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Paleoecology and taphonomy of spatangoid 
echinoid-produced burrows (Scolicia) 

in slope and basin floor deposits from the Eocene of Cuba

Jorge Villegas-Martín, Renata G. Netto, Reinaldo Rojas-Consuegra, 
and Jordi M. de Gibert

ABSTRACT 

The morphological variability in the preservation of the trace fossil Scolicia is
mainly taphonomic and results from different factors. However, only a few papers have
discussed this issue using a taphonomical approach. In addition, although Scolicia is
commonly present in deep-sea and shelf ichnoassemblages, its record in slope depos-
its is scarce. Herein, variations in the preservation of Scolicia are discussed in slope
and basin floor contexts from the Eocene Capdevila Formation, western Cuba. The
studied specimens come from two outcrops located in the Artemisa and Pinar del Río
regions. The burrows were assigned to Scolicia prisca, Scolicia isp. var. vertebralis,
and Scolicia isp. var. laminites. The observed variations in the diagnostic features of
Scolicia reflect the wide variation expected in burrows made by spatangoid echinoids.
Furthermore, we demonstrated that S. vertebralis could be a preservational variant of
S. prisca and that S. prisca could be produced as furrows by extant echinoids, and not
necessarily represent eroded burrows. In the Artemisa section, Scolicia is associated
with basin floor deposits in bathyal context and form part of the Nereites ichnofacies. In
the Pinar de Río section, Scolicia occur in shallower slope deposits and is included in
the impoverished Cruziana ichnofacies. Their presence in slope deposits could be due
to different factors, such as the predominance of sandy substrates, high sedimentation
rate, and good oxygenation, which also led to an absence of trace fossils of the Zoo-
phycos ichnofacies, which is typical of slope settings.
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INTRODUCTION

Spatangoids constitute a large group of irregu-
lar echinoids and key bioturbators that rework the
substrate during deposit-feeding activity and loco-
motion in modern shallow to deep marine settings
(e.g., Bromley et al., 1997; Thompson and Riddle,
2005). The burrowing activity of extant spatangoid
echinoids is well-known from natural observations
and aquarium experiments (Nichols, 1959;
Chesher, 1963; Howard et al., 1974; Bromley et al.,
1997; Belaústegui et al., 2017), resulting in distinc-
tive bioturbation structures that characterize the
ichnogenera Scolicia (De Quatrefages, 1849), Car-
dioichnus (Smith and Crimes, 1983), Bichordites
(Plaziat and Mahmoudi, 1988), and Sursumichnus
(Uchman et al., 2022). Scolicia is interpreted as the
grazing activity of spantagoid echinoids with dou-
ble drainage tubes (e.g., Ward and Lewis, 1975;
Bromley and Asgaard, 1975; Smith and Crimes,
1983; Bromley et al., 1997; Belaústegui et al.,
2017), while Bichordites represents those pro-
duced by spantagoids with a single drainage tube
(e.g., Plaziat and Mahmoudi, 1988; Villegas-Martín
et al., 2014; Belaústegui et al., 2017). Cardioichnus
is a heart-shaped depression (e.g., Smith and
Crimes, 1983; Kappus and Lucas, 2019; Naimi et
al., 2021), indicating a resting behavior, and can
occur associated with Bichordites and Scolicia,
forming compound trace fossils (e.g., Smith and
Crimes, 1983; Mayoral and Muñiz, 2001; Bernardi
et al., 2010; Belaústegui et al., 2017; Kappus and
Lucas, 2019). Sursumichnus is also related to rest-
ing traces associated with Scolicia burrows (Uch-
man et al., 2022).

The ichnogenus Scolicia includes a variety of
morphologies that were originally attributed to dis-
tinct ichnogenera and, posteriorly, re-assigned to it
after careful ichnotaxonomic revisions; examples
include specimens assigned to Psammichnites
Torell, 1870, Subphyllocorda Götzinger and
Becker, 1932, and Palaeobullia Götzinger and
Becker, 1932, among others (e.g., Häntzchel,
1975; Ksiażkiewicz, 1970, 1977; Smith and
Crimes, 1983; Plaziat and Mahmoudi, 1988; Uch-
man, 1995; Belaústegui et al., 2017). Neverthe-

less, some complex morphological features can
still be recognized as different preservational varia-
tions of Scolicia. This variability in the Scolicia
preservation is mainly taphonomic and results from
factors such as the burrow position within the sedi-
ment bed, erosion, and lithological variability (Pla-
ziat and Mahmoudi, 1988; Uchman, 1995; Gibert
and Goldring, 2008). However, only a few papers
discussed this topic with respect to taphonomy
(Bromley and Asgaard, 1975; Smith and Crimes,
1983; Plaziat and Mahmoudi, 1988; Uchman,
1995; Fu and Werner, 2000).

