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ABSTRACT
The tetrapod tracksite from Le Bousquet (Permian, Red Sandstone Group from the Rodez Basin, southern 
France) was discovered during the second half of the 20th century. At this time, the tracksite was only 
weakly prospected and underestimated. Deposits exposed near Le Bousquet were recently re-investigated. 
New prospections led to: 1) enlargement of the tetrapod ichnofauna (Amphisauropus latus Haubold, 1970, 
Batrachichnus salamandroides Geinitz, 1861, Characichnos isp., Ichniotherium isp. and Varanopus isp.); and 
2) discovery of protostomian traces (Diplopodichnus biformis Brady, 1947, Scoyenia gracilis White, 1929), 
swimming traces of fishes (Undichna cf. britannica Higgs, 1988), rare freshwater jellyfishes (Medusina 
atava (Pohlig, 1892) Walcott, 1898) as well as terrestrial plant remains including leafy axes of conifers 
(cf. Walchia). Such a palaeontological assemblage is for the first time reported from the Permian deposits 
of the Rodez Basin. The depositional environment is interpreted as a fluvial zone periodically flooded 
and emergent, corresponding to a lake/playa system bordered by conifer-dominated forests. Ichnofossils 
suggest that the tetrapod fauna from Le Bousquet was mainly composed of anamniotes (diadectomorphs, 
seymouriamorphs, temnospondyls) whereas amniotes (captorhinid reptiles) were less common.

RÉSUMÉ
Nouvelles données sur l’écosystème permien du Basin de Rodez : ichnofaune (traces de protostomiens, tétra-
podes et poissons), méduses et plantes de Banassac-Canilhac (Lozère, Sud de la France).
Le site à traces de pas de tétrapodes du Bousquet (Permien, Groupe du Grès Rouge, Bassin de Rodez, Sud 
de la France) a été découvert durant la seconde moitié du XXème siècle. Sous-estimé, il n’a été que très peu 
prospecté durant cette période. Le site du Bousquet a récemment été réinvestigué. De nouvelles prospections 
ont permis de : 1) compléter l’ichnofaune de tétrapodes (Amphisauropus latus Haubold, 1970, Batrachichnus 
salamandroides Geinitz, 1861, Characichnos isp., Ichniotherium isp. et Varanopus isp.) ; et 2) découvrir des traces 
de protostomiens (Diplopodichnus biformis Brady, 1947, Scoyenia gracilis White, 1929), des traces de nage de 
poissons (Undichna cf. britannica Higgs, 1988), de rares méduses d’eau douce (Medusina atava (Pohlig, 1892) 
Walcott, 1898) ainsi que des restes de plantes terrestres incluant des axes feuillés de conifères (cf. Walchia). 
Un tel assemblage paléontologique est pour la première fois signalé dans le Permien du Bassin de Rodez. 
L’environnement de dépôt est interprété comme une zone fluviale périodiquement immergée puis émergée, 
qui correspondait à un système de lac/playa bordé par des forêts de conifères. Les ichnofossiles suggèrent que 
la faune de tétrapodes du Bousquet était principalement composée de non amniotes (diadectomorphes, sey-
mouriamorphes et temnospondyles) alors que les amniotes (reptiles captorhinidés) étaient moins communs.
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INTRODUCTION

Permian basins of France are known to yield ichnofossils 
that are a key for the reconstruction of late Palaeozoic faunas 
(Gand 1987; Gand & Durand 2006). Dozens of tracksites 
were reported from the Autun (Heyler 1984), Blanzy-Le 
Creusot (Gand 1981), Brive-la-Gaillarde (Gand 1991), Lar-
gentière (Gand 1993a), Lodève (Ellenberger & Ellenberger 
1959; Heyler & Lessertisseur 1963; Ellenberger 1983a, b, 

1984; Gand 1986, 1994; Gand et al. 2000, 2008; Mujal & 
Marchetti 2020), Provence (Gand 1980; Demathieu et al. 
1992; Gand et al. 1995; Logghe et al. 2021), Rodez (Gand 
1987) and Saint-Affrique basins (Gand & Haubold 1984; 
Gand 1985, 1993b). The largest amount of tracks was dis-
covered in southern France, especially in the southern part 
of the Massif Central where the Permian red beds from the 
Lodève, Rodez and Saint-Affrique basins yield diverse ver-
tebrate and invertebrate trackways (Fig. 1A, B). Whereas 

