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Abstract

The three oyster lenses of the upper Tortonian of Djebel Touaka site which are described herein contain three species, 
Crassostrea gryphoides (Schlotheim), Ostrea lamellosa (Brocchi) and Hyotissa squarrosa (De Serre). The density of shell 
packing between the lenses is dissimilar. Most of the specimens are disarticulated and poorly fragmented; they exhibit 
a random distribution and orientation, without any distinct sorting. Bioerosion and encrustation are featured on both 
surfaces of left and right valves. 

The identified ichnogenera are Entobia (Bronn), Gastrochaenolites (Leymarie, 1842), Caulostrepsis (Clarke, 1908), 
Trypanites (Mägdefrau, 1932) and Maeandropolydora (Voigt, 1965). Encrusters are scared, represented by juvenile 
oysters/other bivalves, bryozoans and barnacles. The coexistence of borings on both sides of valves means that they 
probably occur not only while alive, but they keep happening after death. The oyster beds were deposited in a foreshore to 
shoreface environment, from the combined action of wave currents and sedimentation rate.

Izvleček

Opisane so tri ostreidne akumulacije iz zgornjega tortonija Djebel Touka v Alžiriji. Ostreidne plasti vsebujejo vrste 
Crassostrea gryphoides (Schlotheim), Ostrea lamellosa (Brocchi) in Hyotissa squarrosa (De Serre). Gostota ostreidnih 
lupin variira. Večina primerkov je disartikuliranih in nekoliko fragmentiranih. Razporejeni so naključno in brez preferenčne 
orientacije. Prav tako niso sortirane. Sledovi bioerozije in preraščanja so prisotni na obeh straneh levih in desnih loput. 
Prepoznani so bili Entobia (Bronn), Gastrochaenolites (Leymarie), Caulostrepsis (Clarke), Trypanites (Mägdefrau) 
in Maeandropolydora (Voigt). Preraščanja se stojijo iz juvenilnih primerkov ostrig in drugih školjk, mahovnjakov in 
ciripednih rakov. Hkratna prisotnost izvrtin na obeh straneh lupin pomeni, da je do preraščanj prišlo tudi po smrti 
ostreidnih školjk. Ostreidne akumulacije so nastale v širšem območju plimovanja in v plitvem podplimskem pasu pod 
skupnim vplivom valovanja in hitrostjo odlaganja sedimenta.
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deposits of the Lower Chelif Basin had been the 
purpose of several anterior authors (Mansour, B, 
2004; Belekebir et al., 2008; Belhadji et al., 2008; 
Atif et al., 2008; Saint-Martin, 2008; Satour et al., 
2011, 2013, 2020). According to Neurdin-Tres-
cartes, (1995), the paleogeography of Lower Che-
lif Basin during the Miocene changed through the 

Introduction

Many papers have debated the fossil oyster’s 
paleoecological and biostratinomic properties 
(e.g., El-Hedeny, 2005, 2007; El-Sabbagh, 2008; 
Lopes, 2011; Domènech et al., 2014; El-Sabbagh et 
al., 2015; El-Sabbagh & El-Hedeny, 2016; Breton 
et al., 2017). The stratigraphic studies of Miocene 
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time and the space, dependant on different sup-
plies of sediment, coming into the basin either 
from the north (uplifted coastal block) from the 
east (shore currents bringing detrital materials 
from the Krouminie), and from the south from the 
area of Medea and Bou Hanifa.

The upper Tortonian outcrop of Sig Valley re-
veals three main oyster lenses with different repar-
tition and orientation. The oyster shells are among 
the most favourable substrates for attachment and 
settlement of organisms. The effect of this latter 
may be simulated as encrustation or boring trac-
es, which are very common in all the geological 
time epochs, and they are considered as the result 
of trace makers behavior, engraved on organic or 
rocky substrates (Gibert et al., 2004). 

The purpose of this paper is to bring out and re-
cord the main traces produced by endoskeletozoa 

and episkeletozoa, in hopes of better understand-
ing the environmental conditions during life and 
after death of oysters.

