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B

BRBEO—#<H 28EMEEH (Pinnipedia, SEMFE) 13, RT3 MBHONTEHY, B
LT 2 EHAIHORMD 26% L % o 2 K& —#TH 2 (Berta et al. 2006). fi&
B R bE E e kb ol RIS 28 Ch Y, BhERRIEZ R —Fr b RS T L A
TH 5 (Stirling 1975). — KL TFEOBIERKN % L 2 TlE, AR 1B Y DX ZRDELS
WHIFE A AR EDOHBEFLR I VBLLARY, AABARID DAEOKRZ ICHEFNLAZL
Y, THOLEN MR OGNS 2 L IE I N T2 (Alexanderetal. 1979). —75, —
K—FOETIRAEDOI A XPLHFICEOTHEN_RAR L Na v, FEFICBEZEI/NE
v (FIH 1999). 2D X 51c, —KRSFICH T SRS O GRE) LBl
& OBERMEIC IR OHBIAH Y (Ralls and Mesnick 2002), 7z, —KR%FIC BT 5 MR
G OEE IEAKPHEROB L wWo 2ARBREICX VAT Z LI AONAT NS

(Alexander et al. 1979, F1H 1999).

7 ¥ 7 > B (Phocidae) D \ZEEMTE H Ic &N TH Y, 19FICHHE S T 7228 (Rice 1998,
FITH - 7% 1999, JEE 2008, K 5 2008), 2008 EiCHh Y 7 H 4 v 27 7% 7+ (Monachus
tropicalis) D L (McClenachan and Cooper 2008), 18 FEASHIFE L T2, HARAEICIZ
ZD5H 5 @R, AR LTEY, WBEZINLTHFILRONHORERTH 3. TH
7 vRloBE, 7 A% (Otariidae) °+ 4 7 FF} (Odobenidae) & F72 0, ¥, K,
UK & R W AKIICEIS L, 4B L CTw 5 (King 1983, FIH - 7% 1999, Berta et al. 2006).
77 RN, KE AT TR REYER &K EESER A3FEE L (Stirling 1975, Boness 1991,
Le Boeuf 1991), dtiEAAICE TR 4FHOK EBERO T 7> TH LI~ T7 T HF T+

(Phoca largha), 7 7 7% 7% 7 (Phoca fasciata), 7% 7% 7 (Pusa hispida), 7 =
7 7% 7+ (Erignathus barbatus) &, ALPERICIA < 5349 % Harbour seal (Phoca vitulina)

D1 HfiCTHh bE LB O =4 % T ¥ > (Phoca vitulina stejnegeri) DFl 5 HAER,



[ LT\ % (Bigg 1981, Burns 2002, /MK 2008).

I 7 T7HF I K FEOFEEETH Y (Bigg 1981, FEH - (L 1988), oK% HHic
AFLEBICEOWTAERIAENHERINTE Y, LREBET 20EE0TF 7 TH
% (& 1977, M 1978, Bigg 1981, Burns2002, /A 2008, Nesterenko and Katin 2009).
AF TR L L, KL ER o FLB I KT D % \ 35T 2 B R 1 GG & L
T, KB TRE, i, Bif%175 (Bums2002). ZHHHIC X ~— ) v 7R T,
N— U v ZHILIEER, ~— ) v ZERPEEE, A — Y 2 #EEEk, A —y 2 e, BE (x
£ —)v) HEk, v a— b ARWE, BT  L (Shaughnessy and Fay 1977, Burns
2002), HFEIR—V v 7UBHES, WEE, dLEInECT 2 2 FilE, K7 4+ — Mg, [
2o ¥ a— FVRWE, U v, @S, EEORREAMTICm L T2 (Naito and
Nishiwaki 1972, Shaughnessy and Fay 1977, Naito and Konno 1979, Burns 2002, Boveng et al.
2009). AbiEERFICREES 2 ko F AR BRI A = 2R cd v, 3 ARt
b TR T THIEE L, 2— 3 R 0 7L % 8% CHEFL S % (Naito and Nishiwaki 1972,
Mizuno etal. 2002). Bk A R 1350008 2 — 3 JAMIBINICREIE L <A R e KRBT 5 (Mg 1977,
Burns2002). % D723, BEKA R BSEFHIRIF 2 6 KB A 20 ZIZICHTE L, BT, RiE%E
o TV ok roMEEICEIR S NS, REIDKETTbhE 2L b H B, %< 13k Tfr
s (NFE 1977). BEKA RIIKEH 23 7 HOBKEBLEHRZ R CHEKRL, MRS 3

(Burns 2002, Bovengetal. 2009). KEKIZFEIHIHAHD 5 Lk & & b icdbdin/FIcm s 9
DICH L, ShERITHERLE S Iz L GEL o IcBE L, EotEHMicd 310K
M 7e EICEFTRE T % (Naito and Nishiwaki 1972). JbL#EEIC 31 3 —F 0 H MR I1T
JeRERE O B ISE, FUEH (FAR 1996) SAL77PUE (FicE&E B X Ok 0 —H#)
ZFIHLCW3, 7z, LELAFR o FF0 R EEMIE, Y vinF e T 5B
BThieEZLNTVS (I 2008).

X =H % TH 7 (Phocavitulina stejnegeri) (% Harbourseal ® 1 Hiffi¢& ¥, Harbour seal



FAET AV AVERED S A F L adtEiAnH Y 7 3 =TI EE T B Phoca vitulina richardii,
7 AV AREDLS 7Y — v T v FEWEEICAER T % Phoca vitulina concolor, 32— 1 v 2378
FRICHEE T % Phoca vitulina vitulina, 717 ZALFFHZ A X I =T E» L F Y VIBICER
3 5 BEEYD Phoca vitulina mellonae 1<, ACHEE DR FERFD b 2= v FAGEEIRFIC
BI2X=HETH 7L %Atz 5 HEIED 5T % (Shaughnessy and Fay 1977, Berta
and Churchill 2012). HARICEB I 2 X =H X T7H 7> D4pfiid, dLiBEOKFERFETH B
B2z - Bl 1986). $£72, ¥=H X TH 7 2 FAERE - 7= LEEAHEZIRE, BR, #BE
CHIAFT 22 e MIonNTEY, EFEOREWETH L Z L BRBI T b (KE 1942,
Naito and Nishiwaki 1972, #Z5 1980, #13E 1986). ¥ =H 2 7% 7 v oHEHIT 4 AT
b s HTRE I, s ARRORMO Z Ao THlk ICER L Clifl s iz, HER 4 8/
25 6 M OE, AWM H v, A ZICEM R, £, B1EMIT 7 H A2
8 ATHNICBIE S, EEMAFEIRAKLE 22 EREINTHY 2 (BREES 1973, #TE
1986, Harris et al.2003, Patterson and Acevedo-Gutiérrez 2008).

FEDO X =42 TH 7 203, 1940 40T 1,500 BH2> 5 4,800 BHIZ LM ER L T & F
ZbNTw5 (- 1\ 1986). LA Lk, IBECEKR, WALOMENEREDEE

IC & 2 LI R I R i 0 R R R 1T & 2 AR BERBE O AT, 1970 4ERITIE 400

BERI I F ORI U7 (B - 18EF5E 1986). 1973 4FIC i & L7 WHFLEAWTSE 77
N—T7THBMIFHRHEFEROWEICL Y, WEEDRICEET 2 X2 E2TH 7 Vi
FERICHEL T2 Z e 2 c e ) GEEEREES 1973, OHEE - 1557 1986), ZRIEH L
vy F U R+ CifdfelRfE 1B Bicigiisn, REIND X5 ko7 (B - HEE 2004).
Zotk, THI7HMOREMOERLT 7 VCHER LERERTONDE Z &3Pk
(o2 b, JLiBERREICE T 2K EREMEZREIL 1,089 3HE 72 »  (Kobayashi et al.
2014), AAFEBUEEEGERIICH 2. ZOREEZITC, ¥=F X T7¥ 7 213 2012 FFICRES

Ly FU X MCCHEEIER B 2 OB e Xy v ) 2 Iz, a6, e



fEtric X v, AEIRATRETEDS 100 F[E T 10% A0 T H 2 &Gl X 41, 2015 1 13 HEMEE R
Micxy v ) 2 I, JWEENRICITEE, BE, B, RED 4 i AE 11 0
LBESHEFE L (Kobayashi et al. 2014), BRI IC W T, JLFE~FEA L 72 Il 23 2
75 % G L ALIE ST (LUT, &, BE, i, RE) 02 00EMTH 5 2 Lo &
T3 (Nakagawa et al. 2010, Mizuno et al. 2018, Mizuno et al. 2020). A% I EEEEIH
DI LKA 1.5km ICh7z o THTOETER O L5, Zhb i BRESE L CHH
LCTw2 (P - 185750 1986). —77, EHEMIZH 200km DHEiFH DGR IC T 72 LR
283 DL EREMHERR X LT 3 BHESBA FTEE L, Z 1o X EREEHECK 30km 37O Hf4L
T % (Kobayashi et al. 2014).

T I THF IR ETF I VERETH Y, ERRECEEIEBL TV LR
b, I=T7T7HFTUIT 1980 FERFTEX= A THFIvoHifiL ExbN T, LaL,
ThEERE R BT COAEREDE Y (McLaren 1966, Burns 1970) %, FEMll P REEI % /-

SHE RO f#HT  (Shaughnessy and Fay 1977, Burnsetal. 1984) IC X > T, I=7 7% 7
LA ET YT ORICIIIAME R BB T 5 2 L AR X L (Lowryetal. 1998), 3
ERAFE S ThTwd, —ic, W EOHEFICREIEITNTED, BRE2HDLHENR
i, FRAAATEN & o ORI N T3, 207z, I cofffilics
F 2 5 OTERE D HERITZE T I, % DA RITATEDE W &K O 1 Tl & 41T % 72 (Adam
and Berta 2002, Kienle and Berta 2016, Kienle etal. 2018, Kienle and Berta 2019). —7/7C, ¥H
FIEFEIRC TR 2, B, R L wo EERZBENICIZ Tn5, 20 OREERIT
fHEPEST, BIEfTENC BT 214, 23 ERMoBEBETEI L B>V TEY, Zhic
v, BHEOBIRD BT 2 E20N3, I~7THF IV XX THFILICB T BH
B ORI, BB OKMIICE T 2 RS AWE L AR RICCHRENTE Y (FE
1986, 4l 2007, Nakagawaetal.2009), & L CREZ A ZBEBIRIZHS 2 L > T

v, IBRAFRCHEEZ 2R REE LTIz 5 28Ik b, BEXICX 3HNBEETITIE



AT EDBTERVEMAREERE L3 ExLOLND.

Z TOARMFE T, BHE DIZIR % RMERERRIIEZIC X o TERILL, A E L
TeHRBHILICE-T, REIZTTEHMWAL I LB TERVWEMATVOREZRT Z
LTk, (1) a7 T7H T EX=TEATFITLICBE T LZHEGROECEHL T L,
SHE TR OB AR &2 OFHATE 2 0pBE L, 2) BRicERY, 48
BRSO AE DB IR 2 B e 2 R EM & EHRERICH PN 2 X=X THF IV ICE
WT, 2 DOEFITTOME L MEHERIC B T 2B TRIKROEN Mo ZRZHO I L, 2

BPLEL2EREEET L LA E LTz,



H1E O T7THIL XN T T OEERIN

(i

all]
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BHEICIEEAEEINTED, BR2DOLRNST, WA CATH & v o DR
KBENTW3, 20720, ZhE CofElick T 3G OFED HEWZEClR, ZDxE
B E W & O Chft & 1€ % 72 (e.g. Adam and Berta 2002, Kienle and Berta 2016,
Kienle etal. 2018, Kienle and Berta2019). —/5C, BHEIZFKHC TR 2, B, BRE) Lw
o BEHEABMEVENICK A TwD, 2nb0RERIE, EHE2ET, BhbifTHIc s T 2 54,
- EEHOBHEOTE L N>V TE Y, ThoOMEELFRNICEL T TE L
LEZLND, ZNIC R, GEIC K o THEOR DT 5. FlxiE, CEGEL L
7Y T EETIRE BB SKA TR TE 2 X5 ICROMERYH EICE LI TE L
(Reidenberg and Laitman 2008). D X 51c, FABFOIRIZZ OO LN L IEHRE L&
DEFEZLND,

KON RECTH I~ 7 TH T X =N ETH 7 3dbimE R ERT 3.
RECHROPEULTVwE s, I 7 THF TR 1980 EREITE=HATHF T D
HifieEx b\ LaL, BhiEECAE B CcOAEREDEY (McLaren 1966, Burns
1970) °, M 72 TR £ & 72 (XBHH 51 @ fi##T (Shaughnessy and Fay 1977, Burns et al. 1984)
KX oT, ITTHILELEHNEXTHF T OMICIIHERZBRBIFET 5 & L 2SR
I/ (Lowryetal. 1998). <=7 7% 7 oK BRI cH v, Zhighk3—Fk—FHl<
B2, FOKEMMT 2720, FOKEERICE O RN & 4 0 BhaiEs e K& < BhiET 2
(Lowryetal. 1998). —J/, ¥=HXT7H 7 o3k LB cH Y, Bhafkiz—k% |
T (Sullivan 1981, Boness et al. 2002), JEFEikE o7 FREATEZIRE, HE, HR, #EIC

FIAST2 2O NTW B EEEDEWETH B (Naito and Nishiwaki 1972). X Hic, =



R T7TH T DT RINED O DIRGE L RIBIRDLDOHCETZE L > TEENTL D
L, JEFOKFIFCH O SEEIECH 2 ¥ =H X TH I > OF IR OIRN CHEE & il
ELTETINTL BT LhD, IvT7THFILRIVFEHRNATHF IS CTh 2 LAEH
N T2 (McLaren 1966, McLaren 1975, Yochem and Stewart 2018).

