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Abstract 

Exceptional fossil preservation is required to conserve soft-bodied fossils and even more so to conserve their behav-
iour. Here, we describe a fossil of a co-occurrence of representatives of two different octobrachian coleoid species. 
The fossils are from the Toarcian Posidonienschiefer of Ohmden near Holzmaden, Germany. The two animals died 
in the act of predation, i.e. one had caught the other and had begun to nibble on it, when they possibly sank into 
hypoxic waters and suffocated (distraction sinking). This supports the idea that primitive vampyromorphs pursued 
diverse feeding strategies and were not yet adapted to being opportunistic feeders in oxygen minimum zones like 
their modern relative Vampyroteuthis.
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Introduction
Behavioural patterns of extinct animals can be studied 
either by trace fossils or ‘frozen behaviour’ (Boucot 1990; 
Radwański et al. 2009; Jenny et al. 2019; Hoffmann et al. 
2020), i.e. when an animal became embedded in the 
sediment in a posture enshrining an aspect of its behav-
iour. Such cases are of special interest, because they 
may document interactions between individuals of one 
or more species (e.g., Radwański et al. 2009; Jenny et al. 
2019; Hoffmann et  al. 2020; Mapes et  al. 2019). In the 
case of fossilized predatory behaviour, these fossils help 
reconstructing ancient food webs (e.g., Cohen et al. 1993; 
Dunne et  al. 2008; Frey and Tischlinger 2012; Chevri-
nais et al. 2017; Jenny et al. 2019; Hoffmann et al. 2020; 
Hart et  al. 2020). As recently shown, it can be a behav-
ioural pattern that sometimes leads to ‘frozen behav-
iour’: Mapes et al. (2019) introduced the term ‘distraction 
sinking’ for cases, where aquatic organisms focused on 

certain activities such as eating, mating or else and did 
not control their position in the water column. In regions 
with poorly oxygenated water in greater depths, this dis-
traction sinking caused the demise of these organisms 
(e.g., Mapes et al. 2019; Jenny et al. 2019; Hart et al. 2020).

Here, we present a slab with two fossil coleoid speci-
mens in close association that was extracted from the 
Posidonienschiefer Formation (Posidonia Shale) of the 
famous conservation deposit of Holzmaden in Germany 
(‘Konservat-Lagerstätte’ sensu Seilacher 1970). The Ger-
man Posidonienschiefer and its Central European equiv-
alents in, e.g., France, Luxembourg, and Switzerland are 
well known for complete vertebrate skeletons as well as 
soft tissue-preservation of vertebrates and invertebrates 
(Hauff and Hauff 1981; Riegraf et  al. 1984; Godefroit 
1994; Röhl et al. 2001, 2002; Bottjer et al. 2002; Etter and 
Tang 2002). The most widely accepted explanation for the 
exceptional fossil preservation is the fluctuating oxygen 
content of bottom waters, which often were quite low 
(Röhl et al. 2001, 2002).

As far as exceptionally preserved coleoids are con-
cerned, the Posidonienschiefer shares its importance 
with other Fossillagerstaetten such as, e.g., the Carbon-
iferous of Bear Gulch (Landman and Davis 1988; Mapes 
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et al. 2010, 2019; Klug et al. 2019), the Middle Jurassic 
of Christian Malford and Rixon Gate (Doyle and Shak-
ides 2004; Wilby et al. 2004; Donovan 2006; Hart et al. 
2016, 2020), the Middle Jurassic of La Voulte-sûr-Rhône 
(Fischer and Riou 1982a, b; Charbonnier 2009; Kruta 
et  al. 2016), the Late Jurassic of Eichstätt, Nusplingen, 
Painten and Solnhofen (Fuchs 2006a, 2015; Klug et  al. 
2005, 2010, 2015,2016; Keupp et al. 2010), and the Late 
Cretaceous of Hâkel and Hâdjoula (Fuchs 2006b; Fuchs 
and Larson 2011a, b; Fuchs et  al. 2009; Jattiot et  al. 
2015; Klug et  al. 2021). As pointed out by Clements 
et al. (2016), the preservation and non-preservation of 
soft-tissues is linked with the original physiology of the 
coleoids. The material described here comprises two 
octobrachian coleoids, which both preserve extensive 
remains of phosphatised soft parts. There is a consid-
erable literature explaining soft-tissue phosphatisation, 
which is not revised here in detail (Allison 1988; Briggs 
and Wilby 1996; Clements et al. 2016).