Geographic and geologic context

The stratigraphic studies of Miocene deposits 
of the Lower Chelif Basin had been the purpose of 
several earlier authors (Neurdin-Trescarte, 1992; 
Mansour, 2004; Belekebir et al.,2008; Belhadji et 
al., 2008; Atif et al., 2008; Saint-Martin, 2008; 
Satour et al., 2011, 2013, 2020; Satour,2021). The 
upper Miocene deposits are more distinguished in 
the center of the basin and contain many discon-
tinuities, allowing a large variety of facies (Perro-
don, 1957).

The studied outcrop belongs to the anticline 
of Djebel Touaka. It is located at approximately 
1.5 km, south of the Sig City (Fig. 1). It is exposed 

Fig. 1. Geographic and geolog-
ic localization of the studied 
area.
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on the eastern side of the Sig Valley and belongs to 
the Beni Chougrane mounts. The upper Tortonian 
section is unconformly overlies the red sandstones 
of the second post-nappe cycle (Saint Martin, 
1990). From bottom to top, it comprises numerous 
sandstones layers at the base showing horizontal, 
oblique and cross bedding, sandy yellowish marls 
contain three larger oyster’s beds, blue marl, and 
alternation of fossiliferous limestone and marls, 
followed by the Messinian diatomites and El Bor-
dj sands (Bessedik et al., 1997; Mansour, 2004) 
(Fig.  2).

Methodology

After washing and cleaning, 186 specimens 
were identified and analysed from the three oyster 
beds: 30 specimens were recovered from the first 
bed, 127 from the second bed, and 29 specimens 
from the third bed. The oyster shell beds were 
collected directly from the surface or by digging 
about 30 cm in sediments. The shells have differ-
ent sizes (less than 70 mm for small shells and 
more than 70 mm for medium and large shells). 
They were described in the field by measuring the 
lateral extension, thickness; packing density and 

Fig. 2. Lithostratigraphic sec-
tion of the upper Tortonian 
beds of Djebel Touaka (Sig).
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shell orientation, taphonomic properties (disartic-
ulation, borings and encrustation) were analysed 
in the laboratory. 

The oyster specimens are stored at the Labora-
tory of paleontology, stratigraphy and paleoenvi-
ronments of the University of Oran 2.

Results

Description of oyster’s beds

The collected oysters are almost disarticulated. 
However, two specimens from the third lens are 
preserved with valves still connected and showing 
vertical aggregates in the first and second beds (in 
french: Crassat d’huitres). They are adult forms, 
belonging to two families, Ostreidae and Gry-
phaeidae (Fig. 3). 

The first lens takes place at the base of the 
marls, sometimes yellowish and sandy, with a lat-
eral extension of about 40 m and variable thick-
ness (30 to 70 cm), represented essentially by Os-
trea lamellosa (16 left valves; LV), C. gryphoides 
(6 left valves, 3 right valves; RV) and H. squarrosa 
(5 LV). The distribution of the specimens shows 

a strong concentration in the center (more than 
60 percent) and becomes less dense (rarely seen) 
when we move toward the northeast and the south-
west directions (less than 15 percent). They have 
a random distribution and slightly slanted with a 
predominance of concave-down valves compared 
to convex-up ones.

The second lens appears toward the middle of 
the detrital complex, in the yellowish sandy marls 
with a metric extension (about 70 m). The assem-
blage of oysters belongs to O. lamellosa (112 LV) 
and H. squarrosa (15 LV), characterized by small 
size and homogenous repartition (without any de-
fined orientation of shells).

The third lens sets down at the surface of the 
last indurated sandstones bar (hard ground), ap-
pears like a tabular bed, with a lateral extension 
of 30 m. The collected shells were assigned to O. 
lamellose (24 LV, 3 RV), H. squarrosa (2 articu-
lated shells) and Spondylus crassicosta (one ar-
ticulated shell). The specimens distributed at the 
surface of the sandstone bar (the last sandstone 
layer), show significant dominance of convex-up 
valves and without any observed direction.

