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Abstract

Besanosaurus leptorhynchus is an early-diverging merriamosaurian ichthyosaur from the Middle Triassic Besano Formation of Al-
pine Europe. When the holotype specimen was first described, potential foetal material within the specimen was identified via X-ray 
imaging. Now, following further preparation, we describe this material in detail. The foetal remains consist of a single, slightly 
disarticulated individual located in the area corresponding to the right uterine cornu in the anterior trunk region. Much of the cra-
nium, postcranial axial skeleton and part of the appendicular skeleton are preserved. The foetus is oriented in a manner suggesting 
tail-first birth, a trait common in more derived ichthyosaurs. Its developmental stage corresponds to the latest prenatal stage (stage 4) 
established for the parvipelvian ichthyosaur Stenopterygius. Several cranial elements demonstrate features influenced by ontogeny, 
such as the shape of the paracoronoid process of the surangular and the curvature of the jugal. A peculiar feature of the foetus is the 
presence of palatine teeth, previously reported among ichthyosauromorphs only in early-diverging ichthyosauriforms and the poorly 
known, small-bodied ichthyosaur Wimanius, which co-occurs with Besanosaurus at Monte San Giorgio. Our observations on the 
foetus confirm the original interpretation of this material as foetal rather than stomach contents, as has been more recently proposed. 
The new data allow us to discuss observations on the in utero carrying position of ichthyosaur foetuses more broadly.
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Introduction

Ichthyosaurs were a group of marine reptiles that lived 
throughout most of the Mesozoic (ca. 251–94 mya) 
(McGowan and Motani 2003; Motani 2005; Fischer et 
al. 2016). Over the course of their evolutionary history, 
the clade evolved several adaptations to the marine envi-
ronment, including hydrofoil-like flippers, a dorsal fin, a 

caudal fluke and insulating blubber (Lindgren et al. 2018; 
Renesto et al. 2020; Motani and Vermeij 2021; Gutarra 
et al. 2023). Due to these morphological traits, ichthyo-
saurs are often considered superficially convergent with 
cetaceans. However, they appear to differ from cetaceans 
in terms of feeding strategies (Motani et al. 2013; Delsett 
et al. 2023). A feature shared by both groups is a vivip-
arous reproductive strategy, which may have evolved 
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either as an adaptation to marine life or as a trait acquired 
in terrestrial ancestors that proved advantageous during 
the early stages of marine invasion (the latter being 
the case in cetaceans)(Gingerich et al. 2009; Motani et 
al. 2014). Viviparity is evidenced by the discovery of 
numerous gravid ichthyosaur females from several taxa 
spanning ichthyosaur phylogeny (Miedema et al. 2023b). 
Furthermore, special attention has recently been given 
to the birthing strategies of early-diverging Triassic 
ichthyosauriforms (Motani et al. 2014; Klein et al. 2020; 
Miedema et al. 2023b).

Besanosaurus leptorhynchus is an early-diverging 
merriamosaurian ichthyosaur from the Middle Triassic of 
the southern Alpine region (Dal Sasso and Pinna 1996; 
Bindellini et al. 2021, 2024). All known specimens orig-
inate from the Besano Formation, which crops out on 
both sides of the Swiss-Italian border (Röhl et al. 2001; 
Bindellini et al. 2021). Currently, B. leptorhynchus is 
considered the only large-bodied shastasaurid (or shasta-
saur-grade) ichthyosaur from the Besano Formation 
(Bindellini et al. 2021). Shastasaurids (sometimes infor-
mally called “shastasaurs”) are early-diverging and 
often large-bodied merriamosaurian ichthyosaurs that 
were present throughout almost the entire Triassic (late 
Olenekian–latest Rhaetian) (Fischer et al. 2014; Lomax 
et al. 2024; Roberts et al. 2025). A recent, widely used 
definition of Shastasauridae is node based: the most 
recent common ancestor of Besanosaurus leptorhynchus 
and Shastasaurus pacificus and all of its descendants 
(Ji et al. 2015). However, there are conflicting hypoth-
eses on whether “shastasaurs” actually form a clade 
e.g. (Ji et al. 2015), or if they represent a grade at the 
base of Euichthyosaria (Bindellini et al. 2021). Foetuses 
of “shastasaurs” in particular remain poorly known. 
Recently, foetal material was confirmed within specimens 
of Shonisaurus popularis from the Luning Formation 
(Carnian, Late Triassic) of Nevada, USA (Kelley et al. 
2022). The discovery provided the first insight into the 
potential gregarious behaviour of female ichthyosaurs 
close to parturition, a phenomenon also potentially 
observed in an Early Cretaceous platypterygiine (Kelley 
et al. 2022; Pardo-Pérez et al. 2025). However, because 
the Shonisaurus foetal material has not yet been described 
in detail, developmental data for “shastasaurs” are still 
lacking. In the original description of the holotype of 
Besanosaurus leptorhynchus, the authors noted clusters 
of foetal (referred to as embryonic) elements on the basis 
of radiographs (Dal Sasso and Pinna 1996; Miedema et 
al. 2023b; Bindellini et al. 2024). However, since the 
original description of B. leptorhynchus was published, 
further preparation of the holotype specimen has fully 
exposed the foetal elements.

Here, we provide a detailed description of the foetal 
material preserved inside the body cavity of the holo-
type of B. leptorhynchus and qualitatively compare 
its morphology with that of the maternal specimen. 
Additionally, we compare the foetal remains with those of 
other known ichthyosaur prenatal developmental stages 

and briefly discuss the inferred position of the ichthyo-
saurian uterine tract. The foetus provides further insight 
into ichthyosaur development, representing an evolu-
tionary stage from which foetuses remain poorly known.

Geological context

The Besano Formation (“Grenzbitumenzone”) crops out 
on Monte San Giorgio (Lombardy, Italy, and Canton 
Ticino, Switzerland; UNESCO WHL document 1090bis); 
its palaeobiodiversity is among the highest recorded for 
Middle Triassic marine reptile faunas (e.g., Benton et al. 
2013; Furrer et al. 2024; Klug et al. 2024a). The Besano 
Formation is up to 16 m thick and consists of an alterna-
tion of black shales and laminated, organic-rich dolomitic 
layers, dated to the Anisian/Ladinian boundary (Brack et al. 
2005; Wotzlaw et al. 2018), deposited in a 30–130 m deep 
and approximately 20 km wide basin (Bernasconi 1991, 
1994; Bernasconi and Riva 1993). The middle portion of 
the Besano Formation was deposited in a deep intraplat-
form basin, from which a large number of ichthyosaurian 
and other pelagic vertebrate remains have been recovered 
(Rieppel 2019). The holotype of Besanosaurus leptorhyn-
chus (BES SC 999) was collected from the equivalent 
of layer 107 of the Besano Formation type section at the 
Sasso Caldo site (Dal Sasso and Pinna 1996; Bindellini 
et al. 2019, 2021, 2024; Bindellini and Dal Sasso 2022).

