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A revision of Renichnus arcuatus Mayoral, 1987, the vermetid attachment

etching trace fossil (fixichnia), is presented here with an emended diagnosis.

Renichnus arcuatus should be used only for nested reniform depressions

arranged in linear series or solitary ones. A new ichnotaxon, Santichnus

mayorali ichnogen. et ichnosp. nov., is described to name a bioerosion

structure that previous authors included under R. arcuatus. The new trace

fossil comes from the Miocene–Pliocene deposits from Fuerteventura and

Lanzarote, Canary Islands, and is characterized as a shallow canal, semicircular

in cross-section that occurs on the surface of hard substrates. Santichnus

mayorali follows a logarithmic spiral path that may depart in its outer whorl in a

somewhat straight shaft that becomes recurved back toward the spiral. From an

actualistic point of view, this new ichnotaxon is interpreted as the anchorage

bioerosion structure of vermetid gastropods. Given the close relationship

between the two ichnotaxa (Renichnus and Santichnus) that share vermetid

gastropods as their tracemakers, it is proposed that they should be considered

as compound trace fossils when they occur interconnected.
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Introduction

Organisms attached to the substrate can be found in

continental or marine environments but are more frequent

in the last one. Living in the sea poses some problems as strong

waves or currents may transport the organism to unfavorable

areas or render it susceptible to predation. Anchoring to the

substrate is a mode of life that tends to mitigate those

problems. The attached organisms have developed various

strategies to anchor themselves to the substrate. Some are

anchored temporarily, employing grasping appendages or

muscular suckers; others attach to the substrate

permanently by cementing to it. For a detailed review of

attachment strategies to hard substrates, see Bromley and

Heinberg (2006). The action of anchoring to a hard

substrate involves some etching very frequently, which in

turn results in bioerosion. Bioerosion structures encompass

five ethological categories. The great majority belong to the

domichnia or domicile borings, made for protection, which

commonly penetrate relatively deep into the substrate and, in

most cases, cover the whole organism. Less common are those

included in the pascichnia, which are produced by

herbivorous or omnivorous grazing animals, producing

surficial scratching marks on different substrates.

Praedichnia includes predatory trace fossils that encompass

borings, scratching, biting, breaking, and smashing marks

emplaced on skeletal material. The equilibrichnia was

erected for those traces that keep pace with an accreting

surface (de Gibert et al., 2004). The fifth category, the

fixichnia, was established by de Gibert et al. (2004) to

group those bioerosion structures resulting from

attachment to a hard substrate. The bodies of producers of

anchoring structures are not completely covered by the

substrate since they only etch the surface. Hence, the

common architectural characteristic of anchoring structures

is that they are shallow surficial structures. Examples of this

kind of trace fossils are the ichnogenera Camarichnus (Santos

and Mayoral, 2006), Canalichnus (Santos and Mayoral, 2006),

Centrichnus (Bromley and Martinell, 1991), Finichnus (Taylor

et al., 2013), Podichnus (Bromley and Surlyk, 1973), Renichnus

(Mayoral, 1987), Spirolites (Uchman et al., 2018), Stellichnus

(Mayoral, 1987), and Sulcichnus (Martinell and Domènech,

2009). In this article, we review the use of the name Renichnus

arcuatus (Mayoral, 1987), a monoichnospecific ichnogenus in

the ichnologic literature. This name has been extended by

other authors to bioerosion structures beyond the original

diagnosis of the ichnogenus. A product of this revision is the

description of a new bioerosion structure from the Miocene

and Pliocene of the Canary Islands, attributed to vermetid

gastropods.

FIGURE 1
Geographic location of the studied material. (A) the Canary Islands and their global location. (B) location and geology of La Graciosa Island with
fossiliferous sites. (C) geological map of Fuerteventura Island and paleontological site location. 1, Baja del Corral; 2, Playa del Salado; 3, Aljibe de la
Cueva; 4, Barranco León; 5, Playa del Valle.
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Study area, geological setting, age,
and paleoenvironments

The Canary Islands are an intraplate volcanic archipelago

located northwest of the African continent formed along the

Neogene and Quaternary periods (Figure 1A). The easternmost

islands, Lanzarote and Fuerteventura (Coello et al., 1992;

Gutiérrez et al., 2006), closest to the African coast, are also

the oldest (23–15 Ma).

