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As so ci ate Ed i tor: Micha³ Zatoñ

The Posidonia Shale For ma tion is one of the best-known ex am ples of fos sil Konservat-Lagerstätten in the world. One of the
most char ac ter is tic taxa from this for ma tion is the ge nus Stenopterygius, a me dium-sized thunnosaurian ich thyo saur rep re -
sented by nu mer ous spec i mens which are very of ten ar tic u lated, fea tur ing spec i mens ex hib it ing life ac tiv i ties such as
live-birth or with pre served soft tis sues. Herein, we de scribe an ex tremely well-pre served skel e ton of Stenopterygius
quadriscissus CEP-DG-7264-N, housed at the Na ture Ed u ca tion Cen tre of the Jagiellonian Uni ver sity (NEC Kraków, Po -
land) and its re mark able story, which ul ti mately led this fos sil to be come the centre piece of the NEC col lec tion. The spec i -
men, based on anal y sis of ob served taphonomic dis tor tions, is in ferred to have landed post-mor tem ros trum first onto the
seafloor, caus ing a snout frac ture and spine dis tor tion. As so ci ated bel em nites (pre served as ros tra) have been in ter preted
as pos si ble gas tro in tes ti nal con tent, which has prob a bly been dis placed around the in di vid ual due to the ex pand ing vol ume
of gas buildup.

Key words: Ichthyosauria, Stenopterygius, Posidonia Shale, Early Ju ras sic, taphonomy, 3D scan ning.

INTRODUCTION

Ich thyo saurs (Ichthyosauria) were Me so zoic ma rine rep tiles 
that dis played an ex treme de gree of ad ap ta tion to a sec ond arily 
ma rine life style (De Buffrenil and Mazin, 1990; Motani, 2005;
Ber nard et al., 2010; Maxwell, 2012; Houssaye et al., 2014).
The Ichthyopterygia clade, which in cludes the Ichthyosauria,
oc cu pied pred a tory niches through out most of the Me so zoic
(An der son et al., 2019). One of the best pre served and most

com mon ich thyo saur taxa in the fos sil re cord is Stenopterygius,
a me dium-sized thunnosaurian rep re sented by nu mer ous
spec i mens (e.g., Urlichs et al., 1979; Dick, 2015; Maxwell et al.,
2022), which are very com monly com plete and ar tic u lated, of -
ten fea tur ing in di vid u als cap tured dur ing their life ac tiv i ties such
as live birth or feed ing (van Loon, 2013), or pre serv ing soft tis -
sues (Lindgren et al., 2018), which are ex cep tional phe nom ena
when it co mes to fos sils of large ver te brates.

The ge nus Stenopterygius is ex cep tion ally well stud ied
(e.g., Quenstedt, 1856; Jaekel, 1904; von Huene, 1922, 1931,
1939, 1949; McGowan, 1979; Godefroit, 1994; Maisch, 1998,
2008; McGowan and Motani, 2003; Maxwell, 2012; Maxwell et
al., 2012, 2022; Dick, 2015; Dick and Maxwell, 2015a, b;
Maxwell and Vin cent, 2015; An der son et al., 2019; Miedema
and Maxwell, 2022) due to the avail abil ity of sev eral thou sand
ex cel lently pre served spec i mens (Sander, 2000; Maxwell,
2012). The first mod ern at tempts at un der stand ing the al pha
tax on omy of the rep re sen ta tives of the ge nus were con ducted
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by von Huene (1922, 1931, 1939, 1949) fol lowed by McGowan
(1979) and McGowan and Motani (2003), Godefroit (1994) and
Maisch (1998, 2008). The most re cent clas si fi ca tion scheme by 
Maxwell (2012) rec og nized three spe cies of Stenoptergius: S.
quadriscissus Quenstedt, 1856, S. triscissus Quenstedt, 1856,
and S. uniter von Huene, 1931, which com monly oc cur in the
Toarcian of west ern Eu rope. Later that year, an other spe cies
was rec og nized (Maxwell et al., 2012) – S. aalensis – which,
how ever, co mes from the Aalenian of the Opalinuston For ma -
tion. As such, we base our clas si fi ca tion mainly on the an a tom i -
cal char ac ter is tics pointed by Maxwell (2012). 

In this ar ti cle, we ex plore the re mark able story of pres er va -
tion of the CEP-DG-7264-N spec i men of Stenopterygius qua -
dri scissus in the Na ture Ed u ca tion Cen tre of the Jagiellonian
Uni ver sity (NEC Kraków, Po land) through the me an ders of his -
tory, and pro vide a de scrip tion of the an a tom i cal de tails and
taphonomy of this ar tic u lated skel e ton.