Materials and methods

We qualitatively studied the foetal material preserved in 
the body cavity of the holotype specimen of Besanosaurus 
leptorhynchus (BES SC 999, coded as 20.S288-2.2 in 
the Italian State Heritage Database). The holotype was 
collected in 1993 at the Sasso Caldo locality in northern 
Italy (Dal Sasso and Pinna 1996). The specimen was sepa-
rated into 34 slabs collected by members and volunteers of 
the Museo di Storia Naturale di Milano and subsequently 
prepared. The foetal material associated with BES SC 999 
is mostly preserved inside the maternal body cavity on 
slab no. 30, with some material also present on slab no. 31 
(see Dal Sasso and Pinna 1996). All of the cranial mate-
rial is preserved in association far anteriorly, close to the 
maternal pectoral girdle (Fig. 1A, B, G). The foetal pelvic 
girdle, posterior limb and haemal arches are associated 
and located more posteriorly (Fig. 1A, E, G). Preflexural/
precaudal vertebrae are scattered between the maternal 
ribs and gastralia (Fig. 1A, C–G). To assist in our deter-
mination of foetal stage, we used the method outlined in 
Miedema and Maxwell 2026. We measured centrum width 
and height and notochordal canal width and height in 
articular view in seven vertebrae (three dorsal, three dorsal 
or anterior caudal and one possible posterior caudal). 
Measurements are provided in Suppl. material 1.

For comparison of the in utero position of ichthyosaur 
foetuses, we studied several pregnant ichthyosaur females 
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Figure 1. Overview and close-ups of selected areas of the foetal material preserved within the body cavity of the holo-
type of Besanosaurus leptorhynchus (BES SC 999), preserved on slab no. 30. Areas shown as close-ups correspond 
to areas marked in the overview photograph with the same letters, with their corresponding interpretative drawings 
denoted by an apostrophe. Dark gray denotes maternal ribs or gastralia, light gray indicates foetal bones: A. Overview 
of slab no. 30; B. Cranium remains; C. Cervical or anterior dorsal vertebrae; D. Dorsal vertebrae; E. Posterior dorsal or 
anterior caudal vertebrae, caudal ribs and podials; F. Sacral region; G. Position of the foetal remains within the entire 
trunk of BES SC 999. Abbreviations: an, angular; ar, articular; crh, cervical rib head; dcc, dorsal or caudal centrum; de, 
dentary; exo, exoccipital; fe, femur; ha, haemal arch; il, ilium; is, ischium; ju, jugal; la, lacrimal; mtp, (meta) tarsal or 
phalanx; na, nasal; nea, neural arch; op, opisthotic; pa, parietal; pl, palatine; pof, postfrontal; pt, pterygoid; pu, pubis; 
qj, quadratojugal; qu, quadrate; sq, squamosal; st, supratemporal; sta, stapes; su, surangular.
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firsthand, including a large and representative sample of 
the Lower Jurassic parvipelvian species Stenopterygius 
quadriscissus housed in several museums (MHH, SMF, 
SMNS, GPIT, NHMUK) (Suppl. material 1). We also 
conducted a survey of the literature on all known preg-
nant female ichthyosaurs. We recorded litter size, foetal 
placement within the maternal body cavity, degree of 
disarticulation, foetal developmental stage and maternal 
taphonomic preservation (dorsal, lateral, ventral side up).

Institutional abbreviations

GPIT, Palaeontological Collection of Tübingen 
University, Tübingen, Germany; MHH, Urweltmuseum 
Hauff, Holzmaden, Germany; MSNM, Museo di Storia 
Naturale di Milano, Milan, Italy (with BES SC as the 
acronym for Besano Sasso Caldo); NHMUK, Natural 
History Museum, London, United Kingdom; PIMUZ, 
University of Zürich, Paleontological Collections, Zürich, 
Switzerland; SMF, Senckenberg Museum Frankfurt, 
Frankfurt, Germany; SMNS, Staatliches Museum für 
Naturkunde Stuttgart, Stuttgart, Germany.

Description of the foetal remains 
preserved in BES SC 999
Dermatocranium

Lacrimal

In the area containing the foetal nasal, articular and pter-
ygoid, a left lacrimal is exposed in medial view (Fig. 
1B). Its dorsal margin is covered by a maternal gastral 
element. The lacrimal is well ossified and its jugal facet 
is already clearly defined (Fig. 2A). The medial depres-
sion is divided centrally by a trough. Ossification lines 
indicate that the ossification centre is located within the 
medial depression (Fig. 2A).

Pterygoid

The right pterygoid is partially exposed in dorsal view 
and is the anteriormost preserved foetal cranial element 
(Fig. 1A, B). The anterior end of the palatal ramus and 
the posterolateral end of the quadrate ramus are partially 
covered by other elements (Fig. 2B). The pterygoid is 
well ossified. The palatal ramus bears an anteroposteri-
orly oriented furrow dorsomedially, which possibly marks 
the location of the fusion of two palatal prongs present 
in early development, as seen in Stenopterygius prenatal 
stage 3 (Miedema and Maxwell 2022). Medially, the 
pterygoid displays a thickened area, which may represent 
the parasphenoid facet. The quadrate ramus is quadran-
gular in outline, though it is unclear if the posterolaterally 
directed flange is fully developed (Fig. 2B).

Palatine

We identify a left palatine exposed in ventral view, 
located well posterior to the pterygoid and more closely 
associated with the elements of the cheek region (Fig. 
1B). The element is well ossified (Fig. 2C). Striations 
indicate an ossification centre located just lateral to 
the tooth row. The element bears a tooth row with two 
teeth situated medially on the ventral surface (Fig. 2C). 
Between the two teeth there is a bulge and posterior 
to the teeth there is a gap. This gap does not seem to 
be diagenetic and may represent an empty alveolus. 
Alternatively, it may reflect incomplete ossification at 
this stage of development. The bulge is similar in size 
to the gap. We consider it unlikely that this element 
represents a rostral or mandibular dentigerous bone. If 
interpreted as being exposed in occlusal view, its medi-
olateral width would greatly exceed that expected for 
such elements, even when accounting for taphonomic 
flattening or distortion. Likewise, there is no indica-
tion of the presence of an alveolar groove or distinct 
sockets, apart from the gap between the two teeth. 
Moreover, the tooth row is not positioned along the 
midline of the element, which would be expected for 
the typical dentigerous elements in ichthyosaurs.