Fig. 1. — Geographical and geological context: A, Location of the study area in France; B, Location of the Rodez Basin, and location of La Canourgue/Campag-
nac area (indicated by the black rectangle); C, Simplified geological map of La Canourgue/Campagnac area (modified after Defaut et al. 1990) and location of 
tracksites mentionned in Gand (1987): 1, La Forêt; 2, Cantacoyou; 3, Le Bousquet; 4, Route du Viaduc; 5, Malvezy; 6, Saint-Laurent.
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tracksites from Lodève and Saint-Affrique were greatly 
studied during many decades (Ellenberger & Ellenberger 
1959; Heyler & Lessertisseur 1963; Ellenberger 1983a, b; 
Gand 1986, 1994; Gand et al. 2000, 2008) those from the 
Rodez Basin appear to have been less deeply investigated 
(Gand 1987). 

Since the second half of the 19th century, the Rodez Basin 
has been known to yield tetrapod tracks (Fabre 1872). Three 
areas from the Rodez Basin show tracksites, La Canourgue/
Campagnac, Rodez and Sermels (Gand 1987; Fig. 1C). It 
is near La Canourgue/Campagnac that the largest number 
of tracksites were discovered (Gand 1987). One of these 
tracksites, called “Le Bousquet”, was recently re-investigated. 
The new prospecting revealed a diversified palaeontological 
assemblage showing the co-occurrence of tetrapod, protos-
tomian and fish trails with jellyfishes and terrestrial plants. 
This discovery considerably enlarges the fossil diversity of 
the site. Here, we describe in detail this new and uncommon 
palaeontological assemblage in order to discuss the palaeo-
ecosystem and palaeoenvironment of the Permian red beds 
from the area of La Canourgue/Campagnac.

GEOGRAPHICAL AND GEOLOGICAL SETTING

The Rodez Basin is a large graben constituting an enclave 
of sedimentary rocks inside metamorphic and plutonic 
rocks of the south of the Massif Central (southern France; 
Fig. 1A, B). Being oriented East-West, 80 km long and 
20 km wide, the basin covers an area of about 1500 km2 
(Châteauneuf & Gand 1989; Fig. 1B). The age of its sedi-
mentary rocks ranges from the Carboniferous to the Jurassic 
(Becq-Giraudon 1986). Jurassic deposits extend toward the 
East in the Causses Basin (Fig. 1B). The Permian deposits 
of the Rodez Basin are divided into two groups, the Salabru 
Group and the Red Sandstone Group (Bourges 1988). The 
first consists of sandstones and conglomerates alternating 
with black pelites and dolomites (Defaut et al. 1990). The 
second consists of red pelites, sandstones and conglomerates 
alternating with rare dolomitized beds (Defaut et al. 1990).

The area of La Canourgue/Campagnac is located in the 
easternmost part of the Rodez Basin (Fig. 1B, C). Tracksites 
from this area are located in the Red Sandstone Group (Gand 
1987; Becq-Giraudon & Fuchs 1989). At La Canourgue/
Campagnac, fossils are rare in this group (Alabouvette et al. 
1989), being limited to plant remains and tracks. Fabre 
(1872) was the first to report indeterminate plant remains 
and tetrapod tracks at Malvesy (Fig. 1C). Over a century 
later, and based on specimens from the private collection of 
D. Naudin, Gand (1987) reported five additional Permian 
tracksites at La Canourgue/Campagnac: Cantacoyou, La 
Forêt, Le Bousquet, Route du Viaduc, and Saint-Laurent 
(Fig. 1C). 

