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Re-interpretation of the girdle bones of the plesiosaur “Hobetsu-Araki-Ryu” and a

revision of skeletal reconstruction
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Abstract. We attempted a re-interpretation of its pectoral and pelvic girdles of “Hobetsu-Araki-Ryu”
(HMG-1) which is a symbolic plesiosaur whose discovery led to the establishment of the Hobetsu Museum.
Preserved girdle elements are fragmentary and found in a number of separate nodules, posing a difficulty in
earlier studies. Based on morphological characteristics including the differences in surface bone textures and
thickness, and assisted by the old documents related to the excavation, we propose a new interpretation. A
full-scaled model for exhibition and a digital 3D model using photogrammetry were created based on this new

interpretation.
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Figure 1. New restoration of "Hobetsu-Araki-Ryu" (HMG-1) on exhibition at The Dinosaur Expo 2019 at the Ueno Gallery of

National Museum of Nature and Science, Tokyo.
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Figure 2. Reduced model of the pectoral and pelvic
girdles of HMG-1 based on which the full-scaled model
was created. The white portions represent fossilized parts,
and they were created by a 3D printer. Colored portions
represent missing parts and they are made of thermoplastic
resin.
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Figure 3. Digital 3D model of a whole skeleton of and elasmosaurid plesiosaur using photogrammetry, showing the position of

the pectoral and pelvic girdles modified in the new reconstruction. Note that only the pectoral and pelvic girdles are based on

the actual shape of HMG-1. The remaining parts of the skeleton are not based on HMG-1 but were modeled as a generalized

elasmosaurid plesiosaur skeleton based on other specimens.
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Figure 4. Digital 3D reconstruction of the pectoral and pelvic girdles of the plesiosaur "Hobetsu-Araki-Ryu", HMG-1, showing
the preserved parts. Dorsal (A, B), ventral (C, D), left (E, F) and right (D, H) views of pectoral (A, C, E, H) and pelvic (B, D, F,
Q) girdles, and the girdles in anterior (I) and posterior (J) views. Missing and restored parts are in dark grey. Abbreviations: cl,

clavicles; cor, coracoid; il, ilium; is, ischium; pu, pubis; sc, scapula.
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Appendix. Description of the girdle elements of
HMG-1.

HMG-1 is a partial skeleton of a plesiosaur first
described by Nakaya (1989) consisting of a large number
of mostly isolated bones and bone fragments. Each element
bears a set of three Arabic numerals separated by hyphens
written on white agent directly painted on the fossil. They
are included in the following description with a prefix “#”
to clarify the identification.

An outline of the reconstructed pectoral and pelvic

girdles is given in Figure A 1.

Clavicular arch

Although much of lateral and posterior edges are
damaged, the clavicular arch retains its overall shape (#18-
3-2: Figure A2). It is a ventrally convex flat bone and
bears a wide anterior notch at midline along which the
edge is relatively thick and smoothly rounded. Except for
this anterior notch region and the posterolateral corner of
the right side, remaining or damaged edges are thin and
irregular in shape. There are no recognizable sutures or
other trace indicative of the presence of interclavicle in the
arch, so we judge that this element is completely missing
in HMG-1 and the preserved arch consists of the clavicles
only. The left and right clavicles are completely fused

without leaving any suture on either side of the arch.

Scapula
Remains of the scapula(e) consist of three parts: the

ventral plate (#18-3-1: Figures A3A, B, I, J, and 4A, B) and

, ca
/ 1 - 1
7 s \
) =@ N o= \\dp
pctf R
\ ‘—/\,\_
\ cor

plvf act

- — -
- —

\.\/

Figure A1l. Outline of the new reconstruction of the
pectoral (above, posterior portion abbreviated) and pelvic
(below) girdles of HMG-1. The interclavicle and ilia are not
included. Information of preserved left and right elements
are combined to give solid lines, and dashed lines indicate
missing parts. Anatomical abbreviations for Figures Al to
A6: act, acetabulum; ca, clavicular arch; cor, coracoid; dp,
dorsal process of scapula; ff, facet for femur; gl, glenoid;
ilf, facet for ilium; is, ischium; isf, facet for ischium; pctf,
pectoral fenestra; plvf, pelvic fenestra; pu, pubis; puf, facet
for pubis; se, scapula; sym, symphysis.
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Figure A2. Photographs and interpretations of the clavicular arch of HMG-1. A and B, dorsal view; C and D, ventral view; E and F,

anterior view. Scale bar = 100 mm.

the glenoid portion (part of #15-5-1, Figure A3C, D, K, L,
and A4C, D) of the left scapula, and a dorsal blade which
could belong to the left or right scapula (#13-1-1, Figures
A4l D).

The anteromedial edge of the ventral plate is nearly
straight, and bears a narrow, cliff-like vertical facet about
1 cm thick. The facet continues to form the anterior tip of
the symphysis at the midline, but the posterior extent of
the symphysis cannot be determined due to the damage.
Remaining anterior portion of the lateral edge of the ventral
plate is nearly straight and bears no ridge or scapular shelf.
The dorsal blade was broken off, but an anterior portion of
its base is located at the posterior end of the edge.

A severely damaged piece is identified as a dorsal
blade based on the remaining original ventral edge and the
teardrop-shaped cross section, although the identification
is admittedly tentative due to the poor preservation. It is
missing the dorsal end and the proximal connection to the

ventral plate, as well as the anterior edge; the remaining

26

base of the blade on the ventral plate indicates that the
anterior edge was thin near the base. In life, the blade
should have projected dorsally, posteriorly, and slightly
laterally, although the exact angles of projection cannot be
determined.

