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ABSTRACT
Pleistocene well-sorted bioclastic calcarenites form an aeolian sand-sheet in south-western Maio Island 
(Cabo Verde Archipelago) that contains distinctive, large, horizontal, sinuous trace fossils attributed 
to the ichnogenus Cochlichnus Hitchcock, 1858. Owing to its size and morphology, this trace is 
described herein as a new ichnospecies, Cochlichnus grandis isp. nov. Morphometric parameters, 
the sedimentary context, and comparison with modern analogues indicate that the trace was most 
likely produced by a sand-swimming skink lizard, which was partially buried at the surface or fully 
subsurface within the sand. To date, traces produced by skinks swimming through loose sand have 
not been documented in the fossil record even if they have been studied thanks to neoichnological 
experiments. Preservation of C. grandis isp. nov. was facilitated by relatively high substrate moisture 
in a coastal aeolian setting and by early carbonate cementation – conditions that are rarely met in 
dry siliciclastic dune systems. This narrow taphonomic window explains the exceptional rarity of 
fossil traces recording sand-swimming behaviour, despite the wide distribution and long evolution-
ary history of skinks in arid and semi-arid regions.

RÉSUMÉ
Nager dans le sable : grands terriers sinueux attribués à des scinques dans les éolianites pléistocènes de l’île 
de Maio, archipel du Cap-Vert.
Les calcarénites bioclastiques bien triées du Pléistocène contribuent à une nappe sableuse éolienne dans 
le sud-ouest de l’île de Maio (archipel du Cap-Vert), laquelle renferme une trace fossile distinctive, 
de grande taille, horizontale et sinueuse, attribuée à l’ichnogenre Cochlichnus Hitchcock, 1858. En 
raison de sa taille et de sa morphologie, cette trace est décrite ici comme une nouvelle ichnoespèce, 
Cochlichnus grandis isp. nov. Les paramètres morphométriques, le contexte sédimentaire et la com-
paraison avec des analogues actuels indiquent que la trace a très probablement été produite par un 
scinque (Squamata) se déplaçant en nageant dans le sable, qui était partiellement enterré à la surface 
ou complètement dans le sous-sol. À ce jour, les traces produites par des scinques nageant à l’intérieur 
de sables meubles n’ont pas été documentées dans le registre fossile, bien qu’elles aient été étudiées 
grâce à des expériences néoichnologiques. La préservation de C. grandis isp. nov. a été favorisée par 
une humidité relativement élevée du substrat dans un environnement éolien côtier, ainsi que par 
une cimentation carbonatée précoce – des conditions rarement réunies dans les systèmes dunaires 
silicoclastiques secs. Cette fenêtre taphonomique étroite explique l’extrême rareté des traces fossiles 
enregistrant un comportement de nage dans le sable, malgré la large distribution et la longue histoire 
évolutive des scinques dans les régions arides et semi-arides.

KEY WORDS
Ichnology,

ichnotaxonomy,
fossil behaviour,

aeolianites,
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INTRODUCTION

Some lizards, snakes, and small mammals are capable of swim-
ming within loose sand (e.g., Seymour et al. 1998; Hembree 
& Hasiotis 2007; Maladen et al. 2009). In recent years, the 
mechanics of this mode of locomotion have become better 
understood and visualised using advanced experimental and 
imaging techniques (Baumgartner et al. 2008; Maladen et al. 
2009; Sharpe et al. 2013, 2015; Astley et al. 2020). Among 
vertebrates, the most efficient and best-known sand swimmers 
are skinks (Reptilia: Squamata: Scincidae), one of the most 
diverse squamate families, comprising almost 1 800 species 
(Uetz et al. 2025). Skinks are distributed worldwide, with 
the most significant expression in arid to semi-arid regions 
of warm climates (Pasteur 1981; Shenbrot & Krasnov 1997; 
Vitt & Caldwell 2013; Hedges 2014; Chapple et al. 2023). 
Morphologically, they are characterised by elongate, cylin-
drical bodies, generally small body size, cone-shaped heads, 
tapered tails, and reduced or completely lost limbs – features 
that facilitate fossorial and sand-swimming locomotion (Vitt 
& Caldwell 2013; Chapple et al. 2023).

Despite their ability to disturb sand fabrics during bur-
rowing and swimming, the biogenic structures produced by 
fossorial skinks are poorly documented in the ichnological 
literature. Experimental neoichnological studies by Catena 
& Hembree (2014a, b) described a variety of trails, burrows, 
and lamina-disrupting structures produced by the skink species 
Chalcides ocellatus (Forskål, 1775) and Eutropis multifasciata 
(Kuhl, 1820) (synonym of Mabuya multifasciata). These 
studies demonstrated that the morphology and preservation 
potential of skink traces strongly depend on substrate texture 
and moisture content. In addition, photographs and short, 
popular videos showing skinks plunging into and moving 
through loose sand are widely available online. However, 
traces produced specifically by swimming in sand have not 
yet been recognised in the fossil record.

