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INTRODUCTION

The trace fossils of the Eastern European Platform from the 
Cambrian to Silurian periods are well documented (Toom et al., 
2019). In contrast, ichnofossils from the Middle Devonian Old 
Red Sandstone facies of the East European Platform are not well 
understood in an aspect of the paleoenvironment (Mikuláš et al., 
2013). However, there is extensive knowledge about the fish 
faunas of the region, which were previously interpreted as marine 
(Mark-Kurik, 1991, 1995). The Old Red Sandstone facies were 
deposited during the Middle and Late Devonian in the Laurussia 
supercontinent (Mikuláš et al., 2013). It is widespread across 

PALEOENVIRONMENT OF TAENIDIUM BARRETTI FROM THE 
MIDDLE DEVONIAN OLD RED SANDSTONES OF ESTONIA

OLEV VINN 
Department of Geology, University of Tartu, Ravila 14A, 50411, Tartu, Estonia.  

olev.vinn@ut.ee (Corresponding author)

RADEK MIKULÁŠ 
Institute of Geology, Czech Academy of Sciences, Rozvojová 269, 16500, Prague 6 - Lysolaje, Prague, Czech Republic.  

mikulas@gli.cas.cz

MARE ISAKAR 
Natural History Museum, University of Tartu, Vanemuise tn 46, 51003, Tartu, Estonia. 

mare.isakar@ut.ee

MAGDY EL HEDENY 
Geology Department, Faculty of Science, Alexandria University, 5WR5+65 Moharam Bek, Egypt.  

magdy.elhedeny@alexu.edu.eg

MANSOUR ALMANSOUR  & SALEH ALFARRAJ 
Zoology Department, College of Science, King Saud University, P.O. Box 2455, Riyadh 11451, Saudi Arabia. 

almansour@ksu.edu.sa, alfarraj@ksu.edu.sa

the Eastern European Platform, representing its easternmost 
region (e.g., Friend et al., 2000). Other significant occurrences 
of this facies are found in Spitzbergen, Greenland, Norway, 
Great Britain, the USA, and Canada, where it is primarily 
represented by terrigenous siliciclastic deposits from late- to 
post-orogenic foreland and intramontane molasse basins with 
occasional marine influence (e.g., Friend et al., 2000). The Middle 
Devonian Old Red sandstones of Estonia have previously been 
suggested to be deposited in non-marine conditions due to the 
rarity or complete lack of trace fossils (Vinn, 2023). Nearby, in 
northwest Russia, sedimentary structures suggest that the Old Red 
deposits of the Andoma Formation (early Frasnian) accumulated 
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under the influence of wave and tidal activity (Tovmasyan & 
Stinkulis, 2008). Remains of vertebrates, invertebrates such as 
bivalves, gastropods, and lingulids, as well as plants, have been 
discovered in several beds of the Andoma Formation. The latter 
formation has also yielded trace fossils including Cochlichnus, 
Cruziana, Diplocraterion, Glockerichnus, Lockeia, Palaeophycos, 
Planolites, Rusophycus, Skolithos, Teichichnus, and Undichna 
(Mikuláš et al., 2013).

The aim of the paper is: (i) to analyze trace fossils in the 
Eifelian Old Red Sandstones of Estonia, (ii) to discuss the behavior 
of tracemakers, (iii) to interpret the paleoenvironment, and (iv) 
to discuss the paleobiogeography of the identified trace fossils.

GEOLOGICAL BACKGROUND AND LOCALITY

Siliciclastic rocks dominate the Devonian sequence of Estonia, 
with exceptions in the lower Middle Devonian (Narva Regional 
Stage) and Upper Devonian (from the Pļaviņas RS to the Daugava 
RS), where carbonate and carbonate-terrigenous rocks are more 
prevalent (Mark-Kurik & Põldvere, 2012; Tänavsuu-Milkeviciene 
et al., 2009) (Figure 1). In southern Estonia, Middle Devonian 
sandstone layers from the Pärnu, Narva, Aruküla, Burtnieki, 
Gauja, and Amata formations are exposed in an ENE–WSW trend 
(Kleesment, 1997). The older (Eifelian) part of the Middle Devonian 
is represented by tide-dominated estuarine deposits of the Pärnu 
Formation, where sediments fine seawards, the tidal bars have 
sharply defined bases, and prodelta muds are absent (Tovmasyan, 
2004). The Givetian Aruküla Formation is characterized by 
gradational tidal-bar and tidal-flat successions, which fine seawards 
into prodelta muds (Tänavsuu-Milkeviciene & Plink-Björklund, 

2009). Channel deposits and paleosols are rare within the Aruküla 
Formation (Tänavsuu-Milkeviciene & Plink-Björklund, 2009).