The Island of La Graciosa, together with the islets of

Alegranza, Montaña Clara, Roque del Este, and Roque del

Oeste, makes up the Chinijo Archipelago off the north coast

of the island of Lanzarote. This archipelago is composed of a

volcanic sequence of cinder cones and hydromagmatic centers on

a flat platform. The sequence goes from the lower Pleistocene and

upper Pleistocene–Holocene (De la Nuez et al., 1997a; Castillo

et al., 2002; Ortiz et al., 2006). La Graciosa is the largest island,

27 km2 in area, where the oldest volcanic rocks appear under

more than 1 m of fossil beach (Ortiz et al., 2006). The sites

studied here are located in the Pleistocene sediments of the

southeast coast (Playa del Salado), and the Holocene

sediments of the southwest coast (Baja del Corral; Figure 1B).

The stratigraphic sequence of the deposits studied on La

Graciosa begins with a paleosol developed on a lava flow. This is

followed by a level of sand and a level of conglomerates with

marine fossil remains, after which a series of intercalated sand

and paleosol can be observed (De la Nuez et al., 1997b; Yanes

et al., 2004; Ortiz et al., 2006).

Fuerteventura has an older history that begins with

Mesozoic marine sediments from Ajuy (Gutiérrez et al.,

2006). According to Martin-González et al. (2001) the

transgressive deposits are found atop basalts dated between

17 and 11.8 Ma. The basaltic flows that cover these deposits

are Pliocene, dated between 4.83 and 1.9 Ma. The sites studied

here extend along the west coast of the island, from Aljibe de la

Cueva beach in the northwest to Playa del Valle in the

southwest (Figure 1C).

The stratigraphic sequence of the deposits studied on the

island of Fuerteventura begins with a marine conglomeratic level

deposited on the Miocene volcanic materials, which correspond

to the first subaerial volcanic phase (Martin-González et al.,

2018). The Aljibe de la Cueva site (Figure 1C) is of great

lateral extension. The conglomerate strata alternate with

decreasing grain sequences with gravels that include horizons

of rounded pebbles and rhodoliths, breccias, and a paleosol

immediately below a Pliocene capping lava flow (Martín-

González et al., 2018). The fossils here studied are in the

conglomerate and rhodolith beds. In Barranco León site

(Figure 1C), the conglomeratic level is located above the fossil

marine platform. South of this ravine, the marine deposits are not

covered by Pliocene basaltic flows but by sandy deposits that are

interpreted as fossil eolianites, which are interspersed with

conglomerates and gravel that are interpreted as levels formed

in wet alluvial fans (Meco et al., 2015). At this site, the fossils were

collected from the conglomerate and in the sand levels. Last, at

Playa del Valle (Figure 1C), the conglomerate level is supported

by pillow lavas and breccias of pillow fragments traversed by

deep-seated dikes of the Submarine Volcanic Group (Gutiérrez

et al., 2006). In the middle part of the section is a bank of medium

sand corresponding to beach horizons, on which lies a very

cemented bioclastic level composed of a large number of small

mollusk shells and molds and a low proportion of volcanic rocks.

The sequence continues with breccia–conglomerate packages. At

Aljibe de la Cueva, the fossils were found at the conglomerate

level.

Materials and methods

The studied material is housed at the Paleontological

Collection of the Universidad de La Laguna, San Cristobal

de La Laguna, Tenerife Island, Canary Islands, Spain, under

the acronyms ULL PA, IG, and FPA. The fossils analyzed were

found on mollusk shells in the collection at the Paleontology

Area of the University of La Laguna, Tenerife, and also in the

field at Playa del Valle, Barranco León, and Aljibe de la Cueva

sites. For preparation, the material was cleaned mechanically

with brushes and washed under tap water when the fossils

were resistant to this process. Those materials that underwent

SEM sessions using a JEOL 5900 Low Vacuum electronic

microscope were coated in order to gain maximum image

quality. Schematic drawings of fossil silhouettes to represent

overall shapes were made over the photographs using an

image editor.