In this paper, we describe a relatively large, horizontal, sinu-
ous trace fossil found on Pleistocene consolidated aeolianites 
exposed in the south-western part of Maio Island (Cabo Verde 
Archipelago), which we interpret as produced by a sand-
swimming skink lizard. To our knowledge, this represents 
the first fossil example of a trace attributable to this mode of 
locomotion. Owing to its distinctive size and morphology, the 
trace is described herein as a new ichnospecies of Cochlichnus 
Hitchcock, 1858. The sedimentological context, morphometric 
analysis, and comparison with modern analogues provide strong 
support for this interpretation and offer new insights into the 
behavioural repertoire of fossorial reptiles and the taphonomic 
conditions required for preserving sand-swimming traces.

GEOLOGICAL SETTING  
AND DEPOSITIONAL PALAEOENVIRONMENT

The Cabo Verde Archipelago is a cluster of volcanic islands 
located 600-900 km off the western coast of continental 
Africa, between 15° and 17°N in latitude (Fig. 1A, B). 

With a complex geological history, the Cabo Verde Islands 
started to emerge during the Middle to Late Miocene, with 
the south-westernmost islands of Fogo and Brava emerging 
later, during the Pleistocene (Ramalho 2011, and refer-
ences therein). Within this context, the eastern islands of 
Sal, Maio, and Boa Vista correspond to the oldest volcanic 
edifices, exhibiting a razed morphology with central residual 
reliefs surrounded by broad coastal platforms that decrease 
in elevation towards the coastline. These low-lying coastal 
platforms correspond to raised marine terraces formed by the 
combined action of marine erosion during glacio-eustatic 
oscillations and a slow uplift trend over the last 2-3 Ma, 
resulting in the formation of a preserved regressive system 
tract with raised beaches and fossil sand dunes extending 
several kilometres inland (Zazo et al. 2007, 2010; Ramalho 
et al. 2010a, b, c; Ramalho 2011). At Maio Island, these 
deposits are remarkably well preserved, with a set of Pleis-
tocene raised beaches and their associated aeolian dune 
systems recognized at elevations of 2 to 6 m, 8 to 12 m, 
15 to 20 m, 25 to 40 m, 55 to 65 m, 65 to 75 m, and 80 
to 100 m above present sea level (apsl) (Serralheiro 1970; 
Ramalho et al. 2010a; Madeira et al. 2020). Deposits mostly 
correspond to consolidated bioclastic calcarenites (with a 
significant rhodolith contribution) interpreted as open-
shelf to wave-dominated beach deposits (Ramalho et al. 
2010a; Mayoral et al. 2013), topped by, and occasionally 
interbedded with, well-developed and laterally extensive 
supra-tidal aeolian deposits up to several metres-thick 
(Johnson et al. 2013; Samrock et al. 2018), which attest 
to the existence of extensive coastal dune fields driven by 
the steady and strong northeast trade winds that blow in 
this part of the world, together with the relatively high 
availability of sand during the periods preceding coastal 
platforms exposure.

MATERIAL AND METHODS

Four of the Cabo Verdean islands – Sal, Santiago, Maio, 
and Boa Vista – were surveyed during the 7th International 
Workshop “Palaeontology in Cabo Verde Archipelago”, which 
was held in the archipelago in July 2024. All fossiliferous 
outcrops were studied in detail to reconstruct the overall 
structure, geometry, and field relations between the various 
sedimentary sequences. The described trace fossil was found 
in situ in a small quarry (15°08’01”N, 23°11’50”W; Fig. 1C, 
D), located approximately 1.6 km east of the main square 
of Vila do Porto Inglês (also known as Vila do Maio) on 
the southwestern shore of Maio Island, on a raised marine 
terrace at c. 20-30 m in elevation and whose surface is 
slightly inclined towards the sea (Fig. 1).