The Coleoidea evolved in the Late Devonian or Early 
Carboniferous and the split into Decabrachia (= ’Deca-
podiformes’) and Octobrachia (= Octopodiformes) 
happened likely during the Late Palaeozoic (e.g., 
Doyle et al. 1994; Voight 1997; Young et al. 1998; Haas 
2002; Bizikov 2004; Lindgren et al. 2004; Fuchs 2006a; 
Strugnell et  al. 2006; Kröger et  al. 2011; Klug et  al. 
2016a, b, 2019). This subdivision and the names were 
introduced by Haeckel (1866: p. CXVI). For details, 
see Hoffmann (2015). In the Mesozoic, the decabra-
chians are mainly represented by proostracum-bearing 
belemnitids and diplobelids (Naef 1922; Kröger et  al. 
2011; Fuchs et al. 2013a, b; Klug et al. 2016a, b). At that 
time, octobrachians comprised gladius-bearing forms 
that superficially resemble modern day squids. While 
belemnites produced locally highly abundant fossils 
in the form of their calcified rostra, the fossil record 
of Mesozoic octobrachians is more sparse and limited 
to strata with exceptional fossil preservation of weakly 
or non-mineralized body parts such as the conserva-
tion deposits listed above. In this latter case, however, 
octobrachians with soft-tissue preservation can be 
quite abundant and their anatomy has become well-
known (e.g., Naef 1922; Fuchs 2006a, 2015; Klug et al. 
2005, 2010, 2015; Keupp et  al. 2010; Hart et  al. 2020; 
Fuchs et  al. 2016; Donovan and Fuchs 2016; Kruta 
et al. 2016).

In the fossil described here, one smaller octobrachian 
rests in the arm crown of a much larger octobrachian of 
a different taxon. Although octobrachians can be found 
in the Posidonienschiefer occasionally, they are not 
that abundant that such a joint occurrence by chance 
would be very likely. Hence, we decided to (1) describe 
this fossil in detail, (2) discuss the palaeobiological 

implications, and (3) put it into the palaeoecological 
and (4) taphonomical context.

Material
The main specimen was found and skilfully prepared by 
the amateur collector Dieter Weber (Rechberghausen), 
purchased from the latter by one of us (G.S.) and sub-
sequently donated to the Staatliches Museum für 
Naturkunde Stuttgart (acronym SMNS). It originates 
from the Early Jurassic (Toarcian) Posidonienschiefer 
Formation of a now abandoned quarry opposite to the 
present golf club area at Ohmden, c. 2.5 kms northeast 
of Holzmaden. The exact finding level of the specimen is 
the c. 60 cm thick ʻUnterer Schieferʼ bed, a bituminous 
claystone, which is Early Toarcian, uppermost Semi-
celatum to lowermost Falciferum (= Serpentinum) Zone 
in age (Riegraf et  al. 1984). Within the entire Posido-
nienschiefer Formation, this interval shows the highest 
kerogen content and is very rich in pyrite. Additionally, 
the claystone is finely laminated and lacks bioturbation, 
thus suggesting hostile environmental conditions at and 
within the sea floor as a regional expression of the global 
Early Toarcian Anoxic Event (e.g., Jenkyns and Clayton 
1986; Jenkyns 1988) resulting in the above mentioned 
preservation conditions. The ʻUnterer Schieferʼ is world-
renowned for containing various articulated vertebrates 
(e.g., ichthyosaurs, marine crocodiles, fishes) and nektic 
invertebrates (ammonoids, belemnites and other cole-
oids), whereas benthic animals are quite rare (see list in 
Riegraf et al. 1984).