Systematic ichnology

A revision of the literature was made to check the use of the

name Renichnus by previous authors. It was evident that this

name has been applied to fossil bioerosion structures of

notoriously different morphologies. On one side, the series of

nested reniform depressions was as in the original description of

ichnogenus Renichnus (Mayoral 1987) but also some shallow

channels that follow a spiral path. We propose an emended

diagnosis and use this name only for the nested reniform

depressions. These spiral shallow trace fossils are described

below as a new ichnogenus.

Repository. All the specimens revised, analyzed, described,

and illustrated in the following section are housed in the

palaeontologic collections of the Paleontology Area of the

University of La Laguna (Tenerife, Spain) with assigned

registration numbers FPA 1–10, IG 9, 19, 20, 34, and 136 and

ULL PA 226, 231, 307, 465–469, 471–473, 481, 486, 501–503,

506, and 520.

Ichnofamily Renichnidae (Wisshak et al., 2019).
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Type Ichnogenus Renichnus (Mayoral, 1987).

Ichnogenus Renichnus (Mayoral, 1987)

Vermetus intortus etchings (Radwański, 1969, p. 44, Plate 8,

Figures 5, 6. Miocene, southern Poland).

Petaloconchus intortus etchings (Radwański, 1977, p. 247,

Plate 9 a2, b2, c2, d2, e, f2, and Plate 10 a, b, c, and e (one

specimen near upper right corner). Miocene, southern Poland).

Renichnus arcuatus (Mayoral, 1987, p. 56, Plate II-13. Lower

Pliocene, SW Spain).

Etching by Petaloconchus (Macrophragma) cereus (Savazzi,

1996, p. 160, Text-Figure 2F. Recent, Bantayan island, The

Philippines).

Renichnus arcuatus (Taddei Ruggiero, 1999, p. 171, Figures

1O,P. Upper Pliocene, Apulia, Italy).

Renichnus arcuatus (Jagt, 2003, p.177, Plate 2, Figure 3.

Maastrichtian, Bemelen, Netherlands).

Renichnus arcuatus (Donovan, 2003, p.137, Figures 1–3.

Pleistocene, north-central Jamaica).

Renichnus arcuatus (Santos and Mayoral, 2006, p. 728, Plate

3–8. Lower Pliocene, Southern Spain).

Renichnus ichnosp. (Matamales-Andreu et al., 2007, p. 23,

Plate 1-b. Upper Pleistocene, Mallorca, Spain).

non or dubious Renichnus arcuatus (El-Hedeny, 2007), p. 12,

Plate 3 Figures 7, 9. Cenomanian-Campanian, Sinai, Egypt).

Renichnus arcuatus (Taddei Ruggiero and Bitner, 2008,

p. 370, Figure 4C. Upper Pliocene, Moncalvo, Italy).

non Renichnus ichnosp. (Hoșgör and Okan, 2010, p. 51, Plate

1 Figure 2. Early-middle Miocene, SE Turkey).

Renichnus arcuatus (Donovan et al., 2011, p. 104, Figures 5A,

7. Maastrichtian, Belgium, and the Netherlands).

non Renichnus arcuatus (Wisshak et al., 2011, p. 507,

Figure 9K. Recent, Azores Islands, Portugal).

non Renichnus ichnosp. (Uchman et al., 2017, p. 46, Figure

8f-g. Lower Oligocene, northern Italy).

Other references to this ichnotaxon with no figured material:

Renichnus arcuatus (Bromley and Asgaard, 1993, Pliocene,

Island of Rhodes, Greece).

Renichnus (Dávid et al., 2008, Early Miocene, Tardona Hills,

Hungary).

Type ichnospecies Renichnus arcuatus (Mayoral, 1987) by

monotypy.

Renichnus arcuatus (Mayoral, 1987) Figures 2A,D; Figures 3G,H.

Original description: “Set of more or less shallow scars, in

an aligned form or a sinuous to spiral trajectory (Figures 2A–D,

3G–H). They may occur isolated or in groups. The scars are

usually smaller at one end (and much more regular, with an

elongated, ovoid outline) and larger at the opposite end. In this

case, the impressions are distinctly reniform, with one side highly

arched.”

Emended diagnosis: Bioerosion structures that develop on the

surface of calcareous hard substrates as nested reniform or

crescentic depressions arranged in straight, sinuous, or

strongly bent series or rows. Solitary depressions may also

occur. The size of the depressions can be constant or vary in

a gradual manner, reducing in size toward the concave-pointing

end of the nested series.