Field investigations were conducted along the entire expo-
sure, which shows variability and facies succession (Fig. 2). 
Special care was taken to record the geometry and dimen-
sions of observed sedimentary structures, lateral and verti-
cal continuity of facies, and the position and taphonomic 
aspects of fossil content.

https://www.openstreetmap.org/?mlat=15.1336111111111&mlon=-23.1972222222222#map=11/15.1336111111111/-23.1972222222222
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RESULTS

Stratigraphical, sedimentological 
and palaeontological characterisation

The measured section in the western part of the quarry is 
3.05 m thick (Fig. 2A). Its lower part (1.15 m thick) consists 

of very fine-grained, parallel-laminated, platy calcarenite, 
with a few horizons of small-scale ripple cross-lamination 
arranged in sets up to 2.5 cm thick (Fig. 2B, C). Parting 
lineation is commonly developed. The calcarenite is porous 
and composed of well-sorted carbonate grains, mostly c. 0.2-
0.25 mm in size, consisting predominantly of shell debris 

Fig. 1. — Location maps: A, general location of the Cabo Verde Archipelago; topography/bathymetry from NOAA National Centers for Environmental Information’s 
1 arc-minute global relief model ETOPO1 (2009); B, the Cabo Verde Archipelago showing main islands; topography from NASA Shuttle Radar Topography Mission 
(2013) Global 1-arc second and bathymetry from GEBCO (2020); C, geological map of Maio Island with indication of the studied quarry; modified from Madeira 
et al. 2020; D, satellite image of the study area showing location of the studied quarry; satellite image from Bing Maps (2026) overlaid on a digital elevation model 
(UCCP/MAHOT 2010) in shaded relief. Credits: compiled by R.S. Ramalho.
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and coralline algae fragments that show varying degrees of 
abrasion (Fig. 3A-C). Recrystallisation and micritisation of 
grains are common. In addition, dispersed tests of benthic 
calcareous foraminifers, mainly miliolids, and very rare bryo-
zoans are present. Lamination reflects subtle variations in 
grain size and composition; some laminae contain slightly 

coarser material with a higher proportion of shell debris 
and miliolid tests. Slabs derived from this calcarenite level 
contain the trace fossil described in this paper.

The fine-grained calcarenite is overlain by a sharply bounded 
unit of medium-grained calcarenite (70-80 cm thick). This 
unit locally preserves crude parallel or cross-lamination and 

Fig. 2. — Quarry section and facies: A, quarry section correlated with a view of the quarry wall (boundaries of divisions marked by white dashed lines on the 
photograph); B, fine-grained, platy calcarenites in the lower part of the section; C, weathered wall of the fine-grained, platy calcarenites showing small ripple 
horizons (r). Scale bars: A, 1 m; B, 20 cm; C, 5 cm. Credits: Alfred Uchman.
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contains dispersed Pectinidae bivalves and small moulds of 
unidentified bivalve shells. More rarely, Conus gastropod shells 
are also present, mostly crushed and preserved as moulds. Small 
rhodoliths occur sporadically. The calcarenite includes several 
scouring surfaces paved with rounded basalt pebbles up to 
10 cm in diameter. In its lower part, a few red intraclasts of 
possible palaeosol origin, up to 6 cm in size, are present. This 
unit is overlain by an erosional boundary and a coarse-grained 
calcarenite displaying cross and horizontal lamination in sets 
less than 20 cm thick, capped by recent soil and quarry debris.

The precise age of the investigated deposits remains uncertain. 
Based on their relative position within the series of Quaternary 
marine terraces, they are more likely to be Middle/Upper 
Pleistocene than Early Pleistocene in age.

The trace fossil

Several well-preserved examples of the new trace fossil described 
in this paper have been observed in slabs used as paving stones, 
walls, and other architectural elements in Vila do Porto Inglês, 
including the patio of the Casa Évora Hotel, the main square, 
and the fencing walls around the local school. All such slabs 
are derived from the same quarry. Their common origin is 
confirmed by the distinctive fabric of the rock and by infor-
mation obtained from interviews with local residents.

A limited number of specimens were collected directly 
from the quarry. The specimens are housed in the collections 
of the Institute of Geological Sciences of the Jagiellonian 
University in Kraków, Poland, and are displayed at the 
Nature Education Centre of the Jagiellonian University 

Fig. 3. — Microfacies of the calcarenite bearing the holotype of the new trace fossil: A, scan of a thin section crossing the trace fossil, showing fine, well-sorted 
biocalcarenite with variable grain packing and locally steeply oriented elongate grains; B, closer view of the biocalcarenite; dark grains represent coralline algae 
bioclasts, white spots are pores; C, abraded coralline algae bioclasts, pores, and a benthic foraminifer (photograph under crossed nicols). Scale bars: A, 1 mm; 
B, 0.5 mm; C, 0.2 mm. Credits: Alfred Uchman.
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(CEP) – the Museum of Geology in Kraków (institutional 
abbreviation and prefix INGUJ249P). Additional specimens 
are housed in the fossil collection of the Department of 
Biology of the University of the Azores in Ponta Delgada 
(prefix DBUA-F).

Ichnogenus Cochlichnus Hitchcock, 1858

Cochlichnus Hitchcock, 1858: 161.

Type ichnospecies. — Cochlichnus anguineus Hitchcock, 1858.