Fig. 3. The three beds identified from the upper Tortonian of Djebel Touaka (Sig).
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Bioerosion

Both, the left and right valves are generally bi-
oeroded (Fig. 4). Most of the bioerosion occurs on 
the external side, with fewer occurrences on the 
interior of the shells. The traces produced by en-
doskeletozoans are present on 60 % of the analyz-
ed valves, recorded often on C. gryphoides and O. 
lamellosa; this may be due to the limited occur-
rence of H. squarrosa.

The most prominent trace marks produced by 
predators in the different valves from the three 
lenses are Entobia (90 %), Gastrochaenolites 
(23.33 %), Caulostrepsis (13.33 %), Trypanites 
(10 %) and Maeandropolydora (6.66 %).

Systematic ichnology

Ichnogenus Entobia (Bronn, 1837-38)
Ichnospecies type: Entobia retiformis (Stephen-

son, 1952)
Entobia cretacea (Portlock, 1843)

Material: Left and right valves of C. gryph-
oides, O. lamellosa and H. squarrosa.

Localities: Djebel Touaka at Sig, on the South-
West border of the Lower Chelif Basin (Mascara 
province, North-West Algeria).

Description: According to Bromley and 
D’Alessandro (1984), these traces correspond to 
round apertures connected between each other 

with cylindrical galleries on subsurface drilled by 
the siliceous sponges (oftenly Cliona). The diame-
ter of these apertures measures between 0.1 and 
1.5 mm, and sometimes with different diameters 
on the same shell (Lopes, 2011). 

Two ichnospecies had been identified.

Entobia retiformis (Stephenson, 1952): This 
ichnospecies corresponds to perforations with 
millimetric diameter, organized following a right, 
oblique or sinuous lines (Fig. 5d).

Entobia cf. cretacea (Portlock, 1843): It differs 
from the precedent by apertures and chambers 
less wide and extension without wall, also by one 
canal interconnecting the chambers. This ichno-
species forms a network of long and right tunnels, 
connected with the surface by several aligned ap-
ertures (Figs. 6g, 6i).

Remarks: The ichnogenus Entobia is the most 
frequent in the recorded material. The opening 
chambers are distributed over both the right and 
the left valves of C. gryphoides, O. lamellosa and 
H. squarrosa, in about 90 % of specimens from the 
three beds, but are significantly more distinct at 
the external surface of the left valves (71.43 %) of 
all the determined species compared with the right 
valves (66.66 %). The intense exposure to Entobia 
contributes to the destruction of most of the right 
valves, due to their smaller thickness.

Fig. 4. Relative proportion of determined ichnogenus. A: All ichnogenera present in the three beds. B: All ichnogenera present in the three 
beds depending on valves (RV: right valves, LV: left valves).
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Fig. 5. Ichnofossils: a - C. taeniola on the internal surface of left valve of C. gryphoides; b, d - Gastrochaenolithes cf. dijugus on the external 
side and E. retiformis on the internal side of right valve of C. gryphoides; c, e – Entobia ichnosp. and Gastrochaenolithes cf. dijugus on the 
external face of left valve of C. gryphoides; f - M. sulcans on the inner side of left valve of C. gryphoides: g - Gastrochaenolithes cf. dijugus 
and cluster of G. torpedo on the outer side of C. gryphoides; h - C. taeniola over encrusted bivalve on the of left valve of C. gryphoides; i – 
Caulostrepsis ichnosp. on the outer surface of left valve of H. squarrosa, and encrustation by juvenile / adult oysters and balanids (eroded).
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Ichnogenus Gastrochaenolites (Leymerie, 1842)
Ichnospecie type: Gastrochaenolites torpedo 

(Kelly & Bromley, 1984)
Gastrochaenolites cf. dijigus (Kelly & Bromley, 

1984)

Material: Left and right valves of C. gryph-
oides, O. lamellosa and H. squarrosa.

Localities: Djebel Touaka at Sig, on the South-
West border of the Lower Chelif basin (Mascara 
province, North-West Algeria).