FIGURE 2
Examples of Renichnus arcuatus Mayoral, 1987 from three of the studied localities. (A) ULL PA 520 (Barranco León). (B) ULL PA 473 (Playa del
Valle). (C) ULL PA 501 and (D) ULL PA 502 (Playa Aljibe de la Cueva). Scale bars: 5 mm.
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Remarks: As originally defined, ichnogenus Renichnus

(Mayoral, 1987) and its only known ichnospecies,

Renichnus arcuatus (Mayoral, 1987), should be used only to

refer to a series of reniform depressions. These traces are

generated when a high trochospiral shell (Figure 4A) attaches

to the substrate with the coiling axis parallel or tangential to

the attachment surface. The result is a series of nested

reniform or crescentic depressions arranged in rows. Those

depressions represent the area where each whorl makes

contact with the substrate. The materials that Mayoral

(1987) used in this trace fossil’s original description and

illustration are the holotype (BO2/1/2) and two paratypes

(BO1/2/08; LU2/2/19). Since Renichnus is a trace fossil and

despite representing the attachment of a trochospiral shell but

not the shell itself (although it often maintains part of it

attached), we recommend eliminating the term “spiral” from

its diagnosis. As mentioned above, there are neither true

spirals nor true whorls in the trace fossil morphology since

the depressions are reniform. The original wording of the

diagnosis, including the term spiral, probably led other

authors to include disparate materials in this ichnogenus

that we propose to be treated as a new ichnotaxon since it

represents a different behavior when the animal anchors itself

to the substrate in a different way, as will be explained below.

The producers of these series of nested reniform depressions

are vermetid gastropods such as Petaloconchus intortus

(fossil), P. sculpturatus (fossil), P. glomeratus, and P.

laurae, which have high trochospiral shells (Radwański,

1969, Radwański, 1977; Mayoral, 1987). Vermetids are

known for their shell coiling plasticity, so some species

may show individuals with trochospiral shells, others with

planispiral shells, and even individuals with shells that bear

the two patterns. Thus, some intergradation between

Renichnus and the new ichnogenus described below may be

expected.

Santichnus, Verde, Castillo, Martín-González, and Cruzado-

Caballero. Ichnogen. nov.

Etymology: Dedicated to Ana Santos, a Portuguese

ichnologist, and appreciated colleague, who has made

numerous relevant contributions in the field of bioerosion.

Diagnosis: Bioerosion structure that develops on the

surface of hard calcareous substrates as a canal

semicircular in cross-section that follows a logarithmic

spiral path up to three whorls, in which the width of the

canal varies gradually following the logarithmic spiral

proportions.

FIGURE 3
Schematic drawings of variants of Renichnus arcuatus (Mayoral, 1987), based on different occurrences from the literature (A–F) and this study
(G–H). (A,B): type material of R. arcuatus (Mayoral, 1987) (Pliocene, Spain). (A)whole sample with holotype and paratype. (B) holotype highlighted in
black. (C) Miocene of Poland (Radwański, 1969; 1977). (D) Maastrichtian of the Netherlands (Jagt, 2003). (E) Maastrichtian of Belgium (Jagt, et al.,
2009). (F) Maastrichtian of Belgium (Donovan et al., 2011). (G) Playa del Aljibe, Fuerteventura, Spain, ULL PA 501. (H) Playa del Valle,
Fuerteventura, Spain, ULL PA 473. White traces in (G,H) correspond to incomplete scars. Scales: (A,B): 1 mm; (C) approximately 55–60 mm
maximum in length; (D–F,H) 5 mm; (G) 2 mm.
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Remarks: Santichnus can be easily distinguished from

Spirolites Uchman et al. (2018), another anchoring spiral trace

fossil produced by vermetid gastropods. Santichnus has a

distinguishable discrete canal along its spiral path and lacks

the perpendicular annulations in contrast to Spirolites Uchman.

Type ichnospecies Santichnus mayorali ichnogen. nov.,

ichnosp. nov.

Santichnus mayorali Verde, Castillo, Martín-González and

Cruzado-Caballero. Ichnosp. nov.

Figures 5A–G; Figures 6A–H. Figure 7A-L.

