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The gastralial apparatus of Plateosaurus engelhardti:
morphological description and soft-tissue reconstruction

Regina Fechner and Rainer GoRling

ABSTRACT

The fragmentary nature of the fossil record of the gastralial apparatus of sau-
ropodomorph dinosaurs has considerable impact on our understanding its functional
morphology and evolution in this group. With the aim of increasing our knowledge on
the functional morphology of the gastralial apparatus of sauropodomorph dinosaurs,
remains of the gastralial apparatus of Plateosaurus engelhardti are described. Soft-tis-
sues and their function are reconstructed applying the Extant Phylogenetic Bracket, in
this instance comprising crocodiles and birds. The gastralial apparatus of Plateosaurus
consists of at least 18 gastralial rows. With exception of the 15t row, which has a chev-
ron-shaped medial and two lateral gastralia, the gastralial rows consist of two medial
and two lateral gastralia. The lateral gastralia are 2.2 — 2.8 times longer than the asso-
ciated medial gastralia. The proximal ends of the medial gastralia overlap in a lattice-
like arrangement, forming a mid-ventral imbricating articulation. Characteristic for Pla-
teosaurus is the sigmoid form of the medial and lateral gastralia, the increasing angle
of the gastralial rows from proximal to distal, as well as the increasing robustness of
the gastralia rows from proximal to distal. According to the Extant Phylogenetic
Bracket, the gastralial apparatus of Plateosaurus is embedded into M. rectus abdomi-
nis, which attaches to the caudal aspect of the sternum and indirectly to the distal end
of the pubis. As in extant archosaurs, m. rectus abdominis is closely related to the
other muscles of the hypaxial abdominal muscle group. The muscles of the hypaxial
abdominal muscle group are active during ventilation and locomotion, which suggests
that the functions of the gastralial apparatus of Plateosaurus may be more complex
than previously suggested.
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INTRODUCTION

Gastralia are dermal ossifications localized in
the ventral or ventroposterior abdominal wall of
several extinct tetrapodan groups (see Claessens,
2004), as well as some extant reptiles, such as
Sphenodon punctatum (e.g., Daiber, 1920-21;
Byerly, 1925) and crocodiles (e.g., Gadow, 1882;
Maurer, 1896; Romer, 1956). In dinosaurs, remains
of a gastralial apparatus are reported from numer-
ous theropod dinosaurs and an increasing number
of non-sauropodan sauropodomorph dinosaurs.
The gastralial apparatus of theropod dinosaurs is
known from many findings with more or less com-
plete and articulated material (e.g., Eudes-
Deslongchamps, 1838; Osborn, 1906; Lambe,
1917; Gilmore, 1920; Barsbold, 1983; Chure and
Madson, 1996; Norell and Makovicky, 1997; Claes-
sens, 2004; O’Connor, 2007). The theropodan gas-
tralial apparatus consists of a variable number of
metameric gastralial rows; each of these com-
prises four gastralia: two medial and two lateral
gastralia. Exceptions are the fused and chevron-
shaped medial gastralium of the first and the last
gastralial row reported from some theropod dino-
saurs (Claessens, 2004). The gastralial apparatus
of non-sauropodan sauropodomorph dinosaurs is
mainly known from isolated and fragmentary mate-
rial (e.g., Huene, 1907-08; Cooper, 1981; Knoll,
2010; Sertich and Loewen, 2010; Yates et al.,
2010). However, an almost complete and articu-
lated gastralial apparatus of Plateosaurus gracilis
was described by Huene (1915), which received,
unfortunately, little attention. The gastralial appara-
tus was lost on the lineage to sauropod dinosaurs
(see Claessens, 2004), although remains of sau-
ropodan gastralia have been repeatedly reported
(Redman and Filla, 1994; He et al., 1998; Sereno
et al., 1999). The most recent report on sauropo-
dan gastralia was provided by Tschopp and
Mateus (2013). When describing the remains of
the chest region of Diplodocidae from the Late
Jurassic Howe Quarry (Wyoming, USA), Tschopp
and Mateus (2013) identified some of the material
as gastralia. The assignment of this material to
gastralia, however, is uncertain and solely based
on a proposed articulation of the remains. Since
these remains show morphological characters
which clearly allow for an assignment to sauropo-
dan sternalia (in the absence of morphological
characters allowing for definitive assignment to
gastralia) the remains are considered here as sau-
ropodan sternalia. Findings on the gross anatomy
and function of the sauropodomorph gastralial

apparatus are mainly inferred from comparison
with theropod dinosaurs (Claessens, 2004).