GEOLOGICAL SETTING

CEP-DG-7264-N was ex ca vated from the Toarcian Posido -
nia Shale of Bad Boll (Fig. 1, 48°38’22”N 9°36’56”E), Baden-
 Württemberg (south-west Ger many). Its date of dis cov ery is un -
known, but it had to pre cede 1850/1851 (the date of ac qui si tion
of the spec i men by the Jagiellonian Uni ver sity). The Posidonia
Shale is de vel oped as an black oil shale, on av er age 5–15 m
thick (Urlichs, 1977; Riegraf et al., 1984; Röhl et al., 2001), in -
ter ca lated with lime stone ho ri zons, that crops out in the re gion
of the Swabian Jura (Röhl et al., 2001; Muscente et al., 2023).
The Swabian Jura has been fa mously sub di vided into 3 litho -
stratigraphic units by Buch (1839) – the ‘Schwarzer Jura’ (which 
cov ers the Posidonia Shale), the ‘Brauner Jura’, and the
‘Weißer Jura’ (‘Black Ju ras sic’ Lower; ‘Brown Ju ras sic’ Mid dle;
and ‘White Ju ras sic’ Up per, re spec tively; Muscente et al.,
2023). The stra tig ra phy of the Posidonia Shale, also termed
Lias Ep si lon, has been ex ten sively stud ied (Maxwell, 2012).
The for ma tion is sub di vided into three di vi sions, cor re spond ing
to ammonite zones: eI – Dactyloceras tenuicostatum zone, eII –

D. tenuicostatum and Harpoceras falciferum, and eIII –
Hildoceras bifrons (Riegraf et al., 1984; Röhl et al., 2001;
Maxwell, 2012). Ver te brate fos sils are com mon through out, but
the eII zone is the most pro lific level (Maxwell, 2012).

The Posidonia Shale is one of the best-known ex am ples of
fos sil Konservat-Lagerstätten in the world and a model for ma tion
for ex cep tional pres er va tion con di tions (Seilacher et al., 1985;
Muscente et al., 2023). The Posidonia Shale spreads through out 
south-west and north-east Ger many, north ern Swi t zer land,
north- west Aus tria, south ern Lux em bourg, and the Neth er lands
(Muscente et al., 2023), fea tur ing a wealth of ex cep tion ally pre -
served fos sil fauna, in clud ing nu mer ous ma rine rep tiles. The
Posidonia shales, which formed un der anoxic con di tions dur ing
the Toarcian Oce anic Anoxic Event (Jenkyns, 1985, 1988, 2010;
Schmid-Röhl, et al., 2002; Montero-Serrano et al., 2015;
Muscente et al., 2023), in clude an pre served an cient fauna with
ex qui site de tail. Those ar tic u lated struc tural fos sils oc ca sion ally
fea ture soft-tis sue el e ments (e.g., Pøikryl et al., 2012; van Loon,
2013; Lindgren et al., 2018; Jenny et al., 2019; Eriksson et al.,
2022) pro vid ing an un usual in sight into the palaeo bi ol ogy of ex -
tinct or gan isms. The so-called ‘deadfall com mu ni ties’ of fos sils
from the Posidonia Shale, which con serve biota as so ci ated with
fallen large ver te brates, sim i lar in na ture to deadfalls of mod -
ern-day whales, are of par tic u lar in ter est to palaeontologists
(Maxwell et al., 2022), be cause their pres er va tion en ables de -
tailed stud ies of the taphonomic mech a nisms to which the car -
cases of both ver te brates and in ver te brates are sub ject.

HISTORICAL BACKGROUND 
OF CEP-DG-7264-N

CEP-DG-7264-N (his tor i cally la belled Ich thyo sau rus com -
munis) was bought in 1850/1851 by the Jagiellonian Uni ver sity
in Kraków, Po land (JU), Fac ulty of Min er al ogy, De part ment of
Nat u ral Sci ence (Collegium Phisicum, then lo cated at 6 Œw.
Anny St., Kraków) and sub se quently given the cat a logue num -
ber 825, with out in for ma tion of from whom or at what cost the
fos sil was bought.

The first ac count of this spec i men, along with spec i men
CEP-DG-775 (Seirocrinus subangularis plate fig ured by Kajdas 
et al., 2023) was by Alth (1864). While the spec i men was
bought by the De part ment of Min er al ogy, af ter the De part ments 
of Ge ol ogy and Palae on tol ogy were sep a rated from it, the fos sil
be came prop erty of one of the new de part ments and at some
point moved there (no in for ma tion on this is avail able in his tor i -
cal doc u ments). It was men tioned twice by Alth (1864) that the
hous ing con di tions of the spec i men were suboptimal at best.
Later, an other men tion of the spec i men ap peared in Szajnocha
(1926), who noted that the slab was placed on the wall of the 6
Œw. Anny St. stair case.

There is no ex act re cord of the place ment of the spec i men
be tween the years 1925 and 1975. Most pe cu liarly, dur ing the
long his tory of hous ing the spec i men in the Collegium Phisicum
build ing of the JU, it was cov ered in dark paint. There is no his -
tor i cal re cord of who painted the spec i men with paint and why.
A pos si ble ex pla na tion is that this was an at tempt to pass off the 
valu able spec i men as a cast to hide it from in vad ers of the oc cu -
pa tion forces dur ing World War II, who would gladly ac quire
such a trea sure. An other sce nario, now con sid ered to be the
most likely, was that the spec i men would look more aes thet i -
cally pleas ing with a uni form cover of dark paint. There is also a
pos si bil ity that the paint was ap plied as a con ser va tion tech -
nique, as the bad hous ing con di tions would have caused the
weath er ing of the rock. The coat of paint hid the orig i nal
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Fig. 1. Lo ca tion of the site where CEP-DG-7264-N was found,
and geo log i cal sketch map of south-west Ger many

A – map of Ger many with Baden-Württemberg land high lighted; B –
lo ca tion of find site – Bad Boll with high lighted out crops of
Posidonia Shale (col oured brown); re drawn and mod i fied from Coo -
per and Maxwell (2023) and Coo per et al. (2024)
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palaeontological spec i men so well that with time its true na ture
was for got ten and the ich thyo saur skel e ton was even tu ally as -
sumed to be a mere plas ter cast or a sculp ture.