The material presented here comes from Le Bousquet. 
This tracksite is located in the Lozère department, 3.5 km 
west of Banassac-Canilhac (Fig. 1C). The tracksite is located 
in a small ravine near the hamlet of Le Bousquet. At this 

place, without describing it, Gand (1987) briefly mentioned 
vertebrate tracks he assigned to Anthichnium salamandroides 
Geinitz, 1861 (synonym of Batrachichnus salamandroides), 
Ichniotherium cottae Pohlig, 1885 and Varanopus isp. 
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Fig. 2. — Stratigraphic section of Le Bousquet and location of the fossiliferous 
bed. Abbreviations: Thi., thickness; Lith., lithology.
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MATERIAL AND METHODS

At Le Bousquet, a 13 m high outcrop shows an alternation 
of reddish argillites and pelites (Fig. 2). Prospecting led by 
one of us (JDM) in 2020 and 2021 revealed a fossiliferous 
layer between 8.0 and 8.5 m (Fig. 2). The bed consists of a 
reddish pelitic layer organised in thinly laminated and pla-
nar slabs bearing mudcracks that form polygons. It yields 
abundant invertebrate traces, tetrapod trackways and fish 
trails. Conifer leafy axes as well as rare jellyfishes co-occur 
on track-bearing surfaces. The specimens are housed in the 
palaeontological collections of the Musée du Gévaudan 
(Mende, Lozère).

The descriptive terminology and biometric parameters 
used to study the tetrapod tracks follow Haubold (1971) 
and Leonardi (1987). We used the following standard abbre-
viations: ML, length of manus track; MW, width of manus 
track; ML/MW, length to width ratio of manus track; PL, 
length of pes track; PW, width of pes track; and PL/PW, 
length to width ratio of pes track.

3D photogrammetric reconstructions (Matthews et al. 
2016) were produced with the software Agisoft PhotoScan 
Professional 1.2.4. The same software was used to produce 
photogrammetric digital elevation models and contours. 
Pictures of the surfaces were taken with a Nikon D5200 
camera coupled with an AF-S Nikkor 18-105 mm f/3.5-
5.6G ED lens.

SYSTEMATIC PALAEONTOLOGY

Jellyfishes

Family indet. 
Genus Medusina Walcott, 1898

Medusina atava (Pohlig, 1892) Walcott, 1898 
(Fig. 3A, B)

Material examined. — One specimen; M486_2022.1.9.

Description

The specimen is umbrella-shaped and 16 mm in diameter. 
The velum is locally visible, forming an up to 3.3 mm wide 
marginal thickening. The jellyfish bears 10, thin, quite 
straight and radially arranged furrows originating from the 
centre and corresponding to radial canals (Fig. 3A, B). Most 
furrows join the periphery of the jellyfish. The centre of the 
jellyfish shows an up to 8 mm wide, star-shaped and concave 
structure corresponding to the manubrium (Fig. 3A, B).

Remarks

Medusina atava was reported in Permian deposits from 
France (Gand et al. 1996), Germany (Schüppel 1984) and 
Italy (Ronchi & Santi 2003). In the Saint-Affrique Basin, 
both species Medusina atava and Medusina limnica Mül-
ler, 1978 are known from some Permian sites (Gand et al. 

1996). However, Medusina is for the first time reported in the 
Permian deposits of the Rodez Basin. M. limnica is mainly 
distinguished from M. atava by showing a maximum of four 
radial canals. Amongst M. atava the number of radial canals 
is variable and can reach a number of ten (Schüppel 1984; 
Gand et al. 1996).

Traces of protostomians

Ichnogenus Diplopodichnus Brady, 1947

Diplopodichnus biformis Brady, 1947  
(Fig. 3C, D)

Material examined. — Seven traces; four traces preserved as 
convex hyporeliefs on slab M486_2022.1.1; three traces preserved 
as convex hyporeliefs on slab M486_2022.1.2.

Description

Traces are horizontal, unbranched, straight to curved, run 
in different directions and up to 3.0 mm wide. The longest 
course is 72 mm. The traces consist of two thin and up to 
1.4 mm wide parallel hypichnial ridges separated by a central 
groove that is up to 0.8 mm wide (Fig. 3C, D). 

Remarks

The ichnogenus Diplopodichnus Brady, 1947 is reported from 
the Late Proterozoic to the Early Jurassic (Buatois et al. 1998; 
Uchman et al. 2011 and references therein). D. biformis is 
widely recorded in Palaeozoic deposits including many occur-
rences in Permian formations worldwide (e.g. Brady 1947; 
Lucas et al. 2004, 2005; Contardi & Santi 2009; Avanzini 
et al. 2011a; Lima & Netto 2012; Moreau et al. 2020). 