Assumptions on the functional morphology of
the gastralial apparatus in saurischian dinosaurs
as in other extinct and extant tetrapods are mainly
based on its location on the ventral aspect of the
trunk and on its association with m. rectus abdomi-
nis and the activity of this muscle in extant tetra-
pods. Basically two different functions are
discussed for the gastralial apparatus of sau-
rischian dinosaurs: 1) protection and support of the
viscera (Romer, 1956; Hildebrand, 1995; Holtz and
Brett-Surman, 1997) and 2) respiration (e.g., Perry,
1983; Carrier and Famer, 2000; Claessens, 2004,
2009). In addition to the discussion on the function
of the gastralial apparatus in saurischian dino-
saurs, Robinson (1975, 1977) presented an inter-
esting idea on the function of the gastralial
apparatus in plesiosaurs. According to Robinson
(1975, 1977), the ventral trunk of plesiosaurs
including the gastralial apparatus and its associ-
ated soft-tissues were adapted to stresses that are
exerted on the plesiosaurian trunk during aquatic
locomotion. A fresh look at the activity pattern of
the abdominal hypaxial muscles including m. rec-
tus abdominis in extant amphibians and reptiles
has revealed that this muscle group is not only part
of the respiratory system, but is also part of the
locomotory system (e.g., Carrier, 1990; O'Reilly et
al., 2000; Bennett et al., 2001).

Based on these new findings on the complex
activity pattern of the abdominal hypaxial muscle
group, a new hypothesis is introduced: the function
for the gastralial apparatus comprises trunk stabili-
sation in Plateosaurus. In order to discuss this new
hypothesis, we offer here: i) the description of the
gastralial apparatus of Plateosaurus engelhardti
and ii) the reconstruction of the soft-tissues that
attach to the gastralial apparatus applying the
Extant Phylogenetic Bracket (EPB) approach.

MATERIAL AND METHODS

The description of the gastralial apparatus of
Plateosaurus engelhardti is based on three speci-
mens, SMNS 12949 (Figure 1.1-2), SMNS 12950
(Figure 1.3), and SMNS 52968 (Figure 1.4-5). The
remains of these specimens are articulated and
almost complete (see below). In addition to provid-
ing new insights into the morphology of the gastra-
lial apparatus of Plateosaurus engelhardti, these
remains are associated with other postcranial
material that allow for the assignment to the genus
Plateosaurus (see Schoch, 2011). According to R.
Schoch (pers. communication May 2013), the
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FIGURE 1. Gastralial apparatus of Plateosaurus engelhardti. 1, SMNS 12949; 2, interpretative drawing of the chev-
ron-shaped medial gastralial of SMNS 12949; 3, SMNS 12950; 4, SMNS 52968; 5, interpretative drawing the mid-
ventral imbricating articulation, robust posterolateral gastralia and the last gastralial row of SMNS 52968. Arrows indi-
cate a, chevron-shaped medial gastralium and b, lateral gastralium associated to the chevron-shaped medial gastra-
lium; ¢, mid-ventral imbricating articulation; d, robust posterolateral gastralia, last gastralial row. Scale bar equals 10
cm.
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Trossingen Plateosaurus material represents only
a single species, Plateosaurus engelhardti.
Although the material is exceptionally well pre-
served, the entire range of intraspecific morpholog-
ical variation will not be detected within the
gastralial apparatus of Plateosaurus engelhardti
due to the limited number of specimens currently
available for study.

SMNS 12949. An almost complete gastralial appa-
ratus including the first gastralial row but lacking
the caudalmost gastralial rows. Left and right pairs
of the gastralial rows are displaced relative to each
other. The articulation of medial and lateral gastra-
lia of a gastralial row is preserved in situ. Sixteen
rows are preserved.

