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A Case of Estimation of Species of a Fossil of the Genus
Mogera from Japan using Discriminant Functions

Yasushi YOKOHATA

Abstract

The following three discriminant functions were made to discriminate a skull specimen of the genus
Mogera in Japan on its species, with the stepwise method and based on the skull measurements of recent
42 M. tokudae, 64 M. imaizumii and 243 M. wogura in the second year of their life (The abbreviations of the

skull measurements are shown in Fig. 1).

Yt=3732.96R. P+ 9607.10B,/ P+ 27675.35] P+ 3102.08C~ B+ 7397.00M,~ B+ 573.65M /' C
—11148.86M.P— 5458.181,” R — 954.54R " M — 4986.37], M — 4696.36

Yi=3816.38R.P+9645.10B, P+ 27876.811,/ P+ 3137.38C.” B+ 7424.54M./ B+ 580.19M./ C
—11186.27TM./P — 5684.841.” R — 999.68R,~ M — 4701.521 /M — 4775.63

Yw=23888.40R,”P+9074.31B,” P+ 26634.281” P+ 3156.42C,” B+ 6917.97M,” B+ 506.19M,C
—10199.06M.”P— 5432.741/ R — 866.29R /M — 4481 461/ M — 4603.77

In these functions, when the largest Y on the skull specimen is Yt, Yi or Yw, the specimen is discrim-
inated to M. tokudae, M. imaizumii or M. wogura, respectively. Furtherly, more precise discrimination

between M. imaizumii and M. wogura was possible with the following function.

Yiw=2369.40,R—63.11M.,”C+ 228.69R /M~ 721.761,/ M —29.50R,~ C—46.31R /P —0.73

In these functions, when Yiw<(0 or Yiw >0 on the skull specimen, it is discriminated to M. imaizumii
or M. wogura, respectively. A fossil of an upper jaw of Mogera spp. of the year in its life obtained from
a formation of Pleistocene in Shiroiwa, Inasa-gun, Shizuoka Prefecture, Japan (deposited in National
Science Museum, Tokyo, No. PV-08573) was discriminated to M. wogura with the four functions (Yt=
4505.07, Yi=4509.55, Yw=4523.28, Yiw=43.87). However, the period when this fossil was alive is not
exact unfortunately, because it was found in fissure deposits.

F—U—F .77 WHBEK LA, HE AR

Key words : Mogera spp., discriminant function, fossil, skull, insectivore



1. FLUBHIC

A& Eic3BE THEEO £ 7 5B A s
LTBY, zomchbESSEBE S SE Mogera
KWEENEY TS S5 M tokudae, TATES S
M. imaizumii, B LTI XET 5 M. wogura D 3
ARG TAEFBCERLAFELES SHTH
B3, ZO3BIoVWTIE, RHHEREKRESM
ORR, HEERETRONSERBE&EONKT S
Ehs, ThEAOESBREONHERDITE
CAEHIE N AR T AAN LT DITON
T %7 (Abe, 1967, 1985 ; Pulif, 1961, 1974,
+ B, 1988), #h ik B LB ORI
2L, HEEETROBEKETFO—BIcD B
T sy FES IR, BETCHLERTEZRLIC
AMO—Ic DA N S I X T €S F Euroscaptor
mizura ® & 9 HEIEHIRES S, BET L EES
DML - TEBNICREES L DNEILL,
Z OB I ARE TS 3 B—EHIEEES AN
LR L BB THICEALLDOTHES D L
ENTVWE, COEFOY FEZ5E3ZORICK
ErLEALTELTX<ES 5 EOBRBAI
BaxhThh, S5RT7TXTES T HXSICTKIS
-5 v T KELPOEAL TCELITNES T L
ORI A I & - THEAROKEOHIEAS, & BUE
xhicEahTws (Litofh, Abe, 1995 ; f
#, 1988, 1991, 1998a, b #iH, 1998), LA L
zhzhofBoste, BAboks BN
OHEDHHHIEA~DEALE, e OBRESE
o HERE, HTEREFATHE (FEA, 1998
a, b) RHARETbhILICE - HERLS
WTh, TEELMCE>TEVE L, ZORK
D—2iF, ThHo3EPTEEEIICHED THEU
LTEBY, BItinhETTFARESFLaTNE
75 EHUETIOIRIc L > TLKITER
Mo tetcd (Abe, 1967, 1995 F#E S, 1994 5
Motokawa and Abe, 1997), {tA D IEFESED
FAENEREALDBARARER L TH B, BHE
FCIERE, BRAE, LRGSR oS
cerss@EnuwlEsSSBObDESNE DI
hoHoltERHLELTEBY, TOoEL G