Nasal

A clearly visible right nasal bone is situated between the 
foetal angular and pterygoid anteriorly in the maternal 
body cavity (Fig. 1B). The nasal is preserved in direct 
medial view (Fig. 3A). The nasal is slightly sigmoidal 
in outline, thickened in the middle tapering markedly 
both anteriorly and posteriorly. Posterodorsally, there is 
an area demarcated by a ridge, likely representing the 
developing prefrontal facet. Ventrally, there is a small 
indentation which would also be visible laterally (Fig. 
3A). This represents the dorsal border of the external 
naris, as seen postnatally (Bindellini et al. 2021). The 
nasal displays a distinct medial depression posterior to 
the external naris, likely corresponding to the internal 
nasal capsule (Miedema and Maxwell 2022) (Fig. 3A).

Jugal

A jugal is preserved between the foetal parietal and suran-
gular (Fig. 1B). Its central portion is covered by both 
foetal and maternal elements, but the overlying elements 
are deformed, exposing the outline of the bone (Fig. 3B). 
The jugal is preserved in lateral view. It is J-shaped, with 
the dorsal ramus gradually transitioning into the hori-
zontal ramus. The dorsal ramus projects posterodorsally 
and already displays a distinct postorbital/quadratojugal 
facet. The horizontal ramus exhibits a distinct facet for 
the maxilla, indicated by the heavily striated texture. 
The horizontal ramus does not appear to taper anteriorly, 
although the tip of the jugal may be hidden underneath 
other bones or slightly broken (Fig. 3B).
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Parietal

A foetal right parietal is exposed in ventral view and lies 
dorsal to the supratemporal (Fig. 1B). The parietal is 
generally well ossified. The occipital flange is present but 
is less well ossified than the rest of the parietal (Fig. 4A). 
A clear central depression is present and corresponds to 
the dorsal part of the optic lobe. The parietal foramen 
is posteriorly demarcated by a medially directed process 
and anteriorly by the medially curving edge of the medial 
side of the parietal, resulting in a concave lateral margin. 
The supratemporal ramus is relatively long and bears a 
surface defined by a ridge, which may represent either 
the supratemporal facet or a muscle attachment site (Fig. 
4A). Striations indicate an ossification centre located 
directly posterolateral to the depression for the optic lobe.

Squamosal

The right squamosal is located just anterior to the right 
quadratojugal and ventral to the right supratemporal, and 
is almost in articulation with those elements. It is trape-
zoidal in outline, being wider posteriorly. The centre of 

ossification is located anteriorly, with ossification lines 
radiating mainly posteriorly (Fig. 4B).

Supratemporal

A right supratemporal can be observed between the foetal 
quadratojugal and parietal (Fig. 1A). The supratemporal 
is well ossified. Striations indicate an ossification centre 
located centrally on the lateral ramus (Fig. 4D). The 
supratemporal is strongly mediolaterally compressed. 
The medial (parietal) ramus bears a quadrate facet, 
which is partially preserved. It also bears a small depres-
sion posterodorsally, where the opisthotic would have 
contacted the supratemporal. The lateral ramus possesses 
a well-demarcated facet for the postorbital.

Postfrontal

We tentatively identify a left postfrontal exposed in 
ventral view. It is situated between two maternal ribs, 
posterior to the foetal lacrimal (Fig. 1B). The tentative 
postfrontal is relatively broad and stout (Fig. 4E). It is 
slightly curved and consists of a broad anteromedial 

Figure 2. Dermatocranial elements of the foetus preserved inside the holotype of Besanosaurus leptorhynchus (BES 
SC 999). Interpretative drawings of specific elements are denoted by an apostrophe following their corresponding let-
ter. A. Lacrimal (left, medial view); B. Pterygoid (right, dorsal view); C. Palatine (right, ventral view). Abbreviations: 
dmf, dorsomedial furrow; juf, jugal facet; lmd, lacrimal medial depression; lw, lateral wing; mxf, maxilla flange; psf, 
parasphenoid facet; qr, quadrate ramus; t, tooth; ts, tooth socket.
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process and a more tapering posterior process (Fig. 4E). 
It exhibits a large ventromedial depression, which is 
also its ossification centre, as indicated by the outwardly 
radiating ossification lines. Lateral to this depression, 
a lateroventrally projecting boss is visible. We stress 

that our identification of this element as a postfrontal 
is tentative. One aspect that could suggest a different 
identification (frontal?) is its relatively large size in 
comparison to other dermatocranial elements.

Figure 3. Dermatocranial elements from the cranium and lower jaw of the foetus preserved inside the holotype of 
Besanosaurus leptorhynchus (BES SC 999). A. Nasal (left, medial view); B. Surangular (left, medial view) and jugal 
(right, lateral view); C. Tooth (labial? view); D. Angular (right, lateral view) and dentary (right, lateral view) (note 
white paper triangle visible on the surface of the specimen). Interpretative drawings are denoted by an apostrophe 
followed by their corresponding letter. Abbreviations: alw, angular lateral wall; amw, angular medial wall; der, dentary 
ramus; dsur, dentary surangular ramus; gl, glenoid; mxr, maxilla ramus; nac, nasal capsule; ncen, nasal contribution 
to the external naris; prff, prefrontal facet; pcop, paracoronoid process; pgl, preglenoid process; pof/qjf, postorbital/
quadratojugal facet; suf, surangular facet; t, tooth; tc, tooth crown; tr, tooth root.



Fossil Record 29 (1) 2026, 299–315

fr.pensoft.net

305

Figure 4. Dermatocranial elements from the cheek and skull roof regions and the quadrate of the foetus preserved inside 
the holotype of Besanosaurus leptorhynchus (BES SC 999). A. Parietal (right, ventral view); B. Squamosal (right, medial 
view); C. Quadrate (left, posteromedial view); D. Supratemporal (right, medial view); E. Postfrontal (left, ventral view); 
F. Quadratojugal (right, medial view). Interpretative drawings are denoted by an apostrophe followed by their correspond-
ing letter. Abbreviations: amp, anteromedial process; co, ossification centre; dm, dorsal margin; lb, lateral boss; lr, lateral 
ramus; ocf, occipital flange; opif, opisthotic facet; opti, depression for optic lobe; pf, parietal foramen; pof, postorbital 
facet; pp, postfrontal posterior process; qc, quadrate condyle; qf, quadrate facet; stfc, supratemporal facet; str, supratem-
poral ramus; tpq, triangular process of quadrate; vm, ventral margin; vmd, ventromedial depression; vr, ventral ramus.
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Quadratojugal

A right quadratojugal is preserved in medial view 
between the quadrate, squamosal and supratemporal 
(all three elements are preserved almost in articulation) 
(Fig. 1B). The quadratojugal is well ossified and has 
well-defined medial and lateral surface outlines (Fig. 
4F). The dorsal flange is partially covered by the medial 
process of the overlying supratemporal, whereas the 
dorsal portion of the quadratojugal covers the ventrolat-
eral margin of the supratemporal medially (Figs 1B, 4F). 
The quadrate process, which bears the quadrate facet, is 
slightly offset posteriorly (Fig. 4F). The quadratojugal is 
widest dorsally and is anteroposteriorly constricted near 
the base, just dorsal to the quadrate process. Surface 
striations indicate an ossification centre near the base of 
the quadrate process (Fig. 4F).

