deerfield Basalt; Jm, Jurassic
Mount Toby Formation; Js, Jurassic Fall River Beds; Jt, Jurassic
Turners Falls Sandstone; Om, Ordovician Moretown Formation;
Trs, Triassic Sugarloaf Formation.

2. Geological and historical context

Trisulcus laqueatus has been found at only one loca-
tion: Turner’s Falls in Massachusetts, USA (HitcHCOCK
1865; Fig. 2). The precise collection locality at Turners Falls
is unknown, because Epwarp Hitcucock, who described
the fossils, used the term “Turner’s Falls” generically for
several exposures along a 6.2 km stretch of river (Hitch-
cock 1858; OLsEN et al. 1992: 516; this paper, Figs. 2, 3).
Localities that Hitcacock (1858: 13) considered as part of
Turner’s Falls include the north bank of the Connecticut
River opposite the mouth of Millers River, the Horse Race
(north and south bank of the river), the Lily Pond, the
Orchard in Gill, the Ferry above Turner’s Falls, the north
bank “a little” below the Falls, the mouth of the Fall River
close to Rocky Mountain, and the locks of the canal at
Turner’s Falls, on the south bank. Turner’s Falls is in the
Deerfield Basin, which is one of several basins that formed
in eastern North America as Pangaea broke apart, filling
with sediments and igneous rocks during the Late Trias-
sic through the Early Jurassic (MANSPEIZER & COUSMINER
1988; OLSEN 1978, 1997; OLSEN et al. 1992; VAN HOUTEN
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1977). The Deerfield Basin sediments started to accumu-
late in the Late Triassic with coarse, fluvial sediment of
the Sugarloaf Formation (see WEEMs et al. 2016 for a syno-
nymy of Newark Supergroup lithostratigraphic names).
In the Early Jurassic, deposition shifted to fine-grained
lacustrine sediments of the Fall River beds and Turner’s
Falls formations as the rate of crustal extension increased.
Coincident with the shift in deposition was the eruption,
from fissures to the east, of two basaltic lava flows known
as the Deerfield Basalt, which are part of the larger series
of volcanic eruptions known as the Central Atlantic Mag-
matic Province (OLSEN et al. 1996), whose earliest erup-
tions have been implicated in the end-Triassic extinction
(BLACKBURN et al. 2013).
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Fig. 2. Trisulcus laqueatus geographic and stratigraphic context;
A: map of North America with southern New England shaded by
a black box; B: map of southern New England showing New-
ark Supergroup Mesozoic sedimentary rocks in gray and igne-
ous rocks in black; C: bedrock geologic map of the boxed area
in B. The stars indicate where the fossils were collected; D: sim-
ple stratigraphic column of the Deerfield Basin. — Scale: 50 km
in Band 4 km in C.
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Fig. 3. Photograph of the upper portion of the Ichno-Geological Map of the Connecticut Valley, 1857, plate II in HitrcHcock (1858).
This part of the map contains the legend and shows the line of the Turner’s Falls section. One thousand copies of the book were
printed, and the colors for the transects, stone types, and track sites were added by hand before distribution. The hand coloring var-
ies from copy to copy. On this copy, the approximate track site localities are indicated by red, 3-toed “footmarks”. Courtesy of: The
New York Public Library, Astor, Lenox and Tilden Foundations, Stuart collection, rare book collection.

North America moved northward at a rate of about
0.6° of latitude per million years from the Late Triassic
into the Early Jurassic, which caused the Deerfield Basin
to move into a subtropical arid belt (KEnT & Tauxg 2005).
The region’s aridity was moderated somewhat by mon-
soonal rains derived from the Tethys Sea (CHANDLER et
al. 1992; ParrisH 1993), but dry conditions dominated,
as evidenced by such features as ventifacts in the Sugar-
loaf Formation, caliche deposits in the Hartford Basin, and
eolian sandstones in the Pomperaug, Hartford, Fundy, and
Argana basins (e.g., HUBERT 1978; LETouRNEAU & HUBER
2006). Cyclicity within lake deposits of the Newark
Supergroup, including the Deerfield Basin, from red to
gray and black shales, has been attributed to Milankovich
Cycle-influenced climate changes (OLSEN 1986; OLSEN &
KENT 1999), although this has recently been challenged by
TanNER & Lucas (2015).