Ichnogenus Scoyenia White, 1929

Scoyenia gracilis White, 1929  
(Fig. 3C, D)

Material examined. — Two burrows; one is preserved as concave 
epirelief on slab M486_2022.1.3; the other is preserved as convex 
hyporelief on slab M486_2022.1.2.

Description

Burrows are unbranched, and straight to slightly curved. 
They are circular to oval in transverse section, up to 15 mm 
in diameter and horizontally, obliquely to vertically oriented 
(Fig. 3C, D). The surface of burrows shows longitudinal 
striations. Longitudinal sections of burrows show prominent 
meniscate backfills (Fig. 3C, D).

Remarks

Scoyenia gracilis is a very common ichnospecies in non-marine 
Permian deposits (Buatois et al. 1997). This ichnotaxon was 
abundantly reported from some Permian tracksites of the 
basins of Saint-Affrique and Lodève (e.g. Lopez et al. 2008).
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Tracks of tetrapods

Ichnogenus Amphisauropus Haubold, 1970

Amphisauropus latus Haubold, 1970  
(Fig. 4)

Material examined. — Eight tracks preserved as concave epireliefs 
on slab M486_2022.1.5.

Description

The trackway is 13 cm long, 6 cm wide and composed of 
four consecutive pes/manus sets (Fig. 4A, B). Pes and manus 
stride is 6.4-6.5 cm long. The manus tracks are more internal 
than pes tracks. Both are small sized and semi-plantigrade. Pes 
imprints are pentadactyl and wider than long (PL = 1.1 cm, 
PW = 1.8-2.0 cm; Fig. 4). The PL/PW ratio is equal to 0.6. 
Digit imprints are short, straight to slightly curved and end in 
an enlarged rounded tip (Fig. 4C-E). Pes tracks show a short, 
large and poorly impressed sole with concave proximal margin. 
The manus tracks are strongly oriented inward, forming an 
angle of up to 120° with the trackway axis. Manus imprints 

are pentadactyl and wider than long (ML = 0.9-1.1 cm; MW = 
1.6-1.9 cm; ML/MW = 0.6). Imprints of digits are short and 
end in a small enlarged rounded tip. The manual digits II-III 
bent inwards. The divarication angle of digits I-V is up 153°. 

Remarks

As noted by Gand et al. (2000) Amphisauropus Haubold, 
1970 shares similarities with Merifontichnus Gand, Garric, 
Demathieu & Ellenberger, 2000. Tracks from Le Bousquet 
differ from this latter by smaller size and the pedal digit I not 
parallel to the proximal margin of the sole. Although tracks 
from Le Bousquet share some similarities with Dolomitipes 
Marchetti, Voigt & Klein, 2017, this ichnogenus differs in 
showing manus tracks placed in line or slightly external to 
the pes, and pedal tracks longer than wide or about as wide 
as long and 40 to 250 mm long (Marchetti et al. 2019). 
Amphisauropus represents a widespread Permian ichnogenus 
that has been reported from many areas including Africa 
(Voigt et al. 2011; Hminna et al. 2012; Moreau et al. 2020); 
Argentina (Melchor & Sarjeant 2004); Canada (Mossman & 
Place 1989; van Allen et al. 2005); Europe (e.g. Gand & 
Haubold 1984; Gand 1987; Haubold 1971; Santi & Krieger 

A

B

C

D

Sc.

Sc.

Di.

Di.

Ra.

Ve.

Ma.

Fig. 3. — Jellyfish and protostomian traces: A, B, Medusina atava (Pohlig, 1892) Walcott, 1898, photograph (A) and interpretative sketch (B), specimen M486_2022.1.9; 
C, D, Diplopodichnus biformis Brady, 1947 (Di.) and Scoyenia gracilis White, 1929 (Sc.); photograph (C) and interpretative sketch, specimen M486_2022.1.2. 
Abbreviations: Ma., manubrium; Ra., radial canals; Ve., velum. Scale bars: 1 cm.
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2001; Ptaszyński & Niedźwiedzki 2004; Voigt 2005; Avanzini 
et al. 2008; Voigt et al. 2012; Marchetti et al. 2015) and the 
United States (Lucas et al. 2001). In France, Amphisauropus 
was previously reported from the Lodève Basin (Gand & 
Durand 2006) and the Rodez Basin (Gand 1987). Although 
Gand (1987) reported Amphisauropus in several localities near 
Banassac-Canilhac this ichnogenus is here for the first time 
reported from Le Bousquet.