SMNS 12950. An almost complete and articulated
gastralial apparatus. SMNS 12950 lacks the cra-
nialmost and caudalmost gastralial rows. The gas-
tralial apparatus is preserved in situ without
displacement. Unfortunately, the medial articulation
of the gastralial rows is not preserved. Twelve rows
are preserved.

SMNS 52968. An almost complete and articulated
gastralial apparatus. Cranialmost rows are lacking,
but SMNS 52968 includes the caudalmost row of
the gastralial apparatus. The articulation of left and
right pair of a set are slightly displaced relative to
each other in the cranial part of the preserved gas-
tralial apparatus. The articulation of a medial and
lateral gastralial set is preserved in situ. Fifteen
gastralial rows are preserved. The ventral aspect
of the gastralial apparatus is exposed.

The anatomical description of the gastralial
apparatus of Plateosaurus presented here is based
on all three specimens. Specimen SMNS 12949
was used to reconstruct the cranialmost aspect of
the gastralial apparatus of Plateosaurus, and spec-
imen SMNS 52968 was used to reconstruct the
caudalmost aspect of the gastralial apparatus.
Measurements on length of medial and lateral gas-
tralia, angle of paired sets of gastralia were mainly
taken from SMNS 52968. The specimens were
documented with drawings and photographs. Mea-
surements were taken with a measuring tape.

For reconstructing the soft-tissue arrange-
ment of the ventrolateral abdominal wall of Plateo-
saurus, the EPB approach was applied (sensu
Witmer, 1995). Extant crocodiles (Caiman crocody-
lus, Crocodylus niloticus) and birds (Rhea ameri-
cana, Gallus gallus) were dissected with special
emphasis on the soft-tissues of the ventrolateral
abdominal wall (origin and insertion of muscles,
bone-muscle interaction, presence of cartilage).
Additional information on the ventrolateral abdomi-

nal wall of extant archosaurs was taken from the lit-
erature. For crocodiles, Gadow (1882), Maurer
(1896), Romer (1923), Cong et al. (1998), Farmer
and Carrier (2000) and Fechner and Schwarz-
Wings (2013) were consulted. Fedde (1987), Bau-
mel et al. (1990), Vanden Berge and Zweers
(1993) and Vollmerhaus (2004) were chosen for
gaining more insights into the myology of the ven-
trolateral abdominal wall of birds. Information on
the function of muscles of the ventrolateral abdom-
inal wall was taken from Gans and Clark (1976)
and Farmer and Carrier (2000) for crocodiles and
Fedde (1987), Baumel et al. (1990), and Vollmer-
haus (2004) for birds.

Institutional Abbreviations

GPIT, Geologisch-Paldontologisches Institut Tlbin-
gen (GPIT), Germany; SMNS, Staatliches Museum
fur Naturkunde Stuttgart (SMNS), Germany.

RESULTS

Morphology of the Gastralial Apparatus of
Plateosaurus engelhardti

The gastralial apparatus of Plateosaurus con-
sists of at least 18 gastralial rows (Figure 1, 2). The
rows are V-shaped with the apices of the rows
pointing cranially. The 1st gastralial row consists of
a chevron-shaped medial gastralium and a single
pair of lateral gastralia (Figure 1.1-2, 2). The
medial gastralium is obtusely angled with an angle
of 110° between the gastralial arms. The medial
gastralium is relatively robust with a subrounded
cross section at the medial part. The arms taper
laterally and are slightly curved in the frontal plane.
The distal end of the gastralial arms are flattened
cranially to articulate with the adjacent lateral gas-
tralium. A corresponding articulation facet is also
found on the caudal aspect of the proximal end in
the lateral gastralia. The lateral gastralia of the first
row are as robust as the medial gastralium and do
not taper laterally. In the frontal plane, the lateral
gastralia are sigmoid in shape with a subrounded
cross section. The lateral gastralia are 2.5 times
longer than the arms of the medial gastralium.
From the 2nd to the penultimate row of the gastra-
lial skeleton of Plateosaurus, a gastralial row con-
sists of four elements, a pair of a medial and a
lateral gastralium on either side (Figure 1, 2). The
pairs are offset axial symmetric, resulting in an
imbricating articulation of the proximal ends of the
medial gastralia. The degree of overlap of the prox-
imal ends of the medial gastralia decreases from
cranially to caudally (Figure 1.4-5, 2). The gastra-
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FIGURE 2. Interpretative drawing of the gastralial apparatus of Plateosaurus engelhardti based on specimens
SMNS 12949, SMNS 12950, SMNS 52968. Abbreviations: CMG, chevron-shaped medial gastralium; LG, lateral gas-
tralium; MG, medial gastralium; MVI, mid-ventral imbricating articulation. Not to scale.

