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The Morphological Study of the Transverse Palatine Ridges in Mammals

Fumihiko IWAKU

Deparvtment of 1st Oral Anatomy, Niigata University School of Dentistry
(Divector: Prof. Hidehiro Ozawa)

ABSTRACT

In view of the masticatory and' deglutitive functions morphological features of the transverse
palatine ridges were studied in relation to the curvature of the hard palate from 20 species in 18
genera of mammals. Material animals were classified into three groups according to their food-habits:
the herbivorous including house-rabbits, holstein-cows, a nilgai, goats and a shika-deer, the carni-
vorous, dogs, a raccoon-dog, cei_ts, a puma and a greater horseshoe-bat and the omnivorous, hogs, a hip-
popotamus, wistar-rats, black-rats, d-d mice, golden-hamsters, crab-eating monkeys, Formosan-monkeys,
a Japanese monkey, a woolly monkey and a squirrel monkey. All the animals were adults except for
hogs and goats which were j_tiveniles.

Hard palates were fixed in 10 25 formalin (though hippopotamus raw), and the dental plaster
models of the hard palates and the transverse palatine ridges were made on the fixed materials.

The measurement of the palatine length and width were done on the fixed materials and that of
the concavaty of the hard palates using their sagittal and frontal sections on the models and the form
of the hard palates were compared using the result obtained from the above sections among all the
species used. |

As for the transverse palatine ridges, their appearance, number, located areas and bilateral sym-
metry to the palatine raphe were observed directly on the fixed materials, and then the morphological
features were compared among species in the three groups.

The hard palates of herbivorous animals have a Slight concavaty in both the sagittal and the
frontal directions, though there is a small convex area in front of the premolar dentition in the sagit-
tal direction. There are three types of transverse palatine ridges observed of the animals in “this
group : the first type, which is basic to this group, is broad in width, running exactly transversely
and has a clear prominence; the second is shorter and fewer in number; the third a reduced type
narrow, somewhat smooth and indistinct, also fewer in number. These ridges are all located between
- the dental plate and the area of the premolar dentition.

The carnivorous animals have flat palates and their transverse palatine ridges are almost all of

~the basic type. The ridges are varied in width, running transversely in front but obliquely in the
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caudal area. The morphological features of the ridges are similar between the dog and the raccoon-
dog. The bat’s ridges run straight and transversely in front and the caudal afea, but they are curved
in the premolar area. The ridges of the cat and the puma have lines of small tri-angular processes
on them ; their ridges occupy even the molar area. | | |

The omnivorous animals were devided into three sub-groups according to their food-habits; the hog
and -the hippopotamus belonging to the first sub-group which generally eat vegetables; rats, .mice,-
hamsters belonging to the second which eat grains and nuts; and monkeys belonging to the third
which principally eat any kinds of food. The hard palates and the transverse palatine ridges of the
first sub-group are similar particularly to those of herbivorous animals but their ridges have no
papillary processes_as in holstein-cow’s ridges except for those at the premolar area. Animals in the
second sub-group have flat palates which each a slight concavaty at the molar area. The transverse
palatine ridges in the front area of their palates are similar in appearance three species, but the shape
of the ridges in the molar area differs between the rats and the other two species. The ridges of
wistar-rats and black-rats are composed of pyramidal processes in lines and those of the latter are
broad, transversely running prominences. The fact that the front and the caudal area have such dif-

ferent types of ridges is peculiar to this sub-group. The last sub-group, monkeys, have deeply con-
caved palates. Their hard palates have two types of ridges; the fundamental ridges in this sub-group
are narrow, smooth, low and transversely running prominences. The other type is shorter but similar
to the fundamehtal ridges. The number of the ridges of this sub-group is a little more than those of
the 2nd sub-group. Some papillae (Gegenbauer, 1878) are recognized in the caudal area.

From the facts described above, it may be concluded as follows: |

(1) not only the forms and the curvatures of the hard palates but also the morphological characte-
ristics of the transverse palatine ridges of each group seem very well to be suited to the food-habits
of each group. (2) close, co-operative functions were recognized between the hard palate and the
transverse palatine ridges. (3) the shapes of all the transverse palatine ridges are closely related to
the masticatory function, and the curvatures of the hard palates at the caudal area is to the degluti-
tive function. (4) it was recognized that the shape of the transverse palatine ridges of the cat, puma,

wistar-rat and black-rat is conspicuously modified to suit their foed-ha_bits.

ifl

| 32
HFLEII OB N ERC S, NS REEE I

NEk % Plicae palatinae transversae & X
ENHE £HH B, o LI EREEHT
FRCBABRICEIE S h, AR VW THEE
ThHbH, XK, ZOe LXLOFEEB L L O
REROREY S I, WET, FEF7E O O IsEEHAE
LEELBARE LD, ERHAROREREORHE
RETHDEINTWT, BWCIEIERAORE