Results
The two more or less complete octobrachian fossils lie 
on a large slab of Posidonienschiefer, which measures 
640 × 170 mm (Fig. 1). The larger of the two coleoids is 
465  mm long including arms. The smaller specimen is 
167  mm long, i.e. it measures less than 40% of the pre-
served body length of the larger animal. The smaller 
specimen is assigned to Parabelopeltis flexuosa (Münster 
1843) based on characteristic growth increments visible 
on the posterior left side of the gladius (Fuchs and Weis 
2008: fig. 3).

The larger specimen is more difficult to determine 
because the muscular mantle covers much of the gladius, 
thus obscuring gladius details. The body proportions 
are conspicuously long and slender. Among the com-
mon octobrachians in the Posidonienschiefer, only the 
slender gladiuses of Paraplesioteuthis sagittata (Mün-
ster 1843) (Prototeuthidina) and Jeletzkyteuthis coriacea 
(Quenstedt, 1849) (Loligosepiina) share this torpedo-
shaped mantle outline. The remarkable size of the speci-
men points to Jeletzkyteuthis coriacea, whose gladiuses 
regularly exceed 200 mm in length (Guerin-Franiatte and 
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Gouspy 1993; Fuchs and Weis 2008). Gladiuses of Para-
plesioteuthis sagittata, by contrast, rarely reach 200 mm. 
Systematics and morphological terminologies used below 
follow Fuchs (2020).

Parabelopeltis flexuosa (Figs. 1, 2)
The smaller octobrachian is 167 mm long and maximally 
57  mm wide. Of the 167  mm, 138  mm are occupied by 
the mantle and gladius (mantle length). The 29 mm long 
head region comprises some dark grey phosphatic shards 
of various sizes, which cannot be assigned to distinct 
body parts unequivocally, except for the jaws. Remark-
ably, both upper and lower jaws are preserved; they dis-
play the elongate and pointed rostra as well as the outer 
lamella, but posteriorly, preservation of both jaws dete-
riorates, probably because of decreasing sclerotisation. In 
Fig.  2c, the jaws are drawn in brown. In the fossil, they 
have a very dark grey colour. In dorsoventral direction, 
the jaw visible above the other is about 5 mm high, while 
the other jaw measures about 7 mm.

Gladius preservation suggests that the specimen is seen 
in dorsal aspect, which explains its only partial muscu-
lar cover. The transversely striated mantle musculature 
is predominantly visible in the anterior part of the man-
tle and on the right flank. Additionally, ink sac and ink 
duct extend over about 50 mm; they are partially covered 
by the gladius and partially still visible through the gla-
dius. At the posterior end of the gladius, two phosphatic 
oval structures are preserved, which measure about 
20 × 14  mm. These are tentatively interpreted as fins, 
although finer structures helping to test this interpreta-
tion are missing. This interpretation is mainly based on 
the position, the dimensions and the presence of two on 
one side (presumably four in total) as in the juveniles 
of the modern Vampyroteuthis infernalis (e.g., Hoving 
and Robison 2012) or in adult Trachyteuthis hastiformis 
(Donovan et al. 2003; Fuchs 2006a, 2015) and Plesioteu-
this prisca (Klug et al. 2015).

The gladius is partially covered by mantle and is prob-
ably about 135  mm long (if measured from the apex to 
the anterior mantle edge) although it is exposed only 
over 110 mm. Due to compaction, it is strongly flattened, 
but the main structures such as median and lateral fields 
as well the hyperbolar zones are recognizable. Circa 
25 mm of the longitudinally ribbed median field is visi-
ble. It carries about 30 longitudinal ribs. The adjacent left 

hyperbolar zone is 2 to 3 mm wide and smoothly arcu-
ated. The lateral field is c. 5 mm wide and begins where 
growth increments turn backwards. The gladius margin 
lies close to it with a distance of a few millimetres. The 
conus is not well discernible.