Distinct preservational variations of Scolicia
represent the most common trace fossil recorded
in upper slope and basin floor (bathyal context)
deposits of the Eocene Capdevila Formation, in
western Cuba (Villegas-Martín, 2009; Villegas-
Martín et al., 2014). Although Scolicia has been
registered exclusively in marine settings, ranging
from shelf to deep sea areas (e.g., Tchoumatch-
enco and Uchman, 2001; Wetzel, 2008; Giannetti,
2010; Riahi et al., 2014; Villegas-Martin et al.,
2014; Carmona et al., 2020), its occurrence in
slope deposits is uncommon so far (Fu and Wer-
ner, 2000; Wetzel, 2008; Demircan and Uchman,
2017). The presence of Scolicia in both shallower
slope and basin floor deposits in western Cuba
opens a window to discuss the triggers that poten-
tially control the distribution of spatangoid burrows
in distinct marine benthic regions. Thus, the aim of
this paper is twofold: (i) to discuss the taphonomic
control in the variability of Scolicia morphologies;
and (ii) to evaluate the paleoecological parameters
that favor spatangoid distribution throughout the
sea bottom.

GEOLOGICAL SETTING

The Scolicia specimens studied herein come
from two sections of the Capdevila Formation: i)
the Artemisa section (near La Habana, Artemisa
Province), which is part of the Havana-Matanzas
Anticlinal infill; and ii) the Pinar del Río section
(Pinar del Río Province), which is part of the sedi-
mentary infill of Los Palacios and Bahía Honda
basins (e.g., Brönnimann and Rigassi, 1963;
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Albear and Iturralde-Vinent, 1985; Bralower and
Iturralde-Vinent, 1997; García-Delgado and Torres-
Silva, 1997; Gordon et al., 1997) (Figure 1). Fora-
miniferal associations and nannofossil zonations
(NP-11 and NP-12 ODP zones, Site 865) place the
Capdevila Formation deposits mainly in the
Eocene (Brönnimann and Stradner, 1960; Brönni-
mann and Rigassi, 1963; Bralower and Iturralde-
Vinent, 1997).

The Capdevilla Formation mainly consists of
mudstones, limestones, siltstones, and massive
and parallel-laminated fine to very coarse-grained
sandstones, which can be intercalated with marls,
carbonates, and matrix- or grain-supported con-
glomerates (e.g., Brönnimann and Rigassi, 1963;
Piotrowski, 1987; Brust et al., 2011; Villegas-Martín
et al., 2014). Tuffites and carbonatic concretions
have also been reported at some localities
(Piotrowski, 1987; Brust et al., 2011). Scolicia is
preserved in medium- to fine-grained sandstones
in the middle part of the Artemisa section. In the
Pinar del Río section, Scolicia occurs in medium-
to fine-grained parallel stratified sandstones (Fig-

ure 2) that characterizes the middle and upper part
of the sedimentary succession (Villegas-Martín et
al., 2014).

Microfossils, corals, echinoderm fragments,
bivalves, brachiopods, and small fragments of
macroscopic plants and red algae encompass the
paleontological record of the Capdevila Formation
(Cushman and Bermudez, 1949; Brönnimann and
Stradner, 1960; Brönnimann and Rigassi, 1963;
Piotrowski, 1987; Bralower and Iturralde-Vinent,
1997; Brust et al., 2011). Preliminary ichnological
studies in the Artemisa region revealed the exis-
tence of a diverse trace fossil assemblage includ-
ing Cosmorhaphe isp., Helminthorhaphe isp.,
Ophiomorpha isp., Paleodictyon isp., Planolites
isp., ?Psammichnites isp., Scolicia isp., and
Thalassinoides isp. (Villegas-Martín, 2009; Rojas-
Consuegra et al., 2018). These deposits have
been assumed to be a bathyal marine sequence
formed during an active tectogenesis period. Tur-
biditic currents carried massive amounts of terrige-
nous materials into the basin, forming a flysch

FIGURE 1. A. Geographical location of the sites from where the studied materials (red stars) come from, showing the
Pinar del Río (B), and Artemisa (C) outcrops.
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deposits (Albear and Iturralde-Vinent, 1985; Lex,
2013). 

The deposits of the Capdevila Formation in
the Pinar del Río section, otherwise, represent
upper slope to shelf settings, based on sedimento-
logical, micropaleontological, and ichnological data

(Brust et al., 2011; Villegas-Martín et al., 2014).
The trace fossil assemblage is dominated by Scoli-
cia prisca and S. isp. var. laminites, with subordi-
nate Asterosoma isp., Bichordites monastiriensis,
Ophiomorpha isp., Palaeophycus isp., Rhizocoral-
lium isp., and Thalassinoides isp. (Figure 2).
Dense indistinct bioturbation was observed on
some beds. Rhizobioturbation on the top of sandy
beds bearing Bichordites attests to shallower
marine conditions (Villegas-Martín et al., 2014; Vil-
legas-Martín and Netto, 2017).

