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Aratichnus igen. nov. from the Eocene-aged Baronia Formation, Àger 
Basin, Lleida, Spain
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Murray K. Gingrasa
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ABSTRACT
Aratichnus, new ichnogenus, is described from a lower Eocene-aged, tidally reworked 
sandstone unit (Baronia Formation) near Baronia de Sant Oïsme, Spain. Aratichnus n. igen. is 
a horizontal, epichnial furrow ranging from simpler forms that display repeating straight to 
gently curved grooves to more complex serial furrows paralleling each other. Two new 
ichnospecies are described, Aratichnus hordeicollis n. isp. and Aratichnus apricuscampus n. isp., 
that encompass the range of morphological variability exhibited by the ichnogenus. A. 
hordeicollis exhibits ordered, repeating shapes of furrows, while A. apricuscampus exhibits 
furrows which do not repeat in shape and direction. We interpret Aratichnus n. igen. as a 
trace fossil made by an interface deposit feeder exploiting a patchy food source in an 
intertidal environment.

Introduction

An undiagnosed trace fossil has previously been 
reported from the Eocene-aged Baronia Formation, 
Spain (Gingras et� al., 2012; Gingras & MacEachern, 
2012; Olariu et� al., 2012). In previous publications, 
the trace fossil is described as ‘Phycodes-like’ or ‘stel-
late’ (Gingras et�al., 2012; Olariu et�al., 2012). Preserved 
primarily in epirelief, the ichnofossil is horizontal and 
ranges in planform morphology from curved to linear 
parallel furrows to repeating sinusoidal furrows branch-
ing from a central point or area, likely a vertical tube. 
In this location, approximately 3.7 km northeast of the 
town of Baronia de Sant Oïsme, the Baronia Formation 
is associated with tidally reworked sandstones (Figure 
1) (Olariu et� al., 2012). These trace fossils occur pri-
marily in the troughs of both current- and 
wave-generated ripples on bedding planes. We hypoth-
esize that the morphology of this trace fossil is unique 
in comparison with the diagnostic criteria for existing 
ichnogenera. The objectives of this study are to 
describe and define these distinctive trace fossils as 
new ichnogenera, interpret its ethology, and demon-
strate its paleoenvironmental significance. The ichno-
genus is also compared to modern examples of 

interface deposit feeders exhibiting what we interpret 
as analogous behaviours.

Geological background

The studied trace fossils occur within the lower 
Eocene (Ypresian Stage) Baronia Formation of Figols 
Group in the Àger Basin in the south-central Pyrenees 
of northeastern Spain (Figure 1). The Àger Basin is 
a thrust-top piggyback basin that was active during 
the early Eocene (Puigdefàbregas et� al., 1992). The 
Baronia Formation is discordantly underlain by the 
Alveolina Limestone and conformably overlain by the 
Passarela Mudstone (Olariu et� al., 2012) (Figure 2).

The Baronia Formation is informally subdivided 
into lower and upper units (Mutti et� al., 1985). The 
lower Baronia Formation comprises bioclastic 
cross-stratified sandstone, siliciclastic cross-stratified 
sandstone, thinly bedded ripple laminated sandstone, 
bioturbated muddy sandstone, and bioturbated mud-
stone (Mutti et� al., 1985; Olariu et� al., 2012). In the 
upper unit, muddy sandstone beds decrease in thick-
ness and cross-bedded and current- and wave-rippled 
sandstone becomes more common. The Baronia 
Formation has been previously interpreted as sandy 
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tidal bars in a shelf setting while the upper unit have 
been interpreted as coastal deposits with estuarine 
channels, shoals, intertidal flats, and estuary mouth 
tidal bars (Mutti et� al., 1985). Other works interpret 
the formation as a tide-dominated regressive shelf and 
delta (Dalrymple, 1992) and as high-energy subtidal 
to intertidal compound tidal dunes (Olariu et�al., 2012).

The lower Baronia Formation contains a diverse 
suit of trace fossils, comprising Asterosoma, Chondrites, 
Cylindrichnus, Palaeophycus, Planolites, Protovirgularia, 
Rhizocorallium, Skolithos, Teichichnus, and 
Thalassinoides (Olariu et� al., 2012). The ichnospecies 
discussed herein occur in the upper unit of the 
Baronia Formation, where a low-diversity trace fossil 
assemblage has been reported consisting of Chondrites, 
Planolites, and these previously undiagnosed structures 
(Olariu et� al., 2012) (Figure 2). The morphological 
range of the undiagnosed trace fossils, their sedimen-
tological context, and their ethological significance 
are presented below.