Description: This ichnogenus is typically pro-
duced by bivalves and attributed to multiple tax-
ons, Lithophaga (Rios, 1994; Mauna et al., 2005), 
Hiatella and mytilids (Kelly & Bromley,1984), 
also suspensivorous gastrochenids and pholadids 
(Tapanila & Hutchings, 2012). The openings are 
large and elongated, tilted toward the host sub-
strate. They are simple and not aligned, solitary 
or in cluster, rarely with a striped parabolic base. 
The diameter is between 7 and 43 mm with 19 mm 
in average (Santos et al., 2011). In the case where 
these apertures are round and the neck unobserv-
able, these characters are typical for the species.

Remarks: This ichnogenus was found fre-
quently on the outer side of the left valves, except 
for some specimens of C. gryphoides, where it was 
produced on the right valves (Fig. 5.b). It is pres-
ent on 23.33 % of the specimens, with 2.12 % on 
the right valves and 3.25 % on the left valves. The 
ichnospecies that were determined are: Gastro-
chaenolites cf. dijugus (Figs. 5b, 5e, 5h, 6.f ) and G. 
torpedo (Figs. 5h, 6c, 6h).

Ichnogenus Caulostrepsis (Clarke, 1908).
Ichnospecies type: Caulostrepsis taeniola 

(Clarke, 1908).
Caulostrepsis taeniola (Clarke, 1908)

(Figs. 5a, 5g, 6f )

Material: Left and right valves of C. gryph-
oides, O. lamellosa and H. squarrosa.

Localities: Djebel Touaka at Sig, on the South-
West border of the Lower Chelif basin (Mascara 
province, North-West Algeria).

Description: Caulostrepsis is the product of 
different families of marine polychaets (Bromley, 
1978, 1994) or spionids (Barrier & D’Alessandro, 
1985). It can be elongated, U-shaped, sinuous 
or straight. Occasionally, it appears in a figure 
8-form. 

Remarks: This ichnogenus appears only in 
the inner face of thicker left valves, in 13.33 % of 
the specimens, frequently parallel to the growth 

lamellae of oyster valves. It is represented here by 
one species: C. taeniola (Clarke, 1908). It is absent 
from the second bed.

Ichnogenus Trypanites (Mägdefrau, 1932)
Material: Left and right valves of C. gryph-

oides, O. lamellosa and H. squarrosa.
Localities: Djebel Touaka at Sig, on the South-

West border of the Lower Chelif basin (Mascara 
province, North-West Algeria).

Description: Generated by polychaetes and si-
punculids (Bromley, 1994; Wilson, 2007). It has 
a shape of a complicated network of thin shallow 
tubes with a cylindrical to sub-cylindrical form, 
straight or sinuous, characterized by a single en-
try.

Remarks: The ichnogenus featured here occurs 
on the outer side of left valve of 10 % of the speci-
mens from the first and the second bed (Fig. 6d).

Ichnogenus Maeandropolydora (Voigt, 1965)
Ichnospecies type: Maeandropolydora sulcans 

(Voigt, 1965)
Maeandropolydora sulcans (Voigt, 1965)

Material: Left and right valves of C. gryph-
oides, O. lamellosa and H. squarrosa.

Localities: Djebel Touaka at Sig, on the South-
West border of the Lower Chelif basin (Mascara 
province, North-West Algeria).

Description: Generally long and meandering 
tubes excavated by several forms of polychaetes, 
mostly Spionidae (Bromley & D’Allessandro,1983). 
It was also interpreted as traces of suspensivorous 
annelids from different families (Bromley, 1994). 
These tubes have a diameter between 0.5 and 
3 mm. They are frequently found parallel to the 
structure of growth layers of oyster valves.

Remarks: It is the less prominent ichnogenus, 
occurring on the inner face of left valve from the 
first and the second bed, present in 6.66 % of the 
specimens. One ichnospecies has been named and 
has the morphology of M. sulcans (Voigt, 1965) 
(Figs. 5f, 6b, 6d).