Jeletzkyteuthis coriacea
The second coleoid is much larger and preserves more 
detail of the head, particularly of the arm crown, but 
the gladius is largely covered by musculature, hamper-
ing unequivocal taxon identification. The entire individ-
ual measures 465  mm in length including the head and 
arm crown as it is preserved. The mantle length is about 
400  mm with a width of up to about 100  mm. Gladius 
length likely corresponds to mantle length.

The arm crown appears to be complete. It displays 
eight elongate and pointed phosphatized structures (four 
on both sides of the midline), which measure between 40 
and 50 mm in length and between 5 and 9 mm in width. 
They exhibit a longitudinal striation that likely represents 
phosphatized longitudinal muscle fibres (cf. Fuchs 2006a, 
2015; Donovan and Fuchs 2016). The arms embrace the 
posterior end of the body of the smaller coleoid in a 
nearly symmetrical fashion with four arms on each side 
of the conus of the supposed prey.

Additionally, two worm-shaped structures are arranged 
more or less symmetrically. They are 16 and 22 mm long, 
the longer having a diameter of 3 mm and the other being 
2 mm wide. In contrast to the arms, these structures are 
transversely striated with about 14 to 20 such striae per 
10 mm length. Because of their symmetric arrangement, 
their transverse striation, and the presence of only two 
of these structures between the arms, we suggest that 
these structures are homologous to the long filaments of 
Vampyroteuthis infernalis (Hoving and Robison 2012).

In contrast to the other coleoid, the jaw is much less 
well preserved. The 9 mm long curved rostrum of one of 
the jaws (probably the upper jaw) is visible. The lower jaw 
and the rest of the partially exposed upper jaw are cov-
ered by soft tissues. Remarkably, much of the head is pre-
served as a dark grey mass devoid of finer structure. Only 
the arms and the filaments as well as some irregular parts 
on both sides of the head are preserved in beige-coloured 
phosphate. In Fig. 3b, c, there is a kidney-shaped struc-
ture, which is 23 mm long and 11 mm wide. Because of 
its position and size, we think that this is an eye capsule. 

Fig. 1  Taphocoenosis of Jeletzkyteuthis coriacea with a smaller specimen of Parabelopeltis flexuosa, SMNS 70,623, Early Toarcian, Semicelatum to 
lowermost Serpentinum Zone, Ohmden, Germany. a, b photos taken with different lights. Note how morphological details appear differently in the 
two images. c Camera lucida drawing after b 

(See figure on next page.)
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Fig. 2  Detail of Fig. 1 showing only the prey-coleoid Parabelopeltis flexuosa; SMNS 70,623, Early Toarcian, Semicelatum to lowermost Serpentinum 
Zone, Ohmden, Germany. a Overview of the fossil with a rectangle showing the localisation of b. b Detail of Fig. 1b showing the prey coleoid and 
the arm crown of the predator. c Drawing after b to show the anatomical details of the coleoid
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Behind this, there is a pear-shaped structure of almost 
the same dimensions and proportions (23 × 14  mm). 
Assuming that the plain of bilateral symmetry of the ani-
mal corresponds approximately to the plain of symmetry 
of the fossil, it appears unlikely that this is the other eye. 
Instead, this might be the optic lobe of the cephalic carti-
lage (e.g., Chung et al. 2020).

The mantle musculature is quite completely preserved, 
displaying the characteristic transverse striation. There 
are about 9 to 12 transverse striae per 10 mm in the man-
tle musculature. The mantle musculature is arranged in 
two long flaps that extend from both sides over the dorsal 
gladius surface. These two mantle flaps are up to about 
30 mm wide on the right and up to about 50 mm wide on 
the left side. On both sides, the transverse striation ends 
in a longitudinal band that is about 5 to 7 mm wide. These 
bands might represent the attachment ligaments of the 
mantle musculature, which connected it to the gladius 
(cf. Fuchs et  al. 2015). The right flap appears to be still 
in contact with the gladius margin, whereas the left side 
seemingly detached and covered parts of the gladius. The 
gladius is therefore only partially exposed over a length of 
about 332 mm, i.e. the anterior 68 mm are covered by a 
dark substance that might be ink-stained soft tissues and 
phosphatized mantle musculature (cf. Klug et  al. 2021). 
Posteriorly, the acute conus part is exposed. A diverging 
structure that opens at an angle of less than 10° may be 
interpreted as a very slender median field (Fuchs 2020).