Systematic ichnology

Aratichnus igen. nov.
Type ichnospecies: Aratichnus hordeicollis isp. nov.
Other ichnospecies: Aratichnus apricuscampus isp. nov.

Diagnosis

A horizontal, straight to curved to sinusoidal concave 
epirelief furrow, or series of furrows which extend 
from a central circular, vertical to inclined shaft with 
smooth, unlined walls. Furrows appear as straight, 
sinusoidal, flabellate, radial, hairpin, or circular 
shaped. Several morphotypes exhibit gradations 
between these planforms.

Figure 1.  Location map of the study area showing location of 
the �eld site at the roadside outcrop of the type locality of this 
ichnogenus (42°00�38.0�� N 0°52�37.3�� E). The lower image is a 
planar view of a three-dimensional computer model of the 
roadcut outcrop showing locations of examples of Aratichnus 
(white stars) on bedding planes.

Figure 2. S edimentary log through the Baronia Formation 
along the southern limb of the Àger syncline with the horizon 
where Aratichnus nov. isp. occurs labeled in the upper part of 
the section. (Modi�ed from Mutti et�al. (1985) and Olariu et�al. 
(2012)).
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Known occurrence

Lower Eocene of northeastern Spain, in the 
south-central Pyrenees.

Etymology

From the Latin arat meaning ‘he plows’ in reference 
to the morphology of the ichnogenus resembling that 
of a recently plowed farmer’s field and from the Greek 
ichnos meaning ‘footprint or path’.

Remarks

Samples at this locale are found in lower 
medium-grained sandstone, primarily in the troughs 
of flat-topped symmetrical ripples and asymmetrical 
ripples. Many specimens are infilled with mud, or 
partially filled, whereas others are unfilled grooves 
into the sandstone substrate (Figure 3). Mud is inter-
preted as passively infilled from settling mud grains 
at the sediment-water interface rather than actively 
infilled by the tracemaker due to the absence of 
meniscae or other evidence of active infill. This mud 
infill has been locally eroded as evidenced by unfilled 
and partially filled specimens.

Aratichnus exhibits similarities to several ichnotaxa, 
which are argued at greater length in the discussion 
(Tables 1 and 2).

There is a significant amount of variability in mor-
phology across examples of this ichnogenus. The bed-
ding parallel expression of this ichnofossil displays a 
plan-view morphology ranging from relatively straight 
to slightly curving unbranching series of grooves 
(Figure 4(A)), to more claw-like examples (Figure 
5(F)), to branched flabellate or hairpin-shaped grooves 
(Figure 4(C)), to more circular grooves (Figure 4(F)). 
Some occurrences have a central area (Figures 4(B) 
and 5(D)), in some cases discernible by a mm-scale 
sandstone circle, from which a series of burrows or 
grooves radiate. Within the studied beds, vertical cross 
sections are limited because bedding plane exposure 
is favored over elevation views. Where side views are 
available, 3–10 cm inclined to vertical mud-filled shafts 
are observed, which we interpret to represent the 
central shaft from which surficial deposit feeding 
occurred (Figure 6). The radiating burrows are 
observed as both unbranched and branched away from 
the central location. Observed sizes of the individual 
bedding plane expressions of the trace fossil range 
from 3 to 15 cm across at their widest point, with 
individual furrows that are 2–5 mm wide and 1–6 cm 
in length.

Two ichnospecies of Aratichnus are proposed. The 
ichnospecies primarily distinguish between samples 
characterized by parataxis (i.e. repeated parallel 
arrangement) of the furrows, where subsequent fur-
rows follow the shape or direction of previous fur-
rows (A. hordeicollis) (Figure 4) versus a lack of 
parataxis of the individual furrows resulting in sim-
pler, straight to curvilinear morphologies or radial 
morphologies where individual furrows do not par-
allel adjacent furrows (A. apricuscampus) (Figure 5). 
A synthetic drawing of each ichnospecies is also 
included highlighting the morphology (Figure 7). It 
should be noted though that while we here describe 
these ichnospecies as endmembers, a spectrum of 
complexity in morphology exists between these 
ichnospecies.

