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1. Origin and evolution of skeletal tissues in
vertebrates.
Masatoshi Goto (Dept. Anat., Sch. Dent. Med.,
Tsurumi Univ., Yokohama.)

Originally, the skeletal tissues of vertebrates were
formed in the mesenchymal region which is filling
up the three germ layers. There are three layers of
skeletal tissues, that is, the dermal bones which are
formed beneath the ectodermal layer, the vertebra
which are formed around the notochord, rib and
limb bones which are formed in muscles of the
mesoderm, and the branchial bones which are
formed around the branchial intestine of the
endoderm. The dermal bones are called the
exoskeleton, whereas the other bones are called the
endoskeleton.

The exoskeleton was formed as bone from the
beginning, but the endoskeleton was formed initially
as cartilage and was gradually replaced by bone
during the evolution of the vertebrates. This process
is repeated in the ontogeny, the bones derived from
the exoskeleton are made by membranous ossifica-
tion, whereas the bones from the endoskeleton are
formed by cartilaginous ossification.

The dermal bones of exoskeleton originated from
the dermal armour of the ostracoderms which were
formed as means of remove excess calcium calcium
in the blood. The dermal armour was composed of
the superficial dentine tubercle and the basal
(aspidin). The dentine tubercle
functioned as a sense organ and evolved to the

osseous layer

placoid and ganoid scales in primitive fishes. In the

formation of jaws, the tubercles on the margin of
mouth evolved to form the jaw teeth as a predatory
organ. Tooth structure changed gradually during
evolution, that is, the outer highly mineralized layer
changed from the ectomesenchymal enameloid of
fishes to the epithelial enamel of tetrapods and the
aprismatic enamel of reptiles to the prismatic
enamel of mammals, and tooth support changed
from the fibrous attachment of chondrichthyes to
the anchylosis of osteichthyes and the thecodonty
of reptiles to the gomphosis of mammals.

(aspidin) of the dermal
armour of ostracoderms changed into the bone layer
of fish scales and evolved to the well developed
armour of turtles and armadillos. It entered into the

The osseous tissue

deep layer of the body and become the dermal bones
(membranous bones), that is, most bones of skull
and clavicle in tetrapods. Morphologically, they
cannot be distinguished from other bones, but they
are very clearly affected in some inherited diseases
such as cleidocranial dysostosis.

On the other hand, the endoskeleton was com-
posed of cartilages in primitive fishes. In primitive
cartilagenous fishes, some parts became calcified
cartilage and they were replaced by bones in fishes.
In the evolution of tetrapods, the cartilage gradually
became replaced by bones as a terrestrial support
and as sociated with locomotion, and all of the
endoskeleton of mammals are composed of bones
except the surface of joints and the walls of the
respiratory organs.

In this way, the skeletal tissues of vertebrates were
changed from a wmechanism for removing excess
calcim from the blood lo an organized functional
support for the vertebrate body.

2. Appearance of new characteristics features on
the teeth structure along with the teeth
evolution
Yukishige Kozawa (Dept. Anat., Nihon Univ.
Sch. Dent. Matsudo)

Molar teeth of the Proboscidea and the Equidae
showed dynamic morphological changes along with
the evolution, such as to be vast the volume, to be
complex the form, the development of coronal
cementum and to degenerate the root. The tooth
enamel develops more and more thick along the
evolution, but recent species has more thinner
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enamel than the ancestors result of the resorption
and the developmental abstraction.

The proboscidean ancestor of Palaeomastodon had
more systematic arranged Hunter-Schreger bands
avoid near the dentino-enamel junction, of which
The
enamel of Mastodon and Slegodon developed to
about 10mm thick (maximum), that was the most

area showed very complex arrangement.

thickest one in mammalian enamel. The bands of
Masiodon showed very systematic characters. On
the enamel of Stegodon, the systematic character of
bands was observed outer 2/3 layer, but inner 1/3
layer showed complex arrangement. Opposite to
these species, the enamel of FElgphas has very
complex arrangement of bands in inner 2/3 layer,
and the outer 1/3 layer of enamel showed somewhat
systematic characters. On the evolution from
Barytherium to Deinotherium, the bands evolved
very complex course.