R T Wb, LrL, BEEID IO X2

L, R¥E: Zoe FORFIEIC 2 TERRILBEGR
BHLPCTEEINE, BREITITELALLIN

TV, FITCHDTIORENPLIDE X

B BET R L, HHRE

DB O e £IZiE, £ Z
iz BT ETHEERTFEL TWDE I LR
5, Filr—F, ZOeXEFBEAZFEOE L LERKREY
HoTWwWbd, FRIRIZ DS DODOEELER L
T, BEXDOEEND OO EHL PN+ 5
EDHR, BISEI X OB O AEBERED &5
PWETH L ATREE Do -T2 TR
¥, BOZEOWEZELEL, 2V TIOELE2FD
BT X - THEL 2 B > W4 2 S
2L, TOF/RIPOEAZEe FOBMICHT S

EARLEZ KDL HDTH 5,

MOZe XOFECOVTIE, b 2o &+
LEHFEW TR A PLEEINTEKD, EHMIZ
i Winslow (1753) % Gegenbauer (1878) &5 o



B A B

WeENHS (Retzius, 1906)2), Lol, BMFLIE
o e P ETOMAZL L2 oW T THMIIZFHEN
F~dix Retzius (1906) T, +OHBEE TITE
% < DIREWRENRH 52, BBURFNSIIHTE
5 DOWE & RRREEMT OV T D ez {4 2 #
BL7bDTHb, £, FHREFANCERI L FR
ELTHAZE FOF, &, ISHELIZ OV T
NOFKMWELE 22O E)ize P TIERRAIZD
WT—SDFEARR A BT 72 Lysell (1955, '56)3:4)
LHAMZOWT Lysell o 5% AL S
(L%, 1962)56 OALTH B, fihh, BT
TR DX S BREBEEOIREIX L. BT
DRI IIEMRRLD, FRICMITASEE X
OHRF OB D Z6kiE, W OREM, BREED
ERLTENCIOMEZ IS EHECIL TV ES
ThbB, Mo TEZBITTEMOEMDIS BT
O&E L X OERELZ RS, BRI SEE
EHREDO—NZ L NEFENLESDTH S,

Table 1.

T AEAEDONHME S OIEE & 5T 78,

105
FZeRA % & Tk
eIk ERID S B o&EE T, 18&F20

B 2hrzb, ZOEWNITORBIZIE ST
HEH, AR, MEHo IHICsEINh, O
N TxEIE (Table 1) otk TH5, ik
o O EXEEE R LU s L]
10 % formalin I TEZE (HTERERE) Sh
fodb &, WEA algin BREIRFITEHIRZ BRI L,
DWTAHBELRZERL 72, TORFERE LD
BEHZHSEL-EBMT, BT OMERFEUEL L
T D HIRRET L 23\ L& CRIRET & RiI%ENT %
mz, ZoOUMIHTHAEOEMME L e £ OMME
REIES L 7o, DX IZHREM O formalin EEE
ArFWTHREDOREX LIE% kanon {§EIFTT
FHEIL 72910, Mo e LOFEKIZHI T, #
D, ¥, W8, ST 5B O A BRI
AL
D FEAMT B B SR R S HEEED TR N TH 5
DT ZTIHAEIET 5,

The number of animals in the three groups.
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male

adult .
male female unknown;"_:

juvenile
female

herbivorous group:

house-rabbit
holstein-cow
nilgai

goat
shika-deer

carnivorous group:

cat

puma

dog

raccoon-dog

greater horseshoe-bat

omnivorous group :

hog
‘hippopotamus
wistar-rat
black-rat

d-d mouse
golden-hamster
crab-eating monkey
Formosan monkey
Japanese monkey
woolly monkey
squirrel monkey
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The number of hogs is cited from Iwaku (1974).
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Shika-Deer

Fig. 1. Palates and the various shapes of
transverse palatine ridges (t.p.r.) of herbivo-
rous animals are shown.
abr.; Is type:Tit. p.x. ~ 11t type IT44p.

P: papillae (Gegenbauer, 1878).
m.r. : the reduced type of the modification-

ridges of t.p.r.

b.r. : the branched t.p.r. (Lysell, 1955).
pi: papilla incisiva
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Raccoon-Dog




Greater Horseshoe-Bat

Hog
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Fig. 2. Palates and transverse palatine
ridges (t.p.r.) of carnivorous animals are
shown.

abr.; I: type I t.p.r. pi: papilla incisiva.

Hippopotamus

Fig. 3. Palates and the various shapes of transverse palatine ridges (t.p.r.) of a hog and a
hippopotamus are shown. The picture of the hog was reprinted from Iwaku (1974).

abr.; I: type I t.p.r. II: type II t.p.r.

m.r. : the reduced type of the modification-ridges of t.p.r.

p: papillae (Gegenbauer, 1878)
pi: papilla incisiva.