Other occurrences: Here, we list additional occurrences of

Santichnus mayorali from the literature other than the studied

localities listed above.

Pomatoceros etchings (Radwański, 1969, pp. 43–44, Plate 8,

Figures 3, 4. Miocene, Southern Poland).

Serpulid etchings (Radwański, 1977, p. 247, Plate 10 d and e

[several specimens associated with one Renichnus arcuatus near

the upper right corner]).

Conchas con marcas superficiales que consisten en pequeñas

galerías espirales de una única vuelta de espira (shells with

shallow marks with the shape of small spiral galleries with

only one whorl) (Martín-González et al., 2001, p. 51).

Embedment of a coiled serpulid worm (Donovan, 2003,

p.138, Figure 2 [left]. Pleistocene, Jamaica).

Dubious material Renichnus arcuatus (El-Hedeny, 2007,

p. 12, Plate 3, Figures 7, 9. Cenomanian-Campanian, Sinai,

Egypt).

Renichnus ichnosp. (Hoșgör and Okan, 2010, p. 51, Plate

1 Figure 2. Early-middle Miocene, SE Turkey).

Renichnus arcuatus (Wisshak et al., 2011, p. 507, Figure 9 k.

Recent, Azores Islands, Portugal).

Renichnus ichnosp. (Uchman et al., 2017, p. 46, Figure 8 f-g.

Lower Oligocene, northern Italy).

Holotype: Sample FPA-7, one fragment of patellid with the

holotype FPA-7K and several additional specimens on its inner side.

Paratype: ULL PA 469, one fragment of ostreid with the

paratype and other specimens along with Renichnus.

Etymology: In honor of the esteemed colleague Eduardo

Mayoral, a Spanish ichnologist who developed a pioneer

research activity on bioerosion structures and is also the

author of ichnogenus Renichnus, which is revised here.

Type material locality: The holotype FPA-7 K comes from the

base of the Barranco León site and the paratype ULL PA

469 comes from the Playa del Valle site, both on the

northwest coast of Fuerteventura Island.

Stratigraphic position and age of type material: The holotype

FPA-7 K comes from an unnamed cemented sand level of

Miocene–Pliocene age and paratype ULL PA 469 comes from

an unnamed bioconglomerate (rhodolith level) of

Miocene–Pliocene age.

Diagnosis: Bioerosion structure developed on the surface of

hard substrates as a canal semicircular in cross-section following

a spiral path of up three whorls, in which the width of the canal

varies in a gradual manner following logarithmic spiral

proportions. The spiral lies with its coiling axis perpendicular

to the substrate surface and the last whorl may depart from the

spiral coil in a straight shaft or a recurved one that returns back

toward the spiral. A nonbioeroded subtriangular to crescentically

arched area may be present between the recurved shaft and the

spiral. Reniform depressions similar to those of Renichnus can be

present around the last whorls in some specimens. The canal may

show fine striae perpendicular to the central axis of the canal.

Description: The holotype, FPA 7 K (Figures 5A–C), occurs

on the inner side of a patellid fragment (Figures 5A,B). It is a

shallow bioerosion structure consisting of a channel semicircular

in cross-section following a logarithmic spiral path with

3.5 whorls. The spiral lies with its coiling axis perpendicular

to the substrate surface, ending in a departing shaft and recurved

hook that returns toward the spiral reminiscent of some scaphitid

ammonoids. This recurved hook delimits a roughly triangular

FIGURE 4
Idealized vermetid shell types responsible for the ichnogenera treated here. (A) Petaloconchus-like high trochospiral coiling responsible for
Renichnus arcuatus (Mayoral, 1987). (B) Serpulorbis-like planispiral coiling responsible for Santichnus mayorali. (C) irregularly coiled vermetid shell
that combines a tight spiral and loose whorls (based on ULL PA 458, see Panel 8A), responsible for compound forms of Renichnus–Santichnus. (Re:
Renichnus; Sa: Santichnus) Not to scale.
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nonbioeroded area between it and the last whorl of the spiral

(Figures 5C, 7A). The depth of the channel varies in proportion

to its width along its path. The width of the channel varies

gradually along the spiral and is 1.1 mm at maximum. The spiral

is 3.2 mm in diameter in its outer limits, sinistral as observed

from outside the substratum.