Emended diagnosis. — Unbranched, regular, sinusoidal, hori-
zontal trails and burrows (partly modified from Głuszek 1995, and 
references therein). 

Remarks

Głuszek (1995: 184) compiled the diagnosis of Cochlichnus 
based on Hitchcock (1858), Häntzschel (1962), and Fillion 
& Pickerill (1990), defining it as “regular, sinusoidal, hor-
izontal trails and burrows resembling a compressed and 
stretched corkscrew,” with the overall width of an individual 
trace potentially changing progressively. In this diagnosis, 
the corkscrew-like aspect is emphasised; however, this fea-
ture is not apparent in many specimens. Including it as an 
obligatory diagnostic criterion may therefore unnecessarily 
restrict ichnogenus-level determinations. Likewise, progres-
sive changes in width are not universally present. For these 
reasons, we propose that both features be removed from the 
ichnogenus diagnosis and retained instead as non-obligatory 
characteristics in the diagnosis of C. anguineus.

The proposed diagnosis closely follows the concept of 
Häntzschel (1975: W52), who described Cochlichnus as 
“regularly meandering trails, resembling a sine curve”. 
Removing the terms “meandering” and “resembling” results 
in a more concise and operational diagnosis. Further-
more, the ichnogenus Sinusichnus Gibert, 1996, typified 
by S. sinuosus, also exhibits a sinuous course similar to 
Cochlichnus but differs in being branched (Belaústegui 
et al. 2014). To emphasise this distinction, we explicitly 
include the term “unbranched” in the revised diagnosis.

Rindsberg (1994) proposed the ichnogenus Cymatulus for 
horizontal burrows displaying a sinuous course, similar to 
those of Cochlichnus, thereby restricting Cochlichnus to sur-
face trails. However, distinguishing between fossil burrows 
and trails is problematic in many cases, and this approach 
has been rejected by most subsequent authors (cf. Stanley 
& Pickerill 1998; but see Gougeon et al. 2025). 

In addition to Cochlichnus anguineus, fourteen ichnospecies 
have been proposed or assigned to Cochlichnus. These include 
C. antarcticus Tasch, 1968; C. serpens Webby, 1970; C. gracilis 
Vialov, 1979; C. kochi (Ludwig, 1869); C. surpuliformis 
Yang & Hu in Yang et al., 1987; C. lagartensis Muniz, 
1980; C. duomaensis Yang in Yang et al., 1983; C. sousensis 
Muniz, 1985; C. annulatus Orłowski, 1989; C. luguanensis 
Zhang, 1991; C. xinhuaensis Zhang, 1991; C. ciliensis Zhang 
& Wang, 1996; Cochlichnus [sic] hanyangensis Yang, Zhang 

& Yang, 2004; and C. karlae Zessin, 2009. Most of these 
ichnospecies, together with Helminthopsis regularis Crimes 
& Crossley, 1991, were synonymised with C. anguineus by 
Stanley & Pickerill (1998), who also regarded Cymatulus 
undulatus Rindsberg, 1994 as an ichnospecies of Cochlichnus. 
In addition, Gracilichnus sinualis Yang & Shen, 1999 was 
tentatively included in C. anguineus by Uchman et al. (2004).

Gougeon et al. (2025) provided an extensive review of 
Cochlichnus ichnospecies. The same authors concluded that 
only C. anguineus, C. annulatus, C. antarcticus, C. gracilis, 
and C. luguanensis are sufficiently distinct to remain useful. 
Among these, C. annulatus is characterised by annulations, 
and C. antarcticus by lateral marks. The remaining ichno
species are smooth and relatively small, with wavelengths not 
exceeding those typical of C. anguineus.

To clarify the meaning of the type ichnospecies, an emended 
diagnosis is here proposed.

Cochlichnus anguineus Hitchcock, 1858

Cochlichnus anguineus Hitchcock, 1858: 161.

Emended diagnosis. — Relatively small (wavelength usually much 
less than 50 mm), unbranched, regular, sinusoidal, horizontal trails 
and burrows. They may resemble a compressed and stretched cork-
screw and may show progressive changes in width (modified from 
Głuszek 1995; see discussion under the ichnogenus).

Remarks

As Cochlichnus anguineus is the type ichnospecies of 
Cochlichnus, its diagnosis requires emendation to avoid 
overlap with the diagnosis of the new ichnospecies described 
herein. Won & Kong (2023: 402) diagnosed C. anguineus 
as “unbranched, continuously and regularly meandering 
grooves or ridges that resemble at least one full sine wave”, 
noting that successive waves may gradually diminish in 
amplitude. However, the requirement of “at least one full 
sine wave” cannot be retained, because single sine-wave 
elements also occur as components of several other trace 
fossils, including Cosmorhaphe, Phycosiphon (e.g., Uchman 
1998), and Sinusichnus (e.g., Gibert 1996).