AR, 2 FILBGEIICIER ISR ETH 245, I b3 v F YT DNA ORI % v
AR ICERA T & 2 LR LT\ b (O’Corry-Crowe and Westlake 1997). i1 ToD 2 &
ICH T 2 A OB CIE, RS ZHE LHNERRICCHKREZT) 2 LT, ¥= 2T H
70, T2 7 TH T2 X MR R EE - W R R D 2 ORHEUTSIEI 2> & D EREE S
HBoEGR, ORI LBE L T2 EEXONTE R (FH 1986). L L, HHE
Y% 7T T, B OEEY RS K Aot (RS 1986), X b ICHfED R&~T]
FEANICEHAZE 20492 2 L2 ENTH Y (Kienle and Berta 2016), RHEDE WD
BT CTHE DEIE~DEGDAE U T 3 A[REE IR, o0, TBRROR I PIEZEHIIL <
ZoE M 2 R R L, @ifEcd 2 K, SRR E LZBRROR B E M2 & b 2
L W W o e X2 ® % (Tatsutaetal. 2018). D HITTi & L CHE DEL & IR
L, 20O DO ESWTHT T IA4 XT3 5B RAALNT WSS (Bumns et al.
1984, Nakagawa et al. 2009), JEZ ERMICEME L L TR L TidWwZnwe,

Z 2T, AWIETIE, BB OBRZRMENEEAEAIC X > TERLL, 2Nk L
LTebx2Z8ickoT, HNEETIREZ S ENTEAVWEMAEORME RS C
LICkY 2 HOHFOBRDOE EZHSL2ICL, ZOHEBIRDOERNIAENE DS

ST 2 0pMETT 5 e #HWE L.



(B} & 75ik]

1) SHEIE

1.1. BEELER

2002 £E 2> & 2015 i TIIFEEIRFICCTI~ 7 7% 7 > (Phoca largha Pallas, 1811)
L¥=7 %7 H¥7 (Phocavitulina Linneus 1758) DOUEE #UNE L= (X 1-1). i TE
BEINTHCLETY T2 270 fllikix, HHERAMEGr ORI NE. £, THFI I
L 2 HEENE ORIR D 7= D 1L E O FF ] 2 15 CTHRBR S L7z 41 kD <=7 74 7 (3,
FHERFAMGICHET 2 v 2 =2 bt E iz, X 6T, BB MR#E R BB ST
OB IEICBET 2 kA0 %, LB O I&S 351 (2008 4E), 353 (2010 4F), 35
(2011 ) %, SHBMICCT T kO T~ 7 T HF T L AEL 7=, F7-, EEFCH
hkoT>7 772 ARSI v 7T azz, EE»LHAEREL KIS, L3, FH
ZNENICBWTHHEL 2 WIHE 2 Y, RCICT<=7 7F 7 v 112k, €=72T7 %

72 207 A DFEE ZFEH L 72 (F 1-1).

1.2. fFlndEE

EREE L, FHFOL LORMEZRILL, 7744 A% v I (LeicaBiosystems) % F\»
T 10um DY ZER L, ~= FF ) Vo T L CHEREIEZIT- 72 U\A - K%EH
1994, Hohn,2002). fFfiilk, X v FEICEK S 112 F i (Mansfield and Fisher, 1960) % %X
ATz, T T THFTLIR 0D 35 E TOA X 50 filfk, 2=z 62fik, ¥=H#&2T7¥+7

TIT 0D 5 32 E TOA X 104 fEfR, A X 103 IR TH o 72 (F 1-1).



SHEALEE (BRA - &b - BilR) SN 20081F, lemZAOHEREH D2y 74 v 7~ b
(57-640,Clover) @ FICE%iE L, FFEEHEM, ESHEEM, FHEeLMoMm, FEE A
fllfE, FF4micsBwTT Y £ X7 (D3000,Nikon ) % =l (FHD-41Q, Velbon) (T [ E

L CEEHE L7z, HEEEIL Adobe Photoshop CS2 % ffiH L CHia/N % il 2 7=.

i)

Ko

2.2. ks (landmark ) @

HEIRZERILT 2720 2 KoTOFE 2 w72 &Pt 2 i L 7z, 5E
IZ tpsDig (Rohlf2013 )& i L ki %, ESAETMNC 20 &, ESAEIEENC 28 &, T
B3 A, EFEAMIEIC 14 HoGEE 75 R 2 ekiE Lz (K12, & 1-2). R
iX, Bookstein (1991) %Aty L CHOBEATL, MiEREAA, Hmoftic, Mok zitx
% ERALICEEIE L 72 (Shaughnessy and Fay 1977, Burns et al. 1984, [i[E 2000, Adam and Berta
2002, Sanfelice and De Freitas 2008, Nakagawa et al. 2009, Kienle and Berta 2016, Kienle and
Berta 2019).

BRSO E L (x, y) IR E L, xHihd 2 Wik y iz EEE ot —3 2 720, FHEEE
fill : No.1, ESEEIEM : No.21, FHELM : No.s8, LFHEAEMIH : No.63 D x % 0 &

%% &5 RS & TR (No. i ) DIEKER(x;, y) 21372, 351, JERIA b DR R

xi=x—x, y=yi—y &L, BHE»OOHH ;= [x*>+y/*?, AKE H:arccos<%)

(72721, x! DPIEDEEII0<n, BADEEIZO>n) & LTRD, LFidcko - s
l

4% (Centroid point to each landmarks of Distance and Angle: CDA) % i L Tt %17 - 7.

3) fEMT
3.1. BHEIRDOZEAL 2 72 £ 72 2 FEl O HEE
— AL IR D A EECAREDSIEE 2 L HE I N T 3. FEHEEED ARk 4R,

R L HITEREB L L (Moore 1981), Z DHA LA IEE b, THEXEE 2. HEICEHT
9



ZREORMARLZ, o ICEEIcE»THIKT 2 T, R & HICBEOZENMI K E WER
AR X 0 b, KALKEDIEE - 2 FEMmEEEZER T2 LT, BEofEiizx 2 &g,

HHTOBKARGTHL L REZLND, £ 2T I TR, 2HEOHEFBROZ N2
{ 72 B4 & FH 5 729 ICHE Z & 1T Linear-threshold model % V> TH X7z (Clark etal. 1985).
Linear-threshold model (¥ 1 ARD[AIIFTEFR & threshold value 2> 5K 5. [AIFERR & threshold

value DI FRCICRLHET 5

b _( BuijtBijage; + & age; = agee
o Sagel.']' =

Boij t+ € age; > ageg

age; REHKDEIE TR L, £72, i R L7286, obsage,,; 137 DEHD & & O CDA it
(EODRD D BTN~ DR A 1 j = 1~150) Z/RT. ageg FPIRDZALH B 2 4F
W b EALA T 72 BAEMOBIMOER A T L, £72, Bou, BERTHY, By, BYIH,
Boi; REMOME 2K L, BAKEIC X > THEEOHIROZL 7 < % 5 b R HEE L 7-.
RAEHTH 5 g (3P 0 THHD o ODIERDARICH D LIRET 5. 0% 5 35K E TD
FERRIC BT bagey DHEEITE W T, RAHETIEE O, RbIEHREHHE (AIC) (Akaike 1973)

I THERE L 7z,

3.2, EBRE B 2 EHIX 5y

SHE TR D EAL A 70 £ 72 B 4ERRLARE D Flin &, 2237 < 7% 2 X ) bRTOERICH T 2
HEREZFARD 2O ICEHmERX D Lz, T2, I~ 7 7723 3R THERPVCGET S
AR DB, 5~6 %I 121T & A & DA PERFICES 2 & X 41 (Naito and Nishiwaki 1972),

X HRTHFILOHEHEIA I ETH B EBMEINT S (BAK-IUT 1986). =56

10



2, BREEREIICBCTHER (0%), BAER (1—4m), BER (5 mLlE) 1 TEREEDR D 2
N3 ENL (FE 1986), AFZETIEAELA 72 < 72 5 X 0 BIDERT, 0%, 1-2 %,

34K, 5L 7K e 5w K D 1 AN lin &2 X L 72,

3.3. R &R EE OB H

FAEWRIX 49 1 5> T Random forests (Breiman 2001) % i L CHREDHHIHK % ko 72,
Random forests 13 0 AARICENTT v v TAEEEFEHT 2 £\ o7z Breiman (2001) i<
Lo TiifbE NI E T 2743 ) XA TH S (Breiman etal. 1984, Riply 1996, Hastie et
al. 2001). UT4E, JEREEIC BT B 49H71C T Random forests Z i L 7245235 2 (il 213,
Machida et al. 2020). 4378 3 1F % Random forests D 7 A=Y X L FLLFICFE#Kk T 3.

(1) —%% v} (B,By...Burwe) b7 —F ATy 7H Y FAZMET2. 77—+ 2
Py T YT (B) OBIL, TTT XD EFILTH L. LT — XD 2/3 HHET—
£ &L, —J7Toutofbag (OOB) EM:INZFEY D 1/3 Z#HEICHEH L 72. O0B 3%
FRT 2807 — b2 7y TERICEINR D573 v T A% 5T (Breiman 2001). %
7z, OOB %ffi5 Z it k- T, ETAMOERRFICHEDLN TV VT — X ~0 P % &
fligs LT, zaxN)rF—vavoffflénsd (55 02015, 2) %#7—1L
A+ Ty T TN (B) ICBWT, TOELD O FHEE miry OB BAFLIEA T
WREAR (T) ZIEKT 2 &% ntree DFETHED KT, (3) O0B % W CTHEGE L 72 IEfi#E
IE, RETO¥YETF — XICTHERINEZET L2 Y TIED, SEIRIC X o THEHEGIE %2 RE
T5. TETNAMCEBTZINEERIE B, a~77F 70 FB3E¥=E2TH 7)),
A RIS AR S D> CDA & L7=. HFIKIZ 100 205 O0B #i5#% (Diaz-Uriarte and
Alvarez de Andrés 2006) (%) %#51< 2 2 ic X o THI L 7-. O0B M HERIZE miry & niree
DEAEEFET S Z LIk > THE7 (Immitzeretal. 2012). mery X5 HE AR D Sy Iic T HEAE

B GRIEINEROBERL, mory DIEET 7 40+ OHETH 5 [p (p: BEOHBED (Shi

11



and Horvath 2006, Genuer etal. 2010) ZfEH L7z, F7z, ntree (ZFIRIARDE % KT

B LA (2015) ICHEVET WERZIT, $72, BT WEFICIIEHEEE 2 AL
7= (Breiman2001). & 7 V459 IC 2T D CDA Zf#H L, ¥ 72 CDA IZ 3\ > T Mean Decrease
Gini (Navegaetal.2014) ZHH L 72, & b ICEE#SICE W T, FEEfE L A2 D Mean Decrease
Gini DfEZAEIT 22 LT, At L7-fEz SR RIC BT 2 EHE N & L CER L7z, Mean
Decrease Gini O HEHFIHIZUATICHi o7, (1) k FHOWREKRIC BT 2 kDA HE

(erroo?) ZHEET 3. (2) k HFHOHRERICE T 2 BARDNIER (erroo?) ZHEET 2
o, kFBICHIET 2 00B F—xicsnTmllil (m=1,...mtry) DHPEHEDOLTD
filli % ME R I 2 OHELAL S 5. (3) m EDOFRBAZE (Imp,) 1< 3F1F %5 Mean Decrease Gini
TR L RIS T i XV EH I AP 2CoERCT R (1) ) %
To7-.
Impn = err® — erroob

Mean Decrease Gini D & ¥, 4 75 M OS2 O BEE ORI K OERNZ 1 HT D
Hl % Z &1 Random forests TOFEHI 21T\, IEFREEZREHL, 275 fEMH L 2 IEFE
R L 7=, 75 800 1 BEROWRIEMEN 75 SE2fFH L 2 EFRLREchEZo 1

ZhRE, LI O 74 5D 5 B D Mean Decrease Gini DfEAME 1 &R 72 73 55
CCIEMRZEH L, 275 R LZIEMRE L7z, 2hie® 75 ROIEMELY
BB T 5 £ THVIEL (erro?), IEMEEMN T2 HATT b b D OME#HRMA T2 75
RAEMEH L 72 B L [ U IEMRE 2SO 0 2 5680R CHIEZER) 2 00E L7, HHIEE R
DSEEE O CIHICATE H £ CFEIEN 2 22~ 7.

B3 Mean Decrease Gini & IEERD X —¥ v T — U RLALL b o 728 b D v

FIZS 80 (B D CDA) 1T X o TRHili X 7= HBlic 51 2 b OFFBsi o8 L L TER
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L7z, mAmic, HRNC B e miim ic B T 2 EE N O L HE N ONAN %78 L 72,
ZHM OB H T 5 EWAMhA 5 7201C, CDA ZHWEMSHH (PCA) % Eif
L7z, 2T OMNTIE R version 3.5.0 (R Development Core Team 2018) C CfT4 4172, Random

forests |¥ randomForest version 4.6-14 package (Liaw and Wiener 2002) % fiF] L Tf7 - 7=.
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1) SEHEIBIRDZAD 72 < 75 2 Flin O HEE
Linear-threshold model I CHHE TEIR D237 < 72 2 it (ageg) &, Miffe b 7/ TH

-7z (K 1-3).

2) SHETEROZAC D378 < 75 B FEHRGLARE O FE i 3515 2 R A= & 3 8 B A

TR DRI T~ 7 7 H T v ics»T 25 flfk, ¥=HET7HF 7k 29 fiikTh o
7o, T, HHEETS HOFEREOEE L CliffiR kL 25, X=X TH T
VI T T I DA X VAMICE L TE Y, KEAEE RO L2UR
Iht (X 1-4).

Random forests 1235\ T, OOB 7 — X KD MNMEE (errood) I, FEEE (mory) %
ZR DR D $% (Shi and Horvath 2006) & L7z & ¥ R/NMEZ R L, FEnEROZE{L L b,
RERDEL (ntree) % 2000 & L7z & ZICTRRET 2 LHBMERI N, Lo, &
T A= 2 OFHEE (mtry) % 2000 & L 72IRERDE (ntree) 72TV EEHL 72,
75 OB R L 72 HBIERERIE 100% TH Y, REIICHRIEZESZ 8 SE TRY
AL T EHATE, BEMAICE T 2 e AEORH I EEE 2K 1-5 1073, 8 moH
HERIE, REZETOR (No.15), KA D (No.28), HIRFGE DG (No.34-35), JbH
OIS (No.56), AR OIfE (No.70), THKOWHITH (No.72-73) TH o7 (X
1-4, X1-5).

T No.15, 34, 35 (RERIN & BIRER OIS 13, ¥=HE2T7HF 7L TRI~T7T
P77 X0 bBAICHMBEL Tz (K 1-4a, b). T/, B No.28 (KHM) IcH W T,
CoHETHF I EFIT~7T7HF 72 X0 b X 0IMINCAIE L Twrz (X 1-4b).

No.56 (MEHEIESE) O EIcE T, a7 T7HF I IZELEL L L 0B ICiE

14



LCTW3DICH L, ¥=AZ2THF I vicknTi, X0 EAKSICHELTwz (K 1-4c).
e, ETA2 O R CT 7 T7H 7 DI HEIZFICTRATEY, ¥=A2TH¥ 7 2iE
T T7THF T HRTHHEIRRERA T D5 7.