MATERIALS AND METHODS

The specimens analyzed in this study mainly
occur in the sandstone beds of the Capdevila For-
mation from western Cuba (Villegas-Martín, 2009;
Rojas-Consuegra and Villegas-Martín, 2009; Ville-
gas-Martín et al., 2014) (Figure 1). These sand-
stone beds crop out on La Habana-Pinar del Río
national highway, around 4.5 km N to the Guanajay
village (22º57'57.83" N, 82º41'23.13" W), in the
Artemisa Province (La Habana-Matanzas Anti-
clinal), and at the northeast from the Pinar del Río
city (Pinar del Río Province), close to the Pinar
fault (22º23'16.8" N, 83º47'10.4" W), which consti-
tuted the tectonic boundary between the Guani-
guanico mountains and the Los Palacios Basin.

Part of the analyzed material comprises spec-
imens observed exclusively in the field (mostly
from the Pinar del Río section) and previously stud-
ied by Villegas-Martín et al. (2014). Most of the
studied specimens from the Artemisa section, pre-
viously studied by Villegas-Martín (2009) and
Rojas-Consuegra and Villegas-Martín (2009), are
housed in the paleontological collection of the
National Museum of Natural History (MNHNCu) in
La Habana, Cuba (samples MNHNCu-96.001287,
MNHNCu-96.001291, MNHNCu-96.001292,
MNHNCu-96.001294, MNHNCu-96.001295,
MNHNCu-96.001296, MNHNCu-96.001297,
MNHNCu-96.002933, MNHNCu-96.003567,
MNHNCu-96003689). Those assigned to Scolicia
without an ichnospecific definition by Villegas-
Martín (2009) were revised in this work.

The analyzed trace fossils were characterized
through direct observations of the specimens in the
collection and in situ at the outcrops in the study
area. The distinct morphologies were grouped
based on their morphology and toponomy, using
the classification proposed by Seilacher (1964) and
Savrda (2007). The ichnotaxonomical approach
followed the revisions made by Smith and Crimes
(1983), Plaziat and Mahmoudi (1988), and Uch-
man (1995). Furthermore, the terminology used to

FIGURE 2. Schematic profile of the Capdevila Forma-
tion sedimentary succession in the Pinar del Río area,
signaling the trace fossil distribution, which include the
strata with Scolicia and the bioturbation index (BI) per
bed (modified from Villegas-Martín et al., 2014).
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describe the Scolicia specimens is based on the
descriptions by Plaziat and Mahmoudi (1988) and
Uchman (1995) (see Figure 3).

THE ICHNOGENUS SCOLICIA AT THE 
CAPDEVILA FORMATION

Except for Bichordites, recorded by Villegas-
Martín et al. (2014) in Pinar del Río section, all the
Scolicia group morphologies found in the Cap-
devila Formation deposits can be assigned to the
ichnogenus Scolicia. These show bilobate and tri-
lobate morphology, a meniscate infill (backfill struc-
ture), two parallel sediment strings at each side of
the burrow floor, and a flat or concave up ridge
between the strings (e.g., Smith and Crimes, 1983;
Plaziat and Mahmoudi, 1988; Uchman, 1995;
Belaústegui et al., 2017). Three different morpholo-
gies prevail among these specimens and can be
assigned to: Scolicia prisca, Scolicia vertebralis,
and Scolicia isp. var laminites. In the case of the
Scolicia vertebralis, we demonstrated that this ich-
nospecies is a preservational variant de Scolicia,
and thus named as Scolicia isp. var vertebralis in
this work.

Scolicia prisca de Quatrefagues, 1849

The specimens ascribed to Scolicia prisca are
the most abundant among the studied material
(MNHNCu-96.001292, MNHNCu-96.001294,

MNHNCu-96.001297, MNHNCu-96.002933,
MNHNCu-96.003567), and occur in fine- to
medium-grained sandstone beds in the Artemisa
and Pinar de Río (Figure 2) sections and carbonate
beds in the Artemisa section.

The structures are characterized by an epich-
nial trilobate furrow in a longitudinal section formed
by two convex lateral slopes and a bottom. Slightly
inclined convex asymmetric ribs compose the
backfill structure that covers the slopes, more
noticeable in some portions. The upper margins of
the lateral slopes are elevated above the bedding
surface, in general. The bottom is characterized by
a convex central ridge-like structure usually cov-
ered by asymmetric fine transverse ribs perpendic-
ular to the long axis and showing two sediment
parallel strings/rows at each side (Figure 4). The
convex ridge varies in width and height (e.g., Smith
and Crimes, 1983; Plaziat and Mahmoudi, 1988;
Uchman, 1995). The furrows show a straight to
slightly meandering trajectory, with a predomi-
nance of the latter. The furrow width varies along
the structure and the length ranges from 157.9 mm
to 198.7 mm among the analyzed specimens. The
width varies from 29.2 mm to 31.6 mm. The ribs
are variable in size, with a length between 9.5 mm
and 16.4 mm and a width between 1.8 mm and 3.5
mm. The bottom is 2.0–3.8 mm wide.