The inclusion of size as a diagnostic parameter is justified by 
the morphometric analysis presented in the subsequent sec-
tions of this paper. Fossil specimens assigned to C. anguineus 
consistently show smaller wavelengths and amplitudes than 
those of the new ichnospecies described below, allowing the 
two forms to be distinguished on objective morphometric 
grounds, in addition to the other diagnostic features.

Cochlichnus grandis isp. nov. 
(Figs 4-6)

urn:lsid:zoobank.org:act:8499A1F5-E3B6-47C8-9F5D-0B39F7776F7D

Derivation of name. — Grandis (Latin), meaning “large” or “big”, 
in reference to the size of the trace.

https://zoobank.org/urn:lsid:zoobank.org:act:8499A1F5-E3B6-47C8-9F5D-0B39F7776F7D
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Fig. 4. — The nomenclatural types of Cochlichnus grandis isp. nov. from Pleistocene calcarenites, Maio Island, Cabo Verde Archipelago: A, holotype, INGUJ249P115; 
B, paratype 1, INGUJ249P116; C, paratype 2, DBUA-F 1682-2_MPB_5222; D, paratype 3, DBUA-F 1682-3_MPB_5218. Scale bars: 3 cm. Credits: Alfred Uchman.

A B

C D

Fig. 5. — Morphometric plot of Cochlichnus Hitchcock, 1858, including C. anguineus Hitchcock, 1858 (grey squares) and C. grandis isp. nov. (red circles): 
a, C. anguineus, Oligocene fluvial plain, Switzerland (Uchman et al. 2004); b, C. anguineus, terrestrial Permian, Argentina (Buatois et al. 1997); c, C. anguineus, 
terrestrial and marine upper Carboniferous, Ukraine (Dernov 2023); d, larger C. anguineus, terrestrial Permian, Argentina (Buatois et al. 1997); e, Cochlichnus 
(no species determination), terrestrial(?) upper Carboniferous, United Kingdom (Jarzembowski 1989: fig. 4); f, C. anguineus, terrestrial upper Carboniferous, 
Poland (Głuszek 1995); g, C. anguineus, fluvial Cretaceous, South Korea (Kim et al. 2002); h, Cochlichnus isp., subtidal Ordovician, Ontario, Canada (Stanley 
& Pickerill 1998). Data for the C. anguineus lectotype measured from Rainforth (2005: fig. 19a). Parameters of two modern skink lizard swimming traces from 
Tassili (Algeria) have been added (green quadrangles).
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Types and other materials. — Cabo Verde • Maio, a quarry 1.6 km 
east of the main square of Vila do Porto Inglês; Slab INGUJ249P115 
contains the holotype (Fig. 4A); INGUJ249P116 contains paratype 1 
(Fig. 4B); DBUA-F 1682-2_MPB_5222 contains paratype 2 (Fig. 4C); 
and DBUA-F 1682-3_MPB_5218 contains paratype 3 (Fig. 4D). Thin 
section Ma1 was prepared from the slab containing the holotype. In 
addition, 43 photographs of traces preserved in architectural elements 
within Vila do Porto Inglês were examined; 38 of these specimens were 
sufficiently complete to allow detailed morphometric measurements.

Diagnosis. — Relatively large (wavelength > 50 mm), unbranched, 
regular, sinusoidal, horizontal burrow. It may display a low levee 
(raised lateral margin of the trace) or a mantle.

Type locality. — Cabo Verde, Maio, 1.6 km east of the main 
square of Vila do Porto Inglês.

Description

The trace fossil occurs as horizontal, sinuous ridges or grooves 
preserved on flat surfaces of slabs of very fine-grained calcar-
enite. Individual traces are 3.0-13.3 mm wide (mean 6.6 mm; 

n = 38). Wavelengths range from 54.5 to 102.3 mm (mean 
77.3 mm; n = 38), and amplitudes from 12.1 to 28.5 mm 
(mean 20.2 mm; n = 38). The number of waves per specimen 
varies from 2 to 13, with a mean of 6-7 (n = 43). Morphometric 
parameters are generally stable within individual specimens, 
and the overall course of the trace is approximately straight.

Mean wavelength is strongly correlated with mean ampli-
tude (Pearson correlation coefficient r = 0.82; coefficient of 
determination r² = 0.68; Fig. 5). In contrast, mean wavelength 
shows only a weak relationship with mean width (r = 0.34; 
r² = 0.12), whereas mean amplitude displays a moderate cor-
relation with mean width (r = 0.56; r² = 0.32).

