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Replacement of Dentition in Ayu, Plecoglossus altivelis

Noritomo Komada
(Received February 21, 1980)

Malformations of the mouth shape, such as the ‘‘open-jaw syndrome’’ and “twisted lower
jaw”, occur highly frequently in the ayu, Plecoglossus altivelis (Komada, 1974, 1980). It is
also well known that the fish undergoes a change in the type of dentition on the jaws
during the young stage (Matsui, 1938; Chapman, 1941; Iwai, 1956, 1962). In this paper,
mouth shape, number and distribution of conical teeth in the juvenile stage, and period of
shedding of the conical teeth and of formation of comb-like teeth on the jaws in young
stage were described and reported to establish a basis for differentiating normal and ab-
normal structures. The present study is based upon 800 specimens from Tanabe Bay,
Wakayama Pref., and the Yahagi River, Aichi Pref., 400 specimens from Lake Biwa, 200
specimens from the Ado River, Shiga Pref., and 413 hatchery reared specimens, measuring
25~90mm in standard length (SL).

In the juvenile stage, 30~70 mm SL, the lengths of the maxillary and the dentary and
the width of the vomer in fish from Tanabe Bay were larger than those from Lake Biwa.
The numbers of conical teeth on the vomer, palatine and dentary in fish from Lake Biwa
were significantly larger than those from Tanabe Bay (t-test, p<0.001), and the number of
these teeth in hatchery reared fish was clearly reduced. But there is no difference in
number of conical teeth on the glossohyal and mesopterygoid between these three samples.

In 78 specimens (32.5%;) of 240 hatchery reared fish, the lower jaw was twisted either
to the right or left, and in 112 specimens (46.7%) the hyobranchial skeleton was ventrally
projected. 1In these fish, the morphology of the vomer, palatine and dentary appeared
normal, but the conical teeth on the bones were lacking at rates of 29.6%, 30.49%; and
26.7%., respectively.

The conical teeth on the vomer, palatine and dentary were worn away or lost in
50~60 mm SL fish from the Yahagi River. On the other hand, the conical teeth were
done in 66~80 mm SL fish from Lake Biwa and the Ado River. The conical teeth were
shed from the bones in 50~56 mm SL hatchery reared fish.

In fish of 45~70 mm SL, the number of teeth groups on the outer surface of the jaws
were significantly larger in fish from the Yahagi River than in those from Lake Biwa and
the Ado River (t-test, p<0.001). But, there was no difference between the specimens from
Lake Biwa and from the Ado River. In the same stage, the length of denticles in comb-
like teeth on the upper jaw of fish from the Yahagi River were clearly larger than those
from Lake Biwa and from the Ado River (t-test, p<0.001). There was no difference between
fish from Lake Biwa and from the Ado River.

(Department of General Anatomy, Gifu College of Dentistry, 1851 Takano, Hozumi-cho,
Motosu-gun, Gifu-ken 501-02, Japan)

7 = Plecoglossus altivelis Temminck et Schlegel T %7 (Chapman, 1941; Iwai, 1956, 1962; K,
D OHR « GRS RO £ > THERI & BT 19772). L2 L, #EEWO 0 - FHRCBT 20 5ECH
ELSETDL3EL<»babh R, 1935 4 A BR ORI X O AR EROBRCBILT,
#, 1938; Chapman, 1941; Iwai, 1962), Bl ® W LT =, FEEWEER 7 =k TOATBILEH T =
R BIT 5 RS L OTWERNTR L L fThbh DR THE LA (59@, 19772, 1978), &
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Fig. 1. Diagram showing the methods of measurements of bones and the position
of conical teeth in an ayu of 45mm in standard length. a, width of vomer;
b, length of maxillary; c, length of dentary; d, width of glossohyal; e, length of
glossohyal; 1~4, position of conical teeth on vomer and palatine; D, dentary;
G, glossohyal; M, maxillary; MG, mesopterygoid; P, palatine; PM, premaxil-