Aratichnus hordeicollis isp. nov.

Holotype/type locality

The holotype occurs at the well-indurated roadside 
outcrop along the C-13 highway near Àger, Lleida, 
Spain (42°00�38.0�� N 0°52�37.3�� E) (Figure 1). 
Removing an intact holotype specimen was imprac-
tical. As such, a 3D computer rendering of a bedding 
plane featuring characteristic examples of A. hordei-
collis (Figure 3(A,B)) was produced. This model of 
the bedding plane is used in place of a mould in 
order to comply with the International Commission 
of Zoological Nomenclature (ICZN, 2000). In addition, 
a 3D print of the model, specimen T118, is housed 
in the University of Alberta Museums Trace Fossil 
Collection.

Diagnosis

As per the ichnogenus, wherein the furrows repeat 
the shape of adjacent furrows exhibiting morphologies 
including straight, curvilinear, hairpin-shaped, or 
semi-circular.

Occurrence

Lower Eocene of northeastern Spain, in the 
south-central Pyrenees.

Description

Specimens tend to be larger than A. apricuscampus 
and more complex. Individuals range from 9 to 15 cm 
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in size, at their widest, with furrows ranging from 2 
to 5 mm wide and 1 to 5 cm in length. Samples vary 
from gently curved (Figure 4(A)) to feather-shaped 
(Figure 4(D)) to hairpin-shaped (Figure 4(C)) in 
appearance or with concentric recursive grooves 
(Figure 4(E,F)).

Etymology

To commemorate the numerous contributions of Dr. 
S. George Pemberton to the field of ichnology and 
acknowledge his valuable guidance to students 
throughout his career, his surname has been Latinized. 
‘Pemberton,’ which means ‘barley field on the hill’ in 
Anglo-Saxon, has been transformed into ‘hordei- (bar-
ley) collis (hill)’ in Latin.

Remarks

Similarities and differences with other ichnogenera 
and ichnospecies are presented in detail in Tables 1 
and 2 and discussed below.

Aratichnus apricuscampus isp. nov.

Holotype/type locality

The holotype occurs at the well-indurated roadside 
outcrop along the C-13 highway near Àger, Lleida, 
Spain (42°00�38.0�� N 0°52�37.3�� E) (Figure 1). As 
with A. hordeocolis, the holotype was left in place. 
As such, a 3D computer rendering of a bedding plane 
featuring characteristic examples of A. apricuscampus 
(Figure 3(C,D)) was produced. This model of the 

Figure 3.  Three-dimensional model of a bedding plane holotype taken from the type locality of A. hordeicollis and A. apricus-
campus near Baronia de Sant Oïsme, Lleida, Spain. Specimen have been traced in the lower image, and outlined with a dashed-line 
box indicating each specimen. A) Characteristic A. hordeicollis holotype specimen showing curved furrows following a repeated 
path morphology. B) Characteristic A. hordeicollis holotype specimen exhibiting repeated path morphologies, emanating from a 
central area, and branching. C) Characteristic A. apricuscampus holotype specimen showing furrows which do not follow a similar 
path. D) Characteristic A. apricuscampus holotype specimen exhibiting branching and emanating from a central area.
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Table 1. S ummary table of ichnogenera with similar characteristics to Aratichnus and the di�erences that distinguish Aratichnus 
as a new ichnogenus.
Ichnogenus Diagnosis or description Di�erences

Arenituba (Chamberlain, 
1971)

Generally irregularly arranged, sometimes branched tubes radiating from a central 
gallery, as individuals or bunched, either straight, curved, winding or sinuous, 
smooth to �nely annulate. They are sand-coated or -�lled (Stanley & Pickerill, 
1995).

Not �nely annulate, sand-coated or 
-�lled.

Bifasciculus (Volk, 1960) ‘Radial structure which is 70 mm wide consisting of uniformly-curved 2-3 mm 
tunnels radiating from a central knob. The tunnels are 2-3 mm wide, and the 
entire structure is 70 mm wide. The central knob is of similar width with the 
emanating tunnels. Preserved as positive epirelief on thin bedded siltstone of 
the Sandbian Lashizhong Formation’ (Fan et� al., 2021, p. 6).