lial rows are obtusely angled, ranging from about
110° cranially to 140° caudally (Figure 1.4-5, 2).
The morphology of the medial and lateral gastralia
changes from cranial to caudal. Cranially, the
medial gastralia are slender and rod-shaped
bones, which taper laterally. The distal end of the
medial gastralia is flattened cranially to provide an
articulation facet for the lateral gastralia. In the
frontal plane, the medial gastralia are sigmoid in
shape. The lateral gastralia are more robust than
the adjacent medial gastralia. The rod-shaped
bones are proximocaudally flattened (see above)
and do not taper laterally. The lateral gastralia are
strongly sigmoid. The morphology of the gastralia
of the last gastralial rows changes drastically (Fig-
ure 1.1, 1.3-5, 2). The medial gastralia become
more robust and the caudalmost medial gastralia is
almost as robust as the associated gastralia, and

the curvature in the frontal plane is lost. The lateral
gastralia also lost the curvature in the frontal plane.
Instead, the distal end of the lateral gastralia is
strongly curved caudally or caudodorsally. The dis-
tal end of the gastralia is flattened dorsoventrally
and broadened craniocaudally. The lateral gastra-
lia are longer by a factor 2.2 to 2.8 than the associ-
ated medial gastralia. The last gastralial row
preserved in Plateosaurus consists of paired
medial gastralia. No lateral gastralia are preserved.
However, the medial gastralia are not completely
preserved and the absence of lateral gastralia in
the last gastralial row could represent a preserva-
tion bias. The preserved fragments of the medial
gastralia are relatively robust and almost straight.
In these last gastralial rows, there is no evidence of
a mid-ventral imbricating articulation (Figure 1.4-5,
2).
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DISCUSSION

General Notes on the Gastralial Apparatus of
Non-sauropodan Sauropodomorph Dinosaurs

Gastralial remains of dinosaurs have rarely
been described and illustrated and therefore our
knowledge on the gastralial apparatus of non-sau-
ropodan sauropodomorph dinosaurs was mainly
based on isolated material (see Claessens, 2004).
The articulated and almost complete gastralial
remains described here provide new insights into
the morphology of the gastralial apparatus of Pla-
teosaurus engelhardti and improve our under-
standing of the gastralial apparatus of non-
sauropodan sauropodomorph dinosaurs. Combin-
ing new insights presented here with published
data (Huene, 1907-08, 1915; Cooper, 1981; Claes-
sens, 2004; Knoll, 2010; Sertich et al., 2010) indi-
cates that the gastralial apparatus of non-sauropod
sauropdomorph share the following features: (1)
gastralial rows consisting of two medial and two lat-
eral gastralia, (2) medial gastralia are shorter than
lateral gastralia, (3) medial and lateral gastralia are
sigmoid-shaped, (4) caudolateral gastralia are
broad and strongly curved caudally, (5) presence
of a mid-ventral imbricating articulation, and (6)
obtuse angle of gastralial rows increases from
proximal to distal. A chevron-shaped medial gas-
tralium of the first gastralial row as described here
for Plateosaurus is not known from any other non-
sauropodan sauropodomorph gastralial remains.
However, the presence of a chevron-shaped
medial gastralium in theropod dinosaurs (see
Claessens, 2004) indicates that this element might
also be present in other non-sauropodan sau-
ropodomorph dinosaurs. Unfortunately, the frag-
mentary record of the gastralial material assigned
to non-sauropodan sauropodomorph dinosaurs
does not allow for identifying variation or phyloge-
netic changes in the gastralial apparatus in this
group. Based on our current knowledge, the gas-
tralial apparatus of non-sauropodan sau-
ropodomorph dinosaurs resembles in its overall
morphology that of theropod dinosaurs. So far, only
the sigmoid shape of the gastralia can be identified
as characteristic for non-sauropodan sau-
ropodomorph dinosaurs.