Lower jaw

Preserved foetal lower jaw elements include the suran-
gular, angular and dentary. They lie in close association 
anterior to most other cranial elements on block 30 
(Fig. 1A, B). All dermal lower jaw elements are well 
ossified (Fig. 3B, D). Surface striations indicate growth 
in a generally anteroposterior direction, but the ossi-
fication centres of the elements are indiscernible. The 
dentary preserves only the posterior surangular ramus 
and two disarticulated teeth (Fig. 3B–D). The angular 
displays well-formed lateral and medial walls, which 
enclose a very elongated surangular facet (Fig. 3D). 
The surangular is largely covered by other elements, 
but the glenoid area is exposed in medial view (Fig. 
3B). The preglenoid process is already prominently 
developed, whereas the paracoronoid process is still 
small or absent at this stage. The glenoid area is charac-
terized by a more roughened surface, indicating that it 
is less ossified than the rest of the element. Concentric 
striations in the glenoid region indicate a different ossi-
fication direction or centre compared to the rest of the 
element (Fig. 3B).

Splanchnocranium

Quadrate

A left quadrate is preserved in posteromedial view, 
partially overlapped by the foetal quadratojugal (Fig. 1B). 
The quadrate displays a similar degree of ossification to 
the dermatocranial elements in the cheek (Fig. 4A–F). The 
occipital lamella curves posterolaterally (Fig. 4C). The 
anteroventral triangular process is already well developed 
and slightly offset from the rest of the pterygoid lamella. 
Surface striations indicate dorsoventral growth across 
most of the pterygoid lamella, except around the trian-
gular process, where growth was more concentric (Fig. 
4C). The quadrate condyle seems to be developed at this 
stage, although it is mostly hidden from view. No stape-
dial facet is visible due to the overlapping quadratojugal.

Articular

An element located near the lacrimal and pterygoid 
(Fig. 1B) has a roughened surface texture, suggesting it 
is likely an endochondral element, which we tentatively 
identify as a right articular (Fig. 5A). The preartic-
ular facet and a small retroarticular process appear 
well developed. In contrast, the anterior margin of the 
glenoid facet exhibits several indentations, indicating 
that this portion is still developing and less ossified than 
the posterior end (Fig. 5A).

Stapes

We tentatively identify a stapes in close association 
with the quadrate and quadratojugal (Fig. 1B). It is 
relatively well ossified, although the rugose and striated 
surface texture indicates the presence of more cancel-
lous bone, suggesting that the stapes is less ossified 
than the dermatocranial elements or the quadrate (Fig. 
5B). The stapes is very slender, thickened only at its 
medial head, which is deflected ventrally and bears a 
basioccipital facet (Fig. 5B).

Figure 5. Chondrocranial and splanchnocranial elements of the foetus of Besanosaurus leptorhynchus (BES SC 999). 
A. Articular (right, medial view); B. Stapes (left?, medial? view); C. Exoccipital (left?, posterior? view); D. Opisthotic 
(left, anteromedial view). Interpretative drawings are denoted by an apostrophe followed by their corresponding letter. 
Abbreviations: bof, basioccipital facet; gl, glenoid; mh, medial head; paf, prearticular facet; pop, paroccipital process; 
rap, retroarticular process; scc, semicircular canal impression.
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Chondrocranium

Exoccipital

We identify an element situated posterior to the other 
cranial elements as an exoccipital with a high level 
of confidence (Fig. 1B). The rough, ridged surface 
texture indicates an endochondral origin of the element 
(Fig. 5C). The exoccipital consists of a dorsoventrally 
projected column and a wide foot. The surface of the 
foot, which bears the basioccipital facet, is better ossi-
fied than the surface of the column. Unfortunately, 
the lateral and medial sides of the exoccipital are not 
preserved/exposed, which could explain the absence of 
a visible hypoglossal foramen.

Opisthotic

A foetal opisthotic is observed anterior to the cluster of 
foetal elements representing the cheek and skull roof 
regions (Fig. 1B). The opisthotic exhibits the same 
roughened, ridged texture as the stapes and exoccipital. 
The paroccipital process is already evident and slightly 
deflected dorsolaterally. The medial head is not well-de-
fined, but small impressions for the semicircular canals 
are already visible (Fig. 5D).

Axial skeleton

The foetal postcranial axial skeleton is represented by 
several associated and some articulated vertebral centra. 
Most of the preserved centra are preflexural, although 
posterior caudal vertebrae are also preserved in the 

maternal body cavity (Figs 1B–E, 6D). All centra retain 
a small open notochordal pit, which is relatively larger 
in the posterior caudal centra (Fig. 6D–F). Rib facets 
(diapophyses), ventral keels and neural canals are already 
apparent in the preflexural centra (Fig. 6D–F). Neural 
arches are only rarely preserved and their surface texture 
indicates that they are less ossified than the centra. One 
anterior caudal neural arch exhibits developed pre- and 
postzygapophyses (Fig. 6C). Haemal arches are also 
already ossified, displaying two ossification centres that 
fuse ventrally, visible as a suture in some of the arches 
(Fig. 6B). Complete foetal ribs are absent, but several rib 
heads pertaining to cervical or anterior dorsal centra are 
evident just posterior to the area occupied by the foetal 
skull bones (Fig. 6A). The rib heads exhibit a distinct 
capitulum and tuberculum, connected by a sheath of bone 
(Fig. 6A). Thin but well ossified gastralia cluster along 
the ribs. Medial and lateral gastral elements can be distin-
guished. Their surfaces are striated, as are the cranial and 
caudal surfaces of both foetal and maternal ribs.

Appendicular skeleton

Pectoral girdle

A quadrangular to round element is preserved on block 
31 and is mostly covered by a maternal rib. This element 
likely represents a coracoid or a scapula, given its 
shape and position in the maternal body cavity (ventral/
posteroventral to the area occupied by the foetal cranial 
bones). The pectoral girdle element is well ossified, with 
striations indicating a centrally positioned perichondral 
ossification centre (Fig. 7A).