In some specimens, part of the furrow bottom
is characterized by a single groove (Figure 4D). In
others, only part of the furrow is formed by the con-
vex central ridge and the two sediment parallel
strings; the slopes are not identified (Figure 4E).
Smith and Crimes (1983) assigned the latter mor-
phology to Scolicia isp. Some of these specimens
were assigned to S. prisca previously by Rojas-
Consuegra and Villegas-Martín (2009) and Ville-
gas-Martín et al. (2014). In both cases, considering
their partial preservation, they were herein re-
assigned to S. cf. prisca (sensu Uchman, 1995). 

Scolicia isp. var. vertebralis Villegas-Martín et 
al., 2024

The specimens assigned to Scolicia isp. var.
vertebralis are bilobate furrows preserved as con-
cave epirelief and occur exclusively in the flysch
deposits of the Artemisa section (MNHNCu-
96.001296). The furrows occur in fine- to medium-
grained sandstone beds, are horizontal to the bed-
ding plane, and show straight to slightly meander-
ing trajectories (Figure 5). They are straight to
curved wide V-shaped furrows with elevated slopes
in cross-section (Figure 5C-D). The slopes are
oblique with asymmetric arcuate ribs (backfill infill)

FIGURE 3. Terminology used to describe the Scolicia
specimens in this study. Preservation of the lower part of
the Scolicia burrow, showing the convex central ridge
(1), slopes (2), sediment parallel rows (3), ribs (4), sedi-
ment parallel strings (5). Preservation of the upper part
of echinoid burrow ("Laminites" expression) with menis-
cate backfill (6) (modified from Uchman, 1995).
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that extend to the margin (Figure 5A-B). The furrow
displays a bottom composed of a single central
groove of sediment (e.g., Uchman, 1998). The fur-
rows are 29.2–31.6 mm wide. The ribs are 9.5–
16.4 mm long and 1.8–3.5 mm wide. The single
central groove is 2.0–3.8 mm wide. 

This morphology has been assigned to the S.
vertebralis ichnospecies, which included, in gen-
eral, furrows with slopes covered by asymmetric
ribs and a bottom composed of a single central

sediment row. As suggested for the Scolicia verte-
bralis ichnospecies, the single central row of sedi-
ment constituted the original space occupied by
the dorsal ridge and parallel strings (Figures 4D,
5). Therefore, the morphology that characterizes S.
vertebralis can also be observed in parts of S. pri-
sca. For instance, one specimen shows S. prisca
grading to S. vertebralis due to the erasure of the
dorsal ridge (Figure 4D). Therefore, we identified
that the S. vertebralis morphology can be produced

FIGURE 4. Main diagnostic features of Scolicia prisca and its morphological variations in the studied specimens. A.
Specimens (MNHNCu-96.001292) with narrow convex central ridge tapering at an end and laminated surface, sedi-
ment rows at each side of the burrow bottom, slopes with discrete ribs (laminated backfill). B, C. Specimens
(MNHNCu-96.003567 in C) with well-preserved laminated backfill and the two sediment parallel strings in B. D. Spec-
imen MNHNCu- 96.001287 lacking the laminated backfill in the slopes and with the convex central ridge partially pre-
served, but showing discrete sediment rows when the convex central rigde is preserved (black arrow). E. Specimen
MNHNCu-96.001297 with a part of the burrow lacking the slopes with ribs (laminated backfill) but showing the two
sediment parallel strings (black arrows). F. Specimen MNHNCu-96.00 showing faint lateral slopes, wide central ridge
and narrow or discrete sediment rows. Scale bars equal 10 mm.
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as result of erosion of the convex central ridge and
the two parallel strings in S. prisca. Thus, we con-
sidered S. vertebralis as a preservational variant,
named as Scolicia isp. var vertebralis in this work.

Initially, these specimens here assigned to
Scolicia isp. var vertebralis were previously
ascribed to ?Psammichnites isp. by Villegas-Martín
(2009) and Scolicia cf. prisca by Rojas-Consuegra
and Villegas-Martín (2009). 

Scolicia isp. var. laminites Uchman, 1995

Scolicia isp. var. laminites was described in
samples collected at the Artemisa section
(MNHNCu-96.001295, MNHNCu-96003689), and
in situ in deposits at the Pinar del Río section (Fig-
ure 2). These burrows are preserved as convex
epireliefs at the top of medium-grained sandstone
and carbonate beds (Figure 6), are parallel to the
bedding plane, and show straight to slightly mean-
dering trajectories. The specimens are burrows
with discrete biserial menisci (backfill structure)

(Figure 6A-D). A median groove can be observed
in cross-section in some burrows (Figure 6C-D).
The burrows are 25.0–30.6 mm wide.