Encrustation

The total of encrusters in the three beds is 
very scarce: 5.95 % by barnacles, 6.48 % by bry-
ozoans and 21.62 % by juvenile oysters and other 
bivalves (Fig. 7). Most of the analyzed specimens 
were found encrusted on the outer side of the left 
valves, and few of them exhibit encrusters on the 
inner side. 
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Fig. 6. Ichnofossils: O. lamellosa: a - Entobia ichnosp., Caulostrepsis ichnosp.; b - M. sulcans, on the internal surface of left valve; c - G. 
torpedo on the external side of O. lamllosa left valve, O. lamellose; d – Trypanites ichnosp., M. sulcans; e - Gastrochaenolithes ichnosp., on 
the external face of left valve; O. lamellosa: f - C. taeniola, Gastrochaenolithes. cf. dijugus and Entobia ichnosp.; g - Entobia cretacea, on the 
inner side of left valve of O. lamellosa; O. lamellosa: h - Cluster of different sizes of G. torpedo, Entobia ichnosp.; i - E. cretacea on the outer 
face of right valve.
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The packed and dense bryozoans colonizing the 
internal surface of left valve; belong to the chei-
lostoma type (Figs. 8d–h). These thin carbonate 
network colonies were found only on oysters from 
the first and the third bed. Barnacles are recorded 
in several individuals of O. lamellosa from the sec-
ond bed and one specimen of C. gryphoides from 
the first bed (Fig. 8e). They grow on the outer face 
of left valves, frequently forming clusters with few 
solitary specimens. Encrustation by juvenile oys-
ters and other bivalves was observed from the first 
bed and more clearly from the second bed (Fig. 5i).

Discussion

The immense quantity of marls series inter-
rupted by sands is the result of the upper Torto-
nian transgression (Belhadji et al., 2008). The 
intense ratio of disarticulation on oyster shells, 
combined with moderate fragmentation, signifies 
an extended time-averaging during deposit (Kid-
well & Bosence, 1991; Brett & Baird, 1993). How-
ever, in the opinion of Allen (1992), disarticulated 
valves may serve as a sign of rapid burial episodes. 
These conditions may indicate that oyster shells 
were remobilized at a limited distance.

The scarcity of right valves suggests that they 
suffered from multiple sorting and reworking, be-
cause of their thinner nature, small size and low 
resistance to fragmentation (Lescinsky et al., 
2002; El-Sabbagh et al., 2015) which led to easy 
decomposition after death. However, the abun-
dance of left valves ref lects the mode of life among 
oysters, by attaching themselves to hard substrate 
by means of left valves (Stenzel, 1971), which ren-
ders their remobilizing by wave currents more dif-
ficult.

The second bed is distinguished by oysters hav-
ing smaller size and thinner left valves, in com-
parison with the two other beds. The specimen’s 
assemblage shows a mixture of adult and young-
er individuals, with predominance of adults. This 
might indicate that they deposited during a period 
of deepening in a lower energy environment, af-
fecting the shell growth.

In this area, borings were generated by pred-
ators such as sponges, polychaetes, bivalves and 
gastropods, they are assigned to Domichnia and 
Fodinichnia ethological groups, while that encrus-
tation belongs to juvenile oysters (and other bi-
valves), bryozoans and balanids (cirripedes).

The abundant occurrence of Entobia in oyster 
shells from the different beds, especially on the 
second bed, could indicate lower energy condi-
tions within the subtidal environment, such as low 
sedimentation rate and limited duration exposure 
on the seaf loor; preferred by clinoid sponges, pro-
ducer of this ichnogenus (Calcinai et al., 2005). Al-
ternatively, it could be due to the relative absence 
of other organisms remains or to the occurrence 
of large submarine assemblage of shells (Lopes, 
2011); which represent the favorable substrate 
available for settlement.

The rare occurrence of Gastrochaenolites may 
be due to the fact that mytilids and lithophages, 
which are responsible for this kind of boring, pre-
fer to colonize lithified, hard rocky structure and 
large size shells (Lopes, 2011). Their record is 
more observable on the outer surface of left and 
right valves compared to the inner surface, signi-
fying that they were produced probably during the 
lifetime and after the death of oysters.

On the other hand, the ichnogenera Caulos-
trepsis, Trypanites, and Maeandropolydora are 
found on the left valves from the first and the third 
beds, both on external and internal sides of large 
size shells. This may indicate that the larger size 
polychaetes created these borings and they favor 
large oyster shells for their settlement. As stated 
by Lopes and Buchmann (2008), the ichnogenus 
Caulostrepsis is infrequent amid small size bi-
valves.