Central point, when present, does 
not always manifest as a knob or 
�attened area and is not the 
same width as the furrows, not 
positive relief, has furrows rather 
than tunnels, and is not always 
uniformly curved.

Star-like trace fossil consisting of many burrows radiating, curved systematically 
from a �attened central area, producing a spiral (Pickerill, 1980).

Capodistria (Vyalov, 1968) Short, simple, irregularly distributed hypichnial ridges radiating from an oval or 
circular central area with a distinct knob situated in the centre. The structure 
is 40–70 mm wide, with ridges ranging from 5 to 18 mm long and 3 to 4 mm 
wide (Uchman, 2007).

Not hypichnial or ridges, central 
knob not always present or 
distinct.

Dactyloidites (Hall, 1886) A vertical radial spreiten structure with a central shaft (Uchman & Pervesler, 
2007).

No evidence of spreiten.

Dictyodora (Weiss, 1884) A complex three-dimensional conical burrow, vertical to bedding with the apex of 
the cone upward and thin spreite with the exterior surface delicately striated. 
In plan view, it appears as a meandering or roughly spiralling band, where the 
spreite intersect with the bedding surface (Pazos et� al., 2015).

No evidence for conical shape or 
spreite, no striated surface.

Glockerichnus (Pickerill, 
1982)

Branched strings, usually paired, radiating from a central area. In some cases, 
indistinct bilateral symmetry is developed (Uchman, 1998). Star-like trace fossil 
preserved in positive hyporelief in sandstone, consisting of unbranched, nearly 
straight rays of variable length with an overall diameter of approximately 9 cm. 
Individual rays are rectangular and at least several mm deep and 3–5 mm 
wide at most, and ending centrally in disturbed sediment (Crimes & McCall, 
1995).

No bilateral symmetry, not positive 
hyporelief, rarely straight.

Hartsellea (Rindsberg, 
1994)

A system of branching burrows curved upwards and outwards branching 
palmately more proximally, then laterally to sinuously more distally. Burrows 
are lined, and may be pelleted, and have a transverse �ll structure. They are 
preserved as full and negative epirelief and hyporelief in sandstone (Rindsberg, 
1994; Muñoz et� al., 2019).

Not lined, no transverse �lling and 
no hyporelief examples.

Lophoctenium (Richter, 
1850)

Horizontal, epichnial feather-like grooves consisting of a straight to sinuous 
burrow from which, on one side, extend a series of stright shafts which are 
adjacent and sometimes partially overlap and produce a serrated margin (Orr 
et� al., 1996).

Grooves do not extend from a 
single side with shorter shafts, 
no overlapping.

Lorenzinia (Gabelli, 1900) Hypichnial rosette with a small central area encircled by ‘riblets’ with rounded 
outer ends (Ksiazkiewic, 1977).

No hypichnial example, no rounded 
‘riblets’.

Oldhamia (Forbes, 1848) A radial arrangement of straight burrows meeting in an O-shaped middle area 
with either bilaterally symmetry characterized by regular, smooth burrows 
ranging from 30 to 45 in number with uniform length and spacing or, more 
rarely, a continuous radial pattern, where burrows are irregularly spaced and 
have areas where burrows are shorter, less numerous, and poorly de�ned. 
Individual burrows can range from 3 to 8 mm in length and the total trace 
ranges from 0.8 to 2 cm in diameter (Lindholm & Casey, 1990).

No bilateral symmetry or continuous 
radial pattern. Burrows are not 
typically uniform in spacing or 
length. Size is much larger.

Phycodes (Richter, 1850) Horizontal to gently inclined convex hyporelief burrows consisting of 4–5 
radiating tunnels (7–12 cm in length, 6–24 mm in width) with longitudinal 
striations usually developed. Branching patterns connect at 60–70 degrees and 
many burrows have a sand-�lled, central tube (2–5 mm in diameter). The distal 
ends of some burrows also curve upwards into overlying sediment (Martino, 
1989).

No hyporelief example and no 
longitudinal striations.

Psammichnites (Torell, 
1870)

A horizontal, sinuous, meandering to looping morphology with a transverse or 
arcuate internal structure and a distinct median dorsal structure, commonly 
represented by a sinusoidal or straight ridge/groove, or regularly spaced 
circular mounds/holes that is preserved in full epirelief or in negative 
hyporelief (Mangano & Rindsberg, 2003).