Ichnogenus Batrachichnus Woodworth, 1900

Batrachichnus salamandroides Geinitz, 1861  
(Fig. 5)

Material examined. — Six tracks; four tracks preserved as concave 
epireliefs and convex hyporeliefs on slabs M486_2022.1.6A and 
M486_2022.1.6B, respectively; two tracks preserved as concave 
epireliefs on slab M486_2022.1.7.

Description

The tracks are small, plantigrade to semi-plantigrade. Pes 
imprints are pentadactyl and longer (PL = 1.5-4.0 mm) than 
wide (PW = 1.3-3.8 mm; Fig. 5A-E) to as long as wide. The 

ratio PL/PW varies from 1.0-1.2. Digit imprints are straight and 
end in an enlarged, rounded tip (Fig. 5C-E). The divarication 
angle of digits I-V is up 85°. Pes tracks show a large rounded 
and well-marked sole (Fig. 5C-E). Manus imprints are tetra-
dactyl, smaller than pes tracks and as long (ML=1.3-2.3 mm) 
as wide (MW=1.3-2.8 mm) to slightly wider than long. The 
ML/MW ratio varies from 0.8 to 1.0. Digit imprints are straight 
and end in an enlarged, rounded tip. The divarication angle of 
digits I-IV varies from 46° to 73°. Manus tracks show a short 
and large sole with a concave proximal margin (Fig. 5A, B).

Remarks

The presence of the tetradactyl manus imprints as well as 
the rounded digit apex are characteristic of the ichnogenera 
Batrachichnus Woodworth, 1900 and Limnopus Marsh, 1894. 
The two ichnogenera are distinguished based on their sizes. 
Manus imprints of Batrachichnus are less than 40 mm in length 
whereas tracks of Limnopus are larger (up to 200 mm in length; 
Voigt & Lucas 2018). Regionally, the ichnospecies Batrachich-
nus salamandroides was reported from the Saint-Affrique Basin 
(Gand 1987, 1993b; Gand & Haubold 1984), the Lodève 
Basin (Ellenberger 1983b; Gand & Durand 2006) and the 
Rodez Basin (Gand 1987). The ichnospecies Batrachichnus 
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Fig. 4. — Amphisauropus latus Haubold, 1970: A, B, slab bearing a trackway with four consecutive pes/manus sets, photograph (A) and interpretative sketch 
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salamandroides was also reported from southeastern France, 
in the Estérel Basin (Provence; Gand & Durand 2006). This 
ichnospecies is for the first time reported from Le Bousquet.

Ichnogenus Ichniotherium Pohlig, 1892

Ichniotherium isp.   
(Fig. 6)

Material examined. — Two tracks preserved as concave epireliefs and 
convex hyporeliefs on slabs M486_2022.1.4A and M486_2022.1.4B, 
respectively.

Description

The material includes a single pes/manus set (Fig. 6A, B). The 
tracks are medium sized and plantigrade. The pes track is pen-
tadactyl and as long as wide to wider than long (PL = 5.8 cm, 
PW = 6.3 cm). The PL/PW ratio is equal to 0.9. On the pes 
track, digit impressions are only impressed distally, forming 
a rounded tip (Fig. 6A, B). The manus track is pentadactyl, 
smaller than pes track and wider than long (ML = 3.8 cm; 
MW = 5.2 cm; ML/MW = 0.7). Digit impressions increase 
in length from I to IV. Proximally digits show transverse and 

thin grooves. The divarication angle of digits I-V is 81°. On 
the manus track, digit imprints are short, large, straight and 
end in an enlarged rounded termination. Digits are more 
impressed distally. The impression of digit IV is the deepest. 
Both pes and manus tracks show a short and large sole that is 
distinctly separated from the digit impressions (Fig. 6A, B). 