Most ridges and grooves are unornamented and roughly 
semicircular in cross-section. Grooves may be bordered by a 
narrow, smooth levee (Figs 4B, C; 6B, E), whereas ridges may 
be surrounded by a mantle (Figs 4D; 6A, D). The mantle is 
commonly thin but may locally attain up to half the width of 
the ridge (Fig. 4D). In rare cases, its width equals that of the 

Fig. 6. — Cochlichnus grandis isp. nov. from Pleistocene calcarenites, Maio Island, Cabo Verde Archipelago. Photographs of slabs incorporated into the 
architectural element of the Vila do Porto Inglês: A, trace with a distinct moat and local mantle on a surface with well-developed current lineation; B, trace 
preserved as a furrow with levees; C, trace preserved as semicircular ridge; D, trace with a distinct mantle, locally showing oblique striations; E, trace pre-
served as a furrow with levee, crosscut by a short ridge plunging into the slab and associated with knobs; F, long trace with a moat, associated with knobs. 
Scale bars: A, B, D, E, 3 cm; C, F, 5 cm. Credits: Alfred Uchman.
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C D

E F
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ridge and may display indistinct oblique striations (Fig. 6D). In 
some specimens, the mantle is slightly depressed relative to the 
slab surface, forming a shallow moat flanking the ridge (Fig. 6A).

The ridges are preserved in full relief and are filled with 
material identical to that of the host rock. The mantle is 
composed of the same lithology, although subtle textural dif-
ferences make it discernible. In cross-section, the trace fossil 
is nearly invisible. Thin-section observations reveal a localised 
steep alignment of elongate grains within the trace (Fig. 3A).

Remarks

The levee observed in some specimens may result from 
the splitting of slabs and could represent the counterpart 
expression of the mantle. Smoothing of levees may reflect 

abrasion during slab separation. It is therefore possible that 
a mantle is present along at least part of the perimeter of 
most observed traces.

Associated traces

In addition to Cochlichnus grandis isp. nov., the slabs 
from the original quarry locally preserve other trace fos-
sils, some of which are dispersed and difficult to identify 
taxonomically. These include a looping ridge, up to 10 mm 
wide, plunging into the bed (Fig. 7A), and a spiral ridge, 
7 mm wide, forming one complete whorl and continuing 
away, plunging into the bed (Fig. 7C). One slab contains 
a slightly winding, meniscate-like ridge, 5 mm wide, ten-
tatively attributed to Taenidium isp. or Entradichnus isp. 

Fig. 7. — Traces associated with Cochlichnus grandis isp. nov. in Pleistocene calcarenites, Maio Island, Cabo Verde Archipelago (field photographs): A, looping 
ridge; B, Taenidium isp. (Ta), irregular ridges and mounds; C, spiral ridge; D, deeply meandering ridge associated with a set of knobs. Scale bars: A, C, 2 cm; 
B, D, 3 cm. Credits: Alfred Uchman.
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In contrast, Cochlichnus grandis isp. nov. is distinctly larger 
and occurs in sandy substrate interpreted as an aeolian sand 
sheet in a coastal setting. Skink lizards match the trace in 
size, mode of locomotion, and palaeoenvironment. Recent 
skink traces observed by A.U. in the Tassil mountains, Sahara 
(southern Algeria; Fig. 8), show sinuosity and dimensions 
comparable to those of C. grandis isp. nov. For example, 
the average wavelength of sand-swimming in the North 
African sandfish skink Scincus scincus (Linnaeus, 1758) 
reaches 10.6 cm, close to the range of C. grandis isp. nov. 
(Sharpe et al. 2015; cf. Fig. 5).

Skinks swim through loose sand, either partially buried 
at the surface or fully subsurface, using lateral undulations 
with or without leg movements (Baumgartner et al. 2008; 
Maladen et al. 2009; Sharpe et al. 2013, 2015; Catena 
& Hembree 2014a, b; Astley et al. 2020). The mantle observed 
in Cochlichnus grandis isp. nov. likely results from leg drag-
ging, friction along the body, or a combination of both. Its 
discontinuous, variable thickness reflects local differences in 
interaction strength between the animal and the sand (Astley 
et al. 2020). Levees along the traces result from the pressure 
of the animal’s body on the substrate. The trace described was 
probably produced in the shallow subsurface or fully within 
the subsurface. The latter interpretation is supported by well-
preserved traces occurring similarly on both counterparts of 
split slabs, where the pressure exerted by the body on the 
sediment was relatively uniform in all directions. In con-
trast, specimens with pronounced levees suggest a shallower 
position, where the sediment was displaced predominantly 
laterally. In the Cabo Verde Archipelago, 13 species of skinks 
(Scincidae) are currently recognised (Miralles et al. 2011).  