No looping, no internal structure, 
no median structure, and no 
negative hyporelief.

Skolichnus (Uchman, 2010) Multiple horizontal to sub-horizontal, slightly winding simple burrows radiating 
horizontally or subhorizontally from the base of a shaft (Uchman, 2010).

No evidence that a shaft is coming 
down from overlying sediment, 
based on examples, it is likely 
that the animal originates from a 
shaft from below the surface.

Treptichnus pedum (Miller, 
1889) emended (Buatois 
& Mangano, 1993)

May be simple or zigzagged, with straight or curved segments associated with 
vertical or oblique tubes of a three-dimensional burrow system. Points where 
segments join exhibit small pits or short twig-like protrusions (Sanchez et� al., 
2021).

No ‘small pits’ or ‘twig-like’ 
protrusions, not zigzag shaped, 
no apparent vertical component.
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bedding plane is used in place of a mould in order 
to comply with ICZN (2000). In addition, a 
three-dimensional print of the model, specimen T118, 
is housed in the University of Alberta Museums Trace 
Fossil Collection.

Diagnosis

As per the ichnogenus, for which the furrow or series 
of furrows do not repeat the shape of adjacent fur-
rows. Morphologies range from relatively straight to 
curvilinear.

Figure 4. C haracteristic examples of A. hordeicollis from the type locality near Baronia de Sant Oïsme, Lleida, Spain. A) Mud-�lled 
A. hordeicollis with horizontal, mainly parallel furrows with rare examples of branching. B) Partially mud-�lled A. hordeicollis with 
furrows emanating from a central tube (black arrow) and some examples of branching (white arrow). C) Partially mud-�lled A. 
hordeicollis with nested hairpin-shaped furrows emanating from a central area. D) Un�lled A. hordeicollis iterative probing furrows 
emanating from a central area. E) Partially mud-�lled A. hordeicollis curved furrows with examples of branching (white arrows). F) 
Un�lled A. hordeicollis with curved furrows on two sides emanating from a central area.
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Occurrence

Lower Eocene of northeastern Spain, in the south-central 
Pyrenees.

Description

Individual specimens range from 6 to 12 cm across at 
their widest axis with individual furrows of 2–5 mm 
in width and 1–6 cm in length. Morphology tends to 
be simple, singular, or multiple straight to gently 
curved furrows (Figure 5(A)), claw-shaped furrows 
(Figure 5(F)), or furrows radiating from a central 
circular vertical to inclined tube (Figure 5(D,E)).

Etymology

To honor Dr. J. P. Zonneveld for his outstanding con-
tributions to the fields of ichnology, paleontology, and 
sedimentology, as well as his excellent mentorship of 

students, his surname has been Latinized. The original 
Dutch surname ‘Zonneveld’ means ‘sun field’ and has 
been rendered as ‘apricus- (sunny) campus (field)’ in 
this context.

Remarks

Similarities and differences with other ichnogenera 
are discussed in Table 1 and expanded upon in the 
discussion below. Ichnospecies of similar morphology 
are summarized in Table 2.

Discussion

Taxonomic di�erences

Aratichnus does not conform to any pre-existing ich-
nogenus diagnosis (Table 1). The most similar ichno-
genera include Arenituba, Hartsellea, Lophoctenium, 

Figure 5.  Examples of A. apricuscampus from the type locality near Baronia de Sant Oïsme, Lleida, Spain. A) Partially mud-�lled 
A. apricuscampus exhibiting straight to curved furrows. Black arrows point out particular examples where there is no evidence of 
repeated probing. B) Un�lled A. apricuscampus furrows in the troughs of ripples on a bedding plane view. C) Un�lled A. apricus-
campus exhibiting straight to slightly curved furrows. D) Un�lled A. apricuscampus with bundles of branching furrows emanating 
from a central tube (black arrow). E) Partially mud-�lled A. apricuscampus slightly curved furrows emanating from a central area 
and not repeating morphologies. F) Partially mud-�lled A. apricuscampus curved furrows exhibiting claw-like branching.
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Oldhamia, and Skolichnus. In Table 2, A. hordeicollis 
and A. apricuscampus are further compared to ichno-
species of similar ichnogenera. These include the pres-
ence of linings, as in the case of Arenituba verso, which 
is sand-coated or -filled (Stanley & Pickerill, 1995) 
and Lophoctenium richteri, which features irregular 
transverse striae (Chamberlain, 1971). Several ichno-
species have a vertical components which differ from 
that of Aratichnus, such as Hartsellea susumramosa or 
Skolichnus hoernesii (Rindsberg, 1994; Uchman, 2010). 
Other ichnospecies have spreite or spreite-like struc-
tures, which are absent in Aratichnus as is the case 
with Lophoctenium haudimmineri, Oldhamia alata, and 
Oldhamia geniculata (Chamberlain, 1971; Seilacher 
et� al., 2005). In other cases, there are general mor-
phological differences where the typical shape differs.