The paratype, ULL PA 469 (Figures 5D,E, 7B), occurs on an

ostreid fragment (Figure 5D). It consists of a shallow bioerosion

structure that is a channel semicircular in cross-section that

follows a spiral path with 3.5 whorls plus the departing shaft and

recurved hook, lying with its coiling axis perpendicular to the

substrate surface (Figure 5E). The maximum width of the

channel is 1.5 mm, and the spiral is 5.4 mm in maximum

external diameter, sinistral as observed from outside the

substratum. It has the retroverted terminal hook that delimits

a nonbioeroded, subtriangular area between it and the spiral and

has reniform scars, one running parallel to the recurved hook and

two on the opposite side.

Other analyzed specimens show that the last whorl of the

spiral may depart at different angles and that the nonbioeroded

area can vary in shape from subtriangular to arched or lunate

(Figures 6A,C,E,F,H; Figures 7A–C,E–L). When the Santichnus

mayorali spirals have attached the reniform scars of Renichnus

arcuatus, the arrangement of these elements can vary. These

reniform scars may be located only parallel to the retroverted

hook (Figures 6A,B,H, 7C–E) or in this same position and also on

the opposite side, like the paratype ULL PA 469 (Figures 5D,E).

In some specimens, the spiral structure lies in a nested

arrangement inside the reniform Renichnus scars, forming a

compound specimen as in the paratype or in others as in ULL

PA 472 (Figure 5F). When a spiral is preserved disconnected

from reniform scars, it may be difficult to discern whether they

belong to one specimen or more than one as in ULL PA 467

(Figure 5G).

Fine grooves perpendicular to the axis of the channel may

be found in some specimens (Figures 6C,D,G,H) as in

specimens FPA-7 E, FPA-7 H, and FPA-1. Xenoglyphs

copying the texture of the substrate can be seen on some

specimens (Figures 6A,B).

Remarks: Santichnus mayorali can be distinguished from

other bioerosion ichnotaxa with spiral elements in their

architecture. It differs from the similar trace fossil Spirolites

radwanskii (Uchman et al., 2018), another fixichnion, because

of its evolute spiral path in contrast to that of Spirolites, which is

involute. Santichnus mayorali shows a discrete channel, unlike

Spirolites radwanskii. Besides this, Spirolites have first- and

second-order annuli that result in an annulated surface,

lacking in the material described here. Santichnus mayorali

may also show a path departure from the coiling, ending in a

hook, absent in Spirolites. In addition, Spirolites only reach up to

1.3 whorls; whereas Santichnus can have up to 3.5 whorls. The

spiral of Santichnus does not crosscut its previous path as in

Spirolites.

Finichnus tortus (Rosso, 2008), another fixichnion, with

spiral architecture can also be easily distinguished from

Santichnus. Finichnus tortus is composed of a series of

shallow, oval to pyriform depressions arranged in a spiral

pattern, and these are absent in the new ichnotaxon.

Other bioerosion ichnotaxa with spiral patterns such as

Spirichnus spiralis (Fürsich et al., 1994) and

Maeandropolydora barocca (Bromley and D’Alessandro, 1987)

should, in principle, not be confused with Santichnus. These

ichnotaxa do not represent superficial bioerosion structures but

are true borings that deeply penetrate the substrate, which also

implies a different type of behavior, that of creating shelter,

belonging to the ethological category domichnia.

Santichnus and its only known ichnospecies, S. mayorali,

should be used only for shallow bioerosion structures in which a

canal semicircular in cross-section follows a spiral path. These

traces are generated when a planispiral shell contacts the

substrate with the spiral axis perpendicular to the attachment

surface (e.g., Figure 4B).

Actualistic data on producers and the architectural plan of

Santichnus mayorali that affects only the surface of the substrate

suggests that this ichnotaxon can be classified as an anchoring

bioerosion structure, belonging to the ethological category

fixichnia (de Gibert et al., 2004).