Af ter 1951, the Fac ul ties of Ge ol ogy, Min er al ogy, and
Palae on tol ogy were moved from the JU to the AGH Uni ver sity
of Sci ence and Tech nol ogy in Kraków, Po land (AGH UST), but
dur ing the first six years, the fac ul ties were still placed at 6 Œw.
Anny St. In 1957, the geo log i cal sci ences re turned to the JU.
The Min is try abol ished the Fac ulty of Phys i cal Ge ol ogy of the
AGH UST and the De part ment of Geo chem is try at the Fac ulty
of Min er al ogy and Pe trog ra phy of the AGH UST. In their place,
the new Fac ulty of Ge ol ogy and Fac ulty of Min er al ogy and Pe -
trog ra phy were es tab lished at the JU, with both de part ments re -
tain ing their pre vi ous lo ca tions. How ever, the Fac ulty of Palae -
on tol ogy was re lo cated, likely with the col lec tions, to the AGH
UST build ings. There are no re cords of the fos sil’s lo ca tion dur -
ing this pe riod. The De part ment of Palae on tol ogy at the Fac ulty
of Ge ol ogy of the JU would only be es tab lished in 1958.

The fac ul ties were moved once again in 1962 to a new
build ing of the Collegium Geologicum lo cated at 2a Oleandry
St. on the sec ond cam pus of the JU. The new build ing housed
the Fac ulty of Ge ol ogy and the Fac ulty of Min er al ogy and Pe -
trog ra phy, both of which had been moved from the AGH UST.
The Fac ulty of Palae on tol ogy never re turned to the JU, and in
its place the Fac ulty of Paleozoology was formed, with
Stanis³aw Geroch as the head (Morycowa et al., 1997). 

It was not un til 9 years af ter the move to 2a Oleandry St. that 
the col lec tions from the Collegium Phisicum be gan to be un -
packed in the new JU Geo log i cal Mu seum (Prochazka, 1980).
In 1975, the ich thyo saur spec i men, along the orig i nal Seiro -
crinus plate and four plas ter casts of rep tile tracks and ma rine
rep tile skel e tons, was in cluded in the col lec tion ‘20P –
Orygina³y i odlewy liliowców, gadów i œlady stóp gadów’ (‘20P –
Orig i nals and casts of cri noids, rep tiles, and rep til ian tracks’). At 
the same time, the spec i mens from the 20P col lec tion, once
again cov ered with an other layer of black paint (Fig. 2), were
hung on the walls of the Collegium Geologicum stair case. At
this point, black en graved plates with tax o nomic iden ti fi ca tion
and ac qui si tion sites were placed on the spec i mens. CEP -
-DG-7264-N re mained hang ing on the stair case wall un til the
end of 2016. 

By early 2017, the In sti tute of Geo log i cal Sci ences of
Jagiellonian Uni ver sity (ING JU) had once again changed its lo -
ca tion from 2a Oleandry St. to 3a Gronostajowa St., which is a
part of the ‘600th An ni ver sary Cam pus’ of JU. Some of the
casts and orig i nal spec i mens from the ING JU col lec tion had
been planned to be moved to the new build ing, but due to a lack 
of suf fi cient space, spec i mens were placed in the ad ja cent Na -
ture Ed u ca tion Cen tre of Jagiellonian Uni ver sity in Kraków, Po -
land (NEC) in the mu seum col lec tion, by agree ment with
Mariusz Kêdzierski, the head of the ING JU.

Lat terly, the true na ture of the skel e tal ‘sculp ture’ of the ich -
thyo saur, which was still lo cated at the ING JU at that time, was
re dis cov ered. The spec i men, which was long con sid ered a gyp -
sum model, was dis cov ered to be an ar tic u lated, highly in tact
ich thyo saur fos sil. The four lay ers of paint that cov ered it were
re moved and con ser va tion work was un der taken on CEP-DG -
-7264-N. 

METHODS

CEP-DG-7264-N (Fig. 3) has un der gone wet clean ing of the 
black paint, and the frame it self was re in forced and ren o vated
by the ICOS prep a ra tion com pany in Cholerzyn near Kraków
dur ing Jan u ary–March 2023. The spec i men  was then dig i tized
us ing a Shin ing 3D EinScan Pro 2X 3D scan ner (Handheld
Rapid Scan) with an EinScan Pro 2X Color Pack (tex ture scans) 
and EXScan Pro 3.2.0.2 soft ware. Snap shots of the model
were cap tured in MeshLab 2022.02 (Cignoni et al., 2008) us ing
the Save snap shot tool in or tho graphic view and with the Ra di -
ance Scal ing (Lambertian) shader en abled (Fig. 4B; Vergne et
al., 2010). Ad di tion ally, an el e va tion map (Fig 4B) was gen er -
ated in ParaView 5.11.1 (Ahrens et al., 2005; Utkarsh, 2015).
To better cap ture the de tails of the skull, in clud ing the right side, 
un reach able with the sur face scan ner, an other, photogram -
metric model was pro duced in Agisoft Metashape 2.1.4. The
cra nium model was based on pho tos taken by Canon EOS M6
Mark II.
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Fig. 2. Ar chi val photo from the col lec tion of NEP JU
doc u ment ing the pro cess of cov er ing Stenopterugius

quadriscissus CEP-DG-7264-N in black paint, taken in 1974
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Fig. 3. Over view of the spec i men CEP-DG-7264-N of Stenopterugius quadriscissus af ter res to ra tion