lary; SP, suprabasal bone.
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Fig. 2. Relation between length of maxillary
and standard length in juvenile ayu. Q,
from Tanabe Bay (n=80); x, from Lake
Biwa (n=91).
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Fig. 3. Relation between length of dentary
and standard length in juvenile ayu. O,
from Tanabe Bay (n=80); X, from Lake
Biwa (n=91).
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Fig. 4. Relation between width of vomer and
standard length in juvenile ayu. (O, from
Tanabe Bay (n=80); x, from Lake Biwa
(n=170).
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Fig. 5. Relation between length of glossohyal
and standard length in juvenile ayu. O,
from Tanabe Bay (n=80); x, from Lake
Biwa (n=70).
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TS b oL &L (31.3%), KWT, £h
W 2A3D (21.0%), KA 24k« 34k (18.2%) o
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BT, 4R TOFMET 5 b DA UK S S h - 72(39.6%).
IRBDOFERDOEMNL Figs. 8, 9 X8 Table 1 1ok
THOTHD. Tibdb 72K 2HFHEEIVC
NEBFRORILOMN T I WV ERICEATLAS WL
5.

— 147 —



M Japan. J. Ichthyol. 27(2), 1980

®
0p ©
0-5 B x
o
X X o
200,
w A8
8BS x0
= o*x o
E xR ©
Xx X 000
= * 0?.’0 8o
)
= 0'4- x
— ® %X XX ®
- o
< ok
>
I O x %
2 o
% 000;‘ 00
S o
o [esoere 2]
o 03 0 o
@o
=) A x‘:
- P GHE
-
o] cg&O x XX
= B wk
U.?j:
-L' 1 1 1 1 ]

3 4 5 6 1 3

STANDARD LENGTH INCM

Fig. 6. Relation between width of glossohyal

and standard length in juvenile ayu. Q,
from Tanabe Bay (n=80); x, from Lake
Biwa (n=70).
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BALT, WE7=, WET=, AIRL7 =03 %M
TELEZRbRE ) ol Ibic, Mo AkEA
DEFfERS, Iwai (1962), Egm (1978) oA L&
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Eﬁ&%hﬁﬁ‘f)?’&.

MEEOHEIE #7 =D ok bh s s,
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Fig. 7. Number of teeth on the vomer, palatines
(left+right) and dentary (left) in juvenile
ayu. Horizontal line, range of measure-
ments; vertical line, arithmetical mean; solid
rectangle, standard errors on either side of
mean; open rectangle, standard deviation
on either side of mean. Figure on each
horizontal line represents number of speci-
mens. A, from Tanabe Bay; B, from Lake
Biwa; C, hatchery reared fish.

Fig. 8. Types of dentition on the vomer in
ayu, 40~50mm in standard length.

BMIhDZ EnmbeEhote. IARBRIh BT,
2-3-1 DI R D %L, KT 2-13 DJETH -1 X
B, 4K I BERE, 2-1-3 ik 4 DA 66.7%
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Fig. 9. Types of dentition on the palatines in ayu, 40~50 mm in standard length.

D TEILHZ bRIeh -7 (Table 2),
¥ nEd bic 34 O MR I ha i, 2-3-1
DIEH D Eh -1, L, 4R EFIRET 5 HA
i, RPOEHATERINEDTHLLETORIEH I A
% FTOMM (kK 34~40mm) <, (RIERE
CHETT B, SEOFHETIEZDIEFLW ST
BT EIXTRAIRETH - 7= (Table 2),

M7 = Ol LI, ORI ER, ok

Table 1. Frequencies of dentition types (Figs.
8,9) of the vomer and palatine in ayu, 40~
50 mm in standard length. For each type
actual number is given on the top line
and percentage is shown in parentheses
on the bottom line.