The Tamme outcrop extends approximately 200 m and reaches 
a height of up to 5 m; it is located on the eastern shore of Lake 
Võrtsjärv near the village of Tamme. Exposed at this site are the 
sandstones of the Kureküla Member of the Aruküla Formation. 
These rocks consist of well-sorted, brownish red, very fine- to 
fine-grained sandstone, with bed thicknesses ranging from 
0.5 to 0.9 m. The main part of the outcrop features very fine- to 
fine-grained, cross-stratified sandstone (Figure 2). In the upper 
portion of the section, laminated siliciclastic mudstone, siltstone, 
and dolomitic marl are also present (Tänavsuu-Milkeviciene & 
Plink-Björklund, 2009). Sedimentological analysis suggests that 
the depositional setting was a fluvially dominated subaqueous 
delta plain (Plink-Björklund & Björklund, 1999).

MATERIAL AND METHODS

The trace fossils were collected during an excavation for 
fossil fishes at Tamme (Figure 2) in 1993 and were recently 
rediscovered in the collection of the Natural History Museum, 
University of Tartu (TUG 741-103, TUG 741-104, TUG 741-
105, TUG 741-106, TUG 741-107 and TUG 741-109). Samples 
containing trace fossils were partially embedded in gypsum 
during the fieldwork in order to avoid their disintegration. The 
specimen was digitally photographed in an uncoated state with a 
CANON EOS R6 camera. The stratigraphic position of traces was 
identified using the detailed description of the excavation from 
1993 and corroborated during the later visit to Tamme in 2023.

Figure 1. Location of Tamme outcrop, south Estonia.
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SYSTEMATIC ICHNOLOGY

Ichnogenus Taenidium Heer, 1877

Diagnosis (emended by Bromley  et  al., 1999). Unlined, 
unbranched, cylindrical trace fossils with a meniscate backfill. 
These trace fossils are typically straight, curved, or sinuous, 
and the menisci (curved segments) are evenly spaced and 
uniformly thick.

Taenidium barretti (Bradshaw, 1981)
(Figure 3A–C)

Material. Four slabs with multiple burrows from the Tamme 
outcrop, south Estonia, Eifelian, Middle Devonian (TUG 741-
103, TUG 741-105, TUG 741-106, TUG 741-107).
Remarks. Burrows are very small (3.5-5.0 mm in diameter) for the 
ichnospecies and are preserved in full relief. They are unbranched, 
straight to meandering. Intersections may occur. Tubes lack any 
lining. The fill is meniscate. Menisci are hemispherical and much 
shorter than the diameter of the burrow, relatively tightly packed, 
sometimes forming discrete meniscate segments. The menisci 
are quite heterogeneous, of different thicknesses and even their 
diameter is not completely constant. Moreover, at the beginning 
of one of the traces, there is a more pronounced oval body that can 
be interpreted as a cubichnion. Some parts of the fill represent a 
chevron-like rather than a purely meniscate form. The surface of 
the burrow is often somewhat uneven, sometimes with individual 
meniscate segments slightly offset from one another. The rock 
matrix is light yellowish-brown to beige siltstone, whereas the 
burrow infill is bluish-grey clayey siltstone. The burrows are 
subparallel to stratification. Menisci are interpreted to represent 
sediment push-back traces produced by arthropod appendages 
(Gouramanis & McLoughlin, 2016).

The burrows of Taenidium barretti are often found in 
nonmarine environments (Keighley & Pickerill, 1994), 

while the ichnogenus Taenidium overall is also a relatively 
common trace fossil in marine and even deep-sea environments 
(D’Alessandro & Bromley, 1987; Frey & Howard, 1990; 
Bosetti et al., 2021). T. barretti is a common constituent of 
Scoyenia ichnofacies, chiefly in moist to wet substrates of 
fluvial settings, forming composite ichnofabrics including 
Skolithos, Arenicolites, Camborygma, and Beaconites 
(Savrda et al., 2000; Buatois & Mángano, 2004; Melchor et al., 
2006, 2012; Buatois et al., 2007, 2020; Guimarães Netto, 
2007; Krapovickas  et  al., 2009; Mancuso  et  al., 2020; 
Sciscio  et  al., 2021; Nascimento  et  al., 2023). T. barretti 
has a stratigraphic range from the Ordovician to the Recent 
(Keighley & Pickerill, 1994).