A – over view of the fos sil; B – sche matic line draw ing of the skel e ton; C – dor sal por tion of the ax ial skel e ton show ing 
ex ag ger ated cur va ture in di cated with yel low ar rows and dark dis col our ation in tho racic area in di cated by red ar rows; 

D – lum bar and sa cral sec tion with pre served bel em nite ros tra high lighted with blue ar rows



The vir tual 3D scans of spec i men CEP-DG-7264-N are
avail able at MorphoSource:
https://n2t.net/ark:/87602/m4/703704 (whole struc tured light
body scan); https://n2t.net/ark:/87602/m4/704670 (photo gram -
metry cra nium scan).

SPECIMEN DESCRIPTION

Sys tem atic palae on tol ogy

Ichthyosauria de Blainville, 1835
Neoichthyosauria Sander, 2000
Parvipelvia Motani, 1999
Thunnosauria Motani, 1999
Stenopterygiidae Jaekel, 1904
Stenopterygius Jaekel, 1904
S. quadriscissus Quenstedt, 1856

M a t e r i a l.  – CEP-DG-7264-N, mostly ar tic u lated, al -
most com plete skel e ton; miss ing: the an te rior por tion of the ros -

trum (an te rior premaxillae and den ta ries), dis tal parts of the an -
te rior dor sal ribs, sig nif i cant part of the gastralia, sec tions of the
three dor sal ver te brae in cen tral trunk, most of the dis tal cau dal
ver te brae of the ven tral tail lobe, and dis tal pha lan ges of the left
pos te rior limb (Figs. 3–7).

L o c a t i o n. – Posidonia Shale, Bad Boll (Ger many).
R e  m a r k s. – (based mainly on Maisch and Matzke,

2000; McGowan and Motani, 2003; Maisch, 2008; and Maxwell, 
2012 spe cies dis crim i na tion char ac ter is tics): me dium-sized (2
m as pre served, es ti mated ~2.5 m in-vivo length) thunno -
saurian ich thyo saur show ing typ i cal di ag nos tic char ac ters of
Stenopterygius: 

– slen der premaxillae;
– maxilla ex tend ing as far pos te ri orly as lac ri mal; 
– an gu lar ex po sure on pos te rior lower jaw ex ten sive, but less

so than in ophthalmosaurs; 
– short man dib u lar groove; 
– hu merus with two dis tal fac ets; 
– forelimb with 4 to 5 dig its, with el e ments tightly packed prox -

i mally; 
– intermedium ap pear ing to be con nected with III digit;
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Fig. 4. 3D scans of Stenopterugius quadriscissus CEP-DG-7264-N

A – with Ra di ance Scal ing (Lambertian) shader; B – an el e va tion map high light ing the rostral 
break age, head ro ta tion, and ex ag ger ated spi nal cur va ture in the an te rior dor sal re gion
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– pel vic gir dle bi par tite; 
– ischium and pubis fused (shared only with ophtalmo saurs); 
– hindlimbs with 3 to 4 dig its; 
– forelimbs at least twice the length of hindlimbs, with hu -

merus about 30% lon ger than fe mur. 

Dif fers from the roughly co eval Eurhinosaurus longirostris,
Hauffiopteryx spp., Suevoleviathan spp., and Temnodonto -
saurus spp. in the ad vanced fu sion of theischiopubis. Ad di tion -
ally, dif fers from Hauffiopteryx typicus in a shorter row of
gastralia, from Ich thyo sau rus spp., Suevoleviathan spp., and
Temnodontosaurus spp. in a pro por tion ally smaller head, from
Eurhinosaurus longirostris and Hauffiopteryx spp. by no ob -
serv able in di ca tions of overbite pres ent; from Ich thyo sau rus
communis in nar rower forefins; from Suevoleviathan spp. E.
longirostris and Temnodontosaurus spp. in rel a tively smaller
hindfins; from Hauffiopteryx spp. by or bit be ing only mod er ately
large, yet larger than in Ich thyo sau rus spp., Suevoleviathan
spp. and Temnodontosaurus sp.; and from Hauffiopteryx spp.
and Temnodontosaurus spp. in the lack of dis tal ex pan sion of
the hu merus.

Ad di tion ally, CEP-DG-7264-N dis plays the fol low ing auta -
po morphies as cribed to Stenoptergius quadriscissus: 

– edentulous jaws; 
– antorbital seg ment of the skull mod er ately long; 
– ischiopubis and fe mur ro bust; 
– forefin with five dig its; 
– dis tal hindlimb short.