Vomer Palatine
Type of - —
dentition Tanabe Lake Tanabe Lake
Bay Biwa Bay Biwa
A* 45 37 s o

(42.5) (21.0) (5.8 ( 0.0)

B 18 32 11 0
(17.0) (18.2) (12.6) (0.0

C 40 55 15 0
(37.8) (31.3) (17.2) ( 0.0)

D 0 21 27 30
(0.0 (11.9) (31.0) (12.1)

E 3 25 12 51
(2.8) (14.2) (13.8) (20.6)

F 0 6 3 98
(0.0 (3.4 (3.9 (39.6)

G 6 30
(6.9) (10.5)

H 0 25
( 0.0) (10.1)

1 0 11
(0.0) (4.9

Total 106 176 79 245

* As for details, see Figs. 8 and 9.

FCABEHENH SRS 2, WlEE & ISR
EEUT, MHMCETSbORESHEHINS. &
W, DEFREAMC, BET 2 LHET =2 CRT5
IR 2R R B hich - T

WHEYE ATI{E7 = 240 BB LT nifaER
DRFEERA THTcE T A, FEENTHCHEE LTS EE
fa 112 B (46.7%), THEIEACEHMLTWSRER
78 B (32.5%) MRERINh. *i, HFEH 0BF
Wk LU ERORERE O FEXLhTh 29.6%
30.4%, 26.7% Th-toh, THBDKEL (95~97%)
RO DEERY AETIEACREI ATV,
L2L, #F, PEFTRIOCEBOHEBIELAMCES
Table 2. Typical sequence of attachment of

conical teeth on the vomer and palatine
in ayu, 30~50mm in standard length.

Locality

Number of Sequence of
teeth attachment Tanabe Bay Lake Biwa

N & N (%

Vomerine teeth

2 1-2% 30 (75.0)
2-1 10 (25.0)
Total 40

3 2-1-3 43 (76.8) 48 (71.6)
2-3-1 9 (16.1) 13 (19.4)
2-1 and 3 4 (7.1) 6 (9.0
Total 56 67

4 2-1-3 and 4 10 (66.7)
2-3-1 and 4 5 (33.3)

Palatine teeth

3 2-3-1 43 (49.4) 15 (50.0)
2-1-3 18 (20.6) 7 (23.3)
2-1 and 3 26 (30.0) 8 (26.7)
Total 87 30

* As for details, see Fig. 1.
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Fig. 10. Period of shedding of conical teeth

Table 3.

from the vomer in ayu. A, from Ado
River; B, from Lake Biwa; C, from Yahagi
River. Solid rectangle, number of specimens
with perfect dentition; dotted rectangle,
number of specimens with imcomplete
dentition; open rectangle, number of fish
without conical teeth.

Frequencies of malformation of mouth
shape and lack of conical teeth on bones
in hatchery reared ayu, 40~50mm in
standard length.

Type of abnormalities
Ventrally projected hyobranchial
skeleton 112 46.7
Twisted lower jaw 78 32.5
Lack of conical teeth
on vomer 71 29.6
on palatine 73 30.4
on dentary 64  26.7

Total 240
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Fig. 11. Period of shedding of conical teeth

from the palatine in ayu.
legend.

See Fig. 10 for

AR TERIABRA » 7o (Table 3).
A ERETR T, WEEFOEENE LI ARDE
BHEL, URINCZOFD LTI 5 MR &
BIZPL LT DO0HERIRI. LrL, Bido 3%H
DX, WEBOHE - BRENEFTHEICh20db
LB LT OB HIEAR bRk -1

¥k, SEOPERICHCIHEET = 2858, HET =
308 Brhici, T X5 e miRIEER R R ERE IR
E‘.\gh’f&ﬁ")ﬁ:.

BHEWE - OEBRSSVEBEOBEEY - fA
WM MR S 2 8EE, DEEES TOEET R
W B BiE ST 20, <O EET =, WE7 =%
L OWIEW L7 =D 3 B THIET 5 & Figs. 10~121c
KT XORB. TTHET =TI, HEE DEF
W, EWEEE b, kR SOmm o LRI iE Lig
», A 60mm ZET S5 LM SDOWITTNTHET
5. 2L, ME7 =T, #fE 60~64mm 1 L
BTl ABHIA L, @B dnisRE 78 mm, O&EFE
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Fig. 12. Period of shedding of conical teeth
from the dentary in ayu. A, from Ado
River; B, from Lake Biwa; C, from Yahagi
River. Solid rectangle, number of specimens
with conical teeth; open rectangle, number
of specimens without conical teeth.