On the Equidae,
systematical
Mesohippus. However, the inner half of enamel on
the Hipparion showed complex form of the bands

the bands beveloped to

features from Hyracotherium to

and outer half were systematical arrangement
bands. On the Equus, the inner enamel layer of half
or two-third were the complex types of bands.
It is concluded that the inner complex bands of
ancestor enamel developed into special feature of
Equus and Elephas enamel. This may be showed the
early structure of enamel development become to
the new characteristic features in these species.
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3. On the structure of Desmostylus incisor
Kunihiro Suzuki and Yukishige Kozawa*
(Chiba Pref. Matsudo High School ;

Dept. Anat., Nihon Univ. Sch. Dent., Matsudo*)
Desmostylid is one of mammals having most
specialized teeth. The histological structure of the
teeth is also remarkable. But the studies of incisors
have reported less than of molars which have well
~developed enamels. This study has been made for

a incisor of Desmostylus found from the California

U.S.A. at Middle Miocene deposits.

In observation of the dentinal ground section, the
dentinal tubules are parallel arrengement and the
secondary curvaturs of dentinal tubules are found
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clearly.

In observation of the longitudinal section of the
enamel, the Hunter-Schreger bands are found
clearly. But bifurcation and variety of the width of
the bands are observed. Thus the Hunter-Schreger
bands of the incisor is less regular than those of
molars. The angle between enamel-dentine junction
and the course of the bands is about 45°-60° at inner
nearly one fouth part of the thickness of the enamel.
At the other part, the Hunter-Schreger bands run
approximately flat in many cases. But near the
surface of the enamel, the bands become indistinct.

The Retzius lines are found in a repeating pattern
throughout the entire enamel, running in almost the
opposite direction to the Hunter-Schreger bands.

In observation of the transverse section, many
enamel tufts are found all around of the enamel-
dentine junction, and also lamellae are observed
frequently. The Retzius lines are observed clearly
like the growth rings in a tree trunk. The course
of enamel prisms are seen to bend from side to side
and to run against each other. Thus the Hunter-
Schreger bands are more indistinct than longitudi-
nal section.

In observation of the tangential section, the
grooves made by the enamel tufts or lamellae are
found. The enamel prisms meander complicatedly.
The Hunter-Schreger bands are discontinued and
indistinct.

In the structure of the incisor enamel, the enamel
prisms are less organized. The irregularity
remained with the Hunter-Schreger bands. It is
necessary to study the histological differences
between incisors and molars in many respect.
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4. Analysis of Tooth Enamel Crystals from
Desmostylus.
Toshiro Sakae (Dept. Anat., Nihon Univ. Sch.
Dent., Matsudo)

Desmostylus is a fossil animal known as its unique

deopoc (desmos) zwvdoc (tylos) tooth form and

thick enamel. Its diet, habitat and classification
have been not settled yet. I could obtain two
samples, namely A and B, of Desmostyvius tooth by
courtesy of Dr. Inuzuka. Sample A was found in
America, 4mm thick enamel, translucent and black
to brown in color, showing clear perikymata,
Hunter-Schreger bands, and
indicating good preservation. Sample B was found

incremental lines
in Tsuzara, Japan and was fragments of powdery
enamel, opaque white to yellowish in color, and
enamel texture was hardly seen suggesting bad
preservation.