Cra nium. In con trast to the postcrania (Figs. 3, 4, 6 and 7),
the cra nium (Fig. 5) is mostly three-dimensionally pre served,
with the preorbital sec tion (ex clud ing the an te rior end of the ros -
trum) and front half of the neurocranium in tact, whereas the
pos te rior neurocranium is lat er ally com pressed like the
postcrania. The right ramus of the man di ble is de flected ventro -
laterally to the point of break ing. In over all mor phol ogy, the cra -
nium of CEP-DG-7264-N is pro por tion ally small and gracile in
the fash ion typ i cal of the ge nus Stenopterygius, which dis tin -
guishes it from the larger and more ro bust co ex ist ing gen era
Ich thyo sau rus, Suevoleviathan and Temnodontosaurus (see
McGowan and Motani, 2003). The man di ble and up per jaw ap -
pear to be in in-vivo po si tion, while the lac ri mal, pre front als,
postfrontals, fron tal, pa ri etal, postorbitals, quadrates, quadrato -
jugals and likely squa mo sals are dis placed. The skull is strongly 
pro ject ing away from the slab (vis i ble es pe cially in the el e va tion
map in Fig. 4B) and ro tated dorsoventrally, with the neuro -
cranium dis placed ven trally from its orig i nal po si tion. The an te -
rior por tion of the ros trum is miss ing (Fig. 5A), with the an te rior
parts of the premaxillae, den ta ries, and splenials frac tured, but
the ex posed right part of the skull has a well-pre served or bit,
with the scle rotic ring in tact. The or bit is only mod er ately large,
which dif fers from the pro por tion ally larger or bits of Hauffio -
pteryx spp. (see Maxwell and Cortés, 2020).
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Fig. 5. Cra nial anat omy of Stenopterugius quadriscissus
CEP-DG-7264-N

A – with with high lighted bro ken ros trum (black ar row) dis play ing
the edentulous con di tion (white ar rows) typ i cal of ontogenically
adult S. quadriscissus spec i mens; B – in ter pre ta tive draw ing with
high lighted bones; ang – an gu lar, dent – den ta ry, fr? – fron tal?, jg –
jugal, lcr – lac ri mal, mx – maxilla, ns – na sal, par? – pa ri etal?, pfr –
prefrontal?, pmx – premaxilla, po – postorbital, pofr – postfrontal,
pt? – pterygoid?, qj? – quadratojugal?, scl – scle rotic ring, spl –
splenial, sur – surangular; the hatched area in di cates rostral break -
age

Fig. 6. An te rior part of Stenopterugius quadriscissus
CEP-DG-7264-N with bones/fea tures high lighted

bel – bel em nite ros trum, cl – cleithrum, cor – coracoid, crb – cer vi cal
ribs, drb – dor sal ribs, dvr – dor sal ver te brae, gst – gastralia, hum –
hu merus, int – intermedium, intc? – interclavicle?, mphal – manus
pha lan ges, ra – ra dius, rae – radiale, scap – scap ula, uln – ulna, ule
– ulnare
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Prior to its break age, the ros trum was likely rel a tively long
and slen der, dif fer ing from the pro por tion ally shorter and del i -
cate ros trum of Hauffiopteryx spp. (Maxwell and Cortés, 2020)
and the long, but ro bust ros tra of Suevoleviathan spp. (see
Maxwell, 2018), Ich thyo sau rus spp. (see McGowan and
Motani, 2003), and Temnodontosaurus spp. (see McGowan
and Motani, 2003). The premaxillae are rel a tively long and
gracile (with no in di ca tion of sig nif i cant premaxillary elon ga tion
like in E. longirostris, see McGowan and Motani, 2003), in which 
they dif fer from the con di tion in other co eval ich thyo saur gen -
era. Al though the break age of the an te rior ros trum makes it im -
pos si ble to mea sure the length of the antorbital seg ment/to tal
man dib u lar length ra tio, it ap pears that it was ~2:3, as char ac -
ter is tic of S. quadriscissus (see Maxwell, 2012). The maxilla is

ex posed as a spin dle-shaped band along the pos te rior part of
the ros trum and does not reach the nos tril.

The skull ta ble and the pos te rior cra nial bones are dis -
placed, with part of the na sal, prefrontal, fron tal, and pa ri etal ro -
tated lat er ally to the left and moved an te ri orly, and the pos -
torbital, quadrate, quadratojugal, and likely squamosal (on the
slab the lat ter bone is not well-ex posed) dis placed strongly an -
te ri orly. The lac ri mal roughly oc cu pies its orig i nal po si tion, but is 
par tially ob scured by the neigh bour ing bones and may also be
dis placed to some ex tent. This also causes the out line of the ex -
ter nal naris to be not trace able. As a re sult, the orig i nal ex tent of
ex po si tion and pre cise con tacts be tween those struc tures can -
not be re li ably es tab lished. An elon gated, gracile jugal is mostly
in tact but has been slightly dis placed lat er ally. Due to the an gle
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Fig. 8. Ar tis tic re con struc tion of Stenopterygius quadriscissus chas ing
its pre ferred prey, a cephalopod, by Bartosz Czader
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at which the skull is po si tioned rel a tive to the bed ding plane, it is 
im pos si ble to in fer the shape of the supratemporal fenestrae,
be cause they are placed within the slate.