Figure 6. Axial postcranium of the foetus of Besanosaurus leptorhynchus (BES SC 999). A. Cervical rib heads; 
B. Haemal arches; C. Caudal neural arch; D. Posterior caudal centra; E. Dorsal vertebral centra; F. Posterior dorsal 
or anterior caudal centra. Interpretative drawings are denoted by an apostrophe following their corresponding letter. 
White arrows in A–F indicate elements figured in the interpretative drawing. Abbreviations: aas, anterior articular 
surface; ca, capitulum; naf, neural arch facet; nc, neural canal; np, notochord pit; pap, parapophysis; poz, postzygapo-
physis; prz, prezygapophysis; sh, sheet; tu, tuberculum; vk, ventral keel; vs, ventral suture.
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Pelvic girdle

The foetal pelvic girdle is represented by an ilium, an 
ischium and possibly a pubis. All these elements lie rela-
tively close to each other, posterior to the other foetal 
elements in the maternal body cavity (Fig. 1E). The 
ischium is well ossified, displaying a quadrangular shape 
and a concave posterolateral margin, giving the element 
a semilunate outline. The overall degree of ossification is 
high, except for the anterior (pubic) margin and the acetab-
ular contribution (Fig. 7C). We tentatively identify a pubis 
located close to the femur (Fig. 7B). The overall degree of 
ossification of this element is similar to that of the ischium. 
The putative pubis is round in outline and a large portion of 
it is obscured by maternal ribs. The round outline precludes 
the identification of this element as a tibia or fibula, which 
are more elongated and narrow, and its size excludes iden-
tification as a metatarsal or phalanx (Bindellini et al. 2024). 
There is a possibility that this element is the astragalus, but 
its relative size suggests that an identification as a pubis is 
more likely. The area occupied by the obturator foramen 
is hidden from view if the identification of the element 
as a pubis is correct. The ilium is partially covered by a 
maternal rib anteriorly. It is laterally curved and its overall 
degree of ossification is high (Fig. 7D).

Femur and distal hindlimb

A femur is preserved close to the pelvic elements (Fig. 
1E). It is quadrangular in outline and well ossified, 
although its dorsal portion is broken off (Fig. 7B). The 
tibial and fibular facets are already weakly developed and 
a small possible ventral process is visible proximally on 
the dorsal surface at the broken margin. A few irregularly 

shaped meso- and autopodial elements are present in 
the vicinity of the ischium and the femur (Fig. 7B, C). 
These elements are slightly less ossified than the femur 
and pelvic elements, as indicated by their rougher surface 
texture. They have likewise not yet acquired their post-
natal morphology, as postnatal tarsals and phalanges 
are either almost completely round or more elongated 
anteroposteriorly and display a distinct central constric-
tion (Bindellini et al. 2024). None of the preserved distal 
hindlimb elements can be confidently identified in terms 
of their position within the hindlimb.

Discussion
Ontogenetic changes in Besanosaurus

Overall, the foetus closely resembles the adult morphology, 
although distinct differences are present. The paracoronoid 
process on the surangular is underdeveloped compared to 
postnatal stages (Bindellini et al. 2021). In Stenopterygius 
quadriscissus, this process is present in stage 4 foetuses 
and is distinctly separate from the preglenoid process, as 
in sexually mature specimens. However, the paracoronoid 
area undergoes significant postnatal ontogenetic changes 
in Stenopterygius, as the paracoronoid and preglenoid 
processes are nearly confluent in postnatal stage 2 before 
reverting to separation (Miedema and Maxwell 2022). In 
Besanosaurus, the foetal jugal has a more pronounced 
curvature, whereas in postnatal stages it is more angular 
posteriorly and the curvature is more acute (Bindellini 
et al. 2021). This ontogenetic variation is comparable to 
that observed in Stenopterygius (Miedema and Maxwell 
2022). In addition, the medial edge of the foetal pterygoid 

Figure 7. Identifiable appendicular elements of the foetus of Besanosaurus leptorhynchus (BES SC 999). A. Pectoral 
element, coracoid? (dorsal/ventral view); B. Femur (left, dorsal view), pubis? and podials (dorsal/ventral view); C. 
Ischium (left?, ventral? view) and podials (dorsal/ventral view); D. Ilium (left?, lateral? view). Interpretative drawings 
are denoted by an apostrophe followed by their corresponding letter. Abbreviations: acc, acetabular contribution; fif, 
fibular facet; il, ilium; is, ischium; pod, podial element; pu, pubis; tif, tibial facet; vp, ventral process.
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in Besanosaurus is less concave than in postnatal stages. 
The dorsal part of the paroccipital process of the opisthotic 
is not as wide as in postnatal specimens and the basioc-
cipital facet is probably not yet ossified. Alternatively, the 
facet may not be preserved, as the opisthotic lies at the 
edge of the block. (Bindellini et al. 2021). A substantial 
difference in paroccipital process development between 
perinatal and postnatal specimens has also been reported 
for the Late Cretaceous parvipelvian Platypterygius 
australis (Kear and Zammit 2013). Determining whether 
the shape of the semicircular canal indentations on the 
opisthotic varies substantially throughout development is 
challenging. However, the angle between the horizontal 
and vertical canal indentations appears similar in pre- and 
postnatal individuals of Besanosaurus, with the indenta-
tions being relatively wider prenatally (Bindellini et al. 
2021). In contrast, Stenopterygius exhibits a substantial 
ontogenetic change in this angle (Miedema and Maxwell 
2019). The triangular process on the quadrate seems rela-
tively larger in the foetus of Besanosaurus than in some 
postnatal specimens (Bindellini et al. 2021). The curva-
ture of the pterygoid lamella of the quadrate remains 
relatively constant throughout ontogeny, a pattern also 
observed in Stenopterygius and Platypterygius australis 
(Kear and Zammit 2013; Miedema and Maxwell 2019). 
However, this differs from Mixosaurus cornalianus, 
where the lamella differs in orientation between pre- 
and postnatal specimens: in which the pterygoid lamella 
curves more strongly posteriorly in the foetus, whereas in 
adults the lamella is straight and directed more dorsally 
(Miedema et al. 2023a).

Relative prenatal stage of the Besanosaurus 
foetus

Staging fossil foetuses is difficult, as the material is 
often incomplete and represents only a snapshot of 
prenatal development. Recently, relative developmental 
stages were proposed for the ichthyosaur Stenopterygius 
quadriscissus on the basis of cranial ossification patterns 
(Miedema and Maxwell 2022). The cranium of the 
Besanosaurus foetus exhibits advanced stages of ossi-
fication in both dermal and endochondral elements. All 
dermatocranial elements are well ossified and display a 
similar degree of development. The dermatocranium is 
generally better ossified than the endochondral elements, 
except for the quadrate, which shows a degree of ossi-
fication similar to that of the dermatocranium (Fig. 1, 
Fig. 4C). Delayed endochondral ossification relative 
to the dermatocranium is a well-documented pattern in 
Stenopterygius quadriscissus and Mixosaurus corna-
lianus and is common among Diapsida (Rieppel 1993; 
Khannoon and Evans 2015; Danielson and Sheil 2017; 
Miedema and Maxwell 2022; Miedema et al. 2023a). 
It is noteworthy that the parietal and pterygoid do not 
lag behind other dermatocranial elements in ossifica-
tion in Besanosaurus, which is the case in all stages of 

development in Stenopterygius and in late-stage devel-
opment of Mixosaurus (Miedema and Maxwell 2022; 
Miedema et al. 2023a). The parietal is well ossified, 
with a distinct offset supratemporal ramus, a well-de-
fined optic lobe depression and an occipital flange. The 
pterygoid exhibits a dorsomedial furrow along its palatal 
ramus, suggesting that the palatal ramus may have been 
split at an earlier stage of development, similar to stage 
3 Stenopterygius (Miedema and Maxwell 2022). The 
overall well-ossified cranium, along with the lack of 
ossification delay in the parietal and pterygoid relative to 
other dermatocranial elements, suggests that the develop-
mental stage of the Besanosaurus foetus is comparable 
to stage 4 Stenopterygius (Miedema and Maxwell 2022).