Planolites isp.
(Figure 4)

Material. Single burrow from Tamme outcrop, south Estonia, 
Eifelian, Middle Devonian (TUG 741-104).
Remarks. Unlined, very gently meandering, smooth surface, 
circular or elliptical in cross-section, with homogeneous, 
structureless infill. Burrow diameter varies between 3.0 to 
4.0 mm. The burrow infill differs in color (yellowish grey 
versus brownish grey) and lithology from the host rock 
(pure siltstone versus clayey siltstone). The burrow is 
branching via bifurcation at an angle of about 30°. Planolites 
is understood as feeding burrows (fodinichnia) created by 
deposit-feeders (Pemberton & Frey, 1982), with an age 
range spanning the Ediacaran or Cambrian to the Holocene 
(Häntzschel, 1975; Barroso et al., 2014; Mángano & Buatois, 
2014). It is present in nearly all depositional environments 
(Pemberton & Frey, 1982).

DISCUSSION
Behavior

Taenidium barretti has usually been classified as a locomotion 
trace (repichnion) and/or a feeding structure (fodinichnion). 
The meniscate fill represents active backfill resulting from 
mechanical manipulation or ingestion by the animal (e.g., Buatois 
& Mángano, 2011). This burrow could be produced during 
ingestion and excretion of an animal that transports sediment 
through its body, as it has been associated with deposit- or 
detritus-feeding habits, most likely of worm-like invertebrates 
(Bown & Kraus, 1983; D’Alessandro & Bromley, 1987; Sarkar 
& Chaudhuri, 1992; Retallack, 2001; Schlirf  et  al., 2001). 
Oligochaetes, millipedes, crustaceans, cicada nymphs, and beetle 
larvae have been suggested as potential T. barretti tracemakers 
(D’Alessandro & Bromley, 1987; Keighley & Pickerill, 1994; 
Savrda et al., 2000; Buatois et al., 2007; Guimarães Netto, 2007; 
Verde et al., 2007; Bedatou et al., 2009; Counts & Hasiotis, 
2009; Hembree, 2009, 2019; Smith & Hasiotis, 2008; Good & 
Ekdale, 2014; Rodríguez-Tovar et al., 2016; Nascimento et al., 
2023). Only millipedes, myriapods, and crustaceans could have 
occurred in the Middle Devonian. The other groups appeared 
later in geological time. The large burrows are usually assigned 

Figure 2. Geological  section of  Tamme outcrop (after Zirk, 2007). Location 
of trace fossils indicated.
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to large arthropods. The relatively narrow burrows in the Eifelian 
of Estonia were produced by animals of a correspondingly 

small diameter. It makes it more plausible that these traces were 
produced by deposit- or detritus-feeding arthropods.

Figure 3. Taenidium barretti (Bradshaw, 1981) from Eifelian of Tamme, southern Estonia. A, general view of meniscate burrows on the bedding plane (TUG 741-
103). B, detail view of menisci (TUG 741-103). C, general view of meniscate burrows on the bedding plane (TUG 741-105). Scale bars: A, C = 10 mm; B = 5 mm.
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The architecture of Planolites isp. suggests that the tracemaker 
was also a deposit-feeding worm, though exhibiting a different 
behavior than organisms responsible for the creation of Taenidium. 
The main difference was in the lack of sediment push-back in the 
case of Planolites isp. tracemaker. The lack of sediment push-back 
most likely resulted from the animal’s different locomotor behavior 
from the sediment’s material properties, which were similar in 
the case of both traces. Thus, there could have been two species 
of deposit-feeding organisms in the Eifelian of Tamme, though a 
single organism with two distinct behaviors could not be ruled out.

