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Abstract

An exceptionally well-preserved ichthyosaur skull of Toarcian age, SNHM 2753-R, from the locality of
Geopunkt Jurameer Schandelah, Lower Saxony, Germany, is placed within the family Leptonectidae by
virtue of its small teeth that are conical, slender and lack enamel ornamentation, its slender snout, its
quadratojugal in posterior position as well as its small supratemporal fenestra and its very orbit. The skull
is short, and its teeth also possess marginally recurved crowns and large, bulbous, infolded roots. Its snout
is long and delicate with a short mandible, resulting in an overbite and its basioccipital features a large
extracondylar area. For these reasons it is placed within the genus Wahlisaurus. However, SNHM 2753-R
features a far more distinct overbite than Wahlisaurus massarae at 97 mm, is smaller in skull size at 301
mm and anteriorly, its surangular only extends to the anterior half of its naris unlike in the holotype of
Wahlisaurus massarae, which has a surangular reaching its maxilla’s anterior margin. It is also considerably
younger at Toarcian instead of Hettangian age. Thus, it is placed within Wahlisaurus sp. nov., which is left
in open nomenclature. The diagnosis formerly in effect for both the genus of Wahlisaurus as well as the
species of Wahlisaurus massarae is used solely for generic distinction and new diagnoses are introduced
to differentiate Wahlisaurus massarae and Wahlisaurus sp. nov. based on the characters mentioned.

Introduction

The first ichthyosaur remains that were identified as such were discovered by Joseph Anningin 1811 (Joger
2014) and described in 1814, being considered a link between fishes and crocodiles (Home 1814; Appleby
1961). In 1819, the phylogenetic relationships were revisited, Ichthyosaurus instead being placed between
salamanders and lizards (Home 1819). The first good accounts of an ichthyosaur skull were given in 1821
and 1822 and included the first use of binomial nomenclature in ichthyosaurs (De la Beche & Conybeare
1821; Appleby 1961) with Leptonectes tenuirostris (Conybeare 1822) but relied largely on composite
illustrations (Appleby 1961). In 1846 a fossil of Ichthyosaurus communis that showed a smaller individual
protruding from its pelvis was discovered, suggesting that it died giving birth, giving the first evidence for
ichthyosaurs being viviparous (Pearce 1846). In the following decades, numerous new species of
ichthyosaurs were established, including such examples as Eurhinosaurus longirostris and Suevoleviathan
integer (Bronn 1844; Mantell 1851). However, most of these species had been referred to the genus
Ichthyosaurus before Lydekker considered sub-dividing the genus in 1889 (Appleby 1961). Two years prior,
it had been concluded that the ichthyosaurs originated from relatives of the Sphenodontidae and the new
genus Mixosaurus and its family, Mixosauridae were established (Baur 1887). Subsequently, new genera
for newly found and old species were introduced in the following years, including Stenopterygius (Jaekel
1904) and Eurhinosaurus (Abel 1909). In 1948, it was concluded that the high degree of aquatic
specialisation in ichthyosaurs does not allow for any speculation on their origin from any know terrestrial
reptile group (Romer 1948). Already, Holzmaden in Germany was established as one of the most important
sites of ichthyosaur discovery as over 200 specimens were being unearthed there annually (Ley 1951). In
1956, the first evidence of brown pigmentation was found (Whitear 1956), in 1965 it was hypothesised
that ichthyosaurian descended from cotylosaurs (Colbert 1965) and in 1968 it was concluded that
Temnodontosaurus fed on a diet of cephalopods (Pollard 1968). By examining the cranial morphology of
Ichthyosaurus in 1973, it was found to possess a very large brain with a large cerebellum and corpus
striatum compared to other reptiles, leading to the interpretation that the animals displayed a high degree
of movement coordination, instinctive behaviour and possibly social and parental behaviour while the
lagena was found to be small, suggesting an underdeveloped sense of hearing (McGowan 1973). It was
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also speculated on their overwhelming abundance in the deposits of southern Germany being caused by
taphonomy, not biogeographical distribution, and doubts on the phylogenetic value of differentiating
between latipinnate and longipinnate ichthyosaurs were expressed (McGowan 1979). In 1991, the remains
of an ichthyosaur of ca. 21 m in length were discovered in Canada, which were later described as
Shonisaurus sikanniensis, the largest known specimen at the time (Nicholls & Manabe 2004). In the same
year, it was suggested that some ichthyosaurs may have been homeothermic or may at least have been
helped in maintaining stable body temperatures by their large mass (McGowan 1991). In 1992, the theory
that ichthyosaurs were replaced by mosasaurs was challenged because they were not in direct
competition and instead suggested that they were affected by the disappearance of many cephalopod
species, which were their main source of nutrition, caused by an extinction event at the Cenomanian-
Turonian boundary (Bardet 1992). In 1996, the large number of vertebrae in the primitive Chensaurus
were interpreted as signs of an eel-like movement, suggesting that ichthyosaurs may have evolved from
an eel-like body to a jack-like body before reaching a tuna-like body plan, suggesting an anguilliform,
carangiform and thunniform movement pattern, respectively (Motani, You & McGowan 1996). In 1997, of
several species of Mixosaurus, only two were regarded as valid and several species of Phalarodon were
also described as synonymous with these two Mixosaurus taxa (Callaway 1997). In 1998, the leptonectid
family was established for Eurhinosaurus, Excalibosaurus and Leptonectes based on their large eyes, long
overbite and long and three- to four-fingered flippers (Maisch 1998). Suevoleviathan and other genera
were also described (Maisch & Matzke 2000).