X-ray diffraction (XRD) showed that both
enamel samples were composed of apatite. Lattice
parameters of apatite were a=9.4395(6) and c=
6.8915(5) A for sample A and a=9.417(3) and c=
6.883(2) A sample B. The a-axis length value of
sample A was comparable to that of FElephas
(9.438A) and Loxodonia (9.441A) molar enamel,
but smaller than that of human molar enamel
(9.446A). CO, content estimated by
absorption analysis was 5.9% for sample A and
3.0% for sample B. The CO, content of sample A
was greater than those of human, Elephas and
Loxodonta, ca. 4.0%. Thermogravimetry (TG) and
differential thermal analysis (DTA) of sample A
showed a complex endo-exothermic reaction at 860°
C. This suggested presence of calcite, endotherm at
895°C, but XRD did not show any calcite in sample
A. The complex reaction may be due to evolution
of CO; from the enamel apatite. TG-DTA showed
that weight losses at the temperatures between 200
and 600°C were 2.7% for sample A and 3.7% for
sample B. and those between 600°C and 1200°C were
4.2% for sample A and 5.8% for sample B. The
larger value for sample B suggested presence of
HPO,. The XRD patterns of the samples after
heated at 1200°C showed apatite (a=9.414(1)A, c=
6.880(3)A) for sample A and apatite (a=9.385(1) A,
c=6.897(1) A) +whitlockite (a=10.418(1)A, c=
37.336(9)A) for sample B. This result suggested
high Mg content of sample B, but energy dispersive

infrared

spectroscopic (EDS) analysis showed no significant
difference in Mg content among the two samples.
EDS analysis of sample A showed decrease in Ca/
P ratio and increase Cl content from the inner to
outer layers, in harmony with the data for human
and other animals, suggesting that the sample was



not suffered severe diagenesis. Ca/P ratio of sample
A in ca. 1.7 indicating substitution of CO, for OH
in apatite structure.
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5. Differences in the development of tooth
enameloid between elasmobranchs and teleosts.
Ichiro Sasagawa (Dept. Anat., Nippon Dent.
Univ., Niigata)

The enameloid that covers tooth crowns in both
elasmobranchs and teleosts is a hypermineralized
tissue which corresponds to the enamel in mammals.
Nevertheless, there are many differences in terms
of the details of the development of tooth enameloid
between elasmobranchs and teleosts. In elasmobran-
chs, the enameloid matrix consists mainly of the
tubular vesicles and the ‘giant’ fibers with stripes
at intervals of about 17nm, but collagen fibers are
the dominant constituents of the enameloid matrix
in teleosts. The differences in the mineralization of
the enameloid can be summarized as follows: the
is the boundary
between the enameloid and the dentin in teleosts,
while it is in crystals appear throughout the

site of initial mineralization

enameloid layer in elasmobranchs. A number of
matrix vesicles are found at the site of the initial
mineralization in teleosts, while in elasmobranchs
no matrix vesicles but many tubular vesicles are
present. Initial crystals appear in the matrix
vesicles in teleosts, but in elasmobranchs they are
first found in the tubular vesicles. Crystals are small
and slender during the early stage of their formation
in teleosts, but large crystals are seen even at the
early stages in elasmobranchs. Additional mineral-
ization occurs along collagen fibers in teleosts, but
not in elasmobranchs.

Therefore, it suggests that organic contents and
the mechanisms of the initial mineralization in the
enameloid are different in elasmobranchs and
teleosts.

However, the hypermineralized tissue covering
in both
elasmobranchs and teleosts, is similar in its final

the tooth surface named “enameloid”

form.

(E&)
BWEBEX(AEX) : OfFfdont Aol FHEY
FIc 51T 2 LR ofEico>wT, QG LHD
+ 2w 4 FAKGEREIC BT 2 AR EORIEIZ S
T,

) QxF A v A FEREERMNCE LN A= 2
oA FERICEGT 25 S DT RO EEL
b, @A KILEIE 27— > e 7 5 SHIkES
FOIERT E L CHIRME D, AIR{bAS 2T F
FMICET B E, nFAuf FERICRRAS LR
ARBLL T A, fEcc i3RI R s, B
fiz g R oRifrBEE L L Ick b,

6. The fine structure of hypermineralized dental
tissues (pleromin and petrodentine) in tooth
plates of primitive fish with special reference to
the mineralization mechanism
Mikio Ishiyama (Dept. Histol.,, Nippon Dent.
Univ., Niigata)

This study aims to disclose the fine structural and
crystallographical characteristics of the develop-
ment of the mesenchymal hard tissues, holoce-
phalian pleromin and dipnoan petrodentine, by
means of some histological techniques.