110 WEsEask 6% 25 19766

Black-Rat

D-D Mouse Golden-Hamster

Fig. 4. Palates and the various shapes of transverse palatine ridges (t.p.r.) of the 2nd sub-
group of the omnivorous animals are shown. The three species were grouped into two according
to the shapes of t.p.r. One group includes wistar-rats and black-rats. The other d-d mice and
golden-hamsters.
abr.; T: type I t.p.xr. Il: type II t.p.r.

m.r. : modified t.p.r. pi: papilla incisiva.
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Crab-eating Monkey Formosan Monkey Japanese Monkey
Fig. 5. Palates and the various shapes of transverse palatine ridges (t.p.r.) of macaque group
of omnivorous animals are shown.
abr.; I: type I t.p.r. II: type II t.p.r.
p: Papillae (Gegenbauer, 1878)
pi: papilla incisiva.
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Woolly Monkey Squirrel Monkey

Fig. 6. Palates and the various shapes of transverse palatine ridges (t.p.r.) of a woolly
monkey and a squirrel monkey are shown as omnivorous animals.
abr.; I: type I t.p.r. 1II: type II t.p.r.

c: canalis naso-palatini (Retzius, 1906)

pi: papilla incisiva.

Table 2. The length of palates.

mean max. - min. (cm)
herbivorous group :
house-rabbit 4.07 5.02 - 3.36
holstein-cow 27.83 29. 50 - 27.00
nilgai 20. 22
goat 10. 91 11577 - 9.48
shika-deer 16. 37
carnivorous group:
cat 3.47 3.85 - 2.92
puma 7.38
dog 7.22 8.76 - 5.28
raccoon-dog 5. 80
greater horseshoe-bat 0.77
omnivorous group:
hog Th:63 17.30 - 11. 40
hippopotamus - 40. 80
wistar-rat 2.44 2,62 - 2.23
black-rat 2.30 2.40 - 2:20
d-d mouse 1.10 1.24 - 1.00
golden-hamster 1. 96 2.10 - 1. 80
crab-eating monkey 5.15 5. 65 - 4.73
Formosan monkey 5.14 6..23 - 3.38
Japanese monkey 6. 23
woolly monkey 3..39
squirrel monkey 1.66

The number o}vﬁogs is cited ffom Iwakur(1974).
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_Table 3. The width of the palates and the ratio of the palatine width to the lengh.

| Width (W1) (cm)
max. - min. mean

Width (W2) (cm)

ratio max. -~ min. mean ratio
herbivorous group:
house-rabbit 0.86 - 0.52 0. 62 0.16 1.53-1.04 1. 25 0. 30
holstein-cow 8.38-7.36 8.03 0.28 9.24-8.70 8. 90 0. 31
nilgai 4. 00 0.19 5. 50% 0. 27
goat | 2.40-2.10 2.24 0.20 3.70-3.13 3.43 0. 31
shika-deer 3. 50 0.21 - 4.58 0. 27
(W1): the measurement of the incisor region of rabbits and the dental plates of bovidae and
cervidae. .
(W2) : the measurement of the first molar region of rabbits and the other.
*: The measurement, (W2), of nilgai was measured at the third molar region.
carnivorous group : |
cat 1.48 -1.09 1.29 0.37 3.64 - 3.00 3.26 0.93
puma 2. 89 0. 39 5.43 0.73
dog 2.35-1.12 1.99 0.27 5.04 - 3. 47 4.13 0. 57
raccoon-dog 1. 40 0. 24 2. 50 0.43
greater horseshoe-bat 0.26 0. 33 0. 33* 0. 42
(W1): the measurement of the canine region in all.
(W2): the measurement of the third premolar region of felidae and of the fourth premolar of
canidae.
*: The measurement, (W2), of a bat was measured at the first molar region.
0MNivorous group:
hog 5.96 - 4.21 4. 92 0. 31 3.57-2.90 3.23 0.20
hippopotamus 25. 50 0. 62 8.70 0.21
(W1) : the measurement of the canine region.
(W2) : the measurement of the first molar region.
wistar-rat 0.43-0.30 0.36 0.14 0.70-0.52 0.62 0.25
black-rat 0.28-0.25 0. 26 0.11 0.60-0.56 0.58 0.25
d-d mouse 0.18-0.11 0.14 0.12 0.35-0.28 0.32  0.29
golden-hamster 0.34-0.29 0.3l 0.15 0.41-0.38 0.39 0.19

(W1) : the measurement of the incisor region.
(W2) : the measurement of the third molar region.

The ratios show the values of the widths to the length of palates: (width/length).

Table 4. The width of the palates and the ratio of the palatine width to the length in primates.

Width (W1) (cm)
max. -min.

mean ratio

Width (W2) (cm)
max. -min.

Width (W3) (cm)

mean ratio max.-min. mean ratio

omnivorous group:

crab-eating monkey 2.16-1.67
Formosan monkey 2.70-1.44
Japanese monkey 2.30
woolly monkey 1.60
squirrel monkey 1.01

1.83 0.35 2.48-1.87
10 0.40 2.60-1.70
0. 36 2.47
0. 40 1.75
0.60 1.04

2.08 0.40 1.85-1.80 1.83 0.35
2.26 0.43 2.10-1.70 1.96 0.38
0. 39 2.18 0. 34
0.43 1.90 0.47
0. 62 1.24 0.74

(W1) : the measurement of the canine region.
(W2) : the measurement of the first molar region.
(W3) : the measurement of the third molar region.
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Fig, 7. The curvatures of the palates of a Greater Horseshoe-Bat, Black-Rat, Wistar-Rat, -
D-D Mouse, Golden-Hamster and Hosuse-Rabbit are shown.
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Frontal Sections

Holstein Cow 4

Shika Deer 1

Nilgai 1 | 2
Goat 1 2 | 3
- =~ ~—
Holstein Cow 4 - 5

Shika Deer 4 S 5 |
= v
Nilgai 4 5 W

Goat 4 | 5 S (/'——\J
W ' . % 1

Fig. 8. The curvatures of the palates of the Holstein-Cow, Shika-Deer, Nilgéfi and Goat are shown.