=L

hE 72mm, ZLCHEEHRIZMGRE 80mm HE L
BRI ET 35, WEMET 2k Th, BET
= LA, MR AR 60~64 mm ORI
BER, FKE 80mm OEICETT5. Tihbb, WHE
7 2R AEERE DETE WERONEIEEY
HOMET =2 RZE)OWEWMLET7 =L ) IWHLACE
LA, #2EMTIREERRIALRE o
AIBE7 22535 2 b R O ikt AR 48
mm ORHCBEE XN, KE 54~56mm i LT
ET L, BET7=20FRLIEFCLTVS. LrL, &
£ 62mm, 70~74mm 7 =Th—HDOEEA (13 B
h 2~5 B) TIhbAEROFE, R IR
BkzE\ -~ (Fig. 13),

HEth, OEFESSTEBSEOBEIEF Wb LA
Iowr, 72HATIPFRIILAC 2AULIATD
BT 5 EARLEL, ¥h, NEBFRILELAORC
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Fig. 13. Period of shedding of conical teeth

from vomer, palatine and dentary in hatch-
ery reared ayu. See Fig. 10 for legend.

3ARIZAKRFIET A ENE WS ENEBHLTVBD
T, ThbEEARE LTEHEOBREIEFZHNI- &L A,
Table 4 |&RT X 5 s Rex B, COBEOEFIIM

Table 4. Typical sequences of shedding of coni-
cal teeth from the vomer and palatine in
ayu from the Yahagi River and Lake Biwa.

Yahagi .
Number of Sequence of Rivegr Lake Biwa

teeth shedding

N (%) N (%)

Vomerine teeth

2 1-2% 22 (84.6) 77 (91.6)
2-1 4 (15.4) 7 (8.3)
Total 26 84

3 1-3-2 14 (77.8) 27 (79.4)
1-2 and 3 4 (22.2) 7 (20.6)
Total 18 34

Palatine teeth

3 1-2-3 13 (50.0) 60 (63.8)

1-3-2 5 (19.1) 10 (10.6)

1-2 and 3 7 (26.9) 22 (23.4)
2 and 3-1 1 (3.8 2 (2.1)
Total 26 94

4 1-2-3-4 13 (72.2) 93 (73.8)
12 and 34 4 (22.2) 14 (19.0)
2and 3-1-44 1 (5.5 9 (7.1)
Total 18 126

* As for details, see Fig. I.
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SEROFTE I LD H/S T H 5 (Fig. 1).
Y, SEES2ATOFIET HHHCIE, BIZOEL D
EEBET D b DIYEET =T 84.6%, WET =T
91.6% DHFEETREDLRI., ¥ 1, 3EKTOFMELT
WBRRCE 1-3-2 OIETHE T 52 BE &S E -~ 1.

OEEE 3 ATIT 28 i 1-2-3 Dl BT
BHEMNELEL, 4AFIE T 5 Kk 1-2-3-4 DJI
PRS- Tivhb, RITTMOEDONED Kb
L ReTHEMO & B L, REAOBEIIRSE
haf@anribhie. ok, WEEOLEL, ®WELDO
B ALICHENL 3 % Ha & Bt S MR R TT D @A %3
AEE A RLRI. ChbDBAE, HET7 = EMET
2@ L CERD bR

FIREORR 7 = O ikt O T 3 Fk 25~30
mm ORI TREFOIMIECHER I h, TOKA
RALDEST LT, i 35 mm @32 &R o/
NEERCEDLIS L51icd. &2 TR, KAHH
ZEHDT, WHIDOEEAALMTED LIS DD
TEOWINEE AEJNCE 2 TEARINC B L. %
DFEFRIL Table 5 W RTHEITHS.