Fig. 8. — Recent skink traces in sand dunes, Tassili, southern Algeria, November 
2025: A, surface groove with levees; B, sinuous ridge with local sand displace-
ment (upper part) and a curved, subsurface sinuous trace. Scale bars: A, 5 cm; 
B, 10 cm. Credits: Alfred Uchman.
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(Fig. 7B), acknowledging that the diagnostic features dis-
tinguishing these ichnogenera are unclear (Lucas 2024; 
Uchman et al. 2024).

Several slabs also exhibit short, straight or curved ridges 
(5-10 mm wide) and associated knobs of comparable width, 
occasionally larger (Figs 4B; 6E, F; 7C). In one specimen, 
a deeply meandering ridge is associated with a set of knobs, 
suggesting that they may belong to a single trace (Fig. 7D).

These associated traces indicate the presence of other bur-
rowing organisms, possibly small lizards or insects, operating 
under slightly different sediment conditions (e.g., higher 
moisture preventing sand-swimming behaviour). Overall, 
the assemblage, including Cochlichnus grandis isp. nov., fits 
within the Entradichnus-Octopodichnus ichnofacies typical of 
coastal aeolian and shallow marginal-marine sands (Buatois 
& Mángano 2008, 2011).

DISCUSSION

Depositional environment

The very fine-grained, parallel-laminated, platy calcarenite 
forming the lower part of the section is interpreted as an 
aeolianised beach deposit. Although the bioclastic composi-
tion indicates a marine origin of the grains, the presence of 
continuous, horizontal lamination – rather than the low-
angle lamination typical of the upper foreshore (Clifton 
1969; Reineck & Singh 2012) – indicates significant aeolian 
reworking. This is further demonstrated by thorough sort-
ing and the absence of complete mollusc shells and basalt 
pebbles, which are abundant in the overlying units. The 
lack of large-scale cross-sets typical of dune deposits and 
the localised extent of this unit suggest deposition as an 
aeolian sand-sheet of limited lateral extent (for sand-sheet 
deposits, see Kocurek & Nielson 1986).

The overlying medium-grained, cross-bedded calcarenite 
containing pebbles and mollusc shells is interpreted as a 
shallow-marine, high-energy deposit, probably corresponding 
to the upper shoreface (cf. Reineck & Singh 2012). Foreshore 
deposits that generally would be expected below this unit were 
likely removed by erosion, as indicated by the sharp basal 
contact and the presence of possible palaeosol intraclasts. 
Overall, the section records a transgressive succession devel-
oped during a sea-level highstand, during which the marine 
terrace was formed. The coarse-grained calcarenite at the top 
of the section, bounded by an erosional surface, may represent 
a higher-order, incomplete depositional cycle.

The trace maker

Recent Cochlichnus anguineus is produced by nematodes, 
chironomids, and some fly larvae (e.g., Uchman et al. 2004; 
Kimitsuki et al. 2025). Probably similar trace makers pro-
duced this ichnogenus in the past, especially in Mesozoic 
and Cenozoic continental settings. Paleozoic C. anguineus, 
which is usually larger than younger representatives, was 
likely made by worm-shaped organisms, typically associ-
ated with muddy substrates.

https://sciencepress.mnhn.fr/fr/auteurs/alfred-uchman
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All are endemic and assigned to the genus Chioninia Gray, 
1845, of which 11 are extant and two are extinct (Chioninia 
coctei Duméril & Bibron, 1839 and Chioninia magna Mateo 
et al., 2022). Chioninia coctei is the largest of all Cabo 
Verdean skinks and has been considered extinct since the 
early 20th century (Angel 1935), whereas Ch. magna was last 
observed between AD 1450-1700 at the time of the arrival 
of the Portuguese (Fernández-Palacios et al. 2025).

Skink diversity in the archipelago is characterised by pro-
nounced island endemism and strong geographic structur-
ing. On the island of Maio, at least three well-differentiated 
lineages occur: the widely distributed species Chioninia 
delalandii (Duméril & Bibron, 1839), the island-restricted 
form Chioninia spinalis maioensis (Mertens, 1955), and 
Chioninia vaillanti (Boulenger, 1887), whose distribution 
is limited to the eastern sector of the archipelago. Addition-
ally, on Maio, bones of the species Ch. magna are easily and 
abundantly found in sandy areas such as Praia Santana, 
where seabird colonies are concentrated (Mateo et al. 2022).

This assemblage highlights the role of Maio as a key island 
for understanding processes of diversification, isolation, 
and the long-term persistence of ancient lineages among 
Cabo Verdean skinks, in contrast to other islands, where 
species richness is lower or dominated by a single taxon 
(Vasconcelos et al. 2013).