Dog | Raccoon-Dog Cat | Puma

Sag'ittal Sections

teeth

Frontal Sections

1 Comr/ -
2 | 2 )
3 , '
e .
' x1 X2

Fig. 9. The curvatures of the palates of the Dog, Raccoon-Dog, Cat and Puma are shown.
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~ Table 5. The values of the tan. 8/2* obtained from the ratio of the palatine depth to the
width of frontal dissected parts of the palates from the herbivorous group.
| The frontal dissected parts in fig. 7.
a) leporidae - 1 2 3 4 5 6
house-rabbit 0. 068 (0.164) (0.156) 0. 255 0.181 (0.170)
| - The frontal dissected parts in fig. 8.
b) bovidae and cervidae 1 2 3 4 5 6
holstein-cow -0.312 0. 088 0.071 0.243 0.291 0.137
nilgai -0. 238 0.095 ~ 0. 088 0.148 0.113
goat ~0. 291 0.083 0.083 0.133 0. 200 0.135
shika-deer ~ 0.155 - 0. 266 0. 428 -
tan. ¢/2*=median 'depth/half width,
Table 6. The values of the tan. 6/2* obtained from the ratio of the palatine depth to the
width of frontal dissected parts of the palates from the carnivorous group.
a) felidae and canidae The frontal dissected parts in fig. 9.
1 2 3
cat 0. 081 0.100 0.118
puma 0.071 0.111 0.107
dog 0.115 0.111 0.116
raccoon-dog 0.111 0.147 0.108
| The frontal dissected parts in fig. 7.
b) rhinolophidae | " 1 2 3 4 5
greater horseshoe-bat 0.166 0. 200 0. 250 0.333 0. 216
tan. 8/2*=median depth/half width.
Table 7. ,_The values of the tan. 6/2* obtained from the ratio of the palatine depth to the
- width of frontal dissected parts of the palates from the omnivorous group.
The frontal dissected parts in fig. 10.
a) suidae and hippopotamidae 1 2 3 4 5
hog -0.090 0. 090 0.217 0.277 -
hippopotamus 0. 264 0.178 - 0. 311 0.236

The frontal dissected parts in fig. 7.

b) muridae and cricetidae ’ 1 2 3
wistar-rat -0.333 0 0.142
black-rat ~0. 333 0 0.142
d-d mouse ~0. 500 0 0.150
-0. 500 0 0. 250

golden-hamster

_-15_
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~ The frontal dissected parts in fig. 11.

¢) cercopithecidae and cebidae 1 2 3

crab-eating monkey 0. 260 0. 360 0. 440
Formosan monkey 0. 320 0.384 0. 416
Japanese monkey 0. 333 0. 407 0. 454
woolly monkey 0.294 0. 388 0. 450
squirrel monkey 0.222 0. 250 0. 375

 tan. 6/2*=median depth/half width.
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S?gittal Sectigns Hippopotamus

1 2 3 4 5 X1

Frontal Sections

Q . . 9cm

Fig. 10. The curvatures of the palates of the Hippopotamus and Hog are shown. Hog is cited
from Iwaku (1974).

Crab -eating Monkey Jabanese Monkey Formosan Monkey Woolly Monkey Squirrel Monkey

Sagittal Sections

O
O
O
3

Fig. 11. The curvatures of the palates of the primates are shown.
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Table 8. The number and the frequency of the distribution of transverse palatine ridges of house-rabbits.

The type I ridge:

palate - mum. of ridges ex. %
bilateral o | B | 14 2 4.9
15 | 22 53.7
- | 16 15 36.6
left | | ) | 15 |
right | 16 | 1 2.4
Teft | 16

14-16 41 100.0

‘Region of palate - ex. *
The anterior area from the premolar teeth 10 2 2.4
| | | o 11 50 61.0
| | 12 30 36.6
‘The area between pre- and molar teeth 3 4 4.9
| | | | 4 74 90. 2
9

5 | 4 4.

ex.*: the number of unilateral palates.
The another ridges:

- unilateral palates

num®, recognized total ratio**
" The type II ridge: -
right palate | 34 23 41 1.48
left palate 34 22 41 1.55
The branched ridge®**:

recognized ' 5 | 82(6.0 %)
| | (4/41 examples, 9.8 %)

num* . the total number of type II ridges of palates.
- ratio™ : The values show the ratio of num™. of type II ridges to palates in which this ridge appeared.
- the branched ridge™*: (Lysell, 1955).

| The_papillae (Gegenbauer, 1877) :

unilateral palates

balate num®, recognized total ratio**
. right palate 49 20 41 2.45

left palate 49 21 4l 2.19

num®*. : the total number of papillae of unilateral palates.
ratio**: The values show the ratio of num®. of papillae to palates in which papillae appeared.
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The distribution of _'type I1 ridges on the The distribution of the branched ridges (Lysell,
bilateral palate. 1955) on the bilateral palate.
=)
-,
=
3
N
@
The numbers at various palatal spots show The asterisk “*’ on the schema of the palate
the total of type II ridges observed in 41 indicates the spot at which branched ridges

house-rabbits. appeared.