We applied the recently published method outlined 
in Miedema and Maxwell (2026) to assess if a noto-
chordal canal size proxy (Notochordal Canal Index; NCI) 
in Besanosaurus is consistent with the developmental 
pattern in other ichthyosaurs. We were able to measure 
seven vertebral centra preserved in (almost) full articular 
view, three of which likely represent dorsal centra, at least 
three represent anterior caudals and one possible posterior 
caudal. The mean measured NCI is 0.09 and significantly 
different from that of stage 4 Stenopterygius (perinatal) 
(Miedema and Maxwell 2026) (Suppl. material 1). This 
indicates that the NCI is significantly lower in the peri-
natal stage of Besanosaurus than in the perinatal stage 
in Stenopterygius. This was also the case in the foetus 
of the large-bodied Platypterygius australis, which also 
had a significantly lower NCI compared to other perinatal 
ichthyosaur foetuses including Stenopterygius (Miedema 
and Maxwell 2026). We therefore conclude that substan-
tial differences in terminal foetal body size (and thereby 
total adult body size) influence the usefulness of the NCI, 
with larger-bodied taxa having lower NCI values (at least 
perinatally) (Miedema and Maxwell 2026). Taking all this 
into account, we propose that the foetus of Besanosaurus 
was in the latest stages of prenatal osteological develop-
ment, immediately prior to birth.

Notes on taxonomic identification and a 
discussion of the predation versus reproduction 
hypotheses

The discovery of an individual assigned to the mega-
predatory ichthyosaur Guizhouichthyosaurus, with 
thalattosaurian remains preserved in the abdominal 
region, led to the suggestion that Besanosaurus leptorhyn-
chus might have also exhibited a megapredatory feeding 
ecology (Jiang et al. 2020). Additionally, it was proposed 
that the small vertebrae originally discovered within the 
maternal body cavity of the holotype, previously inter-
preted as embryonic/foetal, could represent mixosaurid 
centra (Jiang et al. 2020). However, we consider the 
material preserved in the maternal body cavity to be unam-
biguously foetal based on the following evidence: 1) the 
remains are associated and arranged in an anteroposterior 
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sequence; 2) the bones are in pristine condition and show 
no signs of digestive alteration (Serafini et al. 2025); 3) 
clear ossification differences between elements, particu-
larly in the cranium, are consistent with the ossification 
pattern observed in other ichthyosaur foetuses (Miedema 
and Maxwell 2019, 2022; Miedema et al. 2023a); and 
4) the vertebral centra contain a small notochordal pit 
(contra Jiang et al. 2020), further supporting their foetal 
identity (Miedema and Maxwell 2026).

Although the foetal material differs from the maternal 
skeleton in some respects due to ontogeny (see above), 
it is clearly attributable to Besanosaurus leptorhynchus 
based on several character states unique to Besanosaurus 
among Besano Formation ichthyosaurs (and notably 
different from Mixosaurus), including a triangular 
process of the quadrate, a large preglenoid process of 
the surangular, and a quadrangular proximal end of the 
femur. Moreover, the foetus clearly exhibits bicipital rib 
heads in which the heads are connected by a bony sheath 
and low, wide neural spines, which are far more similar 
to those present in mature individuals of Besanosaurus 
than to mixosaurids (Økland et al. 2018; Bindellini et 
al. 2024; Fang et al. 2024). Lastly, other discussions of 
ecological roles in ichthyosaurs, and in Besanosaurus 
specifically, deem a megapredatory feeding ecology in 
this ichthyosaur unlikely. This is based on the slender 
rostrum and small, narrow tooth morphology, as well 
as stomach contents preserved in a referred specimen of 
Besanosaurus (coleoid hooklets) (Bindellini et al. 2021, 
2024). Macropredatory ichthyosaurs sensu Bennion et 
al. (2023a, 2023b) usually have robust rostra and wide, 
robust teeth, which are sometimes serrated, crenulated 
or bear deep enamel ridges, all of which is absent in 
Besanosaurus (Fröbisch et al. 2013; Bindellini et al. 
2021; Bennion et al. 2023a).

Presence of palatal teeth

Although palatal teeth are widely distributed among 
many early-diverging diapsids and extant lepidosaurs, 
they are largely absent in ichthyosaurs (Matsumoto and 
Evans 2017). However, teeth are present on the ptery-
goid in an early-diverging ichthyopterygian identified 
as cf. Utatsusaurus hataii from the Lower Triassic of 
Japan (Motani 1999; Yoshizawa and Tsuihiji 2026). 
Teeth are also recognized on the palatine of Wimanius 
odontopalatus, a poorly known ichthyosaur from the 
Middle Triassic of Monte San Giorgio, which is one of 
the defining features of the taxon (Maisch and Matzke 
1998). Moreover, the early diverging ichthyosauriform 
Chaohusaurus brevifemoralis from the Lower Triassic of 
South China has a single tooth row on the posterior part 
of the palatine (Yin et al. 2021).

Given these comparisons, we consider the presence of 
palatal dentition in the foetus of Besanosaurus very likely. 
In the foetus, the putative palatal teeth are also arranged in 
a single row, as in Wimanius and Chaohusaurus (Maisch 

and Matzke 1998; Yin et al. 2021). Unfortunately, no 
distinct palatine has been identified in any of the other 
postnatal specimens of Besanosaurus leptorhynchus, 
making ontogenetic comparisons impossible (Bindellini 
et al. 2021). It therefore remains uncertain whether these 
palatal teeth persisted throughout ontogeny. The presence 
of palatal teeth in early-diverging ichthyosauriforms and 
in the Besanosaurus foetus may indicate that this feature 
is a developmental remnant lost in postnatal stages. In 
a recently studied ontogenetic sequence of Mixosaurus 
cornalianus (Miedema et al., 2023b), foetuses of the taxon 
do not exhibit teeth on the vomer. The only preserved 
perinatal pterygoid is exposed in dorsal view and no clear 
perinatal palatine has been identified, which limits the 
identification of perinatal palatal dentition. The absence 
of well-preserved perinatal palatal elements means that 
the presence of palatal teeth in early mixosaurid develop-
ment cannot yet be completely ruled out. The complete 
loss of palatal dentition likely occurred around the origin 
of Parvipelvia, as foetuses of Stenopterygius clearly lack 
this feature (Miedema and Maxwell 2022).