The Ventral Abdominal Wall in Plateosaurus
engelhardti

In extant tetrapods, a gastralial apparatus is
present in crocodiles and Sphenodon. In both croc-
odiles (Figure 3.2) and Sphenodon the gastralial
apparatus is embedded into m. rectus abdominis

(e.g., Romer, 1923; Byerly, 1925; Fechner and
Schwarz-Wings, 2013). Thus, the reconstruction of
the gastralial apparatus embedded into m. rectus
abdominis is unequivocally supported in Plateo-
saurus. In extant archosaurs, m. rectus abdominis
originates from the caudal aspect of the sternum.
In crocodiles, m. rectus abdominis inserts on the
last gastralial row. The last gastralial row, in turn, is
attached to the distal end pubis by a fibrocartilagi-
nous sheet and ligaments, connecting the gastra-
lial apparatus indirectly to the pubis (Maurer, 1896;
Romer, 1923; Farmer and Carrier, 2000). In birds,
m. rectus abdominis inserts directly on the antero-
ventral aspect of the distal end of the pubis. The
origin of m. rectus abdominis on the sternum in
Plateosaurus is unequivocally supported. Evidence
from the distal end of the pubis indicates the pres-
ence of a cartilaginous cap (Figure 3.5). This carti-
laginous cap and the propubic condition of the
pelvis of Plateosaurus suggest that the insertion of
m. rectus abdominis was comparable to crocodiles
(Figure 3.1-4). This reconstruction is supported by
the observations of Huene (1915), who noticed that
in Plateosaurus gracilis (GPIT 18392) the last gas-
tralial row was located directly in front of the distal
end of the pubis, with the lateral gastralia embrac-
ing the distal pubis laterally, and by the in situ
drawing of the specimen SMNS 13200 (Schoch,
2011, figure 5A). In crocodiles additional abdominal
muscles, most likely derivates of m. rectus abdomi-
nis, are present (Fechner and Schwarz-Wings,
2013). The presence of these muscles in Plateo-
saurus is not discussed here and for more detailed
information as well as a critical discussion of their
homology and evolution, please refer to Fechner
and Schwarz-Wings (2013).

M. rectus abdominis is part of the abdominal
hypaxial muscle group. Apart of m. rectus abdomi-
nis, the abdominal hypaxial muscle group of tetra-
pods generally consists of m. obliquus externus
abdominis, m. obliquus internus abdominis, and m.
transversus abdominis (e.g., Carrier, 1990; Romer
and Parson, 1991). The muscles of the abdominal
hypaxial muscle group are closely related. In croc-
odiles, the lateral ends of m. rectus abdominis are
attached to m. obliquus externus abdominis via the
Fascia lumbodorsalis. M. obliquus internus abdom-
inis and m. transversus abdominis arise from the
Fascia lumbodorsalis and insert on m. rectus
abdominis (e.g., Romer, 1923; Fechner and
Schwarz-Wings, 2013). This arrangement corre-
sponds to the general arrangement of the hypaxial
abdominal muscles in tetrapods (Carrier, 1990;
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FIGURE 3. Reconstruction drawings of Plateosaurus engelhardti. 1, Crocodilus niloticus in dorsal view showing the
association of gastralial apparatus and hypaxial abdominal muscles in extant crocodiles (scale bar equals 10 cm); 2,
ventral view of the trunk of Plateosaurus engelhardti depicting the embedment of the gastralial apparatus into m. rec-
tus abdominis. The reconstructed gastralial apparatus does not show medial and lateral gastralia or the mid-ventral
imbricating articulation (not to scale); 3, superficial layer and 4, internal layer of the left lateral view of Plateosaurus
engelhardti depicting the abdominal hypaxial muscles. Orientation and length of muscle fibres are only of schematic
nature; 5, distal end of the pubis and 6, ischium of specimen SMNS 13200 is indicative for the presence of a cartilag-
inous cap in Plateosaurus engelhardti (not to scale). Abbreviations: CA, cartilage; ECA, epipubic cartilage; GA, gas-
tralial apparatus; GAST, gastralia; ISTR, m. ischiotruncus; OEA, m. obliquus externus abdominis; OIA, m. obliquus
internus abdominis; P, pubis; PEC, m. pectoralis; RAE, m. rectus abdominis externus; TA, m. transversalis abdomi-