The hypermineralized pleromin was distributed
intratrabecularly in the bony tissue consisting of the
tooth plate and was produced by the mesenchymal
pleromoblast. An immature matrix of pleromin was
a sparse tissue and is not mineralized before matrix
secretion was completed. The mineralization of
pleromin was initiated by the occurrence of the
matrix vesicle-like structure in the peripheral
then the
extended along the collagen filaments in the
peripheral portion. This mineralization, however,

portion of pleromin, mineralization

could not propagate into the main portion of
pleromin, because this portion contained few
collagen filaments. The mineralization of the main
portion started after completion of the mineraliza-
tion in the peripheral portion. The initially
appearing large crystalline substances deposited
specifically within tubular succules is the main
portion. X-ray differactometry showed that the
crystals of the main portion are identified as
whitlockite.

On the other hand, the

petrodentine constituted a central portion of the

hypermineralized
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tooth plate and was produced by the mesenchymal
petroblast. Petrodentine was deposited not gradu-
ally but intermittently unlike that known in the
Petroblast secreted a
collagenous matrix in certain thickness, then began
to modify the matrix with a degradation and
absorption of the intramatrix collagen filaments.
The petroblasts, therefore, apper very likely to have
a prominent biphasic function similar to the

common dentinogenesis.

ameloblast. In the initial stage of the petrodentine
mineralization, the matrix vesicle failed to appear,
and instead large ribbon-like crystalline substances
deposited diffusely in the matrix of petrodentine.
The petrodentine crystals were identified as
hydroxyapatite by X-ray differactometry.

suggests that
considerable differences in the fine structural and
crystallographical characteristics between dipnoan
petrodentine and holocephalian pleromin. There-

The present study there are

fore, it would be more appropriate to regard that
pleromin and petrodentine are distinct each other.
(axA=>h)
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7. Histologicl studies on growth increments in
fossil fish otoliths by SEM
Masashi Takahashi (The Nippon Dent. Univ.
Sch. Dent. Niigata, Dep. Anat.)

The purpose of this study is to investigate growth
increments preserved in fossil fish otoliths.

Materials investigated in this study are recent,
Pleistocene, Pliocene, and Miocene fish otoliths.
Sagittal ground sections of them were prepared and
observed with polarizing microscopy, microradio-
graph, and scanning electron microscopy.

The season of hatch, age and season of death of
fossil fish were determined from the observation of
incremental lavers of fossil fish otoliths. The
pattern of incremental layers of recent fish otoliths
was related to the depth under sea level in which
their fishes had lived. Most of Pliocene fossil fishes
investigated in this study are considered from the
pattern of incremental layers of their otoliths to

have lived in the same depth under sea level as the
recent fishes of the same genus do. But it is
considered that some fishes, such as Diaphus, which
live in the deep sea now lived in the somewhat
shallower sea than recent during Pliocene.

The change in width of a pair of thin growth
bands, 1 to 4m wide, consisting of a thin light band
and a thin dark band in ground sections of recent
fish otoliths coincides almost with the periodic
change in height of the tide. An obscure thin dark
band exists within theory that a pair of thin growth
bands is not a daily increment but one with an
average period of 24 hours and 50 minutes. These
tidal growth increments were preserved in fossil fish
otoliths.
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8. Some problems on the growth structure of
bivalvian internal shell layer.
Iwao Kobayashi (Dept. Geol. & Mine., Fac. Sci.,
Niigata Univ., Niigata)

A shell of bivalvian molluscs is one of calcified
tissues which grow additionally untill death as the
result of the continuously metabolic activity of a
mantle. Hence, a part of life history was also
recorded in the internal shell structure. As the
result, many problems on age determination,
palececology and astronomy were studied using
calcified tissues.