WEOHE L L OAKAEOHETIEMET = X b bifgE
7 2DHHRRRL, ERAREKAIHOEFIAER S
50%, WET7 = TikfhE 35~40mm THBDOIEXL
THET = TiaEE 40~45mm [TE LK TH - <.
ZDBEHFIOHWBIT EBOH B THEI DL EAL, &
bIZ, BORAML BEFNHKETTS. 0%, &

Table 5. Number (mean+SD) of groups of
denticles on the jaws in juvenile and
young ayu from the Yahagi River, Lake
Biwa and the Ado River. Figures in
parentheses are numbers of specimens.

Stand- Locality

1 ard jaws

ength Yahagi Lake

(m%n) R. & Biwa Ado R.

35~40 Upper 5.92+1.27 uncertain —
Lower 3.2040.74 uncertain —

(25) (20) 0)

45~50 Upper 7.62+0.95 6.90+1.04 6.6041.02

Lower 4.82+0.77 4.314+0.98 4.2040.95

21 (20 (10)
55~60 Upper 12.86+0.83 10.00+1.14 11.44+0.50
Lower 10.14+1.12 7.45+1.11 8.2240.79

O] (20) ®)
65~70 Upper 13.04+0.64 11.85+0.85 11.91+0.95
Lower 11.56+£0.83 9.60+1.02 10.33+0.99

@n (20) (22)

E DRI - THRFIBULIEINT % 23, A& 45~70 mm
DOHFITLEFE « THIECOWCH LEETHRE TS &,
E720FNHMET =X ) bPLICEL > (HRE,
p<0.001). %7, WIEWLT =L¥EET =DM THE
THE, HBEVMEI Y OFRCEIIBE, ML TV
(t-#5E. p<0.001). WEWLE 7= o WX, #hi
55~60 mm DFRHPHIIC EETRIMET =L b % (KR
5, p<0.00l) 2pE7 =X A i (HRE p<
0.001), WHZoOHMOEEZRLE. LaL, hE 55~
60 mm DOEHYOTE, kE 45~50mm 3 L 0¥ 65~70
mm DR L « FEIC R 5 \FIETHE T = L
WME7 2Dl TE& ERITILZLN ) o1, Tiebb,
thE 45~70mm O, [ UHhRECHT 5 BRI
ET720FNHET7 2 CHENLE7=X ) bPb1CE
{, B2ERTIRREAEENZ DRI -T2
NEDORE M« BRICRT B EE RS 5 8/
D EFEORH S 4 W H ORI LET 5/ HOEI R
HRINCHBET =, WE7 2B IOWMEHLT =0 3%
[Ech#sT 5 & Table 6 DX 51c7c5.

thiE 45~50 mm ORI, BET =0/ EEIH
LCHET =X bR (g, 0.01<p<0.05),
{kE 55~60 mm, 65~70 mm, 75~80 mm, 80~85 mm
OENC L RIEVRE L DV DERCE -1 (HRE
p<0.001). [ific, WET =R T 5/ 8L, WE
WE7=XbdRd -k (HE. p<0.001). LaL,
WE7 = LHEMNLE7 = ORI CRRNC BT 5 & £4
ERIALIhE) -l (HE, p<0.05). JF7bb

Table 6. Length (mm; mean+SD) of denticles
of the upper jaw in juvenile and young
ayu from the Yahagi River, Lake Biwa
and the Ado River. Figures in paren-
theses are numbers of specimens.