TS No.70 (FAZERDuN) Ik W T, ¥R THF I LI~ 7 T7H I L HIIKL
T O BIEENIAIE L T/ (K 1-4d). £72, No.72, 73 (FHAEOWII FE DR |
XEARTH I ET=T7TFEITID L THEICAELTEY, 7, No73 ldE =%
T IO TFHICE TR D BINCAE L Tz (K 1-44d).

FERDOH LY, TRULEDOT T THF I XA THF T VIicE T2 CDA DfEIC X
LHRDZF 5% (1%, PCl & PC2 ICH T 47.40%, 9.93%IC TRz (K1-6). PC1it, L
SHICH, REEISM, 2 FEEANE < BT, JIEEE RS oAk (No.8-10, 12-13), WJEfoiE
s (No.21-27), HAEED G H (Nodl), THEDIEA DA (No.74) OHELHED2 L
TR~ OFEEE A KR L T/ (K1-6). PC2 ICHWTIE, RSATSHE], LREMGHI, EREAM
< BT, ISEE L oS (No.8-11, 42-43), Wil 7 DS (No.29), A HED
#iiis (No.56) DEL D b BT~ DA% K L T\ 7z (IX1-6).

PC1 IC TR N7 No.74 (THARDEMAIOF) 1%, Random forests 1T TR X 47z Hl I B %L
HTH 5 No72-73 LifiE L ks Th v, /2, PC2 ICTREI N No29 (KEH DG
&) 1%, Random forests ICC/n & 417z No.28 (KEAM DY) & [FRICWIEZT DS TH -
7. T HIT, PC2ICTRE L7z No.5S6 (U HEDHGAT) 1, Random forests 1 CiEE (T iL7z
HHEE S B ofTh o7z (K14, K1-6). —FH, ERDHITICET 2 PCL, PC2IT
TR SN 72 No.21-27 (Mo ), No.8-10, 12-13 (HIFHE D £1) 1%, Random forests Tl

b o7z (K14, X 1-6).

3) BHEPROZA D 72 < 725 X Y AT 4RI 351 2 TRl & H B B EE T
3.1, 0I5 2 HEHIIER & H I S

15



0DMEIT T~ 7 TH T v 30k, ¥=#A2TH¥ 7 38flfkCchdo7. 0KICHIT2
BN, 75 MO E Ve & & OO HIFIEMREIL 97.06%TH - 72, MBI iz
iRz~ 7 7H 7> 2 ARTHY, ¥=HEZTHF T BN I N, SEHSICE,
T, AL 97.06%DHFIIEfFE 2 HERE L C 75 MO 6 3 M TR FIRIE T 2 5
L7z (K 1-7, K 1-8). 246 3 mO#hrix, /INEHEOR (No. 25, 27), KEH D s
(No.28) TH o7 (K 1-7, K 1-8). T1b 3 TR CHEDRITICE T 2WERICH Y,
T I THFIVERRTE =T EZTF I d 3 2UF L0 4MEl CEED i@ L Tz

(B 1-7).

3.2, 125K B REHHIER &I R A

12 oMtk I~ 7 7H 72 26 ik, ¥=H2T7HF I 66 A TH 7. 1-2/KICH
F B EHERNL, 75 HOFEER E W7z L OO RIIEMRFRIL 98.91% TH o 7=, FAHIH X
NI 1 RO X = A2 THF I THY, I~ 7 T7HF 7 BB & iz, S
BT, AU 98.91%DHIBIIEMR & MR L € 75 M OBHS 25 4 5 F oK HBIEE S %
AL (K19, K1-10). 2405 4 foEA, NEBE DR (No.25), No.70 (FZE
DY), No.72-73 (FHEOWHI THDR), THo7 (K19, X 1-10). No.70 (FHZEiEL
Difim) T T7THF I ERTE=H AT H 7 > O EOME T X ) HHIBRTCH
o7z (K1-9). No.72-73 (THEOWHI TEOR) X, T T7 T HF I L RTE=HET

Pt SofEIz X 0 EHch -7 (K1-9).

3.3, 3-4 IS IV BRI & ] B
34 EOMEERIZTT7 T T2 15K, ¥=HEATHF 72 481K TH o7-. 3-4KICE
B REHEANX, 75 MO A T2 & & OO FIIEMEKIT 100% TH o 72, SRkl

BT, FL 100%DH B IEMFRZHEE LT 75 OS2 D 2 Ao HBIEES%
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BHLA (K1-11, ®1-12). 2hbd 2 Ao, AEEOHE (No.25), No.72 (T
EOWH FTE D) THho7- (K 1-11, K 1-12). /NEAE DS (No. 25) DfiEiz o~ 7
THFIFLEHRTEZAETHFEIT LR L VIEENCH Y, No. 72 CFHED HHI T EB D £)

DABIZX=HEZTHFITLDRL Y EHICH -7 (K 1-11).

3.4, 5-6 iKIC 31T 2 FEHRIEE & H I EE 2 A

5-6 ORI T~ 7 T H T2 16k, ¥=H2THF 7 26k TH 7. 5-6 micH
F 2 REHRNL, 75 RO 2 w7 & O OHFINIEMER I 100%TH o 72, KiEakmIC
BT, FL 100%DHBIEMER ZHERF L T 75 MOF#E2 5 4 SHF oK HRIEE S %
B L7z (B1-13, K 1-14). /DA DGR (No.25, 27), KB DM (No.28), No.73
(FHEAE DI T L) TH-o7- (K 1-13, K 1-14). /IAEOHS (No.25, 27), KA
B DU (No.28) DWBIZ T~ 7 TH I ERTE=H AT HFIZ 0l L Y #EflicH
D, No.73 (FEERDOHHI TER D H) OB =H X THF T DAL Y EIICH - 7= (K

1-13).
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(%]

1) SHEIBIRDZAD 72 < 75 2 Flin

AKIFFEIC CHE VRO Z D K B2 EMII T~ 7 T I e =2 TH 7 v Ofifi
ICBWT TR TH o7, HBEBROZ N 7 < 7 2 FEGLAED 54 ik (a~7 79 7 25
Ak, €=H2T7¥ 7 2 {K) BT, 100%D EFER RGP CE, +XCTOEHN
CTCE=ZAETHF I T 7T HE T XD SHMD 2 IdETICHBAIEL Tnkl &
b (X 1-4), ¥=HE2THFI7LOHEBFOHTRL YKL KENT LRI N, BT
T, ¥Y=HEXTHIVOHEER I T7 T I IV REwZ o TEDY

(Burns 2002, Nakagawa et al. 2009), AR5 Td Z % LFFL 72.

TR O T, FRHC 2 OB WA R WHBIEL AL 8 ) (No.15, 28, 34, 35, 56, 70, 72,
73) THotz (H1-4). Z2nH 8 HoW, IREEHD 1 5, FHiD 1 5, BEHTD 2 5,

THHICE T 3 3 HicB T 24887 5 (No.15, 28, 34, 35, 70, 72, 73) (XM EVE ICBEE L 728K

B D 2 HAX VEBIICAIEL TWB 2 &0, HMICWED, S NHERSE W & 234
RKINtz, iz, HEDO 1 B ba~v 7 T7THF IV X0 =AETHF 7V IE W THEDNL
W lpREINTZ (K 14). ¥=HEXTHFIZLiCBEBWYFrLbOFCENTLIRWE
ik, O KELFT LN ZLREHRL TS, $72, —RIIC, WAL KRN
S, DA X VIRWZ & &R T (Slater et al. 2009). TNHD I b, ¥=HEATH
ZUE IR 7T TN AERE ST, MO8 EBF R ONT. THHOD 3 A
(N0.70,72,73) 22, I= 7 T7H 7L XD X =HEZTHF I ICHENT, X0 Tl (IEHD
BT 52 & CTHOMEA L VEL, FEMIE-oT0E (K AhoTWw3) T LR
Nz (K1-4). 7z, AERDE (No.70) DMEDEVBLL, ¥=HEXTF 7o~ 7

THEI7L X0 LVARERIKEL T epnnIns (K 14). AZERICIZHHIEZ
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fii & /23 9% (Evans and de Lahunta 2013). ¥ 72, AZSEOFKEIKHOKE JICK
i3 2 (Radinsky 1985). THHDI Ehb, ¥=HRXTHF I FIT7T7HF I L0k
DREREH 2D, B Ib X VIR L AURBR I N7z, FHED 2 S (No.72,73) (3
THHE FEHEAR O, THEZGIE N, O2T 2720 0B @M 5T 2ERTH
5. THOMMmAEL, AlEoTwnd (KK hoTWw3) ZLid, BirdonREL 2/
RBBETH DL eBEZONT., 2FD, IvT7THF I IV E=ZTEZTHF IV ICH

c WRRAKR K, BESRLS X VIAL, THOMEA L VELSAIE>TnE (KK ko>Tw
%) zeT, OERELFATOLN, 7z, WHHBXVREICR -2 E 2 bNz. WHH)
TEIC X R MEABES 223, Wiffide b ICAREECHEZEAT O CTRABICALDAT S
(Adam and Berta 2002). L7:235TC, Wb OxWAYI2 hzznlg e Lixwni L
BEZLNTZ., T=7T7H 7 ORI/ RuntE, 721347 128 THEH (Kato
1982), “FlnOm MEERSTHEEO A E RN 2 L ME I N T2 (Kobasyashi 2015).
—J, —MRICE =R X TF 7 v oftix, HRIEWICZ o c8ErE cfificffc
ZEEY)E R XTH Y (Teilmann and Galatius 2018), %D JEAE fa i X O EH % 84T L
THBLTWE Z MG XN TS (FFlf 5 1986, Andersen et al. 2004, Bromaghin et al.
2013). WEREELICHEFINICER T2~ 7 T 72 ¥ =X T H 7 > O M
KT, =AW ETHF 7 VIR REBE Y ICKF LB Y, I~ 77 7 v IdRE
~HEOEMBBE L CW2 b X VARETHZ ZEMEI LTS (P
1986). L2oL, H#EOBHAEM ORI LTS (PS5 1986). choBErS, k¥
SHRTHFILREIREVELMIEo72 (KK hoTw3) FPHERo>Z LT, HEKREL
BT, MR 7 2B 23S 2 2 LI TE R,

Wt T BAR Y 2 BB IR O E L, BHEEREOEVICER L T 2 AHEE D R S
7. BEEEIC B VT, R —FOEG R X 0 b —RE TR OfIC B VTl F 28

LOYRECZLEPHEINTEY, HADNERMIKE L, £, HFLLCEOF R L
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AADWTTHR LY BEZRT TOEEZ RO L5 2 (Jones et al. 2013). T 5T, K
HoEWHEIZRE 2HEAC 2HAEZMNE T 2 72D ICIEACEE S ZHb (Dewar et al.
2015), A R[FETOFIF S EMBOMW L)) DI E 252 T2 2 eBMEINLTV D
(Jones and Ruff 2011, Jones et al. 2013). FI4+{TH) & BI&TZREDBARIEIL, KEEWICEH T
LHEEMRG L SRR P TG I NTH Y, BFTEICS T3P R LA MICE 5
TYMETZRENR R 5 2 & L b ic, SAMEIERIG T L 2 J1ICit 2 2 il &8 H 5 2 &
SRS XT3 (Vander Linden and Dumont 2019). £ =77 % 7 4 7 o (3 EGEHA 1< i #k A4 =2
DEICEPHER SN TEH Y (Naito 1973, Sullivan 1981, #72E 1986), * 7=, ZHEHIC IR
DI HAF < BF 23K H I THHEICHERR & U (Sullivan 1981), %3 DAEA S FIFTIYIC e %
IS 2 —~ k% ZOENERKA % £ 2 (Buns2002). —/7, I~ 7 7% 7 v 3L WK ETH
FE-BRZ T R -LOEHMRAZ &V, JOK e Tl 2 o7t BIREZEOMORE %
ROt DL MER S 1 (Burns 2002), MR EOBIFAIZ L AL RWbDEEZ LN TV,
CNOLDBIEEREDOBENICLY, ¥ XTHF I I T I THF I VICHRTOLT a0
LOKRL, RECOADBHC X2k oTHEY, TITBRIFEL T2 LT 72, 7z,
T2 7T H T U0 3 RICTHEECET SR SEIN, 5~6 iKICITIT & A L DRI HEK
CET 5 & ¥ b (Naito and Nishiwaki 1972). £=H X THF 7 1%, 5MICTITLEALED
AR MRS 5 L lRE ST B ERAR-1LT 1986). X 51T, Mizuno and Ohtaishi (2002)
X, I~ 7T HF I VB TCIHBICE T 2 TEARE IR SRATKRICTEE Y, 20k, &P
PICEEL, KREDOETEMIT S mUKETH 2 L HELTWE, HEBIROE(A R RS
RV L b 7R CH o722 L2 b, SEATHIE L Rk %2R L, HERAEREIC B
TOHHBIRAZET 2 2 L L2 & 72572, Nakagawa 5 (2009) ICBEWT, IT~=7 7
I X AXTH T Ve CRIEHEAEOHETOHHICE TG L Tnwb I
DPMEINTE Y, KT BIEFH O MG HLOFBRAAEIICEHFS L T\nwb 2 L

SRR 278 L7z (4 1-6). —75C, TR IHTIC X o T&EIE0 7= HIEEE L O AR
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I%, Random forests IC 35 1J % HBIE L LI TEITN R0 o 72, IBHE A LA AE T
%79, it s 2R & B o2 LA U, [EEE R O TRRZ L AMERIC L o TR E L
23 B ATRETE D R R S A7z, B A, SEMCIRA, BHRRAN, MSFLIeR X FLARISR I A
L, 2o OfiAL AR OZREL, MBEHMEICH T 2 H0EIfFIcs VT, + AR+ D%
B B C L i X T\ b (Bohérquez-Herreraetal. 2017). L 2L 7&d3 s, ARfFFEICT
FUBRZE AL o s HIRE I AU GE XN T, IREEES, iy, =IeH, THO Mkl
], SLEE D # D 2 WE N DOERALAS Random forests 1< & 2 FIFIEE fic RN & p
5, WERDEIZHEST 2 TETIIRT C EBAWNETH - ZHEBHRORBME RS Z &2
TE, I/, ZNOLOHBROERIITITF I X=X THF T VICET 5 4ERERN
BRI DENE KL TW5 Z EREZ LN,

HHEESHOKY o 1 i3S HEO®RIGESThH Y (K14, K 1-5), ¥=HEXTHF 72
TT7THFTENH XV BTEHNCAIEL, /2, E=HXTH T 3> SHEED R
BRZBZDIEXL, IT7 77RO R A3, RARTGFIKHWT Wz, HHED
MELRORZFTOENLY, ITT7 77 FEEZITOWEESG L L CiokERIHAT 2
DICKL, ¥=H2T7F 7V IFEFMCHAFRICAHEZFIHT 2 2 L 20, WfEicsWTH
D Z 2 2 HINCH Z 2 PR 5 2 L MER T .

e LT, B Th R a~T7 T H IV X=X TH 7L OMEBIRICE T, &
FERERIE F 2 L TR 78 VAR L7z, £7-, 2ficks T 2 ¥l s w, HPIE
N2 AL, EOIEFRICCTHT 2 C LT E 2, HERICE T 2 B 2RI A

PE7Z2 0T K, BIEAREDE B L T 2 ERRB I N,

2) BHEIROZAL D 72 725 X D AT FEEICE T 2 RO RE 2
T2 T7THFIL XA ETHFEILDHEEIT 0 B b LEHEEFEOWFEIORKIITEVED D

97.06%D IEfEZ Cilifd %2 BT & 72, 1 UEICEHS TRV ORI DEWICH A, T5HD
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THEAROKE CAHRROFGEIECYENZ, $72, HIBIEMFRIIERE L dicEab,
1-2 3% C 98.91%, 3 ik LARRIZHIRIIEMEE A 100% T H > 7z.