There are the following problems about the so-



called growth line of internal shell structure. 1)
What is growth structure ? 2) What is the minimum
unit of growth structure ? It is pointed out that tidal
and daily lines are discriminated as the minimum
unit. On the other hand, there is a physiological
study on the relationship of body rhytum and shell
formation. Lunar and annual periodical structures
are important for paleoecological problems. 4) The
change of growth patterns during a life in related
with the individual development. Therefore, the
ontogeny of one form partly in made clear by a
study of growth structure. 5) The growth of shell
in affected by outer environmental changes. Natural
accident, such as storm or abnormal temperature,
will be recorded as a mark of growth line.
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9. Preservation of shell structures in some fossil
molluscs from Cenozoic deposits, Ja.pan.
Seiichi Suzuki*, Yoshinori Hikida* and Yoshihiro
Togo** (Dept. Earth Sci. and Astro., Fukuoka

Educ., Munakata* ; Dept. Earth Sci,

Hoppaido Univ. Educ., lwamizawa**)

Molluscan shells tend to be dissolved, altered or

Univ.

replaced by other minerals in the process of
fossilization. The aragonitic shell structures partic-
ularly undergo these changes, but some types of
fossilization preserve the structures. In this report

we will describe on the original microstructures
remaining in silicified or chloritized fossil shells and
on the organic matrix replaced by secondarily
precipitated aragonite within the nacreous layer of
some fossil bivalves.

Silicified shells were found from four outcrops of
the Oligocene-Miocene Ashiya Group and from one
of the Middle Miocene Kunnui Formation, these
outcrops being composed of calcareous sandstone
beds. The silicification occurs in many species
having originally aragositic shells and unsilicified
Shell
Microstructures are well preserved in the areas of

shells are usually converted to calcite.

quartz grains, but not in the areas of length-slow
chalcedony. In the fossil shells from some outcrops
of the
preserves the original shell microstructures.

Ashiva Group, the chloritization also
In some shells of Acila divaricata from the Lower
Pleistocene Takanabe Member of the Miyazaki
Group and the Tomioka Formation of the Taga
Group, the interlamellar and intercrystalline
organic matrices of the nacreous structure were
replaced by secondary aragonite crystals. This may
be an example of preservation by the permineraliza-
tion.
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10. Utrastructural Features of Some Aragonitic
Shell Layers of Molluscs
Hiroshi Nakahara (Meikai Univ. Sch. Dent., Oral
Anat. Dept.)

The developing and mature shell layers which
contain aragonite crystals were observed by TEM
in conbination with ultrathin sectioning. The
materials included nacreous layer and crossed
lamellar layer of gastropod and bivalve, and inner
ligament of bivalve. Electron stained section of all
three shell layers show thin organic envelope which
consists of aspartic acid rich protein surrounding
each growing and mature crystals.

Although the shape and arrangement of the
minerals differ, all three shell layers exhibit similar
internal pattern of minerals indicating polysynthetic
twinning of aragonite.

In the case of elongated ligament crystals, usually
two to five twin lamellae are inserted through the
central zone (along diagonal line) of the hexagonal-
ly shaped cross section of crystals. The crystals of
crossed lamellar layer (also elongated) show twin
pattern similar to that of ligament, however, the
twin pattern is more widely distributed than that
of ligament : many twin planes (parallel lines) were
observed throughout the rectanglar cross section of
crystals. In nacreous layer, apparent twin pattern
was ohserved in the section cut parallel to the flat
surface of crystal tablet. It seems to be obvious that
each nacreous tablet consists of several divisions of
aragonite which exhibit different crystallographical
orientation.

The structural resemblance in organic and
mineral phases among the three layers suggest that
they may be evolved from a common ancestral form
which probably was similar to the nacreous layer
of recent gastropod.
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11. Shell microstructure and amino acid composi-
tion of organic matrix from Ezocallista brevisi-
phonata shell (Veneridae; Bivalvia)

Masanori Shimamoto (Inst. Geol. & Paleont.,
Tohoku Univ., Sendai)

In general, a bivalvian shell consists of some shell
layers, and each shell layer is composed of a single
shell microstructure except the inner shell layer. In
some different shell
microstructures coexist in a single shell layer. This

some species, however,
phenomenon is very important for considering a
evolutional pathway of shell microstructures.