The an gu lar is prom i nent and well-ex posed, as in S. quadri -
scissus (Maisch and Matzke, 2000; McGowan and Motani,
2003; Maxwell, 2012), and its prom i nence is es pe cially vis i ble
due to the dor sal ro ta tion of the cra nium. The jaws of the spec i -
men are com pletely edentulous (Fig. 5A), which is an im por tant
autapomorphy of adult S. quadriscissus in con trast to other
spe cies of Stenopterygius (Maxwell, 2012; Dick and Maxwell,
2015b). The man dib u lar al ve o lar groove ap pears to be short.

Postcrania. Gen er ally, the body axis is ro tated ventro late -
rally in re la tion to the bed ding plane (Figs. 3, 4, 6 and 7) with a
vis i ble ro ta tion of the shoul der gir dle, re sult ing in the place ment
of the right limb ven trally to the body axis and squash ing its
struc ture. The shoul der gir dle it self (Fig. 6) has also been dis lo -
cated and is lo cated an te ri orly rel a tive to its in-vivo po si tion,
whereas the limb bones of the right front limb are dis placed and
disarticulated. The dis tal ends of the an te rior dor sal ribs are ro -
tated an te ri orly, while the dis tal ends of the pos te rior dor sal ribs
are ro tated pos te ri orly. The ver te bral col umn is ex posed in
dorsolateral left view, with neu ral arches disarticulated from the
centra and ly ing on their right sides. As pre served, the ver te bral
col umn is S-shaped, with the tail point ing in the op po site di rec -
tion rel a tive to the an te rior dor sal re gion.

CEP-DG-7264-N has most of the ax ial skel e ton pre served,
miss ing only sec tions of the three dor sal ver te brae from the
cen tral trunk re gion and a sig nif i cant num ber of the most dis tal
cau dal ver te brae that sup ported the ven tral lobe of the tail. The
cer vi cal ver te brae ap pear to be ob scured by the dis placed cra -
nium. The cer vi cal ver te bral centra are not de tect able, but pre -
sumed cer vi cal ribs are placed be low the ro tated cra nium.
Stenoptergius quadriscissus has 44–46 presacral ver te brae
and >90 preflexural ver te brae (Maxwell, 2012), but due to the
cra nium ob scur ing the an te rior cer vi cal ver te brae and miss ing
poste riormost cau dal ver te brae from the tail lobe, it is dif fi cult to
con firm this con di tion in CEP-DG-7264-N. None the less, ~66
ver te brae are ex posed, of which 25 are cau dal. The an te rior
dor sal por tion ap pears to show an ex ag ger ated cur va ture (Fig.
3C). In most cases, the an te rior dor sal ribs are bro ken in dis tal
parts, whereas the pos te rior dor sal ribs are mostly in tact. Most
of the pre served gastralia are dis lo cated and only the gastralia
pre served close to their lo ca tion in-vivo ap pear to be lo cated in
the an te rior tho racic re gion be low the spi nal cur va ture (Fig. 6),
trans versely and ven trally away from their po si tion in life. The
gastralia do not ap pear to ex tend to the pos te rior dor sal re gion,
which is dif fer ent from Hauffiopteryx spp. (Maxwell and Cortés,
2020). Fur ther more, ad ja cent to pos te rior ab dom i nal and an te -
rior cau dal re gions, along with a sin gle oc cur rence near the
skull, bel em nite ros tra can be ob served (Figs. 3C, 6 and 7).

The en tire shoul der gir dle is dis placed, as is the right
forelimb, which is com pletely disarticulated. The left part of
shoul der gir dle is more clearly vis i ble and dis cern ible, due to the 
right half of the gir dle be ing cov ered by the cra nium and cer vi cal 
ver te brae. The de tails of the shoul der gir dle are not well-ob -
serv able due to its dis place ment; thus, it is hard to ob serve the
acromial and coracoid notch, which are also iden ti fy ing char ac -
ters for the ge nus. The front limbs (Fig. 6) are com par a tively
nar row (in con trast to Ich thyo sau rus communis and later
Ophthalmo sauridae, see McGowan and Motani, 2003), and the 
hu meri fea ture two ob serv able dis tal fac ets for ar tic u la tions with 
the ul nae and ra dii. The pec to ral limbs of Stenopterygius spp.
have 4 to 5 dig its (Maxwell, 2012) and oc ca sion ally 6 dig its ac -
cord ing to McGowan and Motani (2003), while CEP-DG- 7264 -
-N has 5 dig its, with three most prox i mal pha lan ges of digit V

pre served. The left front limb is semi-ar tic u lated with only the
me dial and dis tal pha lan ges dis jointed from their in-vivo place -
ment and the prox i mal carpals, hu merus, ulna, and ra dius
roughly re tain ing their rel a tive po si tions. Most of the left pad dle
is disarticulated from the prox i mal part of the limb as a sep a rate
clus ter and some what disarticulated dis tally, but re tains its gen -
eral pat tern. The intermedium was con nected to digit III as in S.
quadriscissus. The preaxial notch ing is poorly marked and af -
fects the ra dius and the anteriormost autopodial seg ments.