WCBWTHHCY O RS ICERXD Y, LENZRRICEWTE = ZTHF 70
HET=7T7HF T LD IV R ERHL LR o7z, £z, 12KICTHNTIE, WIEL
DRIICMATFHEDO THERICE T BEX L, ARRORT~DREN =T 2T HF T
ICBWTXVHEETH o7, THIT, 3-6 RICBVTDH, 02 KEMERDOKE & THDHE X

DARZ R THEE GANE TN, 7, HHIEMEED? 100%TH-722 &b, BXZ 3
BEBRCT 7 THF I XA ETH T LIBT3 EEOEE RO ZEE AT 7t %
TLeBIRINT,

SHETARDZA D D 5 0-6 iKICHE VT, WEORT DERIIEFN R MICTRLN, T
O THEOE X L MZEtic E FSER D O HHRER IS 20 CRERS RS D o 7.
INLOYFEDRE L THHICE T S THEDES L ARREDFEIL, HEBIROZN) 7%
{73 7 EIC B CHFEHROHMEE R L L GRIENZ, $72, HERROZ(LH 7
{725 7 EicswTit, Mo RT L THOE X Iz, IRE®KES, #EH), SHHE
BULEREPNREINS. TNHDZ &b, HBBIKROEALD % EH (0-6 %) & UHFE
WRDZACH 7 & 72 BAEEUE (7L L) e GEIFN - HEE S ICE T, 7R
DIHFTRICE W, TR LIET 2E0ICERYH 5 2 L ARSI N, FBITif9E &
D, I=T7THF T IMEIERLEIC B LT IEESKE L, HEORARIEA L CHE
BORREMRTERICTET T 2FEIT 5 MUK TH 2 2 L AME TN T2 (Mizuno and
Ohtaishi 2002). F72, ¥ =H X 7% 7 3 7 KUARRIC THERMERECGET 2 2 & A3
INTwD G 1986). TNbD I &b, MERAFRLARIC W ClR L3 25
AR DERALIE, HEAMTERBERICE T 2 BB EBERELH 5 C L BRI Nz, — K% T
THDIE=HXTF 7 VI RERERNIC BT A R0 flud 4 R Al ot IEAL

BAfROHEL St T TH Y G 1986), £7-, A RAL DS H 3 BEHFHICH VT,
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JBHEFIC OB 2R T 22800, URBHA L VIEWI & HENICHERE L0 KE{ Re
2Tl ), 20X RIPHIZEWRPHERICEWTHNGZBETH 2 2 Lyl
NTW3 (FEE 1999). ThbDZ ehs, ¥oHATHFITLICENWT, A RELORF
B % 1T 9 bC, HRER R, RIS XV EITICAE L, HEMES X VIR SBRIENT 2
CEDERBINICHERNTH D Z EARBINT, T, ITT7THFIICBOTH, HERELA
Bic W CHIHBIIRDSELT 2 2L 25, A ROER, $ 7213 AR B W TER

IC7 2 X HHEERPMER £ 7213 FEL T 2 ATREME RR T 7z,
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H2E Yo Z T I oM TR BT B R

(i

all]
| -]

gL E ek ol A RIS 2 ETh Y, BRI R —Fr oK% FTELS
TH 5 (Stirling1975). —RKLEFEOFIERA % L 21, AR 1D Y DX RDEHS
WIEIZE A AE OSSR E DB < Y, MR TR T RIAMA O K E X SLTHEICT
Ronzg i Eh T2 (Alexander et al. 1979). K44 Xic k1 2P — R34 %
BAZED B IV KREL R, HEICEWTIE, 2D A2 %K FG BT 5ER
THANC 2 XOHEEEFEI L TH Y, KRELRRE, WA CYLRE L 72 ABRIEL RS
n2 (BEEF 1999, Campagna2002, Rallsand Mesnick 2002). —/7, —k—FEDE Tl3fkD+
A RCHFICE W TN ZRAE S kv, JEFICERE?/NE v (FIE 1999). 2o X5
I, —RLEFICET B MBS O & W R ORI BT 2 BRI E B A B
Y (Ralls and Mesnick 2002), %7z, — KL EOME (H 2 WIiZ—KEFE BT 3 H#RFF O
SREE) A CHERORE o AERRBICX VAT Z L AON TV S

(Alexander et al. 1979, FIH 1999).

Harbour seal (Phoca vitulina Linnaeus. 1758) 1%, JbEERO LR IC 043 5 RKEEDIHEL
¥ATHY (King 1983, Jeffersonetal. 1993, Shaughnessy and Fay 1977), /KA iC CTHEH, 2
AT\, A, WIRE ORI, KO FK A& &, #ilRic X > CTERBREO R A 2 BRESICT
RE, ¥, HFE%FT> (Boulvaand McLaren 1979, $7# 1986, Thompson 1988). PH AP
IC3 1) % Harbour seal DRFNGIZIIFECTH Y, HRIBFICAERT 2= E2THF 7

(Phoca vitulina stejnegeri) 1% Harbourseal D —HifiCH 5. ¥ =H X T7H 7 T dihEESE
23 <, RS 2 o ELAEEIC B CREBISE S h, BiElicswCliich s o RES %

FLOICESE2 M T B (KRfi]l 1942, Naito and Nishiwaki 1972, Naito and Nishiwaki 1975). %
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7o, ¥EHXTH 7L OBHERRIE—RLETH Y, BIHICE T, A 2OEEDH Y
RECEBROND T L IHE TN T3 (Naito 1973, HiE 1986). L&A F IC 1L,
JEE, i, RED 4 #HiI0CTAGE 11 0 ERESFEE L (Kobayashi etal. 2014), E{RAIHF
RIC X oC, JLEE~BA L 722 R 70 2 #05E & JLImE AT (BAT, GER (BF, I,
B=E) D2 20EMICH»IE L& BHE ST T» 2 (Nakagawa et al. 2010, Mizuno et al.
2018, Mizuno etal.2020). FEEEHUIHE KL H ARG OWIIHEE LN TH v, EFHIEE AR IX
R FEEDLOBAL 2B EEENTH 5 2 L AREIN TS (Mizunoetal. 2018). @54
IFHEEEIR D et 2 & I ~K) 1.5km IS 7z o T D EHER2>L 2 Y, Bt A0 i
Yo ARTY 70 LRATESFET 5 (B - 1555 1986). —77, BEHRHIEIZHT 200km
DHIFADIRFRARIC BB e U, T2 B0 ERES | JIEAREERE ©FY 30km T oRfER T B
(Kobayashi et al. 2014).

CHRERRICERT 2= 2T T 0L, WEHTEORITEABD RS Lz 2 b
WE SN TWD (- 1555 1986, Kobayashietal. 2014). 1940 FERICAAE Iz BB X %
1500 BHLA | L HEGE S T 7223, 1960 £ 6 1970 RIS 20 1 TR 2 Fpfi 2 b e
DOIEIC X b, (AAREUIH 600~900 B F T4 L7z (3 - 165750 1986). 1983 4R ICH] @
THEM COMEBFIELFIG S h, AFF344 T (B 128 TH, EH 216 5H) O T #7228
I, ¥=AXT YT O HBRIEAR OMIBCIEE IR E RN R & 75 o 2R IR
B3tz clfg L, 2008 4Eicid 1000 SELAE (#5% 524 §H, & 565 §H) ASacfkd /-
(Kobayashi et al. 2014). TN HD T &H b, FFICEWT, BEEHIE & EFMIKICE T 2
TERRME AR DR M AR S N CTH Y, EEEIC S W GERMIE X 0 SRR E - &
PR EN T2 (Kobayashi etal. 2014). %7z, JEfTHIZEIC I T, 1980 41X o T His
RIC TN ZROTFEIHREINTE Y, FREFARLYBEPIKREL, HEFICSWTH A
ADFHRECT LR LN (T 1986, $5A - ILT 1986, Ml 2007). —75, 2000 41X

DEMAIC B TL, BEERIEERIC TAH AR A Z LY HEIKRE , R R o 7z 28,
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EFHIEERIC B T 2RO KR E T I TEN " RAR O o7 GER 2016). 5
i, 2000 FROMEMARIL 1980 FFARDMEAK L O A NULL Tz (GEE 2016). 72, B
HOREIICENTD, 2000 FROMEARDIHG & RED KR E I 25 MEHE L b i< 1980 D1
REY X O/NIWHAICH B Z LATRIN TS (Hll 2007). T X 51T, 2000 R 1E 1980
ERE R TEEEEE ORI S kRS X CHEICH T 2/ LG s hTEs Y
(M 2007, #E 2016), ‘EREIRBT L HEABOMME X v, BEFEKICH - GERERK L Y
b XY IROEERIR M T Y — KL TR B CHERIF S 0 IR X D i<
B L, X VEEBRPEN MOBEICE - THIEESECTwE D
AR E Z b7z, Lo, T TOEFICE T WG ILERIE KDL TH Y
(597 1986, Xl 2007, Nakagawaetal.2009), #EEEHUIH DI 1T 23R\, 72,
BHEIC BT 2 RATIFRRIC B W T, SEE OEEALIC B T 2 R & R ME L 72N BR & F v
T TEY (FE 1986, Ml 2007, Nakagawaetal.2009), & L TR % e 2 72508
ERIFHO 2o Tk, JBIRZFHNZ 2 & CHEA2ERNRIE L Lz, E3ick
ZINMME TR S LB TERVEMARMERE 2 LA EZLNS.

Z 2T, AWEFEIE, A BBECEEOMAREIEMES R 2 2 DOEN T b b B EH
CHEREMICE T, ¥=H 2T 7 v OMERMICH T 2 HEAROMERN — R o2 %

L, ZRMECIERZEMT S L2 HE L.
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(B} & 75ik]

1) SHEIE

1.1. BEELER

2002 E2 5 2019 FEICp T CIIBERFRICTREINZE =X TH 7 > DG #INE
L7z (K 2-1). IS CTRED 2 I L T LY =42 74 7 i3 KRR
aroRtI N, HE»OHAEZRAL 72121, E5E, TIHOZNZNICE W CTdED 7
W ZEA T, I L 2 I3 I 134 fER (R % 64 IR A = 270 fEA), TEHH
WOs7 R G 79 itk A % s 78 ER) TH Y, ARt 291 fEikoEE R L 72 (3 2-

1.

1.2. fFln e

FEIREER, SEHOHLEOREEZERIL, 7 744+ 2% v+ (LeicaBiosystems) % F\»
T 10um DY ZER L, ~= FF ) Vo T L CHEREIEZIT- 72 U\A - K%EFH
1994, Hohn,2002). 4Ffild, =X ¥ MEICTEK E 12 Fili (Mansfield and Fisher, 1960) % %X
Z 7z, WL - BERIREA O I 0 o S 32 5%, —), EHRMEER 0 EH S 28 KT

»Hotz (F2-1).

SEE AL (BRI - 230 - BiE) SNAUEB I, IemAAADORERH LAy T4 v~y b
(57-640,Clover) @ Lici%iE L, LFEEEM, E5EEEM, THEESLM oM, EHEEA
i, FF4HicBTT 2R 2T (D3000,Nikon ) % =l (FHD-41Q, Velbon) T &%

L CEE#HGZ L7z, BHEE E T Adobe Photoshop CS2 % fHH] L THaR % fiif 2 7=.
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2.2. %% (landmark) O F%iE

HERE ERIT 5720 2 RITOEGA % 72 82 EEH Z L 7.
Bookstein 1991 ZJ: & L CH DA, MR AM, U ofhic, HEoRHEZ 2 5 507
(Shaughnessy and Fay 1977, Barns et al. 1984, [ 2000, Nakagawa et al. 2009, Kienle and
Berta 2016, Kienle and Berta2019) (CHFE#sSi# AT D X 9 ICE%E L 7. B EIC tpsDig  (Rohlf
2013) AL C, EFEEEMNC 20 5, EFEEIEMNC 28 5, EFEEZEMIEIC 14 5, T
BAM 13 S oG 75 Mo E ARE L (K2-2, £2-2). HEHEOE L (x, y,) %R
mE L, xBhd 20y EhEEARE T3 2 720, ESEE S No.1, L3 IEMH: No.21,
TEEE /A No.58, _EEE M : No.71 @ x FEE A 0 & 78 3 X 5 [Al#E & & T &3 (No.

i) DFERER (x,y) a7z, o0, JRED O OMMNEBE x/ = x, —x., y/ = vi—y: &L,

JRei2 o OERE d; = x> +y/2, A 0= arccos(%) (72721, x| BDIEDEHEIXO <,

BDYEIX>n) & LTRkwiz, Eid ok -HHE L A (Centroid point to each landmarks

of Distance and Angle: CDA) % i L C#tT %17 - 7=.

3) fET
3.1, BB AR DA 7 < 7 B R O HEE

—MREICIFLE I B 2 FFln TR 2R £ 2 S S T\ 5. BHETERE d [[IRRIC A1,
BR & HICTERE ML L (Moore 1981), Z D%ZALAIEE Y, TEENE L 2. HEICET
PHOREZRA, & oICHEICE W THET 5 £C, MR & HITEERDOENI K E W Hin
XY b, KA LRI o 2 FlpfEk 232 2 & C, Mo xRz % &3t
FEECOBABRATHE e ExbNS. £ TI I TR, 2 HOEEIRDOLE A 7%
{ 72 2 4% F\ 5 7291 ff & & 1T Linear-threshold model % > T~ 7z (Clark etal. 1985).