According to Uchman (1995), this morphology
represents the preservation of the upper part of
echinoid burrows with similar morphology to
Bichordites and Scolicia. Some studied specimens
were assigned to Scolicia isp. var. laminites based
on the identification of the convex central ridge and
the two sediment rows/strings at the bottom (Fig-
ure 6C-F). The names Scolicia var. laminites or
Scolicia isp. have been used to characterize bur-
rows showing similar morphology (the former
“Laminites”) without referring to the presence of the
parallel strings (Poiré et al., 2003; Rebata et al.,
2006). The attribution of trace fossils to a non-spe-
cific ichnospecies is a common practice in ichnol-
ogy, especially when clear diagnostic features are
lacking. However, the identification of the parallel
strings and/or convex central ridge should be cru-
cial for attributing the trace fossil to Scolicia.

FIGURE 5. Sample MNHNCu-96.001296 with specimens assigned to Scolicia isp. var. vertebralis. A-B. Specimens
showing laminated slopes and a visible median superficial groove (black arrows). C. Cross-section view showing the
concave bottom and the bilobate top of the burrow. D. Drawing of the cross-section represent in C. Scale bars equal
10 mm.
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THE EOCENE SCOLICIA TRACEMAKER

Natural observations and experiments in
aquaria demonstrated that the ichnogenus Scolicia
(as the morphologies described herein) corre-
sponds to the burrows resulted from the grazing
activity of spantagoid echinoids with double drain-
age tubes (e.g., Ward and Lewis, 1975; Howard et
al., 1974; Bromley and Asgaard, 1975; Smith and
Crimes, 1983; Bromley et al., 1997; Belaústegui et
al., 2017). These large meniscate traces are typi-
cally produced by backfilling when the spatangoid
plows through the sediment (Smith and Crimes,

1983; Kanazawa, 1992, 1995; Bromley et al.,
1997). The animal excavates the sediment in the
front, which is transported to the posterior part of
the burrow, where it is packed with mucus. The
open burrow is limited to the volume immediately
surrounding the echinoid test. The two open drains
(related to sediment strings) are kept behind by
action of the subanal tuft spines and the corre-
sponding tube feet, while periodically, a respiratory
shaft may be constructed for aeration purposes or
to feed upon surface detritus (Smith and Crimes,

FIGURE 6. Scolicia isp. var. laminites. A-B. Specimens with well-preserved laminated backfill in carbonate beds
(MNHNCu-96.001295). C-D. Bilobate top with discrete meniscate backfill and median groove (white arrow in D) in
medium-grained sandstone beds. C. Specimen (MNHNCu-96.001295) with basal portion similar to S. prisca (white
square). E-F. Burrow cross-section showing the preserved parallel strings (white arrows) in E. Scale bars equal 10
mm.
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1983; Plaziat and Mahmoudi, 1988; Kanazawa,
1992, 1995; Bromley et al., 1997).

It is well-known that many echinoids from dif-
ferent fossil and extant families of the Order Span-
tangoida possess the morphology to produce
Scolicia-like burrows (e.g., Bromley and Asgaard,
1975, Bromley et al., 1995, 1997; Kanazawa,
1995; Asgaard and Bromley, 2007). Fossil species
of different families, such as Schizasteridae (Bri-
saster iheringi) and Hemiasteridae (Hemiaster
expergitus), were observed within or associated
with Scolicia traces (Fu and Werner, 2000; Car-
mona et al., 2020). 

The fossil record of spatangoid in Cuba is
extensive and includes specimens of different fam-
ilies, including the Schizasteridae and Hemiasteri-
dae families. In addition, genera such as
Hemiaster, Schizaster, and Linthia have been iden-
tified in Eocene deposits (e.g., Sanchez Roig,
1926, 1949; Kier, 1984). Thus, these taxa might be
potential tracemakers of the Scolicia specimens
studied herein. However, no body fossil of spatan-
goid echinoids were reported in the studied sec-
tions bearing Scolicia, although undetermined
fragments of echinoids are known in the marine
deposits of the Capdevila Formation (Brust et al.,
2011). Therefore, further detailed studies on the
echinoderms found in the Capdevila Formation are
necessary to try to infer the Scolicia tracemakers
more accurately.

TAPHONOMY INSIGHTS

The complex morphological features that
characterize the ichnogenus Scolicia represent dis-
tinct preservational variations used to define the
different ichnospecies (e.g., Uchman, 1995, 1998).
Thus, the variability in the Scolicia preservation
seems to be mostly taphonomic and results from
factors such as the burrow position within the sedi-
ment bed, superimposition, erosion, and lithologi-
cal diversity (e.g., Plaziat and Mahmoudi, 1988;
Uchman, 1995; Gibert and Goldring, 2008). Mor-
phological variations are observed in the Scolicia
specimens from the Capdevila Formation. These
variations include features concerning the ribbed
slopes, the preservation of the parallel strings, and
the convex central ridge.