The Turner’s Falls localities expose rocks of the 2-km-
thick Turner’s Falls Formation, which is composed of
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playa and playa-lake red beds, gray to black lacustrine
strata, and minor fluvial strata (HUBERT & DUTCHER 2005).
Trisulcus laqueatus occurs on the upper surfaces of slabs
of red shale, one of which also preserves dinosaur tracks
(Anomoepus scambus). The occurrence of the tracks,
along with the red color of the shale, suggests that Trisul-
cus was produced in the shallow playa-lake deposits of the
formation. As Lurr (1953) and OLsEN et al. (1992) noted,
the Turner’s Falls sites were among the most important
of HitcHcock’s collecting localities, yielding many well-
defined vertebrate and invertebrate traces.

Epwarp HitcHcock introduced T7risulcus and other
discoveries at the 10 December 1862 meeting of the
American Academy of Arts and Sciences in Boston, Mas-
sachusetts (HitcHcock 1862, draft). At that time the slabs
may have been in the possession of RosweLL FIELD. FIELD
was one of several local citizens of the Connecticut Val-
ley who collected fossil footprints and supplied museums
with excellent specimens. Many of these early collec-
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tors, including Dr. JosepH BARRATT, JAMES DEANE, DEXTER
MagrsH, Dr. Joun CoLLINS WARREN, and FIELD, wrote arti-
cles for scientific journals and the occasional monograph
(for bibliography, see HitrcHcock 1858: IX—XII; HERBERT &
DovtLg, 2013). RoswELL FIELD was a farmer, the owner of
a large tract of land on the north bank of the Connecticut
River in Gill, Massachusetts, which included quarry sites
such as the Lily Pond (SHoEMAKER & TomB 2016). Prior to
1853, DExTER MaRrsH of Greenfield Massachusetts, sup-
plied many of the fossil tracks to collectors and museums.
On at least one occasion, FIELD allowed DEXTER MARSH to
dig for fossils on his land (FieLp 1848; Fig. 4), and many
of the fossils sold by MarsaH may have originated from
FieLp’s farm (FieLD 1860). After MarsH’s death in 1853 and
the auction of his collection, much of which was bought by
the museum at Ambherst College, FIELD became a principal
supplier of the region’s fossil tracks (HERBERT et al. 2013).
In 1859, FieLD delivered an address to the American Asso-
ciation for the Advancement of Science, contending that
the tracks from the valley’s stone were made by reptiles,
not birds (FIELD 1860).

In the draft of his 1862 talk (p. 1), Hitcncock wrote,
“In order to ascertain the true character of the tracks...it
would be desirable that the collection should be enlarged”
so that “the varieties are gathered in one cabinet”. His
intent to purchase FIELD’s collection was announced dur-
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ing the meeting (HitcHcock 1866: 92). “Within a few days,
through the liberal donations of a few friends of science,
the entire collection of RosweLL FIELD, made at Turner’s
Falls, has been added, which will increase the collec-
tion by several thousand tracks.” The purchase is docu-
mented by three entries in a journal totaling $750 made to
RosweLL FieLp under the heading, “Expenses in the Foot-
mark Enterprise”, dated January 1, January 12, and Feb-
ruary 16, 1863 (Hitcucock 1857-1860). A corresponding
receipt of payment for $750, dated February 14, 1863 is pre-
served in the Amherst College Library Archives and Spe-
cial Collections (FieLp 1863). The records of the Amherst
College Museum show the date of acquisition of the two
slabs containing the Trisulcus laqueatus (52/12 and 52/14)
as 1863 (HavLEY SINGLETON, personal communication,
2021). Specimen numbers were added later, in the final
draft of the Supplement (HircHcock, 1863 p. 46).

In his posthumously published Supplement to the Ich-
nology of New England, EpwarD Hitcacock (1865: 1)
acknowledged the value of the purchase: “A still more
fruitful source of new information has been the purchase
from MR. RosweLL FIELD, of a large collection... The late
addition has already brought out disclosures amply com-
pensating for the thousand dollars paid for it.” This would
be equivalent to nearly 23,000 US dollars today.
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Fig. 4. RosweLL FIELD’s record of payment. “Gill, July 18, 1848, Received of DEXTER MaRrsH, twenty five dollars for the privilige
of digging in the archary a specified distance understood between the parties. RosweLL FIELD”. Photo courtesy of Amherst College
Archives and special collections. DEXTER MARsH Papers, bills and receipts, undated, in Box 1, Folder 11.

Downloaded From: https://bioone.org/journals/Palaeodiversity on 24 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



PATRICK R. GETTY T & DONALD H. GOLDSTEIN: REDESCRIPTION OF TRISULCUS FROM THE JURASSIC OF MASSACHUSETTS 65

3. Material and methods

Only three specimens of Trisulcus laqueatus are
known, and these occur on two slabs at the Amherst Col-
lege Museum of Natural History: ACM ICH 52/12 and
ACM ICH 52/14 (Figs. 5, 6). The trackways were photo-
graphed and examined in detail under low-angle sunlight.
Measurements from the trails were later taken from the
photographs using the public-domain image-processing
and analysis program ImageJ (RasBanp 2014). Measure-
ments included trail length and width, as well as the width
of the central and lateral furrows and of the two ridges.