Linear-threshold model 1% 1 ARD [RIFTERE & threshold value 2> 5 A% 5. [RIIFERE L threshold
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value DU FECICELHET 5

b _( BuijtBzijage & age; = ageg
0DSage;j = Boii+ &
0ij T €ij age; > ageg

age; XFMADOFMZ R L, £z, (M L 728K, obsgge,; 13 % DD & % D CDA A
(DD b BAER A~ DR L A 1 j = 1~150) 2T, agey RIIRDEALHH 2 4E
finr 2L 72 K 72 2 FROBMEDO FEl AR L, 72, Boy; WLEHTHY, By, YR,
Boij WXEMOMEE AR, BAIEICK o CTHEOILIROEN 75 < 72 5 FlEHEE L 72.
WAETHTH % & 13V 0 THHED 0 DIERDMICHES LIRET 5. 0mH 0 32KETD
FERRIC BT Bagey DHEEICEH W T, RAMEELZ F W, FRbEHREHYE (AIC) (Akaike 1973)

ICCHERE L 7=,

3.2. ERBIS BT 2 FlnX 5y

¥oHRXTHF 7V FETHEICEC T, HECETEN 2RI TE Y (T
1986, Nakagawa et al. 2009), X 51T, I & B R HIRIC CGEEMICH 25 & & 233
HINTWB Z L5 (Nakagawaetal. 2010, Mizuno etal. 2020), A4 X, #E X 2, &
WA R, EEAAD 4 DIC5F72. Arai & (2021) V>, Linear-threshold model % F\»
(Clark et al. 1985), FRiIGFEREHHLE (AIC) (Akaike 1973) ICC 2 DEMOY =7 X T ¥ 7

O BHBETRIROFHI L Y D XS hT2) =32 T X vz gL .

3.3, Mk - EREIC 3510 2 HIRIER &R B S 0 B

Arai 5 (2021) IZfi€vy, RandomForest (Breiman2001) Z{HF L CEEEFIRDOZEL2 72 <
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7o % 4G & HEE & 2RI ORI B 0 2 s, MR DT 2T AR /2.
B LA (2015) ICEWRHHIE OBER 2T o 2. AP CEWIET v 2L, Th
Z3D CDA IZ$1F % Mean Decrease Gini (Navegaetal.2014) #HH L7-. ZhZ 1D CDA
D Mean Decrease Gini DfEZ &45t3 2 2 LT, REHRICE T2 HEL L LTHEMALZ. ¥
HleT M ICB T 3 SR O BEEEOIHICHE Y, EEEIMCGIEIC | 83 2RE» 5k
WZETVEREEL, ZOHFEIIIET AL I TAL AR FEHSO R VET
NEREET NV E LTERIRL 72, 72, BRE T VI W T & 7oA & i S 2
L7

2T DfEHT I R version 3.5.0 (R Development Core Team 2018) (2 CT474 #172. RandomForest

IZ randomForest version 4.6-14 package (Liaw and Wiener 2002) #f#if L CT{T - 7=.
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1) MEHE & I 35T 2 SHE AR D 22023 72 < 72 2 4 in

AIC DFHIIC XY, =472 T ¥ 7+ OIHETHRIE, BEA R HERA R+ L ERD
M X 21253 1T 72 T AH AIC DFHlias i d R\ 2 L AVRE e (K 2-3). BHEIRD
AL 75 75 B 4F I, A R 6%, WEHRA R T 4%, BE - EROMMIE D A 21T 10

mEEEI NS (X 2-3).

2) BEBETIRDZEAC 23 72 < 72 B i LA O FEfn i 4
717 2 =R OFHETIRDEA D 70 < 7n 2l AR O AR X, B4 =2 6 MU LD
21 AR, EHEA R 4L LD 27 fllfR, #E4E - ER I O A 2 10 LA LD 38 fEikD &EF

86 A TH o 7= (FK2-1).

2.1, fhEA 2 LI O 2 R & DUEFEARIC X 2 R &I ETE A

R 2 LR L AR O X R & 2R F 5 IEFERIE 94.92% TH o 7. HHIC BT
ZHIPEE L 3 N ECRVIAD S e TE L, HIEE SO 3 M, FEE LET o
M (No.5), MiiEoBFRITESR (No.67), THHBIETBHD AT/ D Tkt Lo i (No.68) T
Hote (KM2-4, K2-5). HEICHET 2WEHEKOR (No.5) AXVIMINCIEL WS C
XY, WSRO A X VAL, WERIFRIC O TGEW B 5 Z b ain g (K2-4). %
7z, FHHICHWT, 54 23O 2 2 X0 b B s (No.67) 25X 0 il
MEL TV b, BEFRXDOFHEELPTMHITDOAZ LD S XV FEEL L LD
NI NIz (B2-4). HIRNC B\ TR - IE, B4 2 3k (6%, 8%, 14 7%)

ThoT.
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2.2, GEH A R L EHIK D A 2 & DFHERIC X 2 MBI & ]

EH A R &L L ER O MK 2 R & 2R T 2 IR T 96.92% CTH - 7. HHlic BT
DG EE I 4 05 TR VAL Z EATE 2, HFEE SO 4 513, HEETOH (Nos,
9), HEEDHN (Nod0, 41) THo7z (K2-6, X 2-7). HEHAZDBIAFICH T, R
ERE DR (No.15, 16), EHE O, FLARZGE O R (No.10, 11, 42, 43), fHIEHHE D
Ui (No.12, 13) 2SHHIEO A X X0 & X O ETGT 72 13MINCAIE L T b 2 e b, f#
SHEDTARIC CEREDRH 2 2 L AR I N7z (K 2-6). B CRRHR & = Fik i, &

WA R 2K (45%, 6/%) THotx.

3 ) BHEAROZA D 7 < 72 B4R X Y A O 4F
3.1. BHBIROZALA 72 < 72 24w X 0 Al O E R A

7 2 =B OIHETIRDZACH 75 70 5 4Flin & 0 #i O FfwfEfkx, SEEA X 5 mUT
D 43 flifk, EHRA R 3T O 52 flilfk, $5E - BRI D A X 9 mwLLT @ 110 kD&

205 itk CH -7 (F2-1).

3.2, BEEA 2 L EHIE D A R & DFHFTAIRIC 31T 2 R & H R EEE

R 2 LR L AR O X R & 2R T 5 IEEERIE 77.12% CTH o 7. HHIC BT
ZHBIETE S IZ 9L TRV AL Z L8 TE 2 HBIEE S D 9 £, FIHE DI (No.25
27), RH#OHIGR (No.28, 29), JHE & BERE DA (No.36), RIAEZN (No.47,
48), JEE & BERE O EEA TR A (No.50), tka O BIHTE 0 #iim (No.54) TH o7 (X
2-8, [X2-9). HANC B WCRRHRI X /-l AL, B A X 33, midRo £ 2 2 kT
Holz. WIEOHEM & REAE DR, HE & BERE OGN DORICE T, FRDRITARX
DL X VAMINCAIE L TH Y, A RDOYERHIZA R LD D XD KT ARSI Nz (K2-8).

¥ 72, HUHEEZH (No47, 48) IZBWVWT, FADHIFIARID L XV BHFICAEL Tz
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TEDD, ARIFARID D LVBIICEWLC LRI NT (X 2-8). FHE & BHRE A
i (No.50) I8 W»Tid, ARDMIFARLY b X W EBIFTSICAIEL T2 &
5, FAADHFIFIARAIN DL VEWZ L REIN (X2-8). T/, BRRE OBEfiE %
Jfis (No.54) ICHWWTiE, ARDHIFAZX D BERIBHICMELTHY, FRFARX

DD XN FEEL R Z EnREANE (M2-8).

3.3, GEHA R L EHIK D A R & DEHF TR IC I 1T 2 R &R R R

TEH A R &R L ER O MK A R & 2R T 2 BT 82.10% CTH o 7. HBlic B 1T
ZHFNEELSIT 6T TR YVIAL Z &3 TE 2 HRIEE S O 6 51X, Fth % s (No.25),
HEGED R (No.d0, 41), L5HE &G ORATHRINA (No.51), RIAME L RIEE OBS
i (No.60), TR3ENH L t23HE DA R (No.6l) TH o7z (K 2-10, X 2-11). HANTHBWT
AR & = A, R R 28 A, Wb D X 2 LERTH - 72, FIE D 5 (No.25),
NEBEDNR (No.40, 41) ICHWT, BEHERAZDHIFAZIY b X W AMINCAIEL Tz
DL, BRAZDOYRRIZ AR X VIEILL, 72, BEHD X WiIEA W 2R E N7z (K
2-10). 7, LSHE L HEEOEAEHEN SR (No.SD) IBWTiE, ERARDRIFARLD
X VEHICAEL TEHY, HEDEAFRICBWTARIN DX VENWT LRI N
(14 2-10). #5EME & %A DA R (No.60), RUHFH L RIHE AR (No.6l) 1E, EHR
FADEIIARED S XV BFIHBE LTI b, EHA RDBRIERED) S HIEEIC

DI TAZREYD S X VEBAGICIEWZ EREns (142-10).
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(%]

KR TIBEIRNFICER T2 =72 7H 7 2103, HERIRIC X ) #5EAF =, EHA
2, WHIH O 2 RIS THTF SNz, ORI, SHERARICHBEE, TAabLENZERS
52 LmERL, I HICARICHEL TIEEBIRICHIEEDH 5 —77T, X RICEL Tidih
WERRVWILEZEKRLTWS, BITHEL D, ¥= A2 T7HF 7L ICBIT2HEORE X1
BRI IC B WCHEN BB R b2 2 ExAmEanTH Dy (FH 1986, 4 2007,
Nakagawa etal. 2009), ARHFZEIC I T HERHIMOHFARICHEN—RA R 5N, 51
BEEEHIIC B O CH IETBIRICHEN SRR S el e, MR o IERERR X, SHE IR
DEALD 75 K 7 B4R X D BT OFERE (BEA R 1 0-5 7%, EHA X 0-3 3%, MHUgo 2 = ¢
0-9 %) ITH T, B X LD £ 213 77.12%, EHEA X LEii o 2 213 82.10%
ThH ol HBABIRDOZH 7 75 2 FlnARE D F iy (A R 1 6 LA L, EHRA R 4%
DAL, WiHisgo A 2 010 5 E) iICEsWn»TiE, BEA X Ll £ % 94.92%, EHEA R
&M D 2 21 96.92% & i\ HIFIIEMEE &R L 72,

R 2 & W D X 21T BT B MEHER O SEE TR IR IC B <, SHETRR 02 A3 7%
{72 400G X D ETO 0-5 T B\ T, B A R IV O IE A S O X 2 X ) b X Y IEA
, 72, HED X VIMIE 2 3EIICHE L CTH Y, 500, BEHB L VBHICKEL,
THA & DR T D B HITHE ORIEE S A 2 X 0 B IERITEICHEL T (X 2-8).

73, BETIROZAC 2375 < 72 2 FlnLARED 6 i A L O fEfRIC 3 v ClE, #EE A R TR D
AR XY bW X VIEA L, THOMEEL LV FMICHEL B e nTh
7z (X 2-4). VIREA L 0 KK JEWZ &1, WA & b w2 & /R L (Slater etal. 2009),

JEE 5 I L HIE O M E S5 2 LA B (i - LA 2003), JEE OFEEIC X D L)
BEVIANZEREZONE. 51T, HHZEEICIIHEH < T3 LTSI ) < [I5E 23

& L Ohige - tHN 2003), £7-, MiRE FEET 2 Lick b, a2 HEEOMNE T
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BAX VAL, AETAHABD XV SV e EZLNS. X 5T, FHEBICIZMHER D
WEA b A L GO - (P9 2003), figeids X 0 WHICFE L T3 & &I X b A
T3 THBEOEBED LVANWTEREZOLNDE, TNLDI b, BEEFRFIARLD D
KVEHERKEL, 72, WEHAXVIELL, HESRKEL TV L0, A ALV DX
DIRD D3N Z L AR I Nz, I DI, MHEE ok ch 2 BEIESKEL, Bk
A 75K 7% 6 iPARRIC B WL, THOMEBEEL XV FET L L b, THOFZE
L OREICE 2, WO B X YV MEICRS 2 L 2RBI NI,

A R &g D 2 2151 2 MR O BEE TR IR I 5 v, BEETER 0 Z{L A 7k
7 24EH L D AT 0-3 mRIC B\ T, B A R Y O EA IR D 2 2 X Y 3 X 9 gL
, T/, HEOEIBXVEL, BETBAAZID L XV L3RS (K 2-
10). 7z, BHBIRDZEACH 72 < 75 2 FlLARED 4 3L EOfRIC B WCTh, EHRA R (T
BIEIRDOIRA L DAV AR E Nz, TRHD T L5, BHA RFEE A X & FHERICY)
HAXZEDH XKL, HEDXVEWT LA, BMENIAL VRN LARBINT
F 7o, BHRARGEIELRAZLD S X VIRACC EapnEhsz (K2-6). HHIEERL L
TEIEN7ZMAEEE O (No.8, 9) FLICIZMHEH cH v THHZE 3 2 L icBb 5 MHIFEA
CH NGRS T2 Ok - (LN 2003). & 512, BRI O MITEE 1< 35 1F 2 FLERZEE 1T IZ
SEARCIR A, SRR, MOBHFLZEM TS L, o O & FLERER O REIL, B I
F2EDOEFICE T, ARAELOREICED 5 2 & i TV 5 (Bohdrquez-Herrera
etal.2017). L 2L, EHEA R FHZREHA L VIEIL W 2 XY, METIHAES AR X
DL IWEnWTREZLN, FRALDORAL P DOFHEHPBRIEL ORI KL T3
AIREMEDYE 2 b LTz,