A phylogeny of ichthyosaurs was published in 1999, also naming two new genera (Motani 1999). In the
same year, Temnodontosaurus’s eyes were found to have measured up to 26 cm in diameter, which is
larger than any other known animal (Motani et al. 1999; Joger 2014). Also in that year, it was suggested
that ichthyosaurs might have faced extinction due to competing with ambush predators such as
plesiosaurs and mosasaurs after all as faster swimming fishes had evolved during the Cretaceous (Lingham-
Soliar 1999). Via CT-scan it was found that Platypterygius’s ear morphology would not have allowed it to
hear, making it deaf but sensory structures allowing it to smell as well as a system of channels and grooves
were also discovered (Ellis 2003), which were later speculated to be an electrosensory system like those
in modern sharks (Ellis 2002).

Following his 1998 review on ichthyosaur taxonomy, a revision of the genus Stenopterygius was published
in 2008, regarding only Stenopterygius quadriscissus and S. triscissus of the previously eight species of
Stenopterygius as valid, establishing a new species using the already existent but formerly invalid name S.
uniter, also referring Ichthyosaurus longipes and I. longifrons to these taxa as well as establishing a new
genus and elevating the former subspecies S. hauffianus forma typica to species level in Hauffiopteryx
typicus based on severe morphological differences between it and Stenopterygius, thus continuing the
trend of simplification in ichthyosaur taxonomy (Godefroit 1994; Maisch 1998; Maisch 2008). A fourth
species of Stenopterygius was described in 2012 in S. aaleniensis (Maxwell et al. 2012). The same year saw
the description of Temnodontosaurus azerguensis (Martin et al. 2012). In 2015 and 2016, three new
species of Ichthyosaurus were described in Ichthyosaurus anningae (Lomax and Massare 2015), /. larkini
and I. somersetensis (Lomax and Massare 2016). Finally, a new leptonectid genus and species were
established in 2016 under the name of Wahlisaurus massarae (Lomax 2016). The purpose of this thesis is
to describe the recently unearthed fossil skull of an ichthyosaur from Schandelah, Lower Saxony, Germany
for the first time and classify it taxonomically.



Material and Methods
Geological Background and Material

During the early Jurassic, an extensive intracontinental shelf sea was formed in central Europe, the water
temperature of which was estimated to be 20-27 °C (Zellmer 2014). The Posidonia Shale formation, a
series of black shales rich in organics with intercalated limestone horizons that was deposited in the
Southwest German Basin during the early Toarcian (early Jurassic) is one of the Central European
Epicontinental Basins, which is a group of such Toarcian formations throughout central Europe (Réhl &
Schmid-Rohl 2005; Dick 2015).

Figure 1. Central and Western Europe during the lower Toarcian. Dark grey areas indicate land, light grey areas marine deposits
and medium grey areas bituminous shale deposits. Digits indicate digsite localities, of which number 4 is Schandelah, Lower
Saxony, Germany. The map has been modified by Maisch and Ansorge after Riegraf (1985) and the insert map has been taken
from Hauff (1997). (Maisch & Ansorge 2004)



However, this formation can also be found in
the Lower Saxonian Basin (fig 1), at the edge
of which Brunswick and Cremlingen are
located (Zellmer 2014). The Posidonia Shale
is known for its exceptional fossil
preservation, especially of ichthyosaurs,
which are mostly found near Holzmaden
(Maxwell 2012). These fossil-rich deposits
were named after the ubiquitous genus
Posidonia and formed wunder anoxic
conditions, thus enabling this level of
preservation, even sometimes yielding skin
impressions in ichthyosaurs (Zellmer 2014).
Also named Lias Epsilon (Lias €), it is divided
into three sections of unequal thickness,

which are €I, corresponding to the

relative to the village of Schandelah (map: http://www.geopunkt- Dactyloceras  tenuicostatum  ammonite
schandelah.de/Kontakt-Besuch/).