Remarks

The presence of: 1) pentadactyl manus and pes tracks showing 
enlarged digit tips and large soles; 2) pes imprints as long as 
wide; and 3) manus imprints wider than long, are characteristic 
of Ichniotherium Pohlig, 1892. This ichnogenus was reported 
from upper Carboniferous to lower Permian deposits of many 
localities throughout the world (e.g. Canada, Brink et al. 2012; 
France, Gand 1987; Germany, Voigt & Ganzelewski 2010; 
England, Buchwitz & Voigt 2018; Morocco, Lagnaoui et al. 
2018; Poland, Voigt et al. 2012; United States, Voigt et al. 
2005). In France, Ichniotherium was reported from the Lodève 
Basin (Gand 1987; Gand & Durand 2006; Mujal & Marchetti 
2020), the Rodez Basin (Gand 1987) and the Saint-Affrique 
Basin (Gand & Haubold 1984). Although Gand (1987) 
briefly mentioned Ichniotherium at Le Bousquet (based on 
the private collection of D. Naudin), he did not describe or 
illustrate the specimens.
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Fig. 5. — Batrachichnus salamandroides Geinitz, 1861: A, B, slab bearing a trackway with pes (p.) and manus (m.) track (a pes/manus set in visible in the bottom 
part of the picture), and co-occurring with a conifer leafy axis (c) (cf. Walchia, in the top of the picture), photograph (A) and interpretative sketch (B); C-E, pes 
track, photograph (C), digital elevation model in false colours (D) and interpretative sketch (E). Convex hyporeliefs, M486_2022.1.6B. Scale bars: 1 cm.
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Ichnogenus Characichnos Whyte & Romano, 2001

Characichnos isp.  
(Fig. 7A-C)

Material examined. — M486_2022.1.8, slab with numerous tracks 
preserved as convex hyporeliefs.

Description

The slab M486_2022.1.8 bears numerous swimming 
tracks of tetrapods (Fig. 7A-C). They are small, up to 14 
mm long and up to 9 mm wide. Some of them are aligned 
showing a trackway-like pattern (Fig. 7C). Morphology of 
individual tracks vary a lot. They show two to four parallel, 
elongated, thin and straight to strongly curved furrows. 
Some of the tracks seem to bear claw traces. Imprints of 
sole are absent.

Remarks

Characichnos shows a wide stratigraphic range (Carbonifer-
ous to Cretaceous) and was reported from several Permian 
tracksites throughout the world (e.g. Argentina, Melchor & 
Sarjeant 2004; Spain, Mujal et al. 2016; United States, 
Lucas & Spielmann 2009; Lerner & Lucas 2015; Morocco, 
Moreau et al. 2020). This ichnogenus is for the first time 
reported in the Permian deposits from the Rodez Basin. 
These tracks can be interpreted as pes and manus imprints 
of small tetrapods half-floating and swimming in shallow 
water. Here, only the tips of the digits touched the sub-
strate. On the slab M486_2022.1.8, these swimming tracks 
co-occur with abundant fish trails ascribed to Undichna cf. 
britannica Higgs, 1988 (Fig. 7D-G).

Tracks of fishes

Ichnogenus Undichna Anderson, 1976

Undichna cf. britannica Higgs, 1988 
(Fig. 7A-G)

Material examined. — M486_2022.1.8, slab bearing numerous 
trails preserved as convex hyporeliefs.

Description

The slab bears many wavy, horizontal, intermittent, sharp and 
up to 1.0 mm wide ridges (Fig. 7A, B, D). Some of these ridges 
form trails consisting of two intertwined and out-of-phase waves 
(Fig. 7E-G). The longest trail is 145 mm long. Waves show a 
wavelength of up to 40 mm and an amplitude of up to 5 mm. 
In some trails, one of the waves shows a low amplitude, whereas 
the other shows a greatest amplitude (Fig. 7F). Some trails show 
outer marks that are parallel to central waves (Fig. 7E, G).  