Species of the genus Chioninia exhibit considerable eco-
logical plasticity and occupy a wide range of habitats across 
the Cape Verde Islands. Although some populations show 
preferences for particular microhabitats – such as stony 
ground, scree slopes, or coastal rocky environments (Moravec 
2023; Moravec & Moravcová 2025) – several studies indi-
cate that they also occur on sandy substrates, along dune 
margins, within xerophilous vegetation, and in more open 
habitats with soft soils (Mateo et al. 1997; Köhler et al. 
2007; Carretero et al. 2016). This broad habitat use appears 
to be influenced by local factors including the availability 
of refuges, vegetation structure, and aridity, suggesting that 
many species within the genus exploit mosaics of adjacent 
microhabitats rather than strictly bounded environments. 
Overall, Chioninia can be regarded as an ecologically flex-
ible group of lizards within the arid and coastal ecosystems 
of the Cape Verde Archipelago (Vasconcelos et al. 2013).

Our knowledge of Pleistocene skinks on Maio Island is 
probably incomplete. Nevertheless, the most probable trace 
maker of Cochlichnus grandis isp. nov. was related to the genus 
Chioninia, considering the dominant role of these endemic 
lizards within the Cabo Verde Archipelago.

Preservation

Despite the widespread occurrence of skinks, fossil traces 
of sand-swimming are extremely rare. The main factor 
limiting preservation is the homogeneity and loose tex-
ture of sand, in which subtle biogenic disturbance is often 
invisible in lithified sediments.

On the marine terrace documented on the south-western 
part of Maio Island, preservation of C. grandis isp. nov. was 
facilitated by relatively high substrate humidity. Vertebrate 

and invertebrate traces are better preserved in moist than 
in dry, loose sand (Ahlbrandt et al. 1978; Milán & Loope 
2007; Good & Ekdale 2014; Carvalho & Leonardi 2021). 
The sand sheet was likely close to the water table, providing 
ideal conditions for trace formation. For fossorial lizards in 
Florida, optimal water saturation ranges from 23 to 42% (Lee 
1969). Additional moisture from rainfall, dew, fog, or high 
tides, combined with early diagenetic carbonate cementa-
tion, stabilised the traces. A thin section of the slab bearing 
the holotype shows grains “floating” in cement and epitaxial 
growth of isopachous calcite on bioclasts (Fig. 3), indicating 
early cementation, whereas observed porosity (Fig. 3B) likely 
reflects secondary dissolution (Longman 1980).

This narrow taphonomic window explains why fossil traces 
of sand-swimming lizards are so scarce, despite skinks being 
widespread in semi-arid and arid environments (Hedges 
2014) and known from the Cretaceous onwards (Estes 1969; 
Wellstead 1982; Martin et al. 2004). Coastal carbonate 
sands provide a higher preservation potential than inland 
siliciclastic aeolian deposits.

Remarks on the associated traces

The looping, short, straight, or curved ridges and associ-
ated knobs (Figs 6E, F; 7A-D) may have been produced 
by burrowing lizards other than sand-swimming skinks, 
by skinks swimming in overly moist sand, or by insects. 
The comparable widths to C. grandis isp. nov. suggest 
small lizards as likely trace makers. Taenidium isp. and 
Entradichnus isp. are typical traces in aeolian deposits, 
produced by insect larvae or adults (Lucas 2024; Uchman 
et al. 2024). Together with C. grandis isp. nov., these traces 
belong to the Entradichnus-Octopodichnus ichnofacies 
(Buatois & Mángano 2008, 2011), which is characteristic 
of aeolian environments.

CONCLUSIONS

Cochlichnus grandis isp. nov. is a large, horizontal, sinuous 
trace fossil with wavelengths exceeding 50 mm, interpreted 
as produced by a skink lizard swimming in loose sand. The 
trace occurs in well-sorted bioclastic calcarenites deposited as 
a coastal aeolian sand-sheet. A narrow taphonomic window 
facilitated its preservation: increased substrate humidity, 
combined with early carbonate cementation, which fixed 
the trace. Morphometric analysis shows stable parameters 
across specimens, with unbranched sinusoidal patterns, 
variable amplitude, and occasional mantles or levees, likely 
produced by leg drag or friction along the body. Associated 
traces, including looping, curved, or short ridges, may 
represent burrowing activity by skinks or other small ver-
tebrates. Together with C. grandis isp. nov., they belong to 
the Entradichnus-Octopodichnus ichnofacies. The discovery 
of C. grandis isp. nov. provides the first fossil evidence of 
sand-swimming behaviour in lizards and underscores the 
role of taphonomic conditions in preserving such delicate 
traces in the fossil record.
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