Table 9. The number and the frequency of the distribution of transverse
palatine ridges of bovidae.

Holstein-cow
1) The type I ridge:
palate num. of ridges ex. %
bilateral 11 1 33.3
left 12
(total) 11 ~13 3 99.9
2) The another ridges:
2 unilateral . ek
palate % num,? palate ratio
The type II ridge
recognized 4 66. 6
right palate 3 2 1.5
left palate 2 2 1.0
not recognized 2 33.3
The modification-ridge num. of ridges ex. %
recognized .
bilateral palate 5-6 3 100.0
Nilgai
palate The type I ridge The type II ridge The modification-ridge
left palate 21 - 6
right palate 19 - | - 3
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| - Goat
1) The type I ridge: |
palate num. of ridges. ex. | %
bilateral 16 1 | 25. 0
left 12
right 13 1 | 25.0
left 12
left 13
(total) 11-16 4 100. 0
2) The another ridges:
palate % | num,* u?;?;fgal ratio**
The type IT ridge
‘recognized - 4 50.0
-, right palate | 6 2 3.0
©¥ left palate 0 2 2.9
not, recognized 4 50.0
The modifiéhéff‘ibn-'ridge | num. of ridges | ex. %
recognized
bilateral palate 2-4 4 - 100.0
Shika-Deer
p_alate.' | The type I ridge The type II ridge The modification-ridge Papillae
left palate 9 4 2 3
right palate 1 1 | 2 0

num. *: The number of ridges of the unilateral palates.

ratio™ : num. */palates.
exX. : The example numbers.
papillae: (Gegenbauer, 1878)

I CEOe £B3HRT L Litihd, EFe s
D5 BLEE (Gegenbauer, 1878)11 %, 10{Ffk
(24.4%) THEEMEICHEBEL 2R, Thr &4l
AHAITTOHBR L 2BEZ2EiTT5&, 10&
RIOHBERIT2.1-2.4 DL 750, Fig2 OHE
BRHDL LD, £ LT LEKICRT BEHA
D ABATHIFLAERCICERTS X5Th
5. Skt & (Lysell, 1955)9 13 4 {#tk (9.8%)
CHEL, 5 AEANCRD DT, & TIX0.06
DOHBE L7 0 EFIE Y. £ LTLXOND 1{E
EITHAEICHERELTWS, ZoeLi3A0RE
TIHTFARORTSIC 4 & &£, EORE T L
OOz 2 & £ B L 72 (Table 8),

hZ 4] Ble £231 oFEAITLI-13 &
EH0, EAOOETIIe FE» 1 e L7500 ¥R
+THEEL D5, B £156 oZFHH 4 nzEHl
CHBEL, 2O xEOBBII5 LT, 1AE
fIOHBEEITL.25L 55, AD2HAFTIEHLID
HERTHE2, 2Lt l1exoHBETHS,
ED2RAFTIXLOOHEAETHD, 1L O
HTh5, ZReFo 1 AZEROHEBRIL5-6 & &
THD,

= K41 I Berr2F00EF 1219 &, £D
OZiz2le £ %280, TR L3ERIC3 & £,
ERANZ6 e £HEL, MAlOODETe FHPE
7550

— 24 —
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T3 IBe B8 LAZANC 1116 e £5 D,
14-15 & £ 3RIT TV 5, #hafiEsi ey i
BT5THAH5, 11 Ble 2138 o=k 4 n={|
CHEHEL, 10ZFAH720FE2. T50RCTHERT
5, LrL, mdbE<HBELAe 5T 1 AzEA
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L, EEOOZETCTLTORIIENRD, FOOEIT 3
b &, EOBZEZ2 e £O@EES 246, FRCE
34, Bk 2DEEBEE 1BTHS,
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=hvIAX I Be gpnFoaEclle &, £
DAFIZI L THhHd, B rizFonzEizl
&, EOAFEZ4EL LT, WFNIAEOREH
BEHTHS, BRI EADODRERX 2L LTH
n, %M (Gegenbauer, 1878)1D 130 OET 3
TH5H (Table 9),