Discussion
Arm crown of Early Jurassic vampyromorphs
The gladii of many Jurassic octobrachians superficially 
resemble the homologous hard parts of decabrachians 
such as, e.g. the pens of living Loligo and Ommastrephes 
(similar to, e.g., Teudopsis and Plesioteuthis, respectively) 
or the cuttlebone of Sepia (similar to, e.g. Trachyteuthis). 
This similarity led to discussions about the systematic 
position of Mesozoic gladius-bearing coleoids (“fossil 
teuthids” after Naef 1922 and Jeletzky 1966; see also, e.g., 
Bandel and Leich 1986; Doyle et al. 1994; Fuchs and Iba 
2015; Fuchs 2016). Nevertheless, the number of known 
synapomorphies (mainly soft tissue characters) of mod-
ern Vampyroteuthis, modern octopods, and Mesozoic 
gladius-bearing coleoids has been increasing in the past 
decades, supporting the hypothesis of octobrachian affin-
ities of Prototeuthidina, Loligosepiina, and Teudopseina 

(e.g., Donovan et  al. 2003; Fuchs et  al. 2013a, b, 2015; 
Donovan and Fuchs 2016).

One of the strongest arguments is the number of pre-
served arms. In each of the latter groups, eight muscular 
arms have been counted. However, loligosepiids, which 
are commonly seen as vampyromorph stem representa-
tives (e.g., Engeser 1988; Doyle et al. 1994; Fuchs 2020), 
should exhibit a fifth arm pair, because Vampyroteuthis 
infernalis is indeed typified by an additional filamentous 
arm pair in dorsolateral position (e.g., Young et al. 1998).

The larger of the two loligosepiids described here pre-
serves remains of four rather symmetrically arranged 
arm pairs. Between the arms, two narrow and elongate, 
transversely striated structures are preserved, which are 
much thinner than the muscular arms and differently 
preserved. This is not the only material preserving these 
filaments. A loligosepiid specimen that is on display in 
the Urweltmuseum Hauff in Holzmaden, Germany, also 
shows remains of what we consider the filaments and 
thus, this is not an artefact (https​://commo​ns.wikim​edia.
org/wiki/File:Lolig​osepi​a.JPG accessed on January 11th 
2021).

There are several possible interpretations of the struc-
ture: These could be a hectocotylised arm pair (i), tenta-
cles as known from modern sepiids, oegopsids and other 
decabrachians (ii), or filaments as known from the Recent 
Vampyroteuthis (iii). The male hectocotylus (i) is used 
to transfer spermatophores to the female. Hectocoty-
lisation (Müller 1853; Robson 1929; Palacio 1973; Jereb 
et  al. 2014) may include a single arm (e.g., Argonauta, 
Octopus, Tremoctopus) or an arm pair (e.g., Abraliop-
sis, Octopus). It is often longer than the other arms and 
always modified; its distal end usually lacks suckers, is 
somewhat wider and with a distinct surface structure. In 
Jeletzkyteuthis, this pair of thinner appendages does dif-
fer from the other four arm pairs, but it is much thinner 
and lacks the distal modifications (we cannot rule out 
that it is simply not preserved). Hence, we consider the 
hypothesis that these are hectocotyli as unlikely. Since 
there is no trace preserved of a structure resembling the 
club at the end of decabrachian tentacles (as, e.g. in the 
giant squid Architeuthis or the colossal squid Mesonycho-
teuthis; Compagno Roeleveld and Lipinski 1991; Lordan 
et al. 1998; Rosa et al. 2017), these are probably not ten-
tacles as known from modern decabrachians (ii). Instead, 
we suggest that these structures are homologues of the 
filaments of Vampyroteuthis (iii) because of their position 