“Mogera wogura® (SR T X< €7 5 DEZL

shTut) EBRshTwid, LAL, 205
i Abe (1967) LIFT®, 7A<RES S &I NES
SHEETHLEENE I EDED > HEHOHR
X (ESN, 1966) ®EhicES < RE IR S
1989), k&% (Tomida and Sakura, 1991)
BEThY, FRCHAKEE 7 SEBO{LAOEN
FlEshkT dan,:

L E R Y 8 2 SR YR R
BREESHTVA400EckEOAEE 7 78
/5 EMLAABAEL, BOREICHED LA
fMioathzb0rRIELE, TOREOEEE,
BEoE /5B 3 BOBEBHMECESVWTEH
Li-%BEKERVTITR > 0T, TOHRE
WET 5,

2. MRBLUHE

E 7By RS AP RE IS @
42550 BAEE 7 I BROMAEBPEERTY
% (Tomida and Sakura, 1991), L& L, £OK
WARTHFO—HLeE, HhEsLTcHy, &
OREEHNTIRETH B LM h, TOMRELL
LG RK 1 wRT EHEAH 1A EAEFES PV-

B, HIBORERE L - 1B ER5 | {£BTE Mogera B _L3RES
LR (Em)
A fossil of upper jaw of genus Mogera from Inasa,
Shizuoka Prefecture, Japan (Ventral view)
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08573) DA TH - fzo Tomida and Sakura (1991)
K& a &, ZofbqiZFREES AL IERTOHE
ROGEO DT, HHFHEBEr GEON » HhHER
i St LTwi, CotRobEEE S,
R~ R (R0 XRB Tl ~%H
HEHi) obodsh T3 (Shikama and
Hasegawa, 1958 ; &I, 1966), Z @fbfHic>
WT 6B (MEFEE, H¥ETE, EFRE -5
I, LIEHMEIIE, WHE, SAFSER
g 5 R 2) O #lA&{T7, Hoslett and Imaizumi
(1966) # X U RS (1994) icE S = EBHAK D
BHOBREICL » THROMEZITE » /o,

& U B AL » W T dbig#E R B2, Bk
B, RN B AR, KR ER
HEYEICNE SN TOAECBOY FE 27 542
My TARESS668, 2V NES 5 2U3HDEH

2. HHSWICRAW-ESSREROSASA BE)
Measurements of skull of Mogera spp. used for the
discriminant analyses (Ventral view)

! AFER Palatal length,

: LSEHESIE Length of upper tooth raw,

D EEXE -5 3 BlEME

Distance between upper canine and third molar,

: LEREIESUE length of upper molar row,

: ¥)%BIE Breadth of rostrum,

: K B5RAME Breadth across upper molars

| : ESRUIEEER (i — o)

Length of projection of upper incisor row,

C: LHEAXE-AEEIE (c —M)

Length of upper canine and premolar row)

-

(1]