3-b) REMHEN

2D [ Be g3 1pFEIC7T-8e 4 Ths,
DO FRIIELAORECRETH T, 84
DEFERT e FOBEFEXDENNZIEZ VY, Ea—<

Table 10. The number of transverse palatine ridges of canidae.
Cat Puma Dog Raccoon-Dog Greater Horseshoe-Bat
The type 1 ridge ~}- -+ -+ -+ -
The type II ridge — — — — —
The modification-ridge — — — — —
Cat
The type I ridge:
palate num. of ridges examples %
bilateral palate 7 5 41.6
8 7 58. 3
(total) 7-8 12 99.9
Puma
The type I ridge:
palate num. of ridges examples %
left palate 8 1 _
right palate 8
Dog
The type I ridge:
palate num. of ridges examples %
bilateral palate 9 5 29. 4
10 10 58. 8
left palate 10
right palate 9 2 11.7
(total) 9-10 17 99.9
Raccoon-Dog
The type I ridge:
palate num. of ridges examples %
left palate 9 1 -~
~right palate 9
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The tYpe I ridge:

64 25 19764

Gréate;‘ Horseshoe-Bat

palate num. of ridges examples %
Jeft palate | | 8 | -~
right palate . 8

D IABe FIELEOAEHLIZS L THbD, 1 X
o IT#e £ 1 oZRT-10e £ Thbd, 1%
EAOAETIILOe FRPFLTHH T L%
<, 9 & X @101:5?“@@%1753%’7\/“ L2»L, A
PHEZ 9L &, Fonzirlle £ 2\ S5 F—{[
KRKOBRETROEL LHE 2 HEARED T, FRX*
DI He KIFEADHAETILXTHD, ¥/ 7
v Z7avE YO TR e ZIETHEKSRILIC 3 E
z FjuEllv_kjﬁ\l?)EI[_IUDnEﬁ% 4 v &, \Z'_ﬁ’bc]: %
FOMAZELDNIZ 1 68 2T &%yt
Z, EAD OETEefRIFLCTHS (Table
10),

3-¢) HERWENW

T2 [ BMe #1121 AEAITCI4-2le x5 HD,
FD 5 H 17-18 v F DK %\, 1T B e £1378
A2 #2RHEL, &R TiXroXRT1Aa
=Tl 1875, A sl oxE/Mz2-6k
ZRHEL, FAOAFELL 4D e LB E 0, #
R 1 #e Xi3Egonstlde by, 1T
IR E - THAOAEIZO X, EOOZE
6L X Thb, EE £S5 LATFARDELHE
Mt T 5IDTEDOAETL4 e 8, EONZE
T3 xrThs, ¥ (Gegenbauer, 1878)11)x
HFORETG6, EFornzEc?2 ks (Table 11),

Table 11. The number of transverse palatine ridges of the hippopotamus.
palate The type I ridge The type II ridge The reduced ridge Papillae*
left palate 14 6 3 2
right palate 14 9 - 4 6
| 14~ 14 6-9 3-4 4-6
papillae*: (Gegenbauer, 1878)

~Table 12. The number of transverse palatine ridges of muroidea.

a) The number of the fype I ridge and the modification-ridge.

Wistar-Rat Black-Rat D-D Mouse Golden-Hamster
The type I ridge | 3 3 3 4
The modification-ridge 5 5 4-5 (type II) 4 (type II)
examples 86 5 59 9
b) The frequency of type II r1dges of the D-D Mouse.
palate num. of ridges examples %
bilateral 5 37 62.7
| 4 9 15.3
right 4
left 5 7 11.9
right 5 . |
left 4 6 10.2
59 100.1

(total) 4-5
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Z o b= RITHE, [BegfrZersr
OEABRED, HEE3 e X THEILS L AThH
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GORETRBECHS, W (Gegenbauer,
1878)11) o HIHRII D vpy, HBRTHITEED
BRIl D OBEB DL, £47 v ACix 1A
EXE I REEAIC6O e L£hh, EAoO&ETE
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B e FLFEEEALND,
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AECHEL, 1RZFMACL62 0 HIRR LD
5, EROEEICS BT 5, 1B (Gegen-
bauer, 1878)10 3 /7x <, HEH L T3 EM O MK
ThHd, =hviFLTE IBe FixdEEoRFIZ
sexahrz, I BOHRI6 L TEHZNLD
ThbH, ¥ (Gegenbauer, 1878101 =% b £
WO AR HBRL Twb, v—~Y—%V
F—TRH I He L IEAORAET4 L L5 L
TEINES, Il e FRIRHEALHERE L Tz
) A LT,
11

I e L 3EAD OEFELLIZT e ENTX,
Al e 2137 (Table 13),
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Table 13. The number and the frequency of the distribution of transverse
palatine ridges of primates.
Crab-eating Monkey
The type I ridge:
palate num. of ridges examples %
bilateral 6 1 25.0
8 1 25.0
right 7
right 9
left 10 1 25.0
(total) 6-10 4 100.0
The another ridges:
palate % num. * unilat. palate ratio**
The type II ridge
recognized 8 100.0
right palate 10 4 2.50
left palate 9 4 2.25
not recognized ~ —~
The papillae (Gegenb., 1878)
recognized 2 25.0
right palate 3 1 (recogn.), 4 3.00
left palate 4 1 (recogn.), 4 4. 00
not recognized 6 75.0

num¥*: The number of rides of the unilateral pa
ratio®*: num. */recognized palate.

late.
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- The type ] ridge:

FREYAR 6% 25 19764

Formosan Monkey

palate num. of ridges ~ examples A
bilateral 3 1 | - 25.0
right -8
left 9 1 | .25.0