A 2 L ER A A DHEATERICE W T, HEEBIROZAH 7 75 5 Hlin LA HFin 1
THEEAZFA ALY SREMICTHEE A L ) RKE L, W& L T5HIC S T 2 2l

DBEYVFRELTEY, ERARIREICHT WA AZLD S XOVRENZ LRI
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7o M BT BEEEH v v M, BELEROY = X T T v ORI ITE R
THDEREATIHFRICTIRE S N TH Y, 1983 40 CTHEE 128 BH, JEH 216 SHAMER &
AL, 2008 I (FHELE 524 BH, EER 565 SEHICHERRMEMAEOSHE 2, SN IZEEEE IS D T5 A3 &
W D ST (Kobayashietal. 2014). %7z, Mo E BB IR AL > T3,
TR ISR DR 2> S FE K 1.5km 1872 o> T OEHER D L Y (k- 55N
1986), TN bDEHET1I DD ERESZEKL, Tl 20fMEkoTnd, —7,
BB IEAY 200km D HIPH IR EBRIC RS A AAE L, E SR BEOH E RS X E AR A T
30km 3 O@ffL TV % (Kobayashietal. 2014). & EFES ICIE EFEICHIFHT 2\ < 22D Al
DAL CTEY, choo EESGZADLET I DOEMBEEI NG, ThbD rb,
BRI I FREEEA RAE L, EREMIZAWEIIC 3 SO T8 % LA H
2N B, £, BEICE T A ORMKAERIIR X v b5, BEENI
PRI D 72 0 OFAEAE 2 ERERM LV D XS LRI N, EEREEEIERE
MEDdEVEmnIenEZOLND, Lo T, WFEICE T BEEEOHEMIC X Y Bk
Hicks A RALOMESERB I VD X VEwC B EZLNDG, T/, ¥=HET
VI E— RS TR 2 LV, BIHPIcE T 524 XA LORF P REINTED
(Naito 1973, #12E 1986), EMMTEICHETEICE W CARIIAELFHRL, HEFCEWL
THEIL IR R VR & v o 723 2 R RICK & S R 2 TREITANTH 5 Z L 1%
AbNTWw2 (FFE 1986, BEEF 1999). L7=28- T, fEEA RITEHEA R X 0 b HEREIS
BEOWL 720, BHFIKDOZALD 75 7o 2 FhnAEO FHpIc B W CHHE R LV KZ <,
7, WERO KX L THHOMEN XV HEL CTH Y, By & THHORMEAL X Y A< dH
2T LeBEZOLNG. —F, BHRA AL, FRAFE OIS IEERE X D SR A O
AR DRENCHER AR &tz T & h bR ED I W IERTBE S 03 TE S 5 AlRErE D &
Abhiz, Loz b, HUSHICE T 3 A BEREEOE W L EERBIEINIC X 2 HEREi% o

SRIE DRESE DIE S, MU D A 2 DIHE AR DFZZFUT MR L CTus 3 ATREED RIR & L7z,
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T oIT, BEEMIR & ERHIE O A X BIEIRIC B W OGERB R O N, A R nTid
ISR OEZRR L ON D072l 20 b, ¥=HXT Y7 04 RICH T 2HEFIRIE, &
BEBEOBBEAI 22 T4, —/, A ZAOHEFRITA R & I L CBREZEIC X 2%

BEZIFIc W ERRBI NI,
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T T TH IV EEXANETF I VI ZHABRICECT, HEBKROELA % <
7% % FhmE, ML D 7 K TH o, HEIROED 7L 72 2 Filn X Y AT FHIC B
T, 0TI I7THFILEDBE=ZANEXTHF I D EFHFOVEA L DKL, 97.06%D
EfRCHRIE AT E 72, 1 RUBICB TS E= AR T H 7 > oWk FHO ks
O KL, AREORKEN L VHETH 572, WO KE 0AERIZETNARHIIC, THD

THROE X & AZERIC T ZE TS & BB IC 22 CRE CERB R b N, F
7o, FEHERIEMRIIFERE & HICEm< D, 12T 9891%, 3 mUMEIE 100%TH 5 7.
¥ 72, BBTEROZAL A7 72 BAEER AR IC BT, 8 MOHIBIEE S 22 H L, 100%DIE

FERCEHACTEZ, ZD 8 HDID T HID, ¥=HETHFILFITvITHFI VX
D YRR, OHFEFEL L VIEL, THOMEA L Y EL AIXY KA R L7z,
INHLDZ Enb, ¥=HEXTHIvOHFBPAZKRELIHTON, £/, WL /15X Y 5[
ICZxo T T eAaEx LN, WUBIEICBIRT 2 2 LicRMr S 225, MifElde bIc/A
BETHY, EHEWAOTHRZZBICADA TS (Adam and Berta 2002). % 7z, [FIFTHY
CAERT I~ 777 X=hETH 7 oRMLMEBENIR T, Y=A2T¥F 720k
e in R E Y ICIKF L CB Y, I~ 7 T I IRE~FEOHEY D EEHL C
WBIZENDLXVARETH 54, HWEOHAEY S LRI T2 (S 1986).
NODOEMDNPS, XVX=2AXTHF I 72T 0%KE ST, Wt 12358 < 7 2 i %25
B3 2 2 Lidc& v, BT IcBIfR T 2 HEIROEIC B W TL, BIAEREDE B
BRLTWBAREMNE S E 2 bz, BHEIC BT, —k—FOE A X v b~ KL FTOR
JEREROFICE W THD I L W REw eafitianTe by, HROMNERMIAE L,
¥ 7z, FSFHAL HEICE W TEE T TOJEEZR> (Jones et al. 2013). ¥=HXTH 7

VT ETEIIIC B CE RO EER AR IC LRSS A IS 2 — kL ZoEhatk X 2R L
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(Burns 2002), A A [F-LDMHA; < BRI THEICHER S h, KA X DAICTH
DEDLYICENR LS (Naito 1973, Sullivan 1981, #72E 1986). —J7, I~7TH 7 v iF
JNOFOK ECHIE - BREZ 32 K —-FoBEkkX % & v, ok hicclife 2ot R
HOMEDFNE & FOME DL A EZE X L (Burns 2002), HEFELOR%EIEL ARV DL
EZONT0E, INLOEFHEEDOEBNICL Y, X=X THFIvida~r7TH IV Iclt
RCORT7TINL YKL, RELABFLC XS 1CAh>TEY, TTIRIFEEL T 5 L
a7z, %Y O 1 RN HFEORGR TH Y, ¥= A X TF 7 da~v7 T+ 7 X0 D
KO EBFERNCAIE L, £/, ¥= A2 THF I 3E»r ONHFEORBRZ 2DIcxfL, =
~ 7T TIPS R AT, RBFITICENT W2, HEEONIE L XD R 25 0E
WEY, IYT7 T T UREEZTOERESG L L CHUKERIAT 20 L, ¥= 42T W
I URERRCHER L EEEZMAT S a0, WMfcsLWIEOMC 2 2 5P/ C
A LHIFHRRR D Z ERHERIN, WETNE, ZNETNDOT V7 B0 E L 3 5 HiE©

HPICHBAESH 5 L EZL B L TE, MEOMNMLEHE 2 5 L CTHIRZE.

RIC, X=HEZTHF 7 L HNOEBIRICE T 2N A L il % % 2 5. Al iILEE
M B 7s 2 R RN LB E 2 & T A3, B4 R + BRI X + 1 LGB O i A 2
L F7ETMICHE T AIC OFHiAHRD R AR E i, £, HEBROZN
L IR BRI, BEEA T 6K, EHA RIT 4%, BE - EEomME O 2 21310 KT
HHTENHLD Lo, HERIRICE W T, SR BRI Ol & b ik —
AR o7, EAROZEND 7 725 F i X Y BTOFln (BEEA X 1 0-57%, ERA X
0-3 %, MIHURD X Z 109 %) ICHWT, BEA R LHHIRO X 2 OHHIEEMIT 9 5 E

TRVIAL Z & TE, BEA X (FMHIEDO A A XY WA X WAL, 72, HEP X
DAMANE 72 1ZMEMNICFE L T 0, X HIC, BIETS X D #&TICKE (, T L okl

& 5 ISHE O A A 2 XY b ERAVTHEICHEL T35 Z L R T, Mk oF 5 LM
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KL 7712%TH o7, —J7, EHRA R, B LEROMMIK A 2 1%, HRHEIE LT 6 HE
TV AL Z L ATE, EHA R IMHIRD A 2 X0 WA X WAL, 72, EHEDE
IREVIEL, BIEFSARLD D X VIRA VL LR N, MR EFRIT 82.10%
Thotz. —77, HEHIROZEH 7 72 2 F MU O Fly (BEA R 1 6 %L L, #EHRA
Z 4P E, Wi 2 2 10 ELE) BT, B R, @B L GETR o R 2 2 1%
HHEE AL 3 RETRYVIAL T 3T, BEF 2GR A X X0 & WA X
DiRIA L, FHEOMEES XV EHICRKEL TWD AR, Ml oH 5 IEFRIZ
94.92% CTH o7z, —J7, BEHRA R, BE L EROMMIK A 21, FHHIEZERIL 4 58 E TRY
AL R TE, BEARIBRILOMED X DA & AR XA, Mo H 5 IE 7R 1%
96.92%TdH - 7=.

UTAE O EEEHR L BRI O € =4 & 7 7 > ofEREUIEIMER T H Y, BRI
RO E L, FOEEMRICIVERIINEL T e dliEInTw3

(Kobayashi etal. 2014, FE& 2016). F 7z, HEHIR L EFHBICER T 2= A2 T 7
VIEmDNA L= A 7 ¥ T 74 M2 pIcC2 o0EMIc N TnE 2 LRI
T3 (Nakagawa et al. 2010, Mizuno et al. 2018, Mizuno et al. 2020). —J5C, MHblfD4E
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TERRIEEE T4 30km ¢ 0@ THHTE L (Kobayashietal. 2014), Zh 6 O H O e &
ZNUHOLTTNEDEDT 1 2OEMBEKEINTHE, b0 Lhr b, BEEMD
AR EAERER X Y b X V&L, 207z, BEIIC B T A R [H L ORI 48
WHHIH L D b X0 EC e AR I NG, BEMIS O A 2 Bl HA 2, @R 2 2 XY
b X VY OES X VAL, HE O—>Th 2 HEEMIAAE T 5 THEOMZEN X v 5
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DEME, H25VIEEEELKL T2 LR Lz 7, HEEOMEE ROR XS
DEWVL, FEETH 2T T7 T H I EEEENBNE A X T YT L ICE T 5D
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LTz, THb DAL, HIRMEIC BT 2 (AR 2 4 R [A L OBl 4rif B DR IC R L,
HU I D A 2 DEF IR D 2= BIC KM L T 3 e E 2 bz, b, & R IFHEFE
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BHEICIXEAEENTEY, o [R2, HL, B &vo ZEERE % 2 51
MTHd7z0, TORWEZT TR, HEET, BIHTHICE T 264, 23480
BEOTENCL Y, ZOBENENT I EAEZLNS.

g ~dilE, 229 % I~ 7 T¥ 7 ¥ (Phoca largha) & 2 =77 2 7% 7 + (Phoca vitulina)
X, ERETH DR A XCRWENELT 27, BELEWME R n R RS, I T T
VI UK BRI CH 0, FOKEFIFT 2 720, FioKIA % 55 E o SEHK & 4 o Bt
WERKEEEL (Lowryetal 1998), #hatkiz—Kk—Fflch 2. £/, ¥=HETH
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PEDENETH Y (Naito and Nishiwaki 1972), —F% Fiil 0 BhikkX % & % (Sullivan 1981,
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Nakagawa et al. 2009, &2 2016).
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|
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Be%#F> (Jones et al. 2013). ¥ = A X 7% 7 2 3 BFEH I B\ TH DA 2 FE AT IC
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Summary

Introduction

The shapes of the skull in the spotted seal (Phoca largha) and the harbour seal (Phoca vitulina)
evolved as a consequence of diet, how prey is captured, interspecific and intraspecific competition,
and migration. These species, the subject of the present study, are related in terms of body size and
feeding habitats, however their migration and reproductive behavior are different. Spotted seals give
birth on sea ice and are monogamous. They migrate during ice-free months to feeding locations, and
their breeding season occurs during the months of sea ice cover (Lowry et al. 1998). Harbour seals,
on the other hand, give birth on land and use haul-out sites throughout the year as well as during the
pupping, nursing, breeding, and molting seasons (Naito and Nishiwaki 1972), and they are polygynous
(Sullivan 1981, Boness et al. 2002). In Hokkaido, Japan, harbour seals are divided into two populations,
one in Erimo and the other in eastern Hokkaido (Nakagawa et al. 2010, Mizuno et al. 2018, Mizuno
et al. 2020), and exhibit sexual dimorphism in body size and the skull.

The present study aims to (1) clarify the differences in skull shape between spotted and harbour seals
by quantifying the shape of the skull using geometric morphometrics and discuss morphological
differences of the skulls in the context of ecological differences, and (2) clarify the differences of the
sexual dimorphism in the skull from the aspect of the different environments of the haul-out sites of
the two populations in Erimo and eastern Hokkaido and the growth rates of these populations in recent

years, and to discuss the background of the differences in the skull.

Chapter1 “Comparison of skull shapes of the spotted seal and harbour seal”
The age at which the shape of the skull stopped changing was found to be 7 years in both species.

Prior to this age, the rostrum of the harbour seal is broader than that of the spotted seal from age 0,
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and the species was identified with an accuracy of 97.06%. From age 1, the harbour seal also has a
broader rostrum, a broader mandibular body, and a more developed angular process. The difference in
the rostrum was observed in pups, and differences in the mandibular body and angular process were
observed in juveniles and subadults. The accuracy rate in identification increased with age: those of
age 1-2 were correctly identified at a rate of 98.91%, those of age 3 and older were correctly identified
at arate of 100%, and those older than the age at which the skull stopped changing were also identified
at a rate of 100%. The total number of 75 identification landmarks were narrowed down to eight
landmarks while maintaining the same ratio of correct identification (100%) among them. Seven of
the eight landmarks showed the harbour seal to have a broader rostrum, a longer and broader palate,
and a broader and more angular mandibular body when viewed laterally. The longer, broader rostrum
of the harbour seal would therefore enable it to open its mouth wider and have a stronger bite than the
spotted seal. One of the eight landmarks was the posterior of the external auditory meatus. The point
on the harbour seal was more posterior and ventral than the spotted seal, and a bony process covered
the earhole of the spotted seal, while that of the harbour seal was relatively open. Although bite
performance is generally related to the type of prey, both species are dietary generalists and are
classified as pierce feeders (Adam and Berta 2002). A comparative study of the feeding habitats of
spotted seals and harbour seals in the same coastal area of Nemuro in eastern Hokkaido, for example,
demonstrated that the harbour seal depends on benthic animals in shallow waters, while the spotted
seal foraged for prey from the surface to middle layers (Nakaoka et al. 1986). A variety of common
prey, however, was also found in the stomachs of spotted seals and harbour seals (Nakaoka et al. 1986),
suggesting that the harbour seal did not necessarily require a longer mouth and stronger bite than the
spotted seal. Alternatively, differences in skull shape related to bite force may be related to differences
in reproductive behavior. In pinnipeds, polygynous species have been reported to have a stronger bite

than monogamous species, larger muscle attachment areas, and these species that engage in
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competition for mates have a more robust jaw morphology (Jones et al. 2013). Scars were frequently
observed around the neck of adult male harbour seals (Naito 1973, Niizuma 1986, Sullivan 1981), and
biting at the surface of the water between adult males for access to estrous females was observed
during the breeding season (Sullivan 1981), because the mating system of the harbour seal is
polygamous and they use haul-out sites throughout the year (Burns 2002). The spotted seal, however,
gives birth and nurses pups on sea ice, and triads consisting of a female, her pup, and one attending
male can be seen on the ice, or with the attending male close by, in an annually monogamous system
where there is little competition between males (Burns 2002). We conclude that a broader mouth and
mandible in the harbour seal compared to the spotted seal might be due to their different mating
systems. Spotted seals give birth on sea ice and migrate during ice-free months, and their breeding
season occurs during the months of sea ice cover. Harbour seals, on the other hand, give birth on land
and use haul-out sites throughout the year. The different position and earhole of the external auditory

meatus in the two species is possibly due to the necessity to hear specific sounds.