The presence of palatine teeth in the foetus of BES SC 
999 raises the possibility that Wimanius odontopalatus, an 
ichthyosaur that co-occurs with Besanosaurus leptorhyn-
chus at Monte San Giorgio, is a junior synonym of the 
latter. Wimanius is known only from a single specimen, 
a partial cranium exposed in ventral view (Maisch and 
Matzke 1998). The holotype of Wimanius is consistent in 
size (mandible length of just over 20 cm) between the esti-
mated size of the Besanosaurus foetus (mandible length 
of 10–12 cm) and the smallest currently recognized post-
natal Besanosaurus specimen (PIMUZ T 4376, mandible 
length of 41 cm) (Maisch and Matzke 1998; Bindellini 
et al. 2021). This raises the possibility that the Wimanius 
holotype represents an early postnatal referred specimen 
of Besanosaurus. The validity of Wimanius has been ques-
tioned in previous studies (Motani 1999; Sander 2000; 
McGowan and Motani 2003; Klug et al. 2024b), with 
these authors noting morphological similarities between 
Wimanius and Besanosaurus. A detailed revision of the 
holotype of Wimanius is warranted based on our new 
observations but is beyond the scope of the present study.

Litter size, uterine position and parturition 
orientation

The foetal material of BES SC 999 is disarticulated, but 
its relative in vivo positioning of the separate body regions 
remains largely intact. All cranial material is positioned 
far anteriorly, directly posterior to the maternal pectoral 
girdle (Fig. 1). Although the foetal vertebrae are some-
what scattered and may appear evenly distributed, we 
observe a clear anterior-posterior gradient, with caudal 
vertebrae being the only type of vertebrae clustered more 
posteriorly in the maternal body cavity. The pelvic girdle 
and femur are closely associated and positioned further 
posteriorly than the foetal cranium.
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In the original description of BES SC 999, the authors 
noted three or four clusters of vertebrae lying in sequence, 
leading to some confusion as to whether multiple foetuses 
or a single foetus were present (Dal Sasso and Pinna 
1996). The absence of obvious contralateral cranial or 
appendicular elements, together with the clear anteropos-
terior gradient in element distribution, leads to the most 
parsimonious conclusion that all the material represents 
a single foetus. The foetus is located in the right uterine 
cornu, as the maternal specimen is preserved with the trunk 
exposed in ventral view (Fig. 1). The anterior orientation 
of the foetal cranium suggests a future caudal (tail-first) 
presentation at birth. Caudal presentation appears to be 
the preferred, though not exclusive, method of parturi-
tion in Merriamosauria (Böttcher 1990; Miedema et al. 
2023b), but future discoveries of shastasaurid/shasta-
saur-grade ichthyosaurs might reveal different preferred 
birth orientations within the group (Kelley et al. 2022; 
Miedema et al. 2023b).

The litter size for the Besanosaurus holotype is one 
foetus. This is not uncommon within Ichthyosauria and 
is the most common litter size in the best-studied genus 
Stenopterygius (Böttcher 1990; Miedema et al. 2023b). 
Litter size varies greatly among Ichthyosauria, but the 
three genera with multiple known pregnant females 
(Stenopterygius, Ichthyosaurus, Mixosaurus) suggest 
that between two and four foetuses is the norm within 
Ichthyosauria and six or more foetuses occur only excep-
tionally (Miedema et al. 2023b; Miedema and Maxwell 
2026). Litter size is relatively difficult to study in ichthyo-
saurs, as many factors need to be considered. In fossilized 
pregnant females with perinatal (stage 4) foetuses, there 
is a high chance of seeing fewer foetuses than were orig-
inally present due to late births or deceased, unaborted 
foetuses. Moreover, the sample size needs to be 
considered for robust statistical testing. The sample of 
Stenopterygius attests to this, as litter size ranges from 1 
to 10–11 in this taxon (Böttcher 1990).

The far anterior placement of the cranium of BES 
SC 999 at ca. 20% maternal coelomic length (measured 
between the anterior and posterior margins of the pectoral 
and pelvic girdles, respectively) suggests that the foetus 
was still in utero and had not yet begun migrating poste-
riorly in preparation for parturition. However, the far 
anterior position of the BES SC 999 foetus could be at 
least partially taphonomic. The maternal specimen is 
preserved with the ventral side facing away from the 
sediment, allowing greater time for movement before 
burial. In Stenopterygius, more anterior placement of 
the foetus is sometimes seen in maternal specimens 
that arrived head-first on the sea-floor, such as SMF-R-
4131 (Fig. 8A) (Reisdorf 2007a, 2007b; Reisdorf et al. 
2012). In contrast, in maternal specimens interpreted as 
having landed laterally, ventrally or dorsally, foetuses 
tend to be more evenly distributed along the trunk (Fig. 
8B, F–G) (Suppl. material 1). In general, the original 
foetal position is likely best preserved in maternal spec-
imens that came to rest laterally on the seafloor (Suppl. 

material 1). In dorsal presentations (landings), disartic-
ulation of foetal material is most common (e.g. SMNS 
50007, SMNS 54062; Suppl. material 1). In some cases, 
the original foetal position cannot be determined due 
to late expulsion of the foetus, preserving it outside the 
maternal body cavity (e.g. Fig. 8A, B, F, G). In maternal 
specimens with lateral presentation (lateral landing) and 
a single foetus, three main modes of foetal preservation 
occur: foetus preserved in the anterodorsal part of the 
maternal body cavity, foetus preserved dorsally in the 
mid-trunk region, and foetus preserved in the birth canal. 
In maternal specimens with higher foetal counts, foetuses 
tend to be stacked both dorsoventrally and anteroposte-
riorly, often lying with the cranium close to the trunk or 
tail of the neighbouring foetus (Fig. 8B, F). Regardless 
of taphonomic maternal landing position, anterior foetal 
placement is consistently observed in euichthyosaurs. In 
the only gravid specimen of Cymbospondylus (head-first 
arrival?), three foetuses are preserved, lying in an antero-
posterior sequence, with the most anterior foetus lying 
close to the maternal pectoral girdle and all foetuses lying 
in positions consistent with head-first birth (Klein et al. 
2020). In Mixosaurus, the pattern is more ambiguous. 
In PIMUZ T 4830 (lateral view), foetuses are situated 
posteriorly in the maternal trunk close to the birth canal. 
In PIMUZ T 1902 (preserved in lateral view), the single 
preserved foetus is somewhat disarticulated and almost 
completely spans the maternal trunk, with the cranium 
lying close to the maternal pectoral girdle, similar to the 
condition in the Besanosaurus holotype (Miedema et al. 
2023b). In Stenopterygius, foetuses are observed in the 
anterior, mid- and posterior trunk regions (e.g. Fig. 8A, B, 
F, G). Posterior (pelvic) foetal positioning is rarer and in 
Stenopterygius is typically observed in near-birth foetuses, 
such as GPIT-PV-30054, SMNS 6293 and SMNS 16811 
(Fig. 8G), with SMNS 50963 being the exception, in 
which two early-stage foetuses are located just posterior 
to the birth canal. We interpret SMNS 50963 as involun-
tary early abortion associated with maternal death.