[Standard Locality
length
(mm) Yahagi R.  Lake Biwa Ado R.
35~40 0.05440.001 uncertain —
(20) (20) ©)
45~50 0.124+0.020 0.11140.024 —
(24 @7 ©)
55~60 0.660+0.110 0.347+0.054 0.361+0.092
(16) (27) (20)
65~70 0.819+0.053 0.450+0.055 0.45640.042
(26) (20) (20)

75~80 0.982+40.100 0.85040.025 0.863+0.128
(16) (15) (16)

80~85 1.28740.180 1.120+40.180 1.0914+0.050
(16) (10) (16)

— 152 —



BiH . 7 =D

R 45~85Smm OifIic, [ UGHETHET =, ME
7=, HEWLET =0 3 ERMTHIREE R T 5/ oD
REIZHBLIcEZH, B2EIWET=I VWL
REWA, BE2HMTRELSERNLLRIh - 1.

z 2

7 =0 OMERy, A0 GAH - FME, 1934
1935, 1936, 1937) icff- T, thfKE S0~70 mm oy L
WeEe LT, Al caE L tTsrz s
BESAbH bR T35 GRIE, 1935; 4%, 1938;
Chapman, 1941; Suehiro, 1942; Iwai, 1956, 1962).
Fishb, HEAREROMMEILARE S0~70mm Dk
W biz L, REwRE LTlmRESSE Ll « B
hoDThHs. REMCREL, 7Ta2BF0MEELT
BOON T HEIRENCBI LTk, ZDOFR4 - ko
WTEHLLS#HE IR T & 12 (Chapman, 19415 @3,
1950; Iwai, 1956; B, 1977a). La L, EfAon
A b s MRV Iwai (1962) 2354 »
MBI OWTHRE LTWBY, DMOKE, Bk LV
WONM, b, FhbBETIEET = LHET =
I TOERCOWTIIE LA EHALNR IR T UL g
ZDZ &, BECKRTSHEAMAOAETFEICOVTAH
RN ERBHE LTS &b,
AWFCE T, BiEARCTS LETE, ®#EE
B IOYRIEDR L, BERT =<\ CTHIERT
2L DI REURfERRL, HEREEROMELMEDE
FBIDLREWI ENHBE LE. Tibd, OoBKke
WROREZIIEET = DS KA LOifd oA TH
5. Iwai (1955) (3pEH 7 = OEBFOWEL FEHICK
HL, BEH7 223REDOLELTREDE TS A +4 s
KRB H D LBNTD%, EROFEREL e TRT
530 EBEbh5. b, REH 42mm 1 Lk
ZAX, WET = « WET = & b IR ERIIRIEER
CESH. £LTC, BEE LRVINEE, XEEE, FHE
WREEOMSERHE TCImERTENR BRIV, WE
M B%E T 58EHE,, nEEER LOREROELHIE
TaDFIEET = XY bEBECEL, Fh, HEH
OEFETREOWOH IS HERITERLZ LRI,
LaL, EIENIL BThr Lab, @ET =HkE
BbhsHar b AT ER LIcHE7 = DR, W
EEH, EEEE PERTEOBCE LTIGET =
OWET = EENZ DRIV, WEERS IO NSRS
BHE2EIDD, T, BERIHET =LV 3HLH
CEEDEAD LT, Ibi, ATBLHET =dug,
HEH, NHEETHESIOEBEROL ABRLVRERE