The glenoid portion is a stout bar bearing the facets for
humerus and coracoid, and a thin layer of remaining matrix
at the latter connects the adjacent portion of the coracoid.
The dorsal surface of anterior portion of the bar is gently
concave, and in cross section the bar thins medially towards
the edge of the pectoral fenestra. The ventrolateral edge and
the broken surface for the connection to the ventral plate are
worn, but the massive glenoid portion retains the original

shape of the shallow concave facet for the humerus.

Coracoid
Only the glenoid portion of the coracoid is preserved. It
is separated into two blocks found in separate nodules, but

fortunately they can be fitted (part of #15-5-1, #10-3-1, #10-
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Figure A3. Photographs and interpretations of the scapula and coracoid of HMG-1, part 1. A and B, ventral plate of left scapula in

dorsal view; C and D, posterior portion of left scapula in dorsal view; E and F, anterior portion of left coracoid bearing a middle

part of the glenoid in dorsal view; G and H, a portion of coracoid bearing a posterior part of the glenoid in dorsal view. I and J,

anteromedial view of the ventral plate of left scapula; K and L, left glenoid in lateral view. Scale bar = 100 mm.
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Figure A4. Photographs and interpretations of the scapula and coracoid of HMG-1, part 2. A and B, ventral plate of left scapula in
ventral view; C and D, posterior portion of left scapula in ventral view; E and F, anterior portion of left coracoid bearing a middle

part of the glenoid in ventral view; G and H, a portion of coracoid bearing a posterior part of the glenoid in ventral view. I and J,

possible dorsal blade of left scapula. Scale bar = 100 mm.

3-2, #10-4-1: Figures A3E—H, K, L, and A4E—H). The
anterior block is articulated with the scapula as described
above, and bears the original edge of the pectoral fenestra
and the middle portion of the glenoid. The posterior block
is severely damaged excepting the glenoid, and the matrix
and bone are hardly distinguished on the ventral surface,
suggesting that the original surface bone was lost so that
the cancellous inner bone tissue is directly exposed to the
matrix. The medial symphysis of coracoid is fairly thick in
more complete elasmosaurid skeletons, but we could not
find any bone fragments that can be positively identified as

representing this part in HMG-1.
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Hium

A fan-shaped dorsal (sacral) end of the ilium is
preserved (#17-3-8: Figure ASA—F), but it is unknown
whether it represents left or right one. The lateral side is
gently and smoothly convex, whereas the medial side is
concave and the surface is uneven, likely representing
the connection to the sacral ribs. The dorsal edge bears a

narrow endochondral facet.

Pubis
Both pubes are incompletely preserved. The preserved

part of the right pubis includes the lateral edge and the
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Figure AS. Photographs and interpretations of the pelvic girdle elements of HMG-1, part 1. A to F, dorsal (=sacral) end of an
ilium in lateral (A, B), medial (C, D) and dorsal (E, F) views; G to J, posterolateral portion of right pubis in dorsal (G, H) and
ventral (I, J) views. Scale bar = 100 mm.

facets for the femur and the ischium (#15-3-9, Figures pelvic fenestra, one small piece bearing much of the facet
ASG—1]). The left pubis is represented by three parts: one for the femur and a small portion of lateral edge, and a flat
large piece including medial symphysis and the edge of small piece interpreted as the anterolateral corner (#18-2-
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Figure A6. Photographs and interpretations of the pelvic girdle elements of HMG-1, part 2. A and B, medial portion of the left
pubis in dorsal view; C and D, posterolateral portion of left pubis in dorsal view; E and F, anterolateral portion of the left pubis in
dorsal view; G and H, C and D in acetabular view; I and J, anterolateral portion of left ischium in dorsal view; K and L, posterior
portion of the left ischium in dorsal view. Note that left pubis and ischium are displaced relative to each other. Scale bar = 100
mm.

30



ARV T ZF) 27 DR OFRRE L IETTHEOEIE

anterior
(for Aand C)

lateral

100 mm

anterior

(forGand )

lateral

anterolateral edge

sym

Figure A7. Photographs and interpretations of the pelvic girdle elements of HMG-1, part 3. A and B, medial portion of the left
pubis in ventral view; C and D, posterolateral portion of left pubis in ventral view; E and F, anterolateral portion of the left pubis
in ventral view; G and H, anterolateral portion of left ischium in dorsal view; I and J, posterior portion of the left ischium in
dorsal view. Note that left pubis and ischium are displaced relative to each other. Scale bar = 100 mm.
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7, 8-1-5, 17-3-7: Figures AGA—F, and A7A to F). Based on
this interpretation, the maximum width of the pubis is larger
than the maximum length. Remaining matrix filling the
pelvic fenestra connects the former piece with the ischium.
The symphyseal facet at the midline is thickest just
anterior to the pelvic fenestra then thins anteriorly then
deflects laterally, implying the presence of a gap between
the pubes. The location of posterior end of the symphysis
suggests that the pelvic bar (a bony connection of pubis and

ischium along the midline) was not formed.

Ischium

An anterior portion of the left ischium including the
edge of pelvic fenestra is attached to the left pubis with
matrix, but they are slightly displaced so that the medio-
anterior portion of the preserved ischium underlies the
ventral surface of the pubis (#18-2-9, Figures A6G, H, and
A7G, H). A trapezoid bone is identified as a middle portion
of the left ischium based on the outline and the thick medial

symphysis (#17-8-8, Figures A6K, L, and A71, J).
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