The reproductive tract lies dorsal to the gastrointestinal 
tract in ichthyosaurs (Böttcher 1990), a condition similar to 
that in other viviparous reptiles (Blackburn 1998) (Fig. 8A). 
Ichthyosaur foetuses are coiled in early prenatal develop-
ment, as in modern squamates (prenatal stage 1) (Fig. 8C) 
(Blackburn 1998; Stewart 2015; Miedema et al. 2023b), but 
acquire a straightened posture from stage 2 onward (Fig. 
8D, E). This suggests that, throughout gestation, foetuses 
occupy various positions within the trunk, particularly in 
females carrying multiple foetuses in a single litter.

Foetuses are generally arranged in a partial anteri-
or-posterior sequence within both uterine cornua (Fig. 
8B, F, G). In individuals with multiple foetuses, however, 
substantial dorsoventral overlap between foetuses seems 
to occur within the same cornu (Fig. 8B, F). We hypoth-
esize that in early prenatal development, coiled foetuses 
are arranged in sequence akin to that of modern vivip-
arous reptiles. After transitioning to an elongated body 
alignment (i.e. after stage 2), foetuses likely lost relative 
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positional freedom in utero, causing them to stack largely 
dorsoventrally, overlapping and underlapping their 
siblings while continuing to develop along the ante-
ro-posterior axis during later stages of gestation. This 
pattern suggests that the uterus was not tightly constricted 
around each individual foetus, as seen in modern vivip-
arous squamates and mosasauroids (Blackburn 1998; 
Caldwell and Lee 2001), but was instead more tube-like 
and flexible, providing ample space for foetal growth 
during later developmental stages. The distribution of 
foetuses in females carrying more than three individuals 
also suggests that both uterine cornua were present and 
well developed (Fig. 8B, F), precluding the possibility 
of marked uterine size asymmetry or complete loss, as 
observed in modern squamates and birds (Blackburn 
1998; Yoshimura and Barua 2017).

We acknowledge taphonomic concerns regarding the 
exact position of the in utero foetuses in ichthyosaurs, 

but based on all specimens observed, a more anterodorsal 
(maternal pectoral area) carrying position in either left 
or right uterine cornu, followed by perinatal posterior 
migration, seems to be the most parsimonious condi-
tion inferred in ichthyosaurs. The anterior placement of 
the foetus during gestation supports the “trim control” 
hypothesis as explanation for the preference of tail-first 
birth in Euichthyosauria (Miedema et al. 2023b). The 
trim control hypothesis proposes that foetuses of ichthyo-
saurians should be carried with the heaviest portion (the 
head) as close as possible to the maternal centre of buoy-
ancy (the lungs) to reduce maternal energy expenditure 
during pregnancy (Miedema et al. 2023b). However, this 
observation does not exclude the “mechanical” hypoth-
esis, which proposes that the anterior placement of the 
cranium is energetically advantageous during peristaltic 
contractions during birth (Miedema et al. 2023b). Both 
factors could have contributed.

Figure 8. Position and orientation of stage 4 foetuses of Stenopterygius in the reproductive tract and coiled or straight-
ened morphology of foetuses at various developmental stages. A. Pregnant S. quadriscissus SMF-R-4131 in lateral view, 
with a foetus in the left(?) uterine cornu dorsal to gastrointestinal material and located in the maternal anterior trunk 
region. B. Pregnant S. quadriscissus SMNS 52036, with foetuses lying in both uterine cornua in an anteroposterior se-
quence, with substantial dorsoventral overlap and showing a distinct straightened axial skeleton (note the high number 
of foetuses is atypical in Stenopterygius). C. Postmortem aborted stage 1 foetus of S. quadriscissus SMNS 10460, still 
in a coiled position. D. Postmortem aborted stage 2 foetus of S. quadriscissus SMNS 50963, showing a straightened 
axial skeleton. E. S. quadriscissus stage 4 foetus in utero SMF-R-4131, showing a distinct straightened axial skeleton. 
F. Pregnant S. quadriscissus MHH 1981/33, with foetuses lying in both uterine cornua in anteroposterior sequence with 
substantial dorsoventral overlap in the maternal mid-trunk region, showing both cranial and caudal presentation. G. Preg-
nant S. quadriscissus SMNS 16811, with foetus lying in the maternal posterior trunk region, likely close to birth. Ab-
breviations: a, anterior; git, gastrointestinal tract; l, left; m, mid-trunk; p, posterior; r, right; u, uterine cornu. Note: scale 
bars in A and E should not be used for further analyses, as photos and measurements were taken through a glass cover.
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Conclusion
The holotype of Besanosaurus leptorhynchus contains 
a single well-preserved foetus. Preserved foetal remains 
include parts of the cranium of all developmental origins, 
as well as postcranial axial and posterior paraxial elements. 
Based on the degree of cranial ossification, the devel-
opmental stage of the foetus is comparable to stage 4 in 
Stenopterygius. We interpret the foetus as possessing 
teeth on the palatine, potentially representing a develop-
mental atavism that was completely lost in parvipelvians. 
The presence of these palatal teeth may have future taxo-
nomic implications, especially regarding the validity of the 
genus Wimanius. Several ontogenetically variable features 
are evident between the foetal and adult morphologies, 
including the shape of the paracoronoid process on the 
surangular and the curvature of the jugal; these features are 
also variable in ontogenetic series of other ichthyosaurs. 
The Besanosaurus foetus is carried in the right uterine cornu 
in a far anterior placement (ca. 20% along the maternal 
body cavity) and seems to be oriented for tail-first birth, as 
is common in members of Merriamosauria. Observations 
on the more derived Early Jurassic genus Stenopterygius 
show that foetuses lie in anterior-posterior sequence but are 
also partially dorsoventrally stacked during late gestation 
in both uterine cornua. This contrasts with most modern 
viviparous reptiles and mosasauroids, which exhibit strict 
uterine compartmentalization of individual foetuses.
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