Fig. 3  Details of the head and arm crown of the predator (Jeletzkyteuthis coriacea), SMNS 70623, Early Toarcian, Semicelatum to lowermost 
Serpentinum Zone, Ohmden, Germany. a Overview of the fossil with a rectangle showing the localisation of the details shown in b, c. b Detail of 
showing head and arm crown still surrounding the posterior end of the prey coleoid

(See figure on next page.)
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in the arm crown (supposedly between arm pairs 1 and 
3, which is not testable in this specimen), their specific 
quality such as their thickness (much thinner than the 
arms) and the transverse striation possibly due to con-
traction (cf. Hoving and Robison 2012).

Predatory behaviour of Jurassic octobrachians
Cephalopods are important predators in marine eco-
systems (Villaneuva et al. 2017). One of the most iconic 
exceptions is the modern vampire squid (Vampyroteu-
this infernalis), which has developed a unique ecology 
adapted to being slow opportunistic feeders in the oxygen 
minimum zone using their retractable filaments (Hoving 
and Robison 2012; Golikov et  al. 2019). However, it is 
still unresolved when this feeding strategy first appeared. 
There is independent support that earlier vampire squids 
inhabited epicontinental seas, while the earliest record 
of species known from bathyal habitats with support for 
bottom-water anoxia only appeared in the Oligocene 
(Košťák et al. 2021).

A mutual predator–prey-relationship between cole-
oid cephalopods and vertebrates dates back deep in time 
(Landman and Davis 1988; Přikryl et al. 2012; Klug et al. 
2019). Fish eat cephalopods and vice versa (Hess and 
Toll 1981; Nixon 1985, 1987, 1988; Boucot 1990; Přikryl 
et al. 2012; Jenny et al. 2019; Hart et al. 2020). Although 

Vampyroteuthis infernalis has usually been observed pas-
sively floating to collect detritus including small plank-
tic organisms with their arm filaments, occasionally also 
remains of larger, fast moving prey including crustaceans, 
squid and fish have been recovered from stomach con-
tents (Seibel in Golikov et  al. 2019). Predation of cole-
oids on other coleoids is not rare in recent cephalopods 
(e.g., Loligo: Coelho et al. 1997; Architeuthis: Lordan et al. 
1998) and even cannibalistic behavior was documented in 
modern (Boletzky and Hanlon 1983; Nixon 1985; Breiby 
and Jobling 1985; Hanlon and Forsythe 2008) and extinct 
coleoids (Belemnotheutis antiqua: Wilby et al. 2004; Ida-
hoteuthis parisiana: Doguzhaeva et al. 2018).

Fossilised evidence for predation by coleoids on cole-
oids is rare. Some of the best examples were documented 
from the Oxford Clay in Wiltshire, UK. In these cases, the 
octobrachian Mastigophora caught the smaller decabra-
chian belemnoid Belemnotheutis and Belemnotheutis 
showed cannibalistic behavior between individuals of dif-
ferent sizes (Wilby et al. 2004).

In the fossil portrayed here, two extinct octobrachians 
were embedded and fossilized in an eternal embrace. 
This situation could be explained by (i) chance (taphon-
omy), (ii) reproductive behavior (even if between differ-
ent species), or (iii) a predation attempt. We consider a 
purely taphonomic explanation of this taphocoenosis (i) 

Fig. 4  Reconstruction of the Toarcian Jeletzkyteuthis coriacea catching a smaller specimen of Parabelopeltis flexuosa 
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as unlikely because complete coleoid fossils are not very 
common (see also Wilby et  al. 2004: p. 1176). As dis-
cussed by, e.g. Jenny et al. (2019) and Hart et al. (2020) for 
cases of predation of coleoids on actinopterygian fishes, a 
parallel orientation would be more likely in the case of, 
e.g., current alignment. In these cases, the interpretation 
of frozen behavior sensu Boucot (1990) is supported by 
the fact that several such fossils have been found where 
coleoids hold fishes in more or less the same way, in 
some cases even with skeletal fractures visible in the prey 
(Jenny et al. 2019; Hart et al. 2020).