nis; TRUCA, m. truncocaudalis.

Romer and Parson, 1991) and can be recon- on two hypotheses: 1) protection and support of
structed in Plateosaurus (Figure 3.1-4). the viscera and 2) respiration. The hypothesis that
the function of the gastralial apparatus of tetrapods
is for protection and support of the viscera is based
on its position on the ventral aspect of the trunk

In the past, the discussion on the function of  and the massive nature of the gastralia in basal tet-
the gastralial apparatus of tetrapods has focussed rapods (Romer, 1956; Holtz and Sues, 1997). The

The Function of the Gastralial Apparatus in
Plateosaurus engelhardti

7
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delicate nature of the gastralia in Plateosaurus and
other sauropodomorph dinosaurs (Huene, 1907-
08, 1915; Cooper, 1981; Sertich and Loewen,
2010) indicates that protection and support of the
viscera might not the primary function of the gas-
tralia in this group. In recent years, only the poten-
tial respiratory role of the gastralial apparatus was
largely discussed. Perry (1983) assumed a passive
respiratory role of the gastralial apparatus in tetra-
pods, arguing that during costal breathing, the
expansion of the rib cage is associated by a pas-
sive inward movement of the abdominal wall. This
inward movement of the abdominal wall, however,
will reduce the net expansion of the pleuroperito-
neal cavity and therefore waste energy. According
to Perry’s understanding, the gastralial apparatus
might serve as a structure that counteracts such a
passive inward movement of the abdominal wall.
Carrier and Farmer (2000) and Claessens (2004)
argued for a more active respiratory role of the
gastralial apparatus of saurischian dinosaurs.
Thereby, Carrier and Farmer (2000) and Claes-
sens (2004) based their assumption mainly on the
activity pattern of m. rectus abdominis in extant
archosaurs and on the geometry of the saurischian
gastralial apparatus. In extant archosaurs, m. rec-
tus abdominis is active during expiration (Fedde,
1987; Baumel et al., 1990; Carrier and Farmer,
2000; Vollmerhaus, 2004). In crocodiles, contrac-
tion of m. rectus abdominis decreases the distance
between the gastralial rows, and the pubis is
rotated craniodorsally. Both the contraction of m.
rectus abdominis and the craniodorsal rotation of
the pubis result in a dorsal displacement of the
abdominal wall and therewith in a decrease of the
abdominal volume (Farmer and Carrier, 2000;
Claessens, 2009). During inhalation, the ventral
abdominal wall of crocodiles is displaced ventrally,
resulting in an increase of abdominal volume
(Farmer and Carrier, 2000; Claessens, 2009). Both
Carrier and Farmer (2000) and Claessens (2004)
concluded that the gastralial apparatus of sau-
rischian dinosaurs with its mid-ventral imbricating
articulation might represent an adaptation to a
highly derived saurischian ventilatory mechanism.
Thereby, the mid-ventral imbricating articulation
function as a complicated lever-system, in which
protraction and retraction of the gastralial rows wid-
ens and narrows the abdominal cavity by contrac-
tion of hypaxial abdominal muscles (Carrier and
Farmer, 2000; Claessens, 2004). A recently pub-
lished study on the lung ventilation in Alligator mis-
sissippiensis applying cineradiography showed
that during exhalation the gastralial apparatus is

displaced dorsally with the proximal ends of the
gastralia displaced craniodorsally (Claessens,
2009). Claessens (2009) argued that the gastralial
apparatus in Alligator might provide a skeletal
framework for preventing an abdominal collapse
(sensu Perry, 1983) and supporting muscle action
during ventilation.