~0xZ

BEAR BN 2 T80, HBIBEKO fEH I
Lz, ftlloRERF Iy b EHBIF YT 5 2
F oy YT K o TITAEY, SR A DR A
AR OHEEO— 3 NIKON #1841 & B 88 MM
-1IBic &k » TEIMAIL 2o EDFFAIS 1 ,7100mm
DALE TITIE - f2o HIBIBAEDIEHIT 13 SAS Ver-
sion 5. (SAS Institute, 1985) @V 7 b ¥ = 7 %
AL, SHEEARICE 6 MAOFHED > BITE
&, LSHEEIE, wKE SKEEMIEO 45
fir & RIS MR (AR &R -5 3 FsE
Eo®E), LHAE-RiHENE (RKE-%3H8
HWEEE LEAKTEOE) o, KEBIEST
NSRS EEH > THELSNZ L1580 oMNHE%
H W T, stepwise I K A EFGEIR 1718 - 72,
YNESS, TARES S, avRNESSDIHE
DFFHIEE T ~NTHY, <o 3EEERICHRIT
AU EEHT 2 E &b, Y FESSEKBRL
CEOFAECAEHY, TXvESS LN
IR GEHBT IR EEOHL, 2h
oXEMRVT Lo FEB Lo EEEL 12,

3. &/ B

i EHE A IZESES O BEERE D S, 4%
1ELE2ELDANOFEKDO b D LHfEFEA NI, 7
DFHMEE LT icRT (BEALIZ 4 ~NTmm),

LEE (P) 15.66
EETIE (i) 16.03
LEAN - 3 HEME (c) 14.94
FEFSESIE (M) 7.10
WIIE (R) 5.43
BAEIERE (B) ' 9.85
FEUMEERE (i—c; 1) 1.09

LR -ATEEFE (¢ —M; C) 7.84

BEYNESS, TRRES S5O 2Ly~
T/ S5OKRMMcAVWSN B FEYEERE (L5
Ul B W ERIE) 130.20& 8 -/, LB
HEoEALBOTEHENRLZINS 3EOHF
BE¥ 1,



Y t =3732.96 R P+9607.10 B P+27675.351 L/'P
+3102.08 C/B+7397.00 M,/ B+573.66 M
/C—11148.86 M, P—5458.18 R —954.54
R,/ M—4986.37 1/ M—4696.36 = (D

Y i =3816.38 R/ P+9645.10 B, P+27876.81 L/P
+3137.38 C,/B++7424.564 M,/ B+ 580.19M
/C—11186.27 M,/P—5684.84 1" R—999.68
R/ M—4701.52 L/ M—4775.63 e (2

Y w =23888.40 R/P+9074.31 B/P+26634.28 1P
+3156.42C B+ 6917.97 M/ B+506.19 M
/C—10199.06 M P—5432.74 1/ R—866.29
R/ M—4481.46 1/ M—4603.77 e (3)

Els oty IO OHBIBEKIcENT, 320Y
Eo>HYt, Yi, R YwHKRKICEhE
FRNENYFESS, TARES I, aTXES
S LHBlENnG, AOBEEOERD Z OH5BIE
Hic X 2HBIHEREELE LICRT, 205051
Hick->TH FESSQBMIBHIE T A= ES T
66FItheafH], 2w ~NE S 5243 226613 IE U <
s, v FESSBHIETATES T 2
B, av~es1MHRMORBEICHEIS N,
Wi, TRAREFSLa9_RET 50 2D
BB,

Y iw=2369.40 I/R—63.11 M, C+228.69 RM
—791.76 1/M—29.50 R,“C—46.31 R P
—0.73 - @

Etot, TOHBIBEMKICBVT, YiwsHED
EAREET A<ES 5, EOEEREEIIN
=25 LHBlEN B, HORBEOEARD Z 0¥ 5
Bsc & BHBIRERE R 2 WRT, Th 5 oH5IEE
Mick-T7 X< ESS5666|H63F, a9 ~Es S
24362290 1IZIE L < HIBIE hieds, TR=ESS
3HIE 2w ~ES AR R oRICHBIE Wi,
(1) ~ (4 oHBIBERKIcsHR & T2 LA
OFHEERALILET S,