The ribs of the slopes are less evident in the
specimens of Scolicia prisca and Scolicia isp. var
vertebralis preserved in medium-grained sand-
stone beds in the Capdevila Formation (Figures 4,
5). In S. prisca, the ribbed slopes are partially pre-
served or absent in some parts of the furrows (Fig-
ure 4D, E). These furrows show only the convex

central ridge and the two parallel strings/rows.
These preservational variations were previously
reported by Plaziat and Mahmoudi (1988, fig. 10) in
the deposits of the Cuisian Basin, Arro (Spain). At
the Capdevilla Formation, this typical morphology
is a consequence of a deep erosion that erased
most parts (slopes) of the burrow, preserving only
its bottom (Figure 4E). In beds with abundant Scoli-
cia, slopes are often partially or totally destroyed by
burrows’ overlap (Figure 7), a feature also
observed previously (Fu and Werner, 2000).

The typical parallel strings of Scolicia prisca
are only preserved in some specimens in the Arte-
misa section, being the two sediment parallel rows
predominant in the specimens studied (Figure 4A-
F). These sediment rows are well reported for S.
prisca (e.g., Bromley and Asgaard, 1975;
Ksiażkiewicz, 1977; Smith and Crimes, 1983; Pla-
ziat and Mahmoudi, 1988, Uchman, 1995, 1998)
and constitute the proof that the parallel strings had
existed. The preservation of the parallel strings is
either rare or occasional (Smith and Crimes, 1983;
Plaziat and Mahmoudi, 1988) because they are
empty tunnels that eventually can collapse due to
the sediment pressure (Kanazawa, 1995), or due
to animal displacement (Smith and Crimes, 1983).
Backfill lamination may be preserved in the exter-
nal surface of the parallel strings (Smith and
Crimes, 1983), and this feature has been seen in a
few specimens from the Capdevilla Formation in
the Artemisa section (Figure 4B). In some S. pri-
sca, the sediment parallel rows can be tapered due
to superimposition of the lateral slopes over the
margins of the convex central ridge (Figure 4F).
This characteristic has already been mentioned for
S. prisca by Donovan et al. (2005), and had been
discussed by Plaziat and Mahmoudi (1988).
According to Uchman (1995, 1998), a similar situa-
tion can originate when the burrow occupies a
deep position in the sandy portion of the beds, and
the lateral slopes rest over the convex central
ridge. In most S. prisca specimens examined, the
bottom ridge is covered by laminated surface (Fig-
ure 4 A-C, E, F). In a few specimens, however, the
convex central ridge presents a smooth surface
(Figure 4D). In general, and according to the stud-
ied material, the width of the central ridge and the
height of the lateral slopes can vary within the
same specimen. However, it can also remain con-
stant in some specimens. Uchman (1995) also
observed similar features in Scolicia specimens
from Miocene deposits of Italy. In other specimens,
the typical morphology of S. prisca loses the slope,
preserving the two parallel strings and the central
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ridge, only (Figure 4E). This change in morphology
is caused by erosion (as explained above), reflect-
ing the change in the position of the tracemaker
from a shallower level to a deeper one into the sub-
strate. 

Scolicia prisca and Scolicia isp. var vertebralis
mainly correspond to burrows made in the sand/
mud interface. It is well-accepted that these mor-
phologies are a consequence of the recent or sub-
recent rock weathering, when the upper part of the
full burrow is eroded, preserving only the lower por-
tion excavated in the sand (e.g., Plaziat and Mah-
moudi, 1988; Uchman, 1995). However, extant
spatangoid echinoids can produce structures simi-
lar in morphology to S. prisca and Scolicia isp. var
vertebralis at the substrate surface in extant shal-
low marine settings (Figure 8). Although the pres-
ervation potential of these furrows is low, due to the
continuous action of erosive processes in these

settings, they demonstrated that both morpholo-
gies can be made on top of the substrate. 

Furrows similar to S. prisca were also
observed in fine-grained sediments from modern
deep-sea depositional settings (3.451 m) in the
southeastern Indian Ocean, where irregular echi-
noids plow a furrow as wide as its body in fine sed-
iment when searching for food (Hollister et al.,
1975, figure 21.18). In both cases (deep-sea and
shallow marine settings), these furrows can be pre-
served mainly at the top bed and do not always
represent eroded burrows. Furthermore, these
extant morphologies resembling to S. prisca pres-
ent the sediment rows at the bottom of the furrow
and the sediment parallel strings are not observed.
In this sense, Smith and Crimes (1983) suggested
that although some Scolicia appear to be formed
by shallow-burrowing echinoids at an interface of
mud overlying sand, others are probably formed by

FIGURE 7. Example of overlying of Scolicia cf. prisca specimens (MNHNCu-96.001291) in intensely bioturbated beds,
showing the preservation of the central convex ridge with the two sediment rows. Scale bars equal 10 mm.
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epifaunal echinoids plowing half-buried through the
sediment-water interface, leaving a partially back-
filled furrow. In the case of Scolicia isp. var. lami-
nites specimens, the preservation of a bilobate top,
as observed in some of the studied specimens,
suggests the erasing of the uppermost part of the
burrow. The laminated backfill is better visualized
in burrows preserved in carbonate rocks, probably
due to the early cementation process during the
diagenesis. In contrast, it is subtle in burrows pre-
served in medium-grained sandstones (Figure 6A-
D). The vertical cross-cutting of these specimens
shows the bilobate top, the laminated backfill, and
the two parallel strings at the burrow bottom (Fig-
ure 6E-F).