HRADIL VB CHEECHES bR, Zhb2H5DOAT
BILT = DBEHENOEX DL, BET=2EHET =
[Blie & bR I HERBIESR OBV ILRECII O EE S
nicboTRAEVOrb R, BETHIE, s
EROZLNLYEW, NETHRR LOEFHIEZERD
ZHNIMBDOFER L VS ARRETH D, RELES
DHEBTERFEORBELLTVWETSHS LEbhS. &
BHLNI AT =2 ki3 % DEHEREROH
BE . Komada (1980) m#EHR &13iF—F LT\ 7.
ek, KwBIE (1978) WEEBE T = 0—HEATE
FEEFEFCHEI AR EBRXTWEA, SEBRELE
308 BicitiBd by, WD THEIMELDH, Xk
REBGBEZBELCLOEBbRS., 72K 7 A4
¥ Hypomesus transpacificus nipponensis Dg)E D
R, HEROHMB LOEWEIC S 2 h OFRNZDS
n, HEOHEEIRRTHRED 13~1/4 b LT
HREBMBEIN TS (Komada, #FEH).
REREEROBIEIRFINLHET = X bEET =DJF
MNRRBRNC ENREIhT W% (BuE, 1978). A
TeTIL, REEAEEZENE (1978) OFED 3~5 1
L, HEEVER7 22BN CHRBIRCHET = &
&)X W ETAHEPW L7 =y, bk, ATE
b7 = DEEREEE LGN LT 7 = D80 Bk % ik
Bt Lic. ZO#R, GE7=0OHFHR, nEEH &
EFHIARM 60 mm ORHNCBiELXTE T T2 DIx L
T, WET7 = THEEH 80mm DETH D, 2ikh
BhdZ EAERIRA. ZhilBiE (1978) ofEREE
EF—HLTW%., SAREEHHNTERINICBIET
= &, RABICRR)ZWET2HEWET =0 2 &R
TiX, THhHMAMEEOREINCERIEL AbRith -
fe. Fie, fRAEERTDH2ERREDEBIRDE X BRI
BALTh, ME7=IWET =B LOBEWNLT7=Xb
LB EAT DN, H2EMTIRENLALRILY -
7o, Z LT, @REO®RSIER OV ERE, WL
BXUTHIRHE, WKCESE L THETS L F b @
ek s ERIABNEL 5 (ByH, 19772). =D
I 5 lRICBE L CERDLA LR B REBIITI, B3R
EPHEBREOKRICHTHHMILC I ELADR, B
RICERRHZ LR I EITIRT A bR B LT
bEAALNREL D (M, 1977a, 1978). %7, #
E7=hkEEbhaEEI b ATBLEEY LIcHT
=R B MR O BRI EE 7 = DR EIEEC
EALTWE, Lo, AR T0mm CELACT7 2B
Wb DA (15~40%) THMEROFEHI MRS
NADORIETCHBRIE . Wille b, WET = LHIET
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= CHEREDZ LR IHEBRRERO BN b Fid U
TSR L AR, HhE VEEIhALDOTIRRLC
EEBRLTVWAEELRENLLTHS. ZhbDHEWH
L, Bk LAREEN L EDO NHMEREORBFEY
JeEwcEo & (BgE, 1974; Komada, 1980) & B
B OWTEBRM RS2, ZHIZSEROBETSH
5. Toks, FEROREIYEE, nEFEC-THhIK
AR OENHIRE B, BRI 2B HO®EI KD FL,
B NE & TR & DRICix—EDEHAIZA DL LD
Ths. Fi, BEIEEBOMHEREE EOBGRS RHT
b5,

ek, HET = EWET7 2 L0ERCBELT, Wk
Wk OEEOE (B, 1954), F—5M4T 0 E&ih
T BB O # (IUzss, 1963), IIRE L
IR OE G, 1973), HEER OB LRI OEL - (Iwai,
1955), #ikis X OO b EDE (B9,
1977a), HtAOREZE (BIH, 1977b) ZEAAH LT
S>TWwb., ThbD oy, fi3HIHAMCRTHET
HoHH, %3ERLIOSEOPIRMETILHE - ERMcE
HAL0THS. i, RS, Sk IUHGFOKER
PRI « ERICEET = LHET = ORT
ZDZLNRB DT, RAICET 2 L&<{RDLRIK
7% (B, 1977a,b, 1978) . Lk &b, f -3
BT I BT = L WIE 7 = DILREMZER LHET
2 DREDEMICETIL DT, BRI AL HERET
BRERLEXORS. ok, AIIL7 =0ffilicEk
T 5EE, ik IOBROBRERIACIIA L ) DEREN
Zbh, Ibi, OEWMHEREORBEEIEFCE
z & (Bym, 1974; Komada, 1980) %75, nifoH;
BRERILF « HAMONBRIESRMFIC L hE L EEE
5B LBbREY, ThbDMIBE LTS OfE
PEINT 5.

# 22
IR THRE « THEER B - IR B REIAEmHAR T
R b I R RE AR B E#HOBERL
7. 2Kk, BEMT 2BADAFERHEFETI -1
ZEREKEFTHE - cHEERLET.
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