- right 7
right 7
| left 6 1 25.0

(total) 6-9 4 100. 0

The another ridges: |
ralate % num. * unilat. palate ratio™*
The type II ridge
recognized R 8 100.0
right palate 6 4 1.50
left palate 7 4 1.75
‘not recognized -
The papillae (Gegenb., 1878)
recognized 4 50.0
right palate 4 1 (recogn.), 4 4.00
~ left palate | 5 3 (recogn.), 4 1.66
not recognized 4 50.0
The another monkeys
Papillae

palate

The type I ridge

The type II ridge (Gegenb., 1878)

Japanese Monkey

Woolly Monkey

Squirrel Monkey

right palate 5 6 10
left palate 5 6 6
right palate 5 5 -
left palate 4 3
right palate T 1

7 1

left palate

EORHEM TR <, WEEOERICIES <igo
NTXOREBEL, FEOEEICL S LFIigk
B THD, T LT, TORIAENE,
BHEOBICE NS & BB DvwDTH D, Ha
BB L, vy FEf25, wAAKXA VI
$993-5, ¥ XL =k I HIERN2ATHL, fE-T
YX¥L=hvIhOe LB T, TOE
CHENEL, FARZAVDIBIIANGTTH D
RIS AE LY L, 74 EFRHELIBIC
EZDHDH e LFEFO, EBZINLOEWOE £

Z EEE BT 4l HYIZIEDAWY IR % ZiT 5
2, FERIZ XA E LS TV LB, (Table
14),

4-b) HNEMEENY |

Z OEMNZ KT 5 —RERIE, W AZEOEHE
M CIEEIZ BILOS 2 e XBEL D ThbH,
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2-7TTH0, 1 2X1IH3-8, % xFLf4-10, £~ L
T* /#0727 Y IN3-6THD, ThrE
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LTH

T IWZIAWEIZL D, £ L TEIickRyiE D, EFEMNCEREOLTNICEANTHILGICEEL
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DU L —Br+ 2, Lal, b XREKIER -

Table 14. The values of the index of the width of type I ridges to the palatine

length of the herbivorous group.

palate
rostral area middle area caudal area
house-rabbit 1.7 2.7 3.8 4.3 4.4 4.3 51 52 50 4.5 4.2 4.0 3.4 3.0 2.3 2.4
holstein-cow 3.1 2.8 3.4 3.5 3.8 3.8 4.3 5.0 5.3 4.9 4.2
| 3.5 2.9 2.6 3.1 3.2 3.8)
goat 2.8 2.8 2.9 3.4 3.8 3.9 4.2 4.2 4.2 3.9 3.8 3.7
(3.7 3.9)
shika-deer 2.4 3.1 3.6 3.9 4.1 4.1 4.1 3.9 3.6 3.6 3.6
(3.2 3.1)
The width of the Nilgai is not measured.
( ) is the index of the width of the reduced ridges.
The values are presented with the formula: width of ridge/length of palate x100.
Table 15. The values of the index of the width of type I ridges to the palatine
length of the carnivorous group.
palate
rostral area middle area caudal area
cat 2.8 4. 8 6. 2 6.9 7.2 7.3 5.1 1.7
puma " 1.5 2.4 3.8 5.3 7.3 6. 8 4.9 4.1
dog 4.1 7.5 6.9 7.3 6.1 5.4 4.7 4.1 3.7 3.3
raccoon-dog 4,3 5.6 8.6 0.6 10.0 0.1 8.2 6.2 4.4
greater horseshoe-bat 3.8 6. 4 6. 4 5.1 3.8 2.5 2.5
The values zi'-_'re presented with the formula: width of ridge/length of palate x100.
Tz:iile 16. The values of the index of the width of type I ridges to the palatine
length of the omnivorous geoup.
palate
rostral area middle area caudal area
hog 4.7 8.7 4.0 3.9 3.9 3.7 3.6 3.5 3.5 3.5 3.6 3.6 36 3.5 3.5
3.2 3.2 3.2 (2.7 2.4 2.2 2.2 2.3
hippopotamus 4.0 5.8 4.9 4.0 4.0 3.6 2.9 2.4 2.4 2.4 2.2 2.1 1.8 1.6
(1.4 12 1.2 0.9

The values in ( ) show the index of the width of the reduced ridges.
The values are presented with the formula: width of ridge/length of palate x100.

Table 17. The values of the index of the width of type I ridges to th
length of muroidea.

e palatine

caudal area

| palate
rostral area middle area
wistar-rat 5.7 7.2 6.1 -
black-rat 5.2 6.0 6.0 ~ -
d-d mouse 5.3 7.0 5.3 (5.6) (4.2) (3.1)
golden-hamster - 3.0 4.1 4.1 (4. 3) (4.0) (4.2)

(2.1)
(4.3)

(3.5)

The values in ( ) show the index of the width of the type II ridges.