Hindlimbs (Fig. 7) of CEP-DG-7264-N are sig nif i cantly
smal ler and less ro bust than forelimbs, and the forelimb -
-hindlimb length ra tio is 2:1. The well-ex posed left hu merus is
not only sig nif i cantly more mas sive, but even with its slight ven -
tral ro ta tion it is about 1/3rd lon ger than the femora. The pel vis
is bi par tite, whereas the ischiopubis of the spec i men is fused
(which dif fers from the co eval Hauffiopteryx spp., Eurhino -
saurus longirostris, Suevoleviathan spp. and Temnododonto -
saurus spp; see Mc Gowan and Motani, 2003; Maxwell and
Cortés, 2020), and ro tated lat er ally from lidlimbs, the fe mur,
tibia and fib ula, as well as the tarsals and meta tar sals are pre -
served and ar tic u lated, but in the left hindlimb the dis tal pha lan -
ges are miss ing. The right hindlimb has 3 dig its, and two ad di -
tional dis jointed pha lan ges are ad ja cent to the 3th and 4th pha -
lan ges. The tibia and the sub se quent three preaxial autopodial
seg ments ex hibit dis tinct notch ing. Stenoptergius quadriscis -
sus can also be dif fer en ti ated from S. uniter and S. triscissus by
their pro por tion ally ro bust ischiopubis and fe mur, and short dis -
tal hindlimb (Maxwell, 2012), which CEP-DG-7264-N ap pears
to dis play.

DISCUSSION

TAPHONOMY

Based on our ob ser va tions: head ro ta tion, skull pro jec tion
from the slab that dif fers dras ti cally in an gle from the rest of the
body plane, and dam age to the an te rior part of the ros trum, we
be lieve that CEP-DG-7264-N ar rived headfirst on the seafloor
af ter its death, sim i lar to the con di tion ob served in the S. uniter
spec i men SMNS 81719 stud ied by Maxwell et al. (2022). The
skull has been frac tured and dis lo cated due to the strong im pact 
of land ing, and the trauma has also flexed the spine in the cer vi -
cal-tho racic re gion, pos si bly in flu enc ing the sep a ra tion of the
cer vi cal re gion. The spec i men landed on its right side, with its
right front limb disarticulated and lo cated un der neath the body.
As a re sult of spi nal ro ta tion, the front of the body is pre served
on its side, while the pos te rior sec tion is pre served more latero -
dorsally. The anteriormost cer vi cal ver te brae ap pear to be
pressed into the back of the skull, sim i lar to SMNS 81719. Fur -
ther more, the ob served flex ure of the spine in the an te rior sec -
tion may have been en hanced by post-mor tem rigor mor tis re -
lax ation. 

We did not ob serve sig nif i cant traces or signs of bioerosion
or encrustation on the skel e ton. There are six bel em nite ros tra
(Belmenitida indet.) scat tered near the skel e ton: one lo cated
prox i mally, close to the head, and oth ers lo cated in the pos te rior 
ab dom i nal and sa cral re gion. The as so ci ated bel em nite ros tra
lo cated in the ab dom i nal re gion could be in ter preted as the re -
mains of a meal from the an i mal’s gas tro in tes ti nal tract. Post-
 mor tem, the build-up of ab dom i nal gases could lead to scat ter -
ing of the ros tra around the pos te rior trunk and an te rior tail re -
gion. How ever, no crush ing or su per fi cial di ges tion/etch ing
traces can be ob served mac ro scop i cally. There are signs of
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dark grey/brown ish col or ation in side the chest cav ity (Fig. 3C),
which be an or ganic res i due from the an i mal’s or gans, though
al ter na tively an arte fact re sult ing from pre vi ous con ser va tion
works.

ONTOGENETIC STAGE OF CEP-DG-7264-N 
AND THE DIET OF S. QUADRISCISSUS

The on tog eny of S. quadriscissus has been ex ten sively
stud ied (Dick and Maxwell, 2015b; Dick et al., 2016; Miedema
and Maxwell, 2022). Stenoptergius quadriscissus teeth are
sim ple, con i cal, and with out enamel ridges (Maxwell, 2012),
and ap pear to ex hibit few signs of wear (Dick and Maxwell,
2015b), sug gest ing that their role in food pro cess ing was not
es sen tial. Most im por tantly, many spec i mens of S. quadri -
scissus are edentulate (lack teeth) (Dick and Maxwell, 2015b;
Dick et al., 2016), while some other spe cies of Stenopterygius
pos sess larger, unre duced teeth. Small ju ve nile spec i mens
have been ob served to have toothed mouths while larger spec i -
mens, in ter preted as more ontogenically ma ture, have very re -
duced dentition or tooth less ros tra (Dick and Maxwell, 2015b;
Dick et al., 2016). Maxwell (2012) noted that edentulism is prev -
a lent in spec i mens of S. quadriscissus that ex ceed 2 m in
length, such as CEP- DG-7264-N. Dick et al. (2016) pos tu lated
that it ap pears that Stenopterygius quadriscissus ex pe ri enced
an onto genetic change in diet, the young an i mals feed ing pri -
mar ily on small fish, while adults ap peared to be ex clu sively
teuthivorous, this be ing cor re lated with their ontogenetic loss of
teeth. If this was the case, and also con sid er ing the size of the
fos sil (es ti mated 2.5 m in to tal length in vivo), CEP-DG-7264-N
rep re sents a ma ture spec i men ex hib it ing an ad vanced stage of
ontogenetic teeth re duc tion.