Ethology

The morphology of Aratichnus suggests an interface 
deposit feeding behaviour, using an at times system-
atic, iterative probing approach to feeding. This is 
evidenced by the repeating closely spaced paths or 
branches originating from a point or area. Earlier 
studies suggested that more complex morphologies 
are used to optimize evenly distributed but sparse 
resources in deep-sea settings (Raup & Seilacher, 1969; 
Seilacher, 1986). However, given the predominant 
association with bioturbation in ripple troughs in the 
tidal setting of the Baronia Formation, the range in 
morphologies found herein is interpreted as the trace-
maker exploiting a patchy and heterogeneous food 
source. A similar conclusion was drawn in the study 
of the Redcar Mudstone Formation, a Lower Jurassic 
shallow marine sandstone and mudstone succession 
on the Yorkshire coast in the United Kingdom, where 
a patchy resource distribution is posited as one of the 
possible reasons for an irregular distribution of bio-
turbation (McIlroy, 2007). This relationship was also 
demonstrated by trails constructed by the isopod 
Chiridotea coeca in the modern intertidal sediments 
at the Bay of Fundy, Canada (Hauck et�al., 2008). An 
increase in tortuosity and crossovers, as well as depth, 
was correlated to an increase in organic matter con-
centration in ripple troughs. Finally, morphological 
variability in the trace fossils of other deposit-feeding 
organisms, such as bivalves that make Protovirgularia, 
have been attributed to substrate fluidity controlled 
by sediment heterogeneity and tidal cycles (Mangano 
et� al., 1998).

Based on these criteria, Aratichnus could be inter-
preted as exhibiting a searching behaviour in the sim-
pler, less well-ordered furrows preserved by A. 
apricuscampus, and an exploiting of greater food 
resources in the more morphologically complex and 
ordered furrows of A. hordeicollis. A spectrum exists 
between these two endmembers in degrees of mor-
phological complexity and order (Figure 8). This 
interpretation suggests that the value of the resource 
increases morphological complexity, although the sed-
iment moisture content in the small topographic lows, 
and intertidal time available for resource exploitation 
likely contribute to the morphological complexity 
as well.

Similar behaviours are recorded in modern inter-
tidal environments (Figure 9). The isopod Corophium 
volutator exhibits a radial interface deposit feeding 
behaviour (Figure 9(A)). The polychaete Nereis virens 
also produces interface deposit-feeding probes from 
a central shaft inhabited by the animal (Figure 

Figure 6.  Vertical cross-section view of Aratichnus isp. from 
the type locality near Baronia de Sant Oïsme, Lleida, Spain. A. 
Mud-�lled Aratichnus isp. showing cross-sections of the bed-
ding plane-parallel expression primarily. B. Mud-�lled 
Aratichnus isp. exhibiting both the cross-section of the bed-
ding plane-parallel expression as well as inclined burrows 
through the bedding plane. Black bar is 1 cm. C. Mud-�lled 
Aratichnus isp. showing the vertical to inclined component of 
the trace fossil in cross-section.



IchNos 119

9(B–D)). Related behaviours are also reported from 
the deep and shallow sea, as exemplified by star-shaped 
foraging feeding traces produced by echiuran worms 
(de Vaugelas, 1989; Hughes et� al., 1994; Ohta, 1984). 
The number of spokes produced by these worms is 
hypothesized to maximize exploitation of surficial 
detritus on the seafloor while minimizing energy 
expenditure (Ohta, 1984). Similar traces made by 
polychaete worms producing dichotomous furrows 
radiating from a central burrow have also been 

reported from sand flats in North Carolina (Frey, 
1971). As such, it is suspected that Aratichnus was 
likely produced by a similar animal, likely a type 
of worm.