Paleoenvironment
The lack of Skolithos and other shallow-marine trace fossils 

in the Middle Devonian sections studied by Vinn (2023) has led 
to the conclusion that the sedimentary environment of Old Red 
sandstones was likely nonmarine in Estonia. The same would be 
true for the Russian Pskov area (Ivanov, 2005), where outcrops 
of the Old Red Sandstone are devoid of any trace fossils and 
contain fishbone coquinas. The depositional environment of 
these sandstones at Tamme has been interpreted alternatively 
as shallow-marine (Kleesment, 1997), a fluvially dominated 
subaqueous delta-plain (Plink-Björklund & Björklund, 1999), 
or, in parts of the cross-stratified sandstone, a tidally influenced 
delta front, with the thin-bedded upper section representing 
a delta plain environment (Tänavsuu-Milkeviciene & Plink-
Björklund, 2009). Vinn (2023) argued that in the case of a 
normal marine sedimentary environment, one would expect to 
find a rich ichnofauna characteristic of the shallow tropical sea. 
He concluded that the lack of such trace fossils suggests that the 

depositional environment was likely not fully marine, pointing to 
deposition in a brackish to freshwater environment (Vinn, 2023). 
This is contradictory to the opinion of Mark-Kurik (1991, 1995), 
suggesting that Old Red Sandstone fish in the Middle Devonian 
of Estonia must have been marine as there are numerous species 
of fish, both large and small, with a wide range of body form, and 
none having the deep, laterally compressed body typical of riverine 
inhabitants. Mark-Kurik (1991) suggested that the most probable 
environment of these fish was a comparatively shallow sea with 
ample space for migration, rich in oxygen and food. However, 
the newly discovered traces are either characteristic of nonmarine 
environments (i.e., T. barretti) or are facies-crossing traces that 
occur in nearly all depositional environments (i.e., Planolites 
isp.). The only facies-specific traces among the extremely sparse 
trace-fossil record of the Middle Devonian in Estonia point to 
nonmarine environments. Thus, a fluvially dominated subaqueous 
delta plain (Plink-Björklund & Björklund, 1999) or delta-plain 
environment (Tänavsuu-Milkeviciene & Plink-Björklund, 2009) 
are more in accord with the ichnological record at Tamme than a 
shallow-marine shelf (Kleesment, 1997). It is possible that some 
fish fed on these burrowing invertebrates. The discovery of traces 
of invertebrate fauna fills the gap in the food web of the Estonian 
Old Red sandstone facies.

Paleogeography
Taenidium barretti has been reported from the upper Silurian 

of Baltica (Dam & Andreasen, 1990), and their tracemakers could 
have migrated to the eastern Baltic by the Middle Devonian. 
Large T. barretti, probably produced by arthropods, are relatively 

Figure 4. Planolites isp. from Eifelian of Tamme, southern Estonia (TUG 741-104). Scale bar = 5 mm.
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common in the Siluro–Devonian strata of eastern Gondwana 
(Webby, 1968; Bradshaw, 1981; Trewin & McNamara, 1994; 
Draganits et al., 2001; Gouramanis et al., 2003). However, the 
large T. barretti of Gondwana were likely produced by different 
tracemakers that did not migrate to the Baltic part of Euramerica. 
T. barretti has not been previously reported from the Devonian of 
the Baltic region, though these traces are known from the Devonian 
of Great Britain (Allen & Williams, 1981). Rather than the faunal 
exchange between remote regions, the convergent evolution of 
similar burrowing behavior could explain the wide distribution of 
nonmarine T. baretti in the Devonian and other periods. Planolites 
had a global distribution in the Devonian and does not suggest 
any paleobiogeographic connections to other regions.

CONCLUSIONS

This study provides the first systematic description of 
ichnofossils from the Eifelian of southern Estonia, offering 
insights into the paleoenvironment of the region. The traces of 
Taenidium barretti and Planolites isp., observed in the laminated 
siltstones and sandstones of the Eifelian strata, suggest the 
presence of deposit- or detritus-feeding organisms, such as annelid 
worms or small arthropods. The distinct locomotor behaviors of 
the tracemakers, particularly the absence of sediment push-back 
in Planolites isp., highlight the variations in trace fossil formation 
due to different feeding strategies rather than material properties 
of the sediment. These ichnofossils, characteristic of nonmarine 
and facies-crossing environments, are indicative of a fluvially 
dominated, subaqueous delta plain paleoenvironment, aligning 
with previous sedimentological interpretations of the region. This 
conclusion contrasts with earlier environmental reconstructions 
based on fossil fish, suggesting a shallow marine environment.
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