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Fig. 1 Reconstruction of the jaw-closing muscles of Plarybelodon tongxinensis, lateral view

Ma Superficial masseter muscle FERHL
Zm Zygomaticomanditular muscle (=deep masseter muscle, Maglio, 1972)

EiUL(=BEEK Y, Maglio, 1972)
Tem Temporal muscle FiAL
Lpt Lateral pterygoid muscle SNEERL

Mpt Medial pterygoid muscle pRELRN
=) B M
1. Bl (superficial masseter muscle)
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AR R A DEUEISN, A BIAL R AIBILRT & EEHAr, FE=45 A (Specialized group 11
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Fig. 2 Schematic vector diagrams in sagittal projection showing the mean muscle pull

direction and the relative mass of ecach of the various jaw muscles (vector length in %)

for Platybelodon tonmgzinensis, in comparison with the three successful adaptively specia-
lized groups (after Turnbull, 1970) and Elephas maximus

Groupl = “scissors” type | YIHE
Groupll = “mill” type FfEEHL
Grouplll = “anterior-shift” type WEUTISMEHERI
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TR 2 RS , X R B W T SR RTER A S AT A8, DUR It Rl T 3k 16 S5 30 T 13 b 0 BT
HEI TR EM, Borissiak (1929) HRIES G REA RN T ARB A M 5 % LUK
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ATE, RAMEEHAEEDNRAER- —RTLPRETR, AFTERANSEN
BT, TR & 0, BT E R IR 24T TR o
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wHEEN Bk ERE R B, EEMERES, BEBOUIEREREER =R
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Yig., 3 The vector diagrams of temporal muscle action during jaw closure and of lever
systems, indicating the jaw clesing cfficiency of the temporal muscle under various conditio-
ns: 1. KGITLH R, Comphothers; 2 ZEMMLLEARME, HAREHI T NEAHo In casc
the insertion of the temporal muscle is forward shifted and itsorigin keeps unchanged; 3,

HAREK, Short-Jawed clephantid

A KHFAGERARGZERE Molar pattern of gomphothere
B EHESAXALEAE Molar pattern of clephantid
Et HWYER /3 Effort force of temporal muscle

Le EWfeH /158 Effort arm of temporal muscle

R BWME{EE /1 Resistance force

Lt Ve /1718 Resistance arm

¥ A Fulcrum
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RECONSTRUCTION OF THE JAW-CLOSING MUSCLES OF
PLATYBELODON TONGXINENSIS (AMEBELODON-
TIDAE, PROBOSCIDEA) AND DISCUSSION OF
CRANIAL EVOLUTION FROM LONG-JAWED
MASTODONT TO SHORT-JAWED
- ELEPHANTID

Ye Jie Wu Wenyu Jia Hang

(Institure of Vertebrate Paleontology and Paleoanthropology, Academia Simica)

Key words Plarybelodon; Reconstruction of jaw-closing muscle group; Cranial mor-
phology; Functional analysis; Mechanism of evolution

The jaw-closing muscles of Platybelodosn tongxinensis (Amebelodontidae, Proboscidea) ate
reconstructed based on a fairly well-preserved juvenile skull and the associated lower jaw from
Middle Miocene of Tongxin (V8503, Ye et al, 1989), emphasizing the mechanisms of morpho-
logical evolution (or adaptive modifications) in the cranium from long-jawed mastodont to
short-jawed elephantid.

Comparisons of the reconstructed jaw-clesing muscles of Pl zongxinensis with the living
Asiatic elephant (Elephas maximus) as well as the three mammalian groups based on jaw mu-
scles defined by Turnbull (1970) indicate that Pl. rongxinensis is more primitive in composi-
tion than the living Asiatic elephant and more similar in the mechanism of jaw closure to the
ungulates than to the latter (fig. 2). It is probable that Pl. tongxinensis should be referred
to Turnbull’s special group II: “ungulate-grinding” or “mill” type, but with a rather high con-
tribution of the temporal muscle to the total jawclosing process. The elephantid then should
be referred to a specialized group: “horizontal-shearing” type with nearly perpendicular tem-
poral muscle and horizontal pterygoid muscle orientation.

Changes of diet and the way of food-gathering are suggested as the factors resulting in a
series of structural adaptive modifications in the molar teeth, skull and jaws as well as the
closely related jaw-closing muscles. The mechanisms of the evolution of the dentition, skull,
mandible and the masticatory apparatus from gomphotheres to elephantid have been well ex-
plained by Maglio (1972, 1973). As a result of the present study the authors accepted most of
his conclusions but wish to present some additional information on this subject.

1. The modification in the way of food-gathering resulted in the shortening of symphysis,
the loss of lower tusks, the downturning of premaxillars, and the development of a long, su-
spensory and prehensile trunk in the short-jawed elephant. The short-jawed elephants gather
food with their long trunk while the long-jawed gomphotheres used their short trunk (or “mu-
scular upper lip”, Borrisiak, 1929) and specialized long symphysis and tusks. Evidences arc
provided by the specimens of Pl. tongxinensis: The nasal opening is slightly behind the an-
terior border of the orbit, and the infraorbital foramen is big, facing anteriorly with its tube
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almost horizontally positioned. The wear facet on lower incisors faced antero-ventrally. It
can be deduced that the shoveltusker had a rather long, forward extended trunk which was op-
posite and covered the forward protruding tusks and symphysis. They gathered food with
their trunks, long symphysis and lower incisors as well. Although gomphotheres had another
type of lower incisors, their skulls are similar to Plarybelodon in the position of nasal open-
ing, of infraorbital foramen and the long symphysis. It is probable that gomphotheres gather-
ed food in the same way as shoveltuskers did.

2. One of the adaptations to the change of diet from short-fibre plant to long-fibre ones
was the increase in number of enamel ridges and the decrease in distance berween adjacent
ridges, so that the bunodont-lophodont molar teeth with mortar and pestle grinding-sbearing
structure was transformed into a lophodont type with a horizontal-shearing structure. This
alteration in molar structure not only enhance the effective functional shear length buc alse
permitted the food to be cut into an appropriate size for adequately digestion.

3. With the increase in number and frequency of plates, the area of the occlusal surface
increased. In this case either a strengthened temporal muscle or the adjustment of the point
of force can keep the pressure exerted on the occluded surface unchanged. The forward
shift of the temporal fossa and of the ascending ramus of mandibles adjust the exerted point
and orientation of force, while the increase in height of the parietal and occiput as well as
the lateral expansion of the sinuses in the squamosal can increase the volume of the temporal
muscle, making compensation for the narrowing of the insertion area of the temporal muscle
resulted from the forward shift of the occiput and parietal.

The prerequisite (preadaptation) for the evolution from long-jawed mastodont to short~
jawed elephantid existed already in Miocene. The initial structural modifications present in
Miocene were: (1) The large and long bunodontlophodont molar teeth; (2) The early specia-
lization in the way of molar teeth eruption; (3) A rather developed trunk (the nasal opening
retracted to behind the anterior border of the orbit); (4) and modification of skull shape by
most of developed sinuses in skull bones.