PALEOECOLOGICAL INSIGHTS

Artemisa Section

The Artemisa section deposits, which contain
Scolicia prisca, Scolicia isp. var. vertebralis, and
Scolicia isp. var. laminites were accumulated in a
basin floor setting impacted by turbidity currents,
probably in a bathyal context (Albear and Iturralde-
Vinent, 1985; Lex, 2013). Scolicia is commonly
registered in deep-sea turbiditic beds since the
Mesozoic (e.g., Uchman, 1995, 1998; Tchoumatch-
enco and Uchman, 2001; Wetzel and Uchman,
2001; Rodríguez-Tovar et al., 2010; Buatois et al.,
2024). Graphoglyptid trace fossils, such as Cos-
morhaphe isp., Helminthoraphe isp., and Paleo-
dyction isp., also occur associated with Scolicia in
the Artemisa section (Rojas-Consuegra and Ville-
gas-Martín, 2009; Rojas-Consuegra et al., 2018).

Although the ichnotaxonomy of some of these
trace fossils needs revision (A. Uchman, pers.
comm.), the ichnological assemblage includes
winding, meandering, and network structures typi-
cal of the Nereites ichnofacies commonly found in
post-Paleozoic deep-sea turbiditic setting (e.g.,
Rodríguez-Tovar et al., 2010; Buatois and Mán-
gano, 2011; Uchman and Wetzel, 2011). Rojas-
Consuegra and Villegas-Martín (2009) suggested
the occurrence of the Nereites ichnofacies, in the
Artemisa section based on the presence of these
graphoglyptid burrows.

The abundance of Scolicia morphologies at
the top of the sandstone beds in the Artemisa sec-
tion suggests post-event colonization, a common
strategy in deep-sea beds (e.g., Uchman, 1995;
Buatois et al., 2001; Rodríguez-Tovar et al., 2010).
There is a consensus that when the gravity flows
ceased, these burrows are produced at the sand/
mud interface in shallow tiers (e.g., Bromley and
Asgaard, 1975; Werner and Wetzel, 1982). Poste-
rior erosion will only preserve the basal portion of
the spatangoid burrow, which are recognized as S.
prisca and S. vertebralis (S. isp. var. vertebralis in
this work) in the fossil record (e.g., Uchman, 1995).
However, spatangoids also produce locomotion
furrows similar to S. prisca on the seabed surface
not only in shallow waters (Figure 8A) but also in
deep-sea settings (Hollister et al., 1975, figures
21.10, 21.18). Contrary to shallow marine settings,
the potential for preserving superficial furrows in
deep-sea substrates is greatly enhanced by the
muddy composition and the low hydrodynamic
energy, which favors sediment aggregation by bio-

FIGURE 8. Furrow made by the modern spatangoid Spatangus purpureus (A) in the coast of Greece (depth = 3 m)
(photo by Roberto Pillon) resembling Scolicia prisca (black square). Scale bars equal 50 mm. B. Scolicia prisca from
Capdevila Formation (early Eocene). Scale bars equal 20 mm.
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films (the bioglue principle sensu Goldring and Sei-
lacher, 1971) and substrate compaction. Hence, S.
prisca and S. isp. var. vertebralis might represent
original furrows produced at the sand/mud inter-
face at the top of a fresh turbidite bed. Once the
gravitational flow currents cease, the mud particles
decant, forming a thin mud layer (turbidite Te layer)
atop of the sand/silt beds (Tc/Td layers). Pelagic
material decays in the mud, enriching the marine
substrate with organic matter and microbial activity.
These processes open the colonization window
(sensu Pollard et al., 1993) for spatangoid forage,
leaving furrows. The bottom quiescence supports
biofilm formation and enhances EPS (extracellular
polymeric substance) into the substrate, allowing
the furrows to be preserved (the bioglue property of
EPS, as explained by Goldring and Seilacher,
1971). Upon rock exposure and weathering, they
appear as epichnial grooves on the top of turbidite
sandstone beds. This hypothesis could explain the
presence of some S. prisca and S. isp. var. verte-
bralis as epichnial furrows in the flysch deposits of
the Artemisa section. However, additional tapho-
nomical studies on Scolicia traces in deep-sea are
necessary to test this hypothesis.