As far as reproductive behavior is concerned (ii), we 
cannot rule out that this represents an erroneous attempt 
between different species. Nevertheless, the fact that 
these are different species and the way the larger individ-
ual holds the smaller one does not correspond well with 
the mating behavior of living cephalopods. In modern 
coleoids, the male usually faces the head of the female 
either from the front or from the side (e.g., Corner and 
Moore 1980; Boyle 1987; Boal 1997, 2006; Hanlon et al. 
2005; Ylitalo et al. 2019). Hence, we consider this hypoth-
esis to be unlikely as well.

Coleoid cephalopods are known to be predators from 
hatching onward (e.g., Nixon 1985, 1987) with some rare 
exceptions (Fernández-Álvarez et  al. 2018). Addition-
ally, fossilized cases of incomplete (prey not completely 
ingested) and completed predation (crop, stomach or 
gut contents) of cephalopods (iii) have been documented 
by, e.g., Landman and Davis (1988), Mapes et  al. (2010), 
Doguzhaeva et  al. (2018), Jenny et  al. (2019), Klug et  al. 
(2019), and Hart et  al. (2020). Most of these authors 
reported on predation on vertebrates, while Doguzhaeva 
et  al. (2018) demonstrated that Idahoteuthis fed on 
another coleoid and Wilby et al. (2004) showed the same 
for Belemnotheutis. The fossil presented here shows two 
loligosepiid vampyromorphs, where the larger individual 
embraces the posterior end of the smaller individual. Tak-
ing into account that the smaller individual is held by the 
larger and that they belong to different species, we con-
sider that the larger animal caught the smaller animal in 
order to feed on it (Fig. 4).

The question arises as to why the coleoid prey was not 
further processed. The two animals are embedded in a 
dark claystone, which was deposited during the Toarcian 
in the Germanic Basin. As shown by Röhl et  al. (2001, 
2002), anoxic and hypoxic conditions occurred in the 
waters near the sediment surface repeatedly in that time 
and region, explaining the scarcity of scavenging and the 
abundance of exceptional fossil preservation (e.g., Alli-
son 1988; Briggs and Wilby 1996; Clements et al. 2016). 
As suggested for other cases of fossilized predation by 
coleoids, we assume that the successful predator did not 
focus on the water depth when it began to eat and started 

sinking (e.g., Jenny et al. 2019; Mapes et al. 2019). Eventu-
ally, the animals reached the lower part of the water body 
with insufficient oxygen levels causing their asphyxia-
tion. Accordingly, this would be another case of ‘distrac-
tion sinking’ (Mapes et  al. 2019). This would also be in 
line with the interpretation that early vampire squid were 
living in epicontinental seas and not yet adapted to low 
oxygen habitats (Košťák et  al. 2021). The only question, 
which remains to be answered is whether the Early Juras-
sic forms described here were already using their fila-
ments for detritus feeding on the side.

Conclusions
We document two fossilized octobrachian coleoids from 
the Early Jurassic Posidonienschiefer of southern Ger-
many. Both specimens are more or less completely pre-
served including most of their soft parts. The arm crown 
of the larger specimen, Jeletzkyteuthis coriacea (Vampy-
romorpha), counts eight muscular arms plus a pair of 
worm-shaped structures that we interpret as a fifth dor-
solateral arm pair homologous to the filaments of extant 
Vampyroteuthis. If this interpretation is correct, the long 
filaments of extant Vampyroteuthis arose from a shorter 
thread-like arm pair.

The larger individual holds the posterior end of the 
smaller in its arms, with the apex very close to its jaws. 
We suggest that this is a case of frozen predatory behav-
iour of two different octobrachian species. Their preser-
vation is explained by distraction sinking. This finding is 
a new building block helping to reconstruct the food web 
of the Early Jurassic of the Germanic Basin.
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