Environmental implications

The upper half of the Baronia Formation is generally 
interpreted as a tidal environment, and we concur 
given the presence of flat-topped ripples (Perron et�al., 

Figure 7.  A synthetic drawing showing the complete morphology of A. hordeicollis and A. apricuscampus.

Figure 8.  Five traced examples of Aratichnus isp. of increasing parataxis (repeating orientation and shape of furrows). A) Radiating 
examples of A. apricuscampus exhibiting a low degree of parataxis, as individual furrows do not follow the morphology of neigh-
bouring furrows (Figure 5(D)). B) A specimen of A. apricuscampus showing a low degree of parataxis where furrows are becoming 
more parallel (upper left corner of Figure 4(A)). C) Claw-like branching and nearly parallel straight to slightly curved examples of 
A. apricuscampus emanating from a central area (see Figure 5(F) for similar morphologies). D) Curved to meandering furrows of 
A. hordeicollis showing a higher degree of parataxis (Figure 4(A)). E) A. hordeicollis specimen where subsequent furrows closely 
follow the morphology of the adjacent furrow, exhibiting a high degree of parataxis (Figure 4(F)). Scale bars are 3 cm.
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2018) at this outcrop. Although the study at hand 
does not primarily focus on these aspects, some of 
these features can be observed in Figure 10. For 
instance, a migrating dm-scale dune is preserved in 
a left-to-right migration direction (direction of migra-
tion is highlighted by a black arrow). Current ripples, 
which are strongly oblique to the dune, are oriented 
in a top-to-bottom migration direction (white arrow 
shows current ripple direction). The cross-bedded 
sandstone reveals the current direction during high 
tide, whereas the current ripples indicate the current 
direction during falling tide. Notably, the local mor-
phology of the tidal flat has a significant influence 
on the ebb current direction, which is why the current 

ripples are not parallel to the dune migration direction 
(Gingras et� al., 1999).

In tidal environments, fluctuating energy levels 
result in irregular distribution of food (Gingras et�al., 
2012). Organic matter is typically concentrated in the 
fine-grained fraction of sediments, which comprise 
particles settling from suspension during slack tides. 
This anisotropic distribution of nutrients is interpreted 
as the main cause for the concentration of bioturba-
tion in ripple troughs, and the variety of morphologies 
recorded (Figure 8). Research conducted in contem-
porary shallow marine environments indicates that 
various burrow morphologies are used by worms, 
bivalves, and small arthropods to interface feed on 

Figure 9.  A) Modern intertidal interface deposit-feeding traces from the Baie du Mont Saint-Michel (Normandy, France). White 
arrows indicate the radial traces made by the amphipod Corophium volutator. B) Modern intertidal interface deposit-feeding 
traces from the Bay of Fundy (Cape Noel, Nova Scotia, Canada) on a current-rippled surface with �asers. Black arrows indicate 
feeding probes that emanate radially from a central shaft made by the polychaete Nereis virens. White arrows show trails of Nereis 
virens where they have left their central shaft to search for food. The tracemaker N. virens is visible in the lower middle part of 
the image (lower white arrow). C) Modern intertidal interface deposit-feeding traces indicated with white arrows from 
Kouchibouguac National Park (New Brunswick, Canada) made by nereid polychaetes. Field of view is 20 cm. D) Elevation view of 
a trench through traces as in C) located in Kouchibouguac National Park (New Brunswick, Canada). Field of view is 16 cm.
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rich intertidal resources and minimize their exposure 
to predators (Gingras et� al., 2008).

Conclusions

In summary, Aratichnus apricuscampus and Aratichnus 
hordeicollis are constitute ichnospecies of a newly 
reported ichnogenus. Aratichnus represents a spectrum 
of morphologies ranging from simple parallel, repeat-
ing gently curved grooves to complex sinusoidal 
shapes. This behaviour is interpreted to represent the 
probing, searching, and exploiting of food resources. 
The range of morphologies reflects a response to an 
anisotropic distribution of organic matter, as observed 
in analogous modern environments.
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