The outer shell layer of Ezocallista brevisiphonata
ordinarily consists of composite prismatic structure,
but the structure is temporarily replaced by crossed
lamellar structure. An analysis of growth lines was
attempted in order to examine the relationship
between the formation of crossed lamellar structure
and the shell growth rate. The crossed lamellar
structure is secreted after decreasing gradually in
increment thickness, that is, the temporal secretion
of crossed lamellar structure may be related to a
low growth rate. Moreover, the secretion of crossed
lamellar structure tends to increase during
ontogeny.

Amino acid composition of organic matrix in the
outer shell layer of Ezocallista brevisiphonata was
analyzed to infer the phylogenetic position of the
species. It resembles the amino acid composition of

53—



species secreting crossed lamellar structure inces-
santly in the outer shell layer. Therefore, the shell
microstructure of Ezocallista brevisiphonate may
phylogenetically be related to that of species having
crossed lamellar structure.

12. Methods in studing the organic matrix in the
nacreous layer of Pinctada fucata.
Tetsuro Samata* and Masahiko Awaji (*Fac.
General Educ., Azabu Univ., Sagamihara ; Nat.
Res. Inst. Aquaculture, Mie.)

The analysis of the organic matrix in the
nacreous layer of Pinclada fucata has been carried
out in order to clarify the process of shell formation.
But the informations obtained from these analyses
are very restricted and further examination related
to the process of earlier stage of shell formation in
required. At first, the process of formation of the
organic matrix should be classified, based on the
comparative analysis of the cell secretion and the
organic matrix. Secondary, detailed examination is
necessary related to the role of the organic matrix
in the process of crystal nucreation, crystal growth,
formation of shell ultrastructure and determination
of crystal form. Thirdly, analysis of the gene, which
code the proteins in the organic matrix is also
important.

Based on this strategy, the author summerizes the
methods in studing the process of shell formation
in the nacreous layer of Pinclada fucata as follows.
It includes three parts, i.e.; 1. theme already
examined, 2. recent main theme, 3. theme remained

in future.
A . Methods in clarifying the process of shell
formation

A-1 analytical methods
I analytical methods of the organic
matrix in shell layer
II analytical methods of extrapallial fluid
Il analytical methods of DNA in the cell
of mantle epitherium
A-2 immunological methods
A-3 cell culture in mantle epitherium
B. Research theme related to the organic matrix
B-1 Process of formation of the organic
matrix
B-2 Role of the organic matrix in the process
of shell formation

B-3 Comparative biochemistry of the organic
matrix

B-4 Comparative paleobiochemistry of the
organic matrix

13. Recent Progress of the Studies of Microstructur-
es of Fossils in Japan Focussing on the Studies
on the Shell structures
Masae Omori(Fac. General Educ., Azabu Univ.)

After the War, Natn. Committ. of Geol. of Sci.
Counc. of Jap (JSC) prepared a W.G. on Mi-
crogeology “surveying the internat’l affairs of these
researches. And in 1959, “Fossil Club” was estab-
lished to promote the cooperative works between
scientists of various fields in Japan. Then some
research groups was organized, supported by the
Grant-in Aid for Scientific Res. of the Minist. of
Educ. And the Natn. Committ. of Palaeont. of JSC
planned out the construction of the Res. Inst. of
Palaeont. open for all related scientists”. However,
as it is not realized yet so the Committ. of JSC is
now under replanning of its construction in view of
the recent progress of palaeont.

The 1st Intn’l Conf. of Biomineralization was
organized at Mainz, Germany in 1970, succeeded to
the 6th ones in every four years until now, and the
3rd one of 1977 and the 6th one of 1990 was held
in Japan. Through these progress, the following
projects advanced remarkably in the field of shell
microstructure. (1) The classification of the struc-
tural pattern of the microstructure of shell, and its
relation to phylogeny. (2) Kinds and distribution of
minerals in shells. (3) Mechanisms of the calcifica-
tion of shell, especially the role of soluble and
insoluble protein. (4)
physiology, palaeoecology, morphogenesis and the

Restoration of palaeo-

life-history.