The values are presented with the formula: width of ridge/length of palate x100.
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Table 18. The values of the index of the width of type I ridges to
the palatine length of primates.

rostral area

palate

middle area caudal area

crab-eating monkey 3.0 3.5 3.9
Japanese monkey 1.4 3.0 3.3
Formosan monkey 3.0 3.7 4.1
woolly monkey 2.5 2.5 2.1

- squirrel monkey 4.8 6.0 4.2

3.8 3.4 3.3 2.7 2.4 2.9
3.0 3.3 |

3.9 3.6 3.2 2.8 2.4

1.7 1.5

3.6 3.0 2.4 3.6

The values are presented with the formula: width of ridge/length of palate x100. \_

5 SR T B AR
RO TH |

b & DOEFID A 18 e L2350 TR
o, I e LR e L34 OBkl
DI \ND T A4 TIEED Hvin v,

5-a) EAEEM (Fig. 1)

T ORI T H 508, W AZEORHHEE
FEETT5%5, "AAREAY, =AHA, TF,
=R VY H ONEIIERDOE S TR E L, 2
WCHIEHEOMEBEE CHEV, LarL, HAERDHE
WIS IC N TREBICEN TR S, v ¥
B % & 77 VR EEm R R, —ARic I8 e £
s % L BT 5 BED EHBIXELN S 275, X
72, 1 #Hle £ OBRELAABOEAR, EAE
LLP—FOREDO L FRRMHlloe £ XD, %
CVE -1 e £7FEIRIZ ¥415 X 5T, SR
FTHREND & LT, |

5-b) AEHFE (Fig. 2)
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Table 19. The size and the shape of the incisive papilla.

measurement value (cm)

sagittal frontal form
herbivorous group:
house-rabbit 0.2~-0.7 0.3-0.5 heart-like
holstein-cow 1.1-1.2 1.2-1.4 rhomboid
nilgai ° 0.9 0.6 drop-like
goat -~ 0.5-0.8 half-circular
shika-deer 1.0 0.7 drop-like
carnivorous group:
cat " 0.2-0.3 0.2-0.3 circular
puma 0.5 0.5 circular
dog 0.5-0.7 0.4-0.6 onion-like
raccoon-dog 0.3 0.3 onion-like
greater horseshoe-bat 0.08 0.07 circular
omnivorous group :
hog 0.7-1.0 0.7-1.0 heart-like
hippopotamus 5.5 4.5 circular
wistar-rat 0.1-0.2 0.2-0.3 tri-angular
black-rat 0.1-0.3 0.2-0.3 tri-angular
d-d mouse 0.1 0.1 tri-angular
golden-hamster 0.4-0.5 0.1-0.2 obelisk-like
crab-eating monkey 0.4-0.6 0.2-0.4 elliptic
Formosan monkey 0.4-0.7 0.3-0.5 elliptic
Japanese monkey 0.7 0.5 elliptic
woolly monkey - - flat
squirrel monkey 0.2 0.1 elliptic
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Table 20. The number of transverse palatine ridges from animals in the three groups

- which were classified as herbivorous, carnivorous and omnivorous is shown.

a) The herbivorous class:

goat sheep nilgai reinder deer horse

~ Iwaku!® 11

COW ass zebra house-rabbit
Yamada et al.2D 14-15 13-17 17
Andou et al.?® - . | 15-18
- Ellenb. u. Baum?® 15-20 12 14 16-18
Sisson a. Gross. 26) 15-19 | 14 17
Retzius® many many many 21-22 7-13 14-15 15-16 14
Iwaku!® 13-16 11-16 22-27 14-15 14-16
b) The carnivorous class: | |
dog weasel  fox badger mongoose coati wolverine
Yamada et al.2D 7-9 7-9
Ellenb. u. Baum?9 9 |
- Sisson a. Gross.200  8-10 .
. Retzius? 10 10-11 9 | 11 11 8
JTwakul® 9-10
cat puma raccoon-dog bat seal sea-lion sea-bear
Yamada et al.2b 11 7
Ellenb. u. Baum2® 7
Sisson a. Gross.26) -
Retzius® | 7-8 7-10 13
Iwaku!® 7-8 8 9 8
_- c) The omnivorous class :
pig | hippop otamus hamster rat mouse
Yamada et al.2D 22 -
- Ellenb. u. Baum?® 20-22
Sisson a. Gross.?2® 20 |
Retzius® 22-23 8 7-8
Twakull>1 14-21 (hog) 23-27 | 8 8 7-8
Sq'uirrel_ m. lemur stenops marmoset woolly m. rhesus m.
Yamada et al.?V)
Yoshida et al.2® 6- 8 6~-7 6-8
- Retzius? 9-10 8 7 8
- Iwakul® 8 7-10
spider m. crab-eating m. Formosan m. mana m. langur patas m.
Yamada et al.2 6 8
Yoshida et al. 23 6-10 6-10 7 | 7T
Retzius? 9 10 10 9 10
Twakul6) | : | 6-10 6- 9
Japanese m. gibbon chimpanzee gorilla mandrill orang-utan
Yamada et al.2) | | 11
Yoshida et al.2® - 7-10 8-9 many many
Retzius® 10 10 10 10 8-9

In Iwaku’s case, the numbers show
- branched ones were excepted.

the totals of type I, type 11 and modification-ridge, though
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