The hypaxial abdominal muscles including m.
rectus abdominis are of dual function: respiration
and locomotion. In amphibians and reptiles, the
abdominal hypaxial muscles allow for lateral bend-
ing of the trunk and stabilization of the trunk
against long-axis torsion during walking (e.g., Car-
rier, 1990, 1993; Bennett et al., 2001). During walk-
ing, the trunk is supported by two diagonally
opposing limbs. The ground reaction forces
directed through the supporting limbs result in the
rotation of the girdles and therewith in a twist of the
long-axis of the trunk (Gray, 1968; Carrier, 1990;
Bennett et al., 2001). In order to allow for trunk sta-
bilization, muscle forces are required to counteract
those torsional moments. It has been found that
the abdominal hypaxial muscles are well suited to
accomplish this task (Carrier, 1990, 1993; Bennett
et al., 2001). The activity of m. obliquus internus
abdominis and m. transversus abdominis on the
extending side of the trunk is associated with fore-
limb support, and m. obliquus externus abdominis
is active on the flexing side of the trunk and associ-
ated with hind limb support (Carrier, 1990; Bennett
et al.,, 2001). M. rectus abdominis is associated
with lateral bending of trunk (Carrier, 1990). The
work of Carrier (1990, 1993) and Bennett et al.
(2001) refer to amphibians and lizards and there-
with tetrapods with a sprawling limb posture and a
quadrupedal body posture. For tetrapods with an
erect limb posture (e.g., Gray, 1968; Fife et al.,
2001; Deban and Carrier, 2002) and bipedal body
posture (e.g., Waters and Morris, 1972; Borghuis et
al.,, 2008) comparative findings have been
obtained. This suggests that the abdominal hypax-
ial muscles are of dual function in Plateosaurus
and other extinct archosaurs.

It is commonly accepted that a bone is shaped
by the mechanical loads imposed on it and opti-
mized in terms that minimum bone mass with max-
imum bone strength (e.g., Rubin and Lanyon,
1987; Christen et al., 2012). At both the develop-
mental and evolutionary scale, changes in the
mechanical loads are correlated with changes in its
shape (e.g., Moss and Salentijn, 1969; Barak et al.,
2011). A bone or bone complex, however, can be
adapted to more than one function (Bock and
Wahlert, 1969) and in such cases its resulting



shape has to be regarded as a compromise. Each
function of a bone or a bone complex is subject to
selective forces (Bock and Wahlert, 1969; Currey,
2012). If one wants to analyze the cause and/or the
change in shape, it is necessary to identify all the
functions associated with the bone or bone com-
plex; then the function or functions responsible for
the change in shape can be detected. The relation-
ship between function and shape, however, is very
complex and fundamental aspects of the function —
shape relationship of most anatomical structures —
is not yet fully understood. The gastralial apparatus
of extant tetrapods has rarely been subjected to
functional morphological studies (e.g., Claessens,
2009). In extant tetrapods a gastralial apparatus is
only present in Sphenodon and crocodiles. Further
functional morphological studies have the potential
to provide new insights into the function of the gas-
tralial apparatus, supporting or confuting existing
hypotheses. Such studies might show whether
those findings can be applied to extinct tetrapods,
such as sauropod dinosaurs, which differ from
Sphenodon and crocodiles regarding body and
limb posture, trunk stabilization, and ventilatory
mechanism.

Based on the findings presented here, trunk
stabilization most likely represents a function of the
gastralial apparatus of Plateosaurus. Whether the
gastralial apparatus of Plateosaurus assumes an
active role or a passive role in trunk stabilization
cannot be answered. Nevertheless, it is very likely
that the function of the gastralial apparatus of Pla-
teosaurus includes, besides trunk stabilization, res-
piration, and support and protection of the viscera,
as suggested in previous studies. In order to
improve our understanding of its function, the gas-
tralial apparatus has to be regarded as an integral
part of a whole organism, and methods that are
well-suited to identify and simulate functions and
their changes through ontogeny and phylogeny
should be applied.
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