zone, ell, corresponding to the Dactyloceras
tenuicostatum and Harpoceras falciferum ammonite zones, and ¢lll, corresponding to the Hildoceras
bifrons ammonite zone (Riegraf et al. 1984; Maxwell 2012). The area near Brunswick has yielded a great
number of well-preserved fossils of different taxa. These include but are not limited to ichthyosaurs,
crocodilians, insects and fishes (Hauff et al. 2014). For this reason, in cooperation with the Dr. Scheller
Stiftung, the State Museum of Natural History Brunswick and the Harz — Brunswick Land — Eastphalia
National Geopark, permanent sites of excavation were established in Hondelage, a district within the city
of Brunswick, and in Schandelah, a village within the municipality of Cremlingen. Excavations at Geopunkt
Jurameer Schandelah (fig. 2) began in 2014 and more than 700 fossils of different species such as the fishes
Acidorhynchus and Tetragonolepis have been found in the first three years, the number increasing each
year (http://www.geopunkt-schandelah.de/Hintergrund/). The specimen examined in this thesis was
recovered on 12 May 2015, given the inventory number SNHM 2753-R and subsequently prepared by
Sebastian Radecke, State Museum of Natural History Brunswick (Kosma, pers. comm. 2017). On 23
September 2015, 16 zoned sediment samples were taken, of which 13 were used for
micropalaeontological ~examination  (Heunisch, pers. comm. 2015; http://www.geopunkt-
schandelah.de/Hintergrund/). The palynological work showed only small numbers of palynomorphs
because the samples were taken close to the sediment surface, which is why quantitative analyses did not
take place (Heunisch, pers. comm. 2015). The samples contained mainly amorphous clasts, which partially
consisted of small algae like Halosphaeropsis liassica (fig 3; Heunisch, pers. comm. 2015). Further
components of the Posidonia Shale that were found include Prasinophyceae, namely Tytthodiscus,
Pleurozonaria, Pterosphaeridia, Cymatiosphaera, Tasmanites and Campenia (fig 3; Heunisch, pers. comm.
2015). Neither spores nor pollen found allowed any exact dating of the samples as they can also be found
in a greater range of strata (Heunisch, pers. comm. 2015). Dinocysts found were related to the
Dodekovia/Reutlingia/Susadinium ssp. group (fig 3) and to Evansia cf. granochagrinata and thus indicate
a late-Toarcian age (Heunisch, pers. comm. 2015). However, no further fossil evidence for this assessment
was found, which is why it remains dubitable (Heunisch, pers. comm. 2015).



Figure 3. Some of the species found in the palynological analysis of sediments at Geopunkt Jurameer Schandelah.
?Mikrocysta sp; 2, 5 = Halosphaeropsis liassica; 3 = Dodekovia/Reutlingia/Susadinium spp.; 4 = Tytthodiscus sp.; 6
Pterosphaeridia undulata (Heunisch, pers. comm. 2015).

n =

Methods

The specimen was visually examined to determine all relevant anatomical features, such as points of
contact between the individual elements, the shape and condition of bones and sutures, surface structure
and ornamentation and taphonomic features. Then, measurements were taken and ratios to be used in
determining the specimen’s species were calculated. The findings were analysed by comparison to data
found in the scientific literature pertinent to the subject of Early Jurassic ichthyosaurs.



Description
Taphonomy

SNHM 2753-R is a complete skull, which has been deformed during diagenesis (fig 4). The ventral to
anteroventral half of its sinistral side has been fully flattened, its dorsal to dorsoposterior half of the
sinistral side as well as the sinistral half of its skull roof and its neurocranium appear to be intact and the
dextral half of its skull roof has been partially crushed. It is embedded in sediment ventrodextrally, leaving
its sinistral side, most of its skull roof and parts of its neurocranium well exposed, with its posterior skull
partially visible but mostly obscured from view by sediment and neurocranial elements. The premaxilla
has been dislocated posterodorsally and rotated along its anteroposterior axis by 180° as well as
counterclockwise by 45°. It is embedded next to the rest of the skull anterodorsally. The mandibular tip is
either overlapped by the dislocated premaxilla or missing entirely. Several premaxillary, maxillary and
dentary teeth can still be identified but many have been dislocated, covering parts of the maxilla, lower
jaw and skull roof. A few teeth can also be found in isolation in dorsal position to the specimen.

Figure 4. SNHM 2753-R in dorsolateral view. Abbreviations: pmx = premaxilla; mx = maxilla; | = lacrimal; n = nasal; j = jugal; prf =
prefrontal; pof = postfrontal; f = frontal; pa = parietal; st = supratemporal; por = postorbital; sq = squamosal; gj = quadratojugal;
sc = sclerotic ring; so = supraoccipital; ex = exoccipital; bo = basioccipital; s = stapes; pr = prootic; q = quadrate; ar = articular; hy
= hyoid rod; d = dentary; sa = surangular; a = angular.