4. Systematic paleontology

Ichnogenus Trisulcus HitcHcoCk, 1865

Type species: Trisulcus lagueatus Hitcucock, 1865,
by original monotypy.

Diagnosis: Concave epirelief trail composed of three
grooves between which are two raised ridges of sediment. The
central groove and raised ridges are equal to subequal in width.
The lateral grooves are variable, from equal to wider than the
central groove and ridges.Remarks: The morphology of Tri-
sulcus is, as is the case with all such trace fossils, the result of
the anatomy and behavior of the tracemaker, coupled with the
saturation of the sediment across which it moved. In this case,
it appears that sediment saturation played a significant role in
producing the three grooves that make up the trace. In a few
locations the lateral groove separates into distinct tracks, pre-
sumably where the sediment was a bit firmer. The ridges are
sometimes smooth and sometimes beaded in appearance.

Trisulcus laqueatus HiTcHCOCK, 1865
Figs. 1,5, 6

v* 1865 Trisulcus laqueatus nov. ichnosp. — E. Hitcucock, p. 18,
pl. 3, fig. 4.

1865 Trisulcus laqueatus E. Hitcucock. — C. H. HitcHcock,
p. 84.

1889 Trisulcus laqueatus E. Hitcucock. — C.H. HitcHcock,
p. 119.

1915 Trisulcus laqueatus E. Hitcucock. — LuLL, p. 69, fig. 8.
1953 Trisulcus laqueatus E. Hitcucock. — LuLt, p. 53, fig. 8.
1975 Trisulcus laqueatus E. Hitcucock. — HANTZSCHEL, p. W118.
2005 Trisulcus laqueatus E. HitcHCcOCK. — RAINFORTH, p. 886,
fig. 5.54.

Diagnosis: As for the ichnogenus.

Description: Trackways measure between 26.6 and
36.9 cm long. They range in width along their course, from 0.5 to
1.0 cm. The ridges that separate the furrows are between 0.1 and
0.3 cm wide, and the central furrow is 0.1 to 0.2 cm wide. The
lateral grooves range from 0.2 to 0.35 cm wide. The trackways
take a gently to tightly meandering course across the slabs on
which they are preserved; the tight turns display discrete short
segments from 0.67 to 0.84 cm in length and sharply angled
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changes of direction. The ridges between the grooves may have
the same width along the course of the trail, appearing conti-
nuous, or may be formed by a series of conjoined, ovate packets
of sediment to give a pinched and swollen, beaded appearance.
The central groove is continuous, whereas the lateral grooves
may be continuous or intermittent. The lateral grooves some-
times break into discrete, rounded or crescentic indentations
(Fig. 5C, arrowed).

Remarks: Hircucock’s illustration of Trisulcus laquea-
tus (Fig. 1) is somewhat misleading in that the trail does not
loop back over itself (Fig. 5D, E). The trail in question, on ACM
ICH 52/12, does, however, take a sharp meander, which is what
Hircucock (1865) had interpreted as a loop. The course of the
trail around the meander is a series of short segments with many
sharp-angled turns; it is not smooth, as illustrated by HitcHcock
(1865).