Chapter2 “Regional differences of the harbour seal in skull shapes sexual dimorphism”

It has been shown, based on mtDNA and microsatellite analysis, that harbour seals at Erimo and
eastern Hokkaido comprise two populations (Nakagawa et al. 2010, Mizuno et al. 2018, Mizuno et al.
2020). The features of the shapes of the skull in the harbour seals of Hokkaido were divided into three
groups by the lowest Akaike information criterion (AIC): males of the Erimo population, males of the
eastern Hokkaido population, and females of the Erimo and eastern Hokkaido populations. The age at
which the skull stopped changing was found to be 6 years in the males of Erimo, 4 years in the males
of eastern Hokkaido, and 10 years in the females of both Erimo and eastern Hokkaido. Sexual
dimorphism of the skull shape was shown in the Erimo and eastern Hokkaido populations. Prior to the

ages at which the shape of the skull stopped changing (age 0-5 for males at Erimo, age 0-3 for males
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at eastern Hokkaido, and age 0-9 for females at both Erimo and eastern Hokkaido), the sex of
individuals was correctly identified at a rate of 77.12% for males of Erimo and females of Erimo and
eastern Hokkaido. A total of 75 identification landmarks were narrowed down into the total of nine
landmarks while maintaining the same correct identification rate (77.12%) among the males of Erimo
and the females of Erimo and eastern Hokkaido. The males at Erimo have a broader rostrum, a more
developed zygomatic bone viewed from the lateral and ventral side, a more extended posterior
occipital, and a more developed edge of the glenoid fossa when viewed ventrally, than females of
Erimo and eastern Hokkaido. The accuracy rate in the identification of sex in males of eastern
Hokkaido and females of Erimo and eastern Hokkaido was 82.10%. A total of 75 identification
landmarks were narrowed down into the total of six landmarks while maintaining the same correct
identification rate (82.10%) among males at eastern Hokkaido and females of Erimo and eastern
Hokkaido. Males of eastern Hokkaido have a broader rostrum, zygomatic bone and occipital than
females of Erimo and eastern Hokkaido. At ages older than the age at which the skull stopped changing
(age 6+ for males of Erimo, age 4+ for males of eastern Hokkaido, and age 10+ for females of Erimo
and eastern Hokkaido), the sex of individuals was correctly identified at a rate of 94.92% for males of
Erimo and females of Erimo and eastern Hokkaido. A total of 75 identification landmarks were
narrowed down into the total of three landmarks while maintaining the same correct identification rate
(94.92%) among males of Erimo and females of Erimo and eastern Hokkaido. The males of Erimo
have a broader rostrum at the posterior and a more developed coronoid process in the mandible than
females of Erimo and eastern Hokkaido. The accuracy rate in the identification of sex in males of
eastern Hokkaido and females of Erimo and eastern Hokkaido was 96.92%. A total of 75 identification
landmarks were narrowed down into the total of four landmarks while maintaining the same correct
identification rate (96.92%) among males of eastern Hokkaido and females of Erimo and eastern

Hokkaido. The males of eastern Hokkaido have a broader occipital than females of Erimo and eastern
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Hokkaido.

Recent downsizing of body length in seals was observed in the region, probably due to density defect
(Morohoshi 2016). The density level seems to be different between Erimo and eastern Hokkaido
populations, because of difference of composition of haul-out sites. In recent years, the populations of
harbour seals in Erimo and eastern Hokkaido have been increasing (Kobayashi et al. 2014). The
population growth rate is higher in Erimo than in eastern Hokkaido, and the downsizing of body
lengths in the harbour seal was considered to be a result of density defects (Kobayashi et al. 2014;
Morohoshi 2016). At Erimo, there are numerous rocky reefs at a single haul-out site where a single
population stretches up to 1.5 km offshore from land (Ito and Shukunobe 1986). On the other hand, in
eastern Hokkaido, major haul-out sites and several reefs are scattered along a 200-km coastline,
separated by a maximum of 30 km (Kobayashi et al. 2014). These haul-out sites in eastern Hokkaido
and four islands northeast of it are included to form a single population. These facts suggest that the
population density at Erimo is higher than that of eastern Hokkaido. The intensity of male-male
competition is also probably higher in Erimo than in eastern Hokkaido, as males in Erimo had a
broader rostrum and a more developed coronoid process in the mandible to which the temporalis
muscle, one of the masticatory muscles, is attached than males in eastern Hokkaido and females in
both regions. The skulls of males in Erimo showed sexual dimorphism that had a broader palate, which
was related to threatening and biting activities in the highly intense environment of male-male
competition at the haul-out sites. On the other hand, the skulls of males in eastern Hokkaido showed
sexual dimorphism only in the width of the occipital. These results suggest that population density
influenced the extent of the density effect and the intensity of male-male competition due to differences
in the environment of haul-out sites in Erimo and eastern Hokkaido, and that these differences were
reflected in the different skull shapes of the males. Furthermore, while males in Erimo and eastern

Hokkaido showed different skull shapes, females in these two regions did not show any differences in
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skull shape. We therefore suggest that the skull shape of harbour seal females would be less affected

than males by changes in the environment of haul-out sites.

General discussion

The present study suggests that skull shape differences regarding the broader rostrum, mandible, and
palate between spotted and harbour seals reflected differences in the extent of male-male competition
in the reproductive behavior of monogynous and polygynous species, because both species of seals
are similarly dietary generalists and are classified as pierce feeders. It was also estimated that
differences in the position of the external auditory meatus and the visibility of the earhole would occur
due to the greater necessity of the migratory spotted seals to hear specific sounds compared with the
more sedentary harbour seals.

In the Erimo and eastern Hokkaido harbour seals, which were divided into two populations, the skulls
of seals in the Erimo population showed sexual dimorphism with their broader rostrum and more
developed coronoid process in males, which were related to bite movement, while the skulls of seals
in the eastern Hokkaido population showed sexual dimorphism only in the width of the occipital.
These differences suggest that population density influenced the intensity of male-male competition
due to differences in the environment of the haul-out sites between Erimo and eastern Hokkaido, which
in turn were reflected in differences in the skull shapes of the males in these two regions. However,
since females in Erimo and eastern Hokkaido did not show any differences in skull shape, we suggest
that the skull shape of female harbour seals in these regions would be less affected by difference in
the environment of the haul-out sites compared to the males.

The present study suggests that differences in the shape of the skull between the related species of
spotted and harbour seals strongly reflected differences in their reproductive behavior. Regarding

intraspecific differences in the harbour seals, females in the Erimo and eastern Hokkaido regions did
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not show any differences in skull shape, while males in these regions, exhibiting sexual dimorphism,
showed clear differences in their skull shape, which likely reflected the degree of intensity in male-
male competition. The results of the present study reveal that the shape of the skull was influenced by

ecological behaviors and environment of the habitat and that these factors were variable.
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ft#£ 1-1 o~7 7% 7> (Phocalargha) % v 7 IEH.

No. MEAES &Fip (year) 1R INEHRT
1 AbG1001 35 F e
2 AbG1313 5 F fax
3 AbG1316 4 F e
4 AbG1427 1 F e
5 AbG1428 7 M RS
6  AG1202 0 M Bz
7 AG1204 0 M E=
8  AGIL215 0 M B
9  AGIL218 0 F EE
10 AG1316 0 F ER
11 AG1323 0 M Ef==
12 AG1327 0 M E¥=
13 AG1415 0 F Ef==
14 AG1422 1 M B
15 AGl424 1 M 2=
16 EG1401 7 F e
17 FG1302 0 F B
18 HAG0608 6 M P
19 HAG0610 5 F P
20 HAGO0611 2 F Pagia
21 NG0401 2 F N2l
22 NG0403 2 M LNl
23 NG0406 1 F bt
24 NG0407 2 M N2l
25 NG0408 4 M LNl
26 NG0409 2 M N2l
27 NG0505 2 M LN
28 NG0506 1 M i
29 NG0507 10 F N2l
30 NoG0803 3 F L5Zh)
31 NoG0804 4 F BP{f
32 NoG0811 3 F ESg)
33 NoG0901 11 M (T
34 NoG0902 1 F s
35  NoG0903 5 M L5
36  NoG0904 2 M ESEn)
37 NoG0905 17 F Li2h]
38 NoG0906 10 F L5y
39 NoG0908 6 F BP{f
40  NoG0909 2 F ot
41 NoG0910 2 F ESEng
42 NoG0911 3 M Pt
43 NoG0914 17 M L5y
44 NoG0916 5 M ESEn)
45  NoG0917 2 F Li20]
46 NoG0918 10 M L5Z20)
47 NoG1002 5 F BP{f
48 NoG1003 3 M ESg)
49 NoG1301 7 M ESEng
50 NoG1304 1 F s




ff#£1-2 o~7 7% 7> (Phocalargha) # ¥ 7 VIEH.

No. fEAES Fip (year) 15 UGS

51 NoG1305 13 F L5Zhy
52 NoG1306 0 M EaZhy
53 ReG0906 2 F XS
54 ReG0909 2 M XS
55 ReG1011 2 F A s
56 ReG1016 4 M XS
57 ReG1035 1 F XS
58 ReG1036 4 F XS
50 ReG1047 1 M XS
60 ReG1048 6 M XS
61 ReG1101 5 F IxXs
62 ReG1105 6 F XS
63 ReG1106 4 F XS
64 ReG1108 5 M AxXs
65 ReG1109 5 M AXE
66 ReG1110 15 F Lxs
67 ReG1117 8 F XS
68 ReG1118 11 F XS
69 ReG1119 10 F XS
70 ReG1121 3 F Ixs
71  ReG1131 F xS
72 ReG1138 F Eh-q=
73 ReG1201 F XS
74 ReG1208 20 F AN S
75  ReG1212 15 F XS
76 ReG1214 4 F Ixs
77 ReG1215 15 M Axs
78 ReG1217 5 M AXE
79 ReG1218 5 F XS
80 ReG1219 11 M XS
81 ReG1220 5 F XS
82 ReG1225 13 M XS
83 ReG1227 4 F AxXs
84  RG0502 0 M A
85  RG0503 0 M #A
86  RG0504 0 M A
87  RG0505 0 M =
88  RG0524 0 F =
89 RG0525 0 F A
90 RG0526 0 M A
91  RG0529 0 F A
92 RG0533 0 F %A
93 RG0801 0 F #A
94  RG0802 0 F EA
95 RG0803 0 M #A
96 RG0805 0 M #A
97 RG0901 0 F #A
98 RG0903 0 F A
99  RG0905 15 M A
100 RG0929 16 F FEH
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ft# 1-3 o~ 7 7# 7+ (Phocalargha) ¥ v 7 IE#H.
No. fEHES HFin (year) 145 UNEHT

101 RG1011 19 M #H

102 YGO704 10 M BRE
103 YG0903 2 F Bt S
104 YG0906 11 M ySiAai=
105 YG1001 2 M BER S

101



ft#£ 1-4 =a~7 7% 7> (Phocalargha) ¥ v 7 VIEH#

No. ME{AES &b (year) W3R WNEHFT HFAHES B AT AEFEA THERT SFATEERAT B BEF
106 BG0801 0 F RiE 351 Hokkaido Government 20084-2H23H
107 BG0802 0 M RE 351 Hokkaido Government 200842 H24H
108 BG0803 0 M ks 351 Hokkaido Government 200842 H27H
109 BG0804 0 F RE 351 Hokkaido Government 20084F2 A 28 H
110 BG0805 1 F RE 351 Hokkaido Government 20084E2 F 28 H
111 BG1001 1 M e 353 Hokkaido Government 20104:5H 13H
112 BG1105 0 F wE 35 Hokkaido Government 2011412 24 H
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1% 2-1 ¥=#% 7% 7> (Phocavitulina) ¥ v 7 L5,

No. fEAES & (year) 5] INEBA 1ZICTHEMA 28ICTHEA

So

1 AZ1202 2 M JE (] O
2 AZ1203-1 2 JE (] O
3 AZ1203-2 1 F JE (] O
4 AZ1205 1 M JE (] O
5 AZ1207 1 M =8 (] O
6  AZ1208 0 M =82 ® O
7 AZ1209 1 F JE ® O
8 AZ1210 0 F JE S [ @)
9 Az1213 0 F J Y O
10 AZ1214 0 F JEL [ O
11 Az1219 0 M JE (] O
12 Az1221 0 F JE (] O
13 AZ1224 0 F JE (] O
14 AZ1225 0 M JE (] O
15 AZ1232 2 M JEf ® O
16 AZ1317 0 F B [ ] ©)
17 Az1321 2 F JE ® O
18 AZ1322 0 F =S [ @)
19 AZ1323 0 F R [ ) O
20 AZ1324 0 F JE 5 [ J O
21 AZ1325 2 F JE (] O
22 AZ1330 1 M JE (] O
23 AZ1418 3 M CA S (] O
24 AZ1425 3 F =4 ® O
25 EZ0311 2 F e ° O
26 EZ0319 3 M o [ J @)
27 EZ1109 28 F B [ J O
28 EZ1114 2 F e ® O
29  EZ1116 2 F [ [ J @)
30 Ez1124 2 M it (] O
31 Ez1128 2 F it (] O
32 EzZ1215 0 F s ° O
33 EZ1217 5 F o ® O
34 EZ1220 0 F o ® O
3 EzZ1221 0 M et [ ) ©)
36  Ez1223 0 F st [ J ©)
37 EZ1227 0 F B [ J O
38  EZ1229 2 F B [ J O
39 EZ1232 0 F B [ J O
40  EZ1303 18 F Gt (] O
41 EZ1308 0 M B ® O
42 EZ1309 22 M [ ] O
43 EZ1310 0 M [ ] O
44 EZ1313 0 M it ° O
45 EZ1320 1 F Gt (] O
46  EZ1321 0 M g (] O
47 EZ1326 0 F ik (] O
48 EZ1327 0 M i (] O
49 EZ1328 0 M et [ ] ©)
50  EZ1331 0 M B [ J O
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15 2-2 ¥=#%7% 7 (Phocavitulina) ¥ v 7 L5,