Dick and Maxwell (2015b) have pro posed that Steno -
pterygius em ployed ‘smash feed ing’ (Fig. 8), in which the high
ve loc ity and the sole im pact of con tact of the rostral bones with
their pre ferred prey, bel em nites, were suf fi cient to split the
guard of the bel em nite. The pred a tor then con sumed only the
soft parts, rep re sent ing a quite spe cific ex am ple of the ‘Smash
guild’ of pred a tory ma rine rep tiles of Massare (1987). In this
sce nario, the gas tro in tes ti nal tract would not come into con tact
with the hard bel em nite ros tra, and it has even been sug gested
that ich thyo saurs ac tively avoided the hard parts, spit ting them
out (Wurstemberger, 1876; Pol lard, 1968; Keller, 1976;
Massare, 1987; Böttcher, 1989). Dick and Maxwell (2015a)
noted that the ram feed ing/raptorial teuthivore eco type ap pears 
to have been a prev a lent niche for ich thyo saurs through out the
ex is tence of the group. Ontogenetic teeth loss is pres ent also in 
other ich thyo saur gen era (i.e. Sander et al., 2011; Mar tin et al.,
2012), per haps con nected with this diet.

The skull of S. quadriscissus, among Stenopterygius spe -
cies, ap pears to be es pe cially adapted to feed ing on cepha lo -
pods, be cause the ros trum is rel a tively shorter than in other
spe cies (Maxwell, 2012), and short en ing of the ros trum to -
gether with den tal re duc tion is con sid ered an ad ap ta tion to spe -
cial iza tion in feed ing on cepha lo pods in ich thyo saurs (Sander
et al., 2011). A large num ber of iso lated bel em nite ros tra have

been found through out the Posidonia Shale, that may be ev i -
dence of this kind of feed ing be hav iour among these an i mals
(Seilacher, 1990; Etter and Tang, 2002). 

In this light, it re mains de bat able whether the as so ci ated
bel em nite ros tra are the re sult of the last meal, as Dick and
Maxwell (2015b) sug gest the ac tive avoid ance of this ma te rial
by ichthosaurs while feed ing. Per haps those bel em nite re mains 
were just de pos ited in close vi cin ity to the body of the an i mal.
Dick et al. (2016) note that as yet, no bel em nite ros tra have
been found in adult S. quadriscissus stom ach con tents. How -
ever, the large num ber of ros tra in close vi cin ity should be con -
sid ered, as it can not be ex cluded that the ros tra are in deed from 
the gas tro in tes ti nal tract and, per haps by mis take, the spec i -
men ana lysed had eaten the bel em nites whole. The ros tra are
slightly dis lo cated pos te ri orly from the ab dom i nal re gion, and if
they are in deed the last meal, the likely cause of their po si tion
was post-mor tem dis place ment by ab dom i nal gases. 

CONCLUSIONS

The fas ci nat ing his tory of the paint ing over of the ichtyosaur
spec i men CEP-DG-7264-N ex plains why it was con sid ered a
plas ter cast for so long. How ever, due to the alert ness and per -
se ver ance of the NEC staff, the true na ture of the spec i men was 
re vealed.

The taphonomy of CEP-DG-7264-N sug gests that it landed
post-mor tem on the sea floor on its ros trum, caus ing the break -
age of the anteriormost frag ments of the premaxillae, den ta ries
and splenials, and the im pact prob a bly also caused as so ci ated
cra nial and spi nal dis lo ca tions. 

Ob serv able edentulism is a char ac ter is tic con di tion of
ontogenetically ma ture spec i mens of S. quadriscissus, which
was re lated to their bel em nite diet, and leads us to be lieve that
CEP-DG-7264-N was an adult. The as so ci ated bel em nite ros -
tra could likely be an other ex am ple of the spe cies’ di etary pref -
er ences and may have pos si bly been the last meal of the an i -
mal, as they are lo cated closely ad ja cent to the re gion of the
gas tro in tes ti nal tract, even if S. quadriscissus typ i cally avoided
the hard parts of their cephalopod prey. How ever, it can not be
ex cluded that ob served ros tra may just have been de pos ited in
close vi cin ity to the body dur ing sed i men ta tion.

Most im por tantly, CEP-DG-7264-N is an other ex am ple of a
per fectly pre served spec i men of S. quadriscissus, ex pand ing
the fu ture po ten tial of the ma te rial to study pop u la tion trends
and other bi o log i cal char ac ter is tics in these an i mals. CEP-
 DG-7264-N is now one of the centrepieces of the NEC col lec -
tion.
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tude to B. Czader for cre at ing the il lus tra tion of Stenopterygius
quadriscissus (Fig. 8). The prep a ra tion of CEP-DG-7264-N was 
con ducted us ing the stat u tory fund ing of NEC of the
Jagiellonian Uni ver sity in Kraków. We would like to thank the
Ed i tor M. Zatoñ for his work and the re viewer D. Surmik for his
in sight ful and help ful com ments that im proved the qual ity of the
manu script. 
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