Remarks

The presence of wavy, intertwined, horizontal, and intermittent, 
grooves/ridges is characteristic of several Undichna Anderson, 1976 
ichnospecies (e.g. Undichna quina from the Permian deposits of 
the Falkland Island, Trewin 2000; Undichna britannica from the 
Carboniferous deposits of England, Higgs 1988). Since ridges 
are out-of-phase in specimens from Le Bousquet it should be 
tempting to see similarities with U. britannica (see Higgs 1988 
and Minter & Braddy 2006). In contrast, amongst U. quina 
ridges are in phase (see Trewin 2000). On trails showing strong 
variation of amplitude between the two waves (Fig. 7F), the wave 
with the lowest amplitude was probably made by the anal fin 
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Fig. 6. — Ichniotherium isp.: A, B, pes/manus set, photograph (A) and interpretative sketch (B). Convex hyporeliefs, M486_2022.1.4B. Abbreviations: p., pes track; 
m., manus track. Scale bars: 1 cm.
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whereas the wave with a greatest amplitude was probably made 
by the caudal fin. Outer marks were probably made by pelvic fins.

Plants

Genus Walchia Sternberg, 1825 

cf. Walchia (Fig. 5A, B)

Material examined. — M486_2022.1.6, slab with one specimen. 
M486_2022.1.10, slab with numerous specimens.

Description

The longest shoot is 90 mm long. Leafy shoots are up 
to 17 mm in diameter, and straight to slightly curved 
(Fig. 5A, B). Leaves are helically arranged. They are quite 
elongated and show a long free part that forms an angle 
of up to 45° with the main axis of the shoot (Fig. 5A, B). 
Leaves are falcate in sagittal section. They are up to 12 mm 
long. The apex of leaves is acute and commonly slightly 
curved inward. Occasionally, the apex of leaves is slightly 
recurved outwards.

Fig. 7. — Slab showing the co-occurrence of tetrapod swimming tracks (Characichnos isp.) and fish trails (Undichna cf. britannica Higgs, 1988): A, photograph; 
B, interpretative sketch showing tetrapod swimming tracks (in red) and fish trails (in black); C, interpretative sketch showing only tetrapod swimming tracks; 
D, interpretative sketch showing only fish trails; E-G, details of fish trails. M486_2022.1.8. Scale bars: 2 cm.
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Remarks

Plant remains are quite common in the fossiliferous bed from Le 
Bousquet. However, the plant assemblage is only composed of 
cf. Walchia leafy axes. Regionally, the conifer Walchia Sternberg, 
1825 was previously reported from the basins of Saint-Affrique 
(Gand et al. 1996) and Lodève (Galtier & Broutin 2008; Gand 
et al. 2013).

DISCUSSION

Age of the tracksite

Due to the general lack of biostratigraphic markers, the age 
of the Red Sandstone Group was strongly debated (Fuchs 
1969; Gand 1987; Bourges 1988; Rolando et al. 1988; Châ-
teauneuf & Gand 1989; Diego-Orozco et al. 2002). Based on 
palynomorphs collected near Campagnac in the Red Sandstone 
Group, Châteauneuf & Gand (1989) proposed an “Autunian” 
age (= lower Permian). Gand (1987) and Châteauneuf & Gand 
(1989) tentatively correlated tracksites from La Canourgue/
Campagnac with the Permian series from the Lodève Basin. 
They proposed that tracksites can be correlated with deposits 
exposed at Mas d’Alary and Vialas, corresponding to the end 
of the Tuilières-Loiras Formation and the Viala Formation (= 
“Autunian Group” sensu Lopez et al. 2008), which are Cisuralian 
in age (Sakmarian-Artinskian according to Michel et al. (2015). 

Since Batrachichnus ranges from the Carboniferous to the 
Lower Triassic (e.g. Woodworth 1900; Voigt 2005; Gand & 
Durand 2006; Lucas & Spielmann 2009; Voigt & Lucas 2018; 
Marchetti et al. 2018) and Amphisauropus ranges from the lower 
Permian (e.g. Lucas et al. 2001; Santi & Krieger 2001; van 
Allen et al. 2005; Avanzini et al. 2011b; Voigt et al. 2012) to the 
upper Permian (e.g. Melchor & Sarjeant 2004; Ptaszyński & 
Niedźwiedzki 2004; Hminna et al. 2012) these ichnogenera 
are not relevant to discuss the age of the Red Sandstone Group. 
However, the Permian occurrences of Ichniotherium are restricted 
to lower Permian deposits (Voigt & Lucas 2018) ranging from 
the Asselian to the Kungurian (Mujal & Marchetti 2020). In 
the Lodève Basin, Ichniotherium only occurs in the Usclas-Saint-
Privas, Tuilières-Loiras and Viala formations (Gand & Durand 
2006; Mujal & Marchetti 2020), which are Asselian-Artinskian 
according to Michel et al. (2015). It could be tempting to give 
a similar age for the deposits exposed at Le Bousquet. However, 
considering the uncertainties and pending more dating argu-
ments, it remains difficult to propose a more precise age than 
Cisuralian.