Pinar del Río Section

The Pinar del Río section (Palacios Basin)
has been interpreted as deposited in upper slope
settings based on the sedimentary facies associa-
tion, the prevalence of a Cruziana ichnofacies
trace fossil assemblage; and the lack of typical
traces of the Nereites ichnofacies (see Villegas-
Martín et al., 2014). An upper slope context for
these deposits was also suggested by Brust et al.
(2011) based on micropaleontological and sedi-
mentological data. Indeed, the geomorphology of
the Los Palacios Basin during the early Eocene
allowed the development of a short platform and a
shallower slope in the Pinar del Río area (Sommer,
2009; Villegas-Martín et al., 2014, figure 8). 

Although Scolicia is not commonly registered
in ancient slope deposits, a few records are known
(Fu and Werner, 2000; Demircan and Uchman,
2017). The presence of spatangoid echinoids pro-
ducing Scolicia on a shallower slope can be
favored by better substrate oxygenation, high sedi-
mentation rates, and the prevalence of sandy sub-
strates (Villegas-Martín et al., 2014). Extant
Scolicia tracemakers (Spatangus group, Smith and
Crimes, 1983) live in benthic settings from shelf to
deep slope, preferring sandy substrates
(Kanazawa, 1992; Kroh and Hansson, 2013). Fu
and Werner (2000) identified abundant Scolicia-

like burrows in fine-grained sandy substrates from
slope to deep-sea zones (400 to 3.800 m) in the
NE Atlantic Ocean, inferring that sand granulome-
try, bottom currents, and higher sedimentation
rates control their distribution more than the water
depth. Furthermore, echinoids that produce Scoli-
cia-type burrows are more tolerant to the increase
in sedimentation rates (Vermeij, 1978). Thus, the
scarcity of Scolicia record in slope deposits might
be due to the predominance of muddy sediments
and the low oxygenation and sedimentation rates
typical of deeper slope settings. 

The Scolicia-bearing trace fossil assemblage
in the Pinar del Río section is interpreted as an
impoverished expression of the Cruziana ichnofa-
cies due to the prevalence of burrows produced by
detritus-feeding marine invertebrates and its con-
siderably low ichnodiversity (Villegas-Martin et al.,
2014). Except for a few records (e.g., Savrda et al.,
2001), Cruziana ichnofacies assemblages in slope
deposits are uncommon. These deposits are
mainly characterized by Zoophycos ichnofacies,
particularly in post-Paleozoic rocks, having Zoo-
phycos and Chondrites as ichnoguilds (e.g., Brom-
ley, 1996; Buatois and Mángano, 2011). Besides
Scolicia has been reported with Zoophycos and
Chondrites in slope settings, when interbedded
muddy and sandy substrates occur (Fu and Wer-
ner, 2000), the typical features of the Zoophycos
ichnofacies, such as the dominance of complex
feeding deep-tier structures with spreite made by
deposit feeders or farmers (Buatois and Mángano,
2011), are not observed in the Pinar del Río sec-
tion. 

Thus, the predominance of sandy deposits
and the high sedimentation rates in the slope set-
tings represented by Pinar del Río deposits proba-
bly inhibited the activity of Zoophycos and
Chondrites tracemakers, which prefer muddy sub-
strates (e.g., Fu and Werner, 2000; Buatois and
Mángano, 2011). Despite the high frequency of the
erosive events that characterize the Pinar del Río
section slope deposits (Villegas-Martín et al.,
2014), erosion does not play a role in the absence
of Zoophycos and Chondrites in the Scolicia-domi-
nated assemblage. These burrows normally occur
deeper into the substrate than Scolicia (e.g., Brom-
ley, 1996; Buatois and Mángano, 2011); thus, if
their absence was the result of erosion, the Scoli-
cia specimens would also be absent. Furthermore,
the absence of deeper tiers might have favored the
abundance of Scolicia in the Pinar del Río section
(e.g., Bromley and Asgaard, 1975; Werner and
Wetzel, 1982; Gibert and Goldring, 2008).
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CONCLUSIONS

The bilobate and trilobate trace fossils pre-
served as concave and convex epirelief in the sed-
imentary rocks of the Capdevila Formation
(western Cuba) can be assigned to the ichnogenus
Scolicia, representing Scolicia prisca, S. cf. prisca,
S. isp. var. vertebralis, and S. isp. var. laminites.
Scolicia isp. var. vertebralis is considered a preser-
vational variant of Scolicia prisca in this work. The
observed variations in the diagnostic features (dor-
sal ridge, laminate backfill, and parallel strings)
reflect the wide variation expected in the burrows
made by spatangoid echinoderms.

Some Scolicia morphologies might not repre-
sent exclusively the basal portion of eroded bur-
rows but also furrows produced by spatangoids on
the surface of sea bottoms, mainly in deep sea set-
tings. The predominance of sandstone beds
deposited by turbidity currents and the high sedi-
mentation rates favored the colonization of spatan-
goid echinoderms that generated Scolicia in
shallower slope settings and precluded the estab-

lishment of a typical Zoophycos ichnofacies
assemblage in the slope deposits of the Pinar del
Río section.
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