Renichnus–Santichnus compound
trace fossils and tracemakers

Vermetid gastropods are known for their ability to colonize

hard substrates.When anchoring to hard substrates, they etch the

surface removing material and cement directly to it (Savazzi,

1996, 1999; Bromley and Heinberg, 2006). Bromley and Asgaard

(1993) mentioned that Renichnus is produced by sessile mollusks

etching the substrate surface chemically. Savazzi (1996)

mentioned that the vermetid bioerosion mechanism is

unknown, but their weak radula and thin chitinous operculum

suggest that mechanical abrasion is not the main cause of

bioerosion. The reabsorption of the shell’s last whorl surface

prior to the mineralization of the subsequent one would be the

evolutionary origin of the bioerosion of substrates in vermetid

gastropods (Savazzi, 1999). From the Upper Cretaceous

(Maastrichtian) to the present day, there have been numerous

occurrences of kidney-shaped or crescentic traces that have been

assigned to Renichnus, which usually occur in isolation or in

small groups. Bromley (2004) suggested using the name

Renichnus (Mayoral, 1987) both for, a series of reniform

depressions and for spiral canals made by vermetids since

intermediate forms are found. However, not all occurrences of

reniform scars and spiral canals show this intergradation. In

some cases, Renichnus is directly related to the new trace fossil

described here as Santichnus (Figures 5D–F, 6A,H), where the

spiral is nested inside the reniform scars. This arrangement
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suggests that both the reniform scars (Renichnus) and the spirals

(Santichnus) are the work of the same individual.

Radwański (1977) pointed out that the shell morphology of

vermetids controls the shape of their etching scars on the

substrate to which they anchor. It is on this premise, as well

as the different behaviors vermetid gastropods display when they

anchor to the substrate (Figure 4), that we base our proposal of

separating two distinct morphologies of bioerosion structures,

namely, Renichnus and Santichnus.

The overall spiral shape with the terminal hook is typical of

vermetid anchoring etchings, as in several species of Thylacodes

(T. arenarius and T. sulcatus) andDendropoma (D. gregarium,D.

cristatum, and D. petraeum). In the Canary Islands, an encrusted

and bored specimen of Thais haemastoma (ULL PA 458), from

Punta Negra, Tenerife Island (Figures 8A,B), shows specimens of

vermetids that have etched reniform depressions and spirals in

the same pattern as Santichnus mayorali’s path of a logarithmic

spiral with a departure in the shape of a hook.

In addition, Santichnus-like traces could correspond to

vermetids that were partially or totally cemented to the

substrate. In the first case, it may be in juvenile stages, which

present planispiral coiling (Figure 4B), like Serpulorbis (s.s),

FIGURE 5
Santichnus mayorali ichnogen. nov., ichnosp. nov. (A)whole sample bearing holotype (FPA 7 K). (B) holotype location is highlighted in black on
the sample and other specimen locations on the same surface. (C) detail of holotype. (D,E): paratype (ULL PA 469). (D) whole sample with paratype
and other specimens. (E) detail of paratype. (F) three clearly compound specimens of Renichnus–Santichnus (ULL PA 472). (G) Specimens of
Renichnus and Santichnus (lower right corner), occurring closely but not clearly in a compound association (ULL PA 467). Scale bars: (A,B,D)
5 mm and (C,E) 1 mm.
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FIGURE 6
SEM images of Santichnus mayorali ichnogen. nov., ichnosp. nov. showing different morphological variants. (A) FPA 7 J and (B) FPA 7 C with
xenoglyph of the substratummollusk shell. (C) FPA 7 E. (D)Detail of FPA 7 E showing fine grooves and ridges. (E) FPA 7 A. (F) FPA 7 H on the right. (G)
FPA 7 G with fine grooves and ridges. (H) FPA 1 showing fine grooves and ridges, associated with a reniform scar in its last whorl (upper part of the
specimen). Scale bars: (A–C, E–F,H), 1 mm; (D) 200 microns, (G) 500 microns.

FIGURE 7
Schematic drawings of Santichnus mayorali showing variation based on the studied material. Specimens with a spiral with shaft and recurved
hook. (A) holotype (FPA 7K). (B) paratype (ULL PA 469). (C) (FPA 7J). (D) (FPA 7C) (E) (FPA 1). (F) (FG 19). (G) (FPA 7M). (H) (FPA 7E). (I) (FPA 7A). (J) (FPA
7H). (K) (FPA 7D). (L) (FPA 7F). Re: R. arcuatus; Sa: S. mayorali. Scale bars: 1 mm.
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which tends to remain attached to the substrate (Savazzi, 1996).