Y t =4505.07, Y i =4509.55, Y w =4523.28,
Y i w=43.87

OREEMEBON, TOMFEI Y NES S EHG
AN, aURES T EVIHFBIERNREI N
BAOEMEIINIY (X1) BLUWBTY (&
2) THHEYH, TOHMIEFELVWLOLH
Faxhsd,

4. 8 =

Abe (1967, 1985, 1997) # & ”Fhf#B (1961,
1974, 1991, 1998a, b) K&k 3 &, €/ TED 3

%1, HIBROERCAVLREEYSBEFOHABEE 1) ~ @) LLBHFER

Fig. 1. Results of discrimination using the discriminant functions (1) ~ (3)

on the recent specimens in genus Mogera used to make the functions

HBBIRIc X hiEES N

EBRORE  Actual species

Bt EME

Results of discrimination # FE£2'35 T7X<EZ 5 39~xES35 Total (%)
W FEJ 5 M. tokudae 27 0 0 27 100.0
7 X ET 5 M. imaizumii 15 64 17 96 66.7
IYNRES T M. wogura 0 2 226 228 99.1
B BET
42 2 177243 34,351 —
Number of errors,/ Total 157 /66 / il
(%) (35.1) (1.5 (7.0 (9D

— 40 —
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2. HRBMOELICAVCREE S SHIEROHSIBEE @) ICL3HRRER

Fig. 2. Results of discrimination using the discriminant functions (4) on the

recent specimens in genus Mogera used to make the function

HISIBRIC K D EES el EBEORE  Actual species

it IERER
Results of discrimination 7X<E45 a9 ~NESS  Total (%)
TRXREYT S M. imaizumii 63 14 7 81.8
Y NES S M wogura 3 229 232 98.7
BB AR
66 14,7243 309 -
Numbers of errorsy”Total 3 4 17/
(%) ( 4.5) (5.8 ( 5.5)

HMOE/750KORESICREL VHITENE R
RHon, Bia- sl chigsira s EER
TR&EIVERAKBVTHHAIBOEREIZIZE L
WEENDIECBE G, £, (LABEBAEOMY,
BYEEOEOKRE X ZFE LHIRO &0 T b EK
KL -TREZHEMNS D (P, 1991), HA
BE/NEL 0 FUEH o0 vhC g B 0 48 SO AR o o S ot 7 B
DT N AR X I Apodemus speciosus D FIH D K % &
PHRObDOIOKEL -7 (BERS, 1981) #
EofiBmonTwa, —J, HEEE/ 5B
SEFHRFICE, HEABOREMSES LB
WonTED, BECAKREE S SBOBOET
BIT7TXvEr5Lav~es 50K, &
DREICEARSNL O EHEYET OEHEN X
CHWwSNTE 7 (Abe, 1967, 1995 ; Bl 3,
1988 ; Motokawa and Abe, 1997)., PJHR®75%E
DOXBNE, EREYVIEFIOFBRNT Xv€ s 5T
AIAKENLTHVFER, a9NESSTYWER
DICEMLTHUFRTHEIEPAVLNE
(Abe, 1967 72 & Ofth, P& S, 19940, LhLC
ORE W AIARTHERSELL, BBHO 7N
BIIRTARES P BVER O LRI
Fl2FE-> TV EEENRE VLY, FofER, [RE
AR TCORBICIHOZL VLD EH WS T &
WERETH S (Abe, 1967, 1995 ; [#, 1988 ;
Motokawa and Abe, 1997), = 2 DR IC
BEMERCMA CEEZLEET SD, 02
FOEMSENCIS 2EERBRAEL, HER
ToRFhIE LR VEA LS5 (HE, 1982),

SO EONRE L1zbAD LBHEYIET| o
EHER020THD, COKBERIaIv~ES5D
HHcETh, o 2BOBEERER>TVLE
(Abe, 1967, 1995 ; {5, 1988 ; Motokawa and
Abe, 1997, LirL, BEEAEHAR TR DE
Ko FEUIETI ORI T X Er sk b
RA B8 (B KEE), CTcHVEY
BIBEEIC RO BOWED & 51, & SIcEMAa
ST IS BRI TE » foo A O Y FI BB O $IBIRE R
MTX<2ETZ S LHBIINIBEEEBRVTHLEIED
B o tEBHICE, EROMRICE S XTEHE
BOHGE T CHEMEER VAT &L, HE
MR EEI UMBEMEORERL IEB VI EnEL
Shd,