A small portion of the exposed orbital margin is missing dorsally. Due to the aforementioned crushing of

the skull roof, the dextral parietal is now overhanging its sinistral counterpart and the
fissured along its lateral axis and partially displaced anteriorly

skull has been
at its dextral supratemporal fenestra’s

margin. The neurocranial elements are located near their original positions. However, they have been

slightly displaced, partially rotated and eventually fuse
rotated by 180° and displaced from the hyoid apparatus posteriorly, thus ex

specimen.

Preorbital skull
Premaxilla

The 181 mm long (Table 1) sinistral
dislocated by a
centimetres from its initial position, having
been turned over along its anteroposterior
axis by 180° (fig 4). Thus, its original
connections to other elements of the skull

premaxilla is few

and measurements including the premaxilla
can only be estimated. However, an upper
adjacent to the maxilla,
apparently the other premaxilla, is still
connected to the skull but it appears to be
much shorter than the dislocated one. So, it
is likely that its tip has either been broken
off or is embedded deeper in the claystone,
still.

jaw bone

Which of these is the case cannot be determined as the up

d during diagenesis. A single hyoid rod has been
posing it to be visible in this

Preorbital skull and mandible

Measured feature

Length in mm

Premaxilla (tip to naris) 181
Mandible 204
Overbite 122
Maxilla 68
Naris 19
Distance posterior naris — anterior orbit 13
Lacrimal (anterior face) 28
Lacrimal (ventral face) 53
Lacrimal (posterior face) 42
Preorbital skull/snout length 213
Snout height at naris 47

Table 1. Measurements taken from the preorbital skull and mandible of

SNHM 2753-R.

per jaw’s tip is overlain by the dislocated

premaxilla. Both the processus supranarialis and the processus subnarialis of this dislocated bone are

relatively long and straight, almost parallel to one anot
naris in their original position. The supranarial process is about a centim
and ends posteriorly in a slight eminence. Arid
the premaxilla, where it gradually recedes into t
praemaxillaris, which also originates at the naris but e
cm away from the bone’s tip a small fovea can be foun
be found along the premaxilla’s entire dorsal margin. Only 6 teet
dislocated premaxilla and are still preserved in articulation. 10 mor

her and seem to have enveloped almost the entire
etre shorter than its counterpart
ge extends from the tip of the naris to about the centre of
he bone. Ventrally, it is adjacent to the fossa
xtends up to the very tip of the premaxilla. About 8
d within the fossa praemaxillaris. Another ridge can
h can unequivocally be attributed to the
e teeth are dislocated and situated on

top of the premaxilla, partially obstructing the view on it. Another 12 teeth are still connected to the
articulated upper jaw, most of them to the maxilla. All teeth still in articulation appear to be tightly packed

with little space in between. The posteriormost of them are locate
anteriormost about 60 mm posterior to the tip of the premaxilla. All teeth are ¢
to have featured smooth crowns in life, not showing

d 25 mm anterior to the orbit, the
onical in shape and appear
any form of serration or other enamel ornamentation.

They measure up to 11 mm in length and are either straight or slightly bent toward the tip. Their roots are

nearly cylindrical in shape and possess large, bulbous roots, some 0

f which show infolding.




Maxilla

The maxilla is 68 mm in length (Table 1) and appears to have been enveloped by both the dextral and
sinistral premaxilla in life when the latter was still in articulation. Anterodorsally, it is bordered by a still
articulated bone of the upper jaw that is supposedly the dextral premaxilla. Posterodorsally, it is partially
overlain by a small plateau, which is dorsally convex, about 25 mm in length and offset to its surrounding
bones by a few millimetres, possibly part of the premaxilla. It appears that the maxilla does or did not
contact the external naris. The elongate, approximately triangle shaped bone possesses a smooth surface
and no further noticeable features other than a slight ridge along its anterodorsal margin. At least 11
maxillary teeth can be seen. Their shape does not differ from the premaxillary teeth.

Figure 5. The skull roof of SNHM 2753-R in dorsolateral view. Abbreviations: n = nasal; prf = prefrontal; pof = postfrontal; f =
frontal; p = parietal; st = supratemporal.

Lacrimal

The lacrimal makes up the posterior and half of the ventral margin of the naris, so it prevents the nasal
from touching the naris. It is concave where in contact with the laterally oriented 19 mm long naris, thus
giving the latter the shape of a flattened, overturned dome. The bone’s anterior margin measures 28 mm
in length, its ventral margin 53 mm and its posterior margin 42 mm (Table 1). The lacrimal borders the
nasal dorsally, is overlapped by the prefrontal posterodorsally, borders the orbit posteriorly and touches
oris partially overlapped by the jugal ventrally. It is anteroventrally overlapped by the same small plateau
that overlaps the maxilla posterodorsally. Its processus ventralis anterior possibly overlaps the dextral
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