The activity of encrusters was generally rare. 
Bryozoans were found only in the first bed, but 
barnacles are present in all beds mostly. This is 
probably due to the unstable environmental con-
ditions causing sea level variations, which ranged 
from high to low wave currents. Oyster shells 
buildings forming vertical aggregates (in French, 
“Crassat d’huîtres”) are numerous, especially on 
C. gryphoides, of the first bed, which was reported 

Fig. 7. Relative proportion of identified encrusters in the three beds.
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Fig. 8. Encrustation: Oysters aggregate: a - C. gryphoides, b, c - H. squarrosa; d - Bryozoans colonies on the internal side of right valve of 
C. gryphoides; e -the external surface of left valve of O. lamellosa, encrusted by solitary barnacle and other oyster bivalve; f, g, h - Bryozoans 
colonies distributed over the inner face of right valve of O. lamellosa.
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previously on oyster shells by Hocquet (1995 in 
Videt, 2004), El-Hedeny, 2005) and El-Sabbagh 
& El-Hedeny (2016). They are also observed on 
the species O. lamellosa, H. squarrosa of the sec-
ond bed. Their occurrence is limited to the first 
bed, probably due to sediment input that obstructs 
their forming. However, they are quite recurring 
on the second bed, possibly in reference to the 
lightweight and the small size of oyster’s spe-
cies, which may prevent their shells from sinking  
rapidly after death into the substrate. These build-
ings are absent on the third bed. According to 
Hocquet (1995) the size and surface occupied by 
this construction are controlled by three main fac-
tors: environment hydrodynamics (must be calm 
and low energy), sea level (low marine level peri-
ods) and sedimentation supply (low sedimentation 
rate).

The features of the upper Tortonian deposits re-
f lect paleoecological conditions coincides an envi-
ronment which range from foreshore to shoreface, 
emphasized by turbulent, high energy and quiet 
periods (Fig. 9).

Conclusion

Three species of oysters were determined in the 
studied area, distributed over three beds, Ostrea 
lamellosa, Hyotissa squarrosa, and Crassostrea 
gryphoides. The first two are present in all beds, 
whereas the last species is limited to the lowest 
one. Shells show varied orientations and distribu-
tion in the space. The shells are mostly disarticu-
lated and affected by moderate fragmentation and 
abrasion.

The epizoans activities are numerous, but their 
frequency ranges from weak to moderate. The 
most dominant activity is bioerosion traces, re-
f lecting multiple shapes, round, sub-round elon-
gated and meandering. Five ichnogenera were de-
fined: Entobia, Gastrochaenolites, Caulostrepsis, 
Trypanites and Maeandropolydora. These boring 
processes are registered commonly on the exter-
nal side of valves, with fewer occurrences on the 
internal side. This later may confirm that they are 
produced while oysters were alive and after death 
and disarticulation.

The higher percentage of Entobia among iden-
tified ichnogenera is perhaps due to the abundance 
of oyster specimens, which represent the available 
favored substrate for installation.

The existence and the diversity of encrusters 
are proportionally limited; they include juvenile 
oysters/other bivalves, bryozoans and barnacles, 
recorded on both outer and inner surfaces of left 
and right valves.

The complicated modality of borings and bioin-
crusations indicate that oysters underwent many 
phases of burial and uncovering resulted from the 
f luctuation of sea level, causing probably shells dis-
placement at a short distance. From a paleoecological 
point of view, a foreshore to a shoreface environment 
reigned during the upper Tortonian of Djebel Touaka 
at Sig and it was characterized by low energy cur-
rents, interrupted by agitated and high energy inter-
vals. This latter maybe confirmed by the recurring 
installments of sands layers showing sedimentary 
structures and the presence of the species Spondylus 
crassicosta, which indicates a nearest reef activity.

Fig. 9. Bathymetric and spatial 
distribution of the upper Tortoni-
an of Djebel Touaka (Sig), marine 
deposits environments.
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