TAXRES S EOIHBIEER I 7285 E 030N
BIERG, tMoBESHILEAL D bEDP -k, &
NBCOBPBOELOBRTY FESS LD b
UNES I, LBUESIOBRTIvRESS
L0y rFESSIUTEY, o 2 BodRN
WA - B TH 5D THAH, £/, B
WEHAHBEROSEHMRBIvRES S HE LS
Do RIKHBEHSE, FESF &0 HBREE
PG EOBRHBIESFESEL 720}, 0D
BAHAEE S SBIBOT TR LMEKOSV
BELHEL, CLAIX5E75ICFVENIE
f# (Abe, 1967, 1995 ; P&, 1961, 1988, 1991 ;
EHIT, 1986) 2XHT 550 ThH B ahEMELH 2,

BB, SEFE LR LEBSDOATH
L1, THUMOKTES SBEIXMEN S



X5 SSBOLOTH B E VI AREH SRFT
NXThHB, LL, HAOHRIESSEIE
DHIELTHROGIXFIESSRKAEVS FES TR
B, BHIX7E/7BLORKENERMD
Mn/7zaoRESSTH-2l &, BEOBERY
Bicaw ey sicli LEOENORREF -
kIX5 eSS BORMOBMN VL 3HELE
Zohitwz &, 2ForsrsBOLERREE
nTLAFECHBOMBYh » HEREYT S I X
sE/SIBOTELGHRFTh TV L I &
5, TOHEEMEZERTILBEBTVWEEDLN D,
—%#, BEoE s SBOBEOXEG, LB
5 FEMEH oFAIRE T REMRIEEEH 5,
AEIOERIE, 7TXES T EWVD BRI H
1B AOEEEICKERBENEZ-TVE D0,
FIBBA A B BTEEZ D LEBAREILPI &%
RLTW3, SEWEH L BB R 1HFR
o 2P FoMEICHVWA I LFRTERLY
FAEEARENEET2EARIENTLORI LD,
XS MR OKBIBEKER VWS LT, &5
KA EF A EMAIERTH B D,
COADEENT Wz h - i HERY O HERE
i, FBO &> Crhil 0 QRPENH & HE
xhTw3 (Shikama and Hasegawa, 1958 ; &
A, 1966 ; Tomida and Sakura, 199D, L» L,
hifi HicB A REDOT A ES 5L a9 NE
75 ONHEEREIANED SRR, REEH
SEMECH T TEELTE D (FE, 1961, 1974,
1991, 1998a, b; Abe, 1967, 1985, 1995), 2 v
NEJ S RBESESRIFTH AR AEMICH
km, & %V EMEMICKEIEHknE V- 7cBW
HETT XTS5 EREBL THRBEILKT 5
T EMH D (P, 1974, 1998a ; Abe, 1985 f
M, 1998), # @i, A OO SR
TR B0kmEE LoEh TV V) B
B i, B oy e 5HERLT
W REAEV, TOMIKDVWTE, Toftha
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AL TERE L 2 afetE s s 2 (RBE
MK, #3). LAL—HT, EDI I VF
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tramon-o-250 (MA, 1998, b), HED
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D0 EEPT EEEIC, ST P R R T
HOBREOREICL->T, HAEE/ IHOK
A S SICHLLIL LT SEND B,

HESAGEARZF RS TV CETH
FRHYETARAE BHBREK BHAeE7 58
DHEEASFHHlSE TS, IS5AD
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Ay MM EEYER, RER
EHERML PRMEERK, SO BRRE
Wyt g & BN (RS S U R ETET
Eafio®it, 1, ZoWRo—Hid, 19964
EHAR AR S CRRTEA, REE
208740664) DIENEZ T 12,

& & X ®

R sk, 1961, &7 5 OREICEY 5 T =R,

WAEERY, 2:3-8

Abe, H. 1967. Classification and biology of Japa-
nese Insectivora (Mammalia) I. Studies on
variation and classification. J. Fac. Agr.,

Hokkaido Univ., 55 : 191-265.
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