Tracemakers and their palaeoenvironment

The Scoyenia ichnogenus is interpreted as a feeding or a com-
bined feeding and locomotion trace (burrow), produced by 
arthropods or annelids (Bromley & Asgaard 1979; Frey et al. 
1984). Trackmakers of Diplopodichnus biformis are commonly 
attributed to diplopods or other myriapods (Buatois et al. 1998). 
The tetrapod tracks suggest that the fauna from Le Bousquet 
was mainly composed of anamniotes. Batrachichnus is usually 
referred to stegocephalians such as temnospondyls (Voigt 2005). 
Trackmakers of Amphisauropus are supposed to be seymouri-

amorphs (Haubold 2000), whereas those of Ichniotherium are 
supposed to be basal diadectomorphs (Voigt & Lucas 2018). 
In addition to the ichnotaxa we reported here, Gand (1987) 
briefly mentioned the presence of Varanopus isp. at Le Bousquet 
(based on unfigured specimens from the private collection of 
D. Naudin). Although we do not know if tracks from the pri-
vate collection of D. Naudin (see Gand 1987) were collected 
from the same bed as the tracks we collected here, Varanopus 
Moodie, 1929 suggests the presence of amniote tetrapods (cap-
torhinid reptiles) in the Permian ecosystem from Le Bousquet. 
Whereas bones of tetrapods are still unknown in the Permian 
deposits from the Campagnac/La Canourgue area, Sigogneau-
Russell & Russell (1974) and then Reisz et al. (2011) reported 
remains of caseids (Ruthenosaurus russellorum Reisz, Maddin, 
Fröbisch & Falconnet, 2011, Euromycter rutenus (Sigogneau-
Russell & Russell, 1974), Reisz, Maddin, Fröbisch & Falconnet, 
2011) in the Red Sandstone Group from the western part of 
the Rodez Basin. Trails of fishes are for the first time reported 
in the Permian deposits from the Rodez Basin. Although body 
fossils of fishes are still unknown in the Cisuralian layers from 
the area of Banassac-Canilhac, we may notice that Higgs (1988) 
proposed that tracemakers of Undichna britannica were possibly 
palaeoniscid fishes.

The presence of protostomian burrows and traces with tetra-
pod tracks matches with the Scoyenia ichnofacies. This latter is 
observed in non-marine formations commonly interpreted as 
subaqueous freshwater sediments (Buatois & Mángano 1995; 
Buatois et al. 1997). The presence of Medusina atava attests to 
freshwater conditions (Gand et al. 1996; Contardi & Santi 2009). 
The co-occurrence of continental protostomian traces, tetrapod 
tracks (both walking and swimming tracks), tracks of fishes, jel-
lyfishes, as well as the lithological features of the track-bearing 
level (channelized and thinly laminated pelitic layers bearing 
mudcracks, and alternating with argillites), suggest that the 
depositional environment was a lake/playa system periodically 
flooded and emerged (Bourges 1988). The presence of abun-
dant conifer leafy axes indicates the relative proximity to forests.

CONCLUSIONS

The deposits exposed at Le Bousquet show the co-occurence 
of protostomian traces, tetrapod tracks, trails of fishes, jel-
lyfishes and plants. 

Freshwater jellyfishes and trails of fishes are for the first time 
reported in Permian deposits from the Rodez Basin.

The tetrapod ichnoassemblage suggests that the tetrapod 
fauna from Le Bousquet was mainly composed of anamniotes 
whereas amniotes were fewer.

The depositional environment is interpreted as a lake/playa 
system periodically flooded and emerged, and bordered by 
conifer-dominated forests.
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