By contrast, when the coiling relaxes and becomes more irregular

as in adults, the resulting anchoring structures are Renichnus-like

traces. This also occurs in Thylacodus, Trypsicha, and

Petaloconchus (s.s.), which in their adult stages develop a

stacking of successive whorls detached from the substrate,

giving rise to regular to irregular conical shells (Figure 4A). In

the second case, some vermetids may spend their entire lives

planispirally attached, such as Serpulorbis (Cladopoda) (Keen,

1961) and Dendropoma sp. (Savazzi, 1996).

Petaloconchus (Macrophragma) coils similarly to

Petaloconchus (s.s.). Still, its spire is laterally compressed and

usually attaches to the substrate along one side rather than its

apical whorls alone. This arrangement results in Renichnus-type

traces, where Santichnus is not appreciable or preserved (Savazzi,

1996, Text-Figure 2F, p. 160).

Other case studies of fossil compound bioerosion structures

are already known in the literature. Wisshak (2017) described

microbioerosion structures (Dendrina × Filuroda) that were

interpreted as produced by the same microorganism

displaying different bioeroding behaviors.

Therefore, the Renichnus × Santichnus association as

interconnected specimens would constitute a clear example of

a compound trace fossil, where the organism, as it becomes an

adult, may leave one type of trace or another depending on the

growth pattern it develops (Figures 4C, 8A). This behavior

change would occur successively where one ichnotaxon

(Santichnus) passes intergradationally to another (Renichnus).

If analyzed under the ichnogeny concept (Belaústegui et al., 2016;

Belaústegui et al., 2020), these Renichnus × Santichnus

compound specimens would constitute a record of an

ichnogenetic sequence related to ontogeny. During the

juvenile stages, the vermetids would generate Santichnus,

whereas in more mature stages the gastropods would make

Renichnus.

In this way and following the proposals of previous authors

(Pickerill 1994; Pickerill and Narbonne, 1995; Buatois and

Mángano, 2011), the resulting structure will be named in each

case with the primary descriptor reflecting the dominant and

diagnostic ichnotaxon, leaving the subsidiary name for its minor

and integrated morphotypes. In turn, the names Renichnus and

Santichnus should be used in solitary when the two morphotypes

occur isolated.

Conclusion

The new trace fossil Santichnus mayorali ichnogen. nov.

ichnosp. nov. is a vermetid anchoring etching bioerosion

structure belonging to the ethological category fixichnia.

The name Renichnus arcuatus (Mayoral, 1987) has been used

by different authors both as in the original description to identify

a series of kidney-shaped depressions and grooves semicircular in

a cross-section with a spiral path. Here, we have revised the

synonymy of Renichnus arcuatus (Mayoral, 1987) and, based on

the new ichnotaxon established in this article (Santichnus

mayorali), proposed to treat them separately.

Renichnus arcuatus (Mayoral,1987) is made when a

trochospiral shell lies with its coiling axis parallel or slightly

inclined to the substrate surface. Santichnus mayorali is

generated when a planispiral shell lies with its coiling axis

perpendicular to the substrate surface.

These two morphologies (serially arranged nested kidney-

shaped depressions and spiral canals) can be distinguished and

can occur both interconnected or completely isolated in the fossil

record. For this reason, Santichnus and Renichnus constitute a

compound trace fossil when both occur interconnected, and

following the established terminological guidelines for these

cases, they should be named separately. Keeping the two

names helps to distinguish different origins in anchoring

FIGURE 8
Vermetid gastropod associated with bioerosion on encrusted Thais haemastoma (ULL PA 458) from Punta Negra, (Tenerife Island). (A) vermetid
gastropod with tight and loose coiling, responsible for compound forms of Renichnus–Santichnus (compare with Panel 4C). (B) the same specimen
of Thais haemastoma with Renichnus and Santichnus and remains of vermetid gastropods. Scales: 2 mm.
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behavior for each morphology, and that is especially useful when

they are found isolated.

Vermetids show plasticity in shell morphology from planispiral

to trochoid or contorted, and the separation of two ichnotaxa even in

the situation of the same trace maker, is justified. Those trace fossils

can occur interconnected by different coiling of one shell or, by

contrast, by completely isolating without the intermediation of any

taphonomical process, which is only through ethological and

anatomical means.
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