5. Potential tracemakers

Hitcacock (1865) considered Trisulcus laqueatus to
have been made by an annelid, in part because the trace
is a trail rather than a trackway. LurL (1915), however,
rejected the idea that Trisulcus laqueatus could have been
made by an annelid because it is composed of multiple
parallel grooves. By contrast, annelid trails consist of
a single groove (WETZEL et al. 2016). LuLL suggested that
the trace might have been made by a mollusk. He later
placed the ichnogenus in a group of trace fossils made
by worm-like forms (LuLL 1953), thus apparently return-
ing to HitcHcock’s (1865) original hypothesis. However,
several lines of evidence suggest that Trisulcus laqueatus
was made by a short-bodied animal with a skeleton and
appendages, which suggests an arthropod tracemaker.
First, the two lateral grooves are sometimes marked by
discrete circular or crescentic indentations in the sub-
strate, indicating the distal end of a limb digging in to
gain purchase (Fig. 5C). Second, the trails are constructed
of discrete segments each angled to the next when mak-
ing tight turns (Fig. 5D, E), rather than smoothly curving
as the trail changes direction. The incremental progres-
sion of the trace and the ratio of segment length to width
has been suggested as an indicator of short, rigid-bodied
tracemakers, (MARTIN & RiNDsBERG 2003). The range of
segment length to track width on the specimens here,
(length, 0.67-0.92 cm, width. 0.5—1cm), suggests that the
tracemaker was an animal less than twice as long as it
was wide. Third, the ridges are sometimes constructed of
ovate packets of sediment, giving them a beaded appear-
ance, which suggests that discrete amounts of sediment
were manipulated at a given time (Fig. 6C). These com-
bined features form the bioprint, the unique signature of
the tracemaker. This includes three of the bioprint fea-
tures of traces made by modern juvenile limulids, sug-
gesting short-bodied animals with paired appendages
(RINDSBERG & MARTIN 2007). Only lacking here are the
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Fig. 5. Trisulcus laqueatus on ACM ICH 52/12; A: The entire slab, with the location of the Trisulcus trails in boxes labeled B and D;
B: close-up of the left boxed region in A, showing the entire Trisulcus trail; C: close-up of the boxed region in B, showing the seg-
mented ridges and furrows (arrowed); D: close-up of the right boxed region in A, showing the entire Trisulcus trail; E: close-up of the
boxed region in C, showing the angled turn taken by the tracemaker. Compare to Fig. 1. — Scale: Scmin A, B,and D, 1 cmin C and E.
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Fig. 6. Trisulcus laqueatus on ACM ICH 52/14; A: The entire slab, with the location of the Trisulcus trail in a box labeled B. Note the
Anomoepus scambus dinosaur trackway; B: close-up of the boxed region in A, showing the entire 7risulcus trail; C: close-up of the
boxed region in B, showing the segmented ridges and furrows (arrowed). — Scale: 5 cm in A and B, 1 cm in C.
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traces of the tail (or telson) and resting traces. Our impres-
sion is of a small, short-bodied, tailless animal pulling its
body through the substrate in discrete sets of strides, pil-
ing material against the body during the backward push
of each appendage. The body forms the central groove;
the outer segments of the legs dig into the substrate form-
ing the lateral grooves and indentations; and the material
displaced laterally by the body and disturbed and moved
medially by the legs’ motion forms the two, sometimes
beaded ridges.

In saturated sediment, some insects and their larvae
can leave traces superficially similar to the fossil Trisul-
cus. For example, a dragonfly larva crawling subaerially
on mud of different degrees of saturation produces a trace
that consists of a large central furrow excavated by the
abdomen, as well as two rows of tracks that come close to
merging in places (Fig. 7). This modern trace bears some
resemblance to the fossil trail illustrated in Fig. 5C. More
convincing is a trail produced by a burrower bug (Cyd-
nidae) that was figured by Mgtz (1987, fig. 18), having
three grooves separated by two ridges. One of the earli-
est discoveries of arthropod fossils in North America was
Mormolucoides articulatus HitcHcock, 1858, an insect
larva which was found “in the shale of Turner’s Falls” by
RosweLL Fierp (HircHcock 1858: 7). Other insect fossils,
including larvae, and the elytra of adult beetles, have since
been found in quarries from sediments of the same age, in

the Deerfield Basin, the adjacent Hartford Basin, and the
Newark Basin (Huser et al. 2003). Following these lines of
evidence, we suggest that Trisulcus laqueatus is the trace
of an arthropod, although little else can be said because
it exhibits significant extramorphological variability; e.g.,
individual crescentic indentations are often merged to
form the lateral grooves.

6. Conclusions

The ichnospecies Trisulcus laqueatus has been reexa-
mined and reillustrated. The fossil is an epichnial trail that
is known on only two slabs from the Deerfield Basin of
Massachusetts, USA. The trails do not exhibit much mor-
phological detail that would identify the maker, primar-
ily because the animals that made the trails were crawling
through wet mud, and thus the trails exhibit extramor-
phological variation. Nevertheless, evidence, such as the
sharply angled turns and the occasional separation of the
lateral grooves into separate imprints, indicates that the
makers were arthropods rather than annelids (HitcHcock
1865) or mollusks (LuLL 1915). The arthropod hypothe-
sis is supported by neoichnological observations of a bur-
rower bug (Cydnidae) trail that was figured by Mgtz (1987,
fig. 18). This modern arthropod trail is nearly identical to
the fossil trail. Fossil arthropods, including larval and

Fig. 7. Trackway produced by a dragonfly larva, seen on right, in mud of varying saturation levels. Note that in the center of the
photograph, the abdomen produces a deep furrow and that the leg imprints become much closer together. Also note the ridges
between the abdominal furrow and the leg imprints. Compare to Fig. 3C. — Scale: 5 cm.
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adult beetles, are known from the Early Jurassic basins of ~ Gerty, P. R. (2018): Revision of the Early Jurassic arthropod
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