No. fEAES &FH& (year) MR NESRT 1 EICTER 2EICTER

51 EZ1334 0 M s [ J O
52 EZ1336 0 F ks [ ] O
53  EZz1337 0 F sl ([ J O
54  EZ1339 0 M 3 [ ] @)
55  EZ1340 0 M ik [ J @)
56  EZ1342 0 F o [ O
57 EZ1343 0 F s [ ] @)
58  EZ1348 0 M g [ ) O
59  EZ1350 0 M G ([ J O
60 EZ1354 19 F B [ @)
61 EZ1355 0 M ke [ ] @)
62 EZ1418 M s [ J @)
63 EZ1422 6 M ks [ ] @)
64 EZ1423 12 M ki [ ] O
65 EZ1424 4 F s [ @)
66  EZ1444 1 F s [ ] @)
67 EZ1454 32 F fh: [ ] @)
68  EZ1455 1 M s [ ] @)
69  EZ1456 1 F pras [ ] O
70 EZ1462 1 M s [ @)
71 EZ1481 2 M s [ J @)
72 EZ1504 22 F s [ ] @)
73 EZ1544 16 M [ [ ] @)
74 EZ1545 1 M s [ ] @)
75  NZ0231 2 F A [ @)
76 NZ0301 2 M WbAE [ @)
77 NZ0302 2 M b (] @)
78  NZ0303 1 F s [ J O
79 NZ0305 1 M Wb AT [ ] @)
80  NZ0306 2 M Wb A [ ] @)
81 NZ0307 2 M WbAE [ ] @)
82 NZ0308 3 F Wb A [ ] O
83 NZz0310 4 F b ( @)
84  NZ0311 1 M AT [ J @)
85  NZ0312 1 M DA [ ] @)
86  NZz0314 2 M WbA [ ] @)
87  NZ0315 4 F AT [ @)
88 NZz0317 3 F b ([ @)
89  NZ0318 3 F s o O
90  NZ0322 6 F AT [ ] @)
91 NZz0323 3 M b ([ @)
92 NZz0327 3 F A [ @)
93 NZ0329 2 M A [ ] @)
94 NZ0340 4 M Wb A [ ] @)
95  NZ0343 1 M A [ @)
96  NZ0344 2 M DA [ @)
97  NZ0345 3 F Lshei o O
98  NZ0349 3 M s [ J O
99 NZ0351 3 M A [ ] @)
100  NZ0353 2 M isheiil (] O
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& 2-3 ¥=#% 7% 7+ (Phocavitulina) ¥ v 7 15,
No. [EAEE Fib (yean) M7 NESH 1S CEH 28 CEm

101 NZ0354 3 Foo b [ @)
102 NZ0355 1 F fhb A [ J @)
103 NZ0356 4 M A [ J @)
104  NZ0357 6 F o [ J @)
105 NZ0358 5 M A [ ] O
106  NZ0360 2 F abeist [ J O
107 NZ0362 8 M AR [ O
108 NZ0364A 11 M A [ J ©)
109  NZ0365 10 M A [ @)
110  NZ0405 1 M A o O
111 NZ0406 5 F EiaMin [ J @)
112 NZ0407 1 M A [ J @)
113 NZ0408 0 M AR [ J @)
114 NZ0415 6 F abeist [ J O
115 NZ0417 8 M AR [ J O
116  NZ0418 2 F fishiinl [ J O
117 NZ0419 3 M AR [ @)
118 NZ0421 2 M A [ @)
119 NZ0422 2 Foo A [ @)
120  NZ0424 2 M DA [ J O
121 NZ0429 2 M A [ J @)
122 NZ0432 2 M AR [ J @)
123 NZ0433 3 M AT [ J @)
124 NZ0434 3 F o Wb [ ] O
125  NZ0436 2 M A [ J O
126 NZ0437 3 M AR [ @)
127 NZ0438 3 M DA [ @)
128 NZ0440 2 Foo b [ @)
129  NZ0441 1 M A [ @)
130  NZ0443 2 F fhb A [ J @)
131 NZ0445 10 M A [ @)
132 NZ0446 2 F EiaMin [ J @)
133 NZ0447 3 M lEbAE [ J O
134 NZ0454 15 F fishiinl [ J O
135 NZ0458 1 F o Wb [ ] O
136 NZ0460 5 M A [ ©)
137 NZ0465 15 Foo b [ ©)
138 NZ0466 19 Foo A [ @)
139 NZ0469 5 M AR [ @)
140  NZ0473 7 M A [ J @)
141 NZ0476 28 Foo b [ ©)
142 NZ0479 11 Foo i [ ©)
143 NZ0480 M A [ @)
144  NZ0481 4 F Eiahin) [ J @)
145  NZ0482 F EiaMin [ J @)
146 NZ0484 0 M A [ ] O
147 NZ0485 23 F o Wb [ ] O
148 NZ0488 4 M SRR [ J O
149 NZ0489 18 F fishiin [ J O
150  NZ0490 3 M A [ J ©)
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£ 2-4 ¥ =#H%7%¥ 7> (Phocavitulina) # v 7 VIR,
No. fEEES &E& (year) MR UINEHAT 1ZICTER 2BICCTHER

151 NZ0491 6 F EiaNii [ ] O
152 NZ0501 2 EaNii [ ] O
153 NZ0502 5 F oA [ J O
154  NZ0503 3 F o b ) e
155  NZ0507 7 F AN A [ ] O
156  NZ0509 4 M TP AR [ ] O
157  NZz0511 4 M A [ J O
158  NZ0515 3 F Eiahii [ J O
159  NZ0517 5 F Eahii [ ] O
160  NZ0519 5 F o A ([ O
161 NZ0523 2 F oA [ J O
162 NZ0524 2 M A [ J O
163 NZ0525 7 F Eishd i [ ] O
164  NZ0526 6 M A o O
165 NZ0530 5 M AR [ J O
166  NZ0531 4 F Eiahii [ J O
167  NZ0533 3 F Eiarii [ J O
168 NZ0534 3 M DA [ O
169  NZ0535 2 F oo A ® O
170 NZ0536 4 M A [ J O
171 NZ0537 8 M AR [ ] O
172 NZ0538 3 M A o O
173 NZ0539 3 M bR [ J O
174 NZ0540 2 Foo A ([ O
175  NZ0541 5 M EbAE [ J O
176 NZ0542 5 M AR [ ] O
177 NZ0543 4 M AR [ ] O
178 NZ0548 3 F oA [ J O
179  NZ0549 2 M AR [ ] O
180  NZ0550 2 F o o O
181 NZ0552 2 M A (] O
182 NZ0553 6 M DA ([ O
183 NZ0554 2 F EiahZii [ J O
184  NZ0555 5 F EiaNii [ ] O
185  NZ0556 6 M DA [ ) O
186 NZ0557 3 F oA [ J O
187  NZ0558 4 F oA [ J O
188 NZ0560 1 M A o O
189  NZ0564 10 F EiabZii [ J O
190  NZ0565 4 M A (] O
191  NZ0566 5 M DA [ ] O
192 NZ0567 3 F AN A [ ] O
193 NZ0569 4 F b (] O
194  NZ0574 3 F EiahZii [ J O
195 NZ0576 2 M EbAE [ J O
196  NZ0577 5 M SRR [ ] O
197  NZ0578 1 F EiaNii [ ] O
198 NZ0579 5 F oA [ J O
199  NZ0580 20 F oA [ J O
200 NZ0581 5 F fiaNii (] O
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1% 2-5 ¥=H#% 7% 7 (Phocavitulina) ¥ v 7 LIHH.
No. fEEES F# (year) M3l INEBR 1ZICTER 28ICTER

201 NZ0582 5 M A ([ J @)
202 NZ0583 8 il ([ ] @)
203 NZz0587 2 F sk in ([ J O
204  NZ0589 5 F F it [ ) @)
205 NZ1403-2 3 F o b [ J O
206 NZ1408 3 M DA (] O
207 NZz1412 3 Fo A (] O
208 EZ1603 22 F e @)
209  EZ1612 1 M e @)
210 EZ1618 1 M ks @)
211 EZ1619 1 M fits O
212 EZ1625 2 M s O
213 EZ1629 8 M s )
214  EZ1670 8 F e O
215  EZ1684 13 M g O
216 EZ1702 31 F g O
217 EZ1703 20 F s O
218 EZ1704 12 F s O
219 EZ1705 19 F s @)
220 EZ1707 12 M e @)
221 EZ1708 15 F ot @)
222 EZ1723 18 F fts @)
223 EZ1728 18 F s O
224 EZ1729 31 F ke O
225 EZ1741 17 F G O
226 EZ1742 1 F o O
227 EZ1764 14 M g O
228 EZ17101 10 F s O
229 EZ17102 2 M s O
230 EZ17108 17 M kg @)
231 EZ17154 8 F e @)
232 EZ17162 6 F ot @)
233 EZ17167 8 M fts O
234 EZ17170 3 M [t s O
235 EZ17187 3 F s O
236 EZ17188 3 F e O
237 EZ17190 5 F ad )
238 EZ17191 2 M gt )
239 EZ1801 29 F e O
240  EZ1802 1 F e O
241 EZ1803 13 F o O
242 EZ18116 0 M g O
243 EZ18142 3 M o @)
244  EZ18143 10 F BER: O
245 EZ18144 3 F s O
246 EZ18145 2 F e O
247  EZ18156 16 M e @)
248  EZ18158 2 F s @)
249  EZ18163 12 M o O
250 EZ18165 1 F kg @)
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1% 2-6 ¥=#% 7% 7 (Phocavitulina) ¥ v 7 LIHH.

No. EHAES Fhn (year) W5 WNEHBAT 1EICTER 28ICTER
251 EZ18167 3 M g O
252 EZ18173 4 F ok O
253 EZ18175 4 M B O
254 EZ18179 8 F o O
255 EZ18180 11 M B O
256 EZ18181 16 F g O
257 EZ18186 11 M o O
258 EZ18187 2 F s O
259 EZ18188 7 M o O
260 [EZ1839 18 F =, @)
261 EZ1874 0 F B O
262 EZ1878 0 M o O
263 [EZ1882 0 M B O
264 [EZ1883 0 M e O
265 [EZ1886 0 M gz, O
266 [EZ1896 15 F g O
267 [EZ1897 14 F o O
268 EZ1899 16 F g O
269 EZ1905 M B O
270 EZ1906 M gz, O
271 EZ1907 16 F g O
272 EZ1908 7 M gk O
273 EZ1909 4 M s O
274 EZ19105 11 M o O
275 [EZ1912 31 F = O
276 EZ1913 11 F g O
277 EZ1932 12 F gk O
278 EZ1946 9 F s O
279 EZ1950 3 M e O
280 [EZ1953 1 F = @)
281 [EZ1955 5 M ey ©)
282 EZ1956 3 M s O
283 EZ1959 3 F g O
284 EZ1961 2 M B O
285 [EZ1964 2 F e O
286 EZ1966 7 M oy ©)
287 [EZ1967 30 M bk O
288 EZ1968 3 F e O
289 EZ1971 F o O
200 EZ1987 17 M B O
291 EZ1992 3 M s O
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1523 FEHFIEE S 8 /D Mean Decrease Gini.

No. fREim&ES [FEEE AE At

1 70 0.23 17 1.93
2 35 0.01 1.67 1.68
3 72 0.69 0.93 1.62
4 73 0.93 0.65 1.58
5 15 153 0.01 1.55
6 56 0.03 151 153
7 34 0.01 1.49 15
8 28 0.01 1.28 1.28
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1% 4-1 75 S OEEE S O R L AR D F K
BT 3 200K BEEXZ

PC1 PC2
EHaES T 47.40% -9.93%
1 PR 011 0.8
2 P 011  0.04
3 PR 011  0.04
4 PR 0.10  0.04
5 S 0.10  0.04
6 PREE 0.10 -0.05
7 PREE 010 -0.05
8 PHFE 012 -0.05
9 PR 0.12 -0.04
10 PREE 0.11 -0.03
11 PREE 011 -0.03
12 FRAE 012 -0.02
13 sk 011 -0.02
14 PR 011 0.1
15 PR 010 -0.10
16 e 0.10  -0.08
17 FEAE 011 -0.02
18 PREE 011 -0.03
19 PR 011 -0.03
20 FRFE 011 -0.02
21 FEAE 0.11  0.04
22 PR 011  0.05
23 PR 012  0.05
24 FRFE 012  0.03
25 FHAfE 012 0.1
26 PR 0.12 0.3
27 PR 012  0.02
28 FRAfE 011  0.04
29 FRAfE 011  0.05
30 FRAE 005 0.16
31 PR 0.106 -0.026
32 FRAE 0.107 -0.03
33 PEEE  0.014 -0.039
34 FRARE 0.056  0.005
35 PR 0.039 -0.024
36 FRFE 011 -0.016
37 PEEE 0111 -0.015
38 PREE 0.1 0.088
39 FEEE  0.099 0.086
40 PEEE  0.113 -0.025
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13 4-2 75 HOEEE S ORREE L A D F K
BT 3 2 oKBEEXZ

PC1 PC2
THAES T -4740% -9.93%
41 PR 011 -0.03
42 PR 011 -0.01
43 PR 011 -0.02
44 FERE 011 0.3
45 PR 011  0.04
46 PR 0.10  0.09
47 PR 011 005
48 PR 011 0.5
49 PR 007  0.06
50 PR 001 0.6
51 FERE 0.10 0.5
52 PR 011 0.2
53 FRHE 0.09  0.09
54 FEHE 011 0.2
55 FEHE 010 0.1
56 Al 011  0.05
57 PR 0.10 -0.05
58 PR 009 0.0
59 PR 010 0.5
60 FRHE 0.08  0.04
61 PR 008 0.9
62 PR 010 0.0
63 At 010  0.06
64 PR 009 0.8
65 PR 0.10 0.5
66 PR -0.06  0.00
67 FRHE 0.10  0.03
68 PEAE 0.10  0.07
69 PR 011 0.5
70 FERE 0.10 -0.03
71 PR 010 -0.01
72 st 011 -0.06
73 PR 0.11 -0.06
74 FERE 011 -0.03
75 PR 011 0.2
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15 4-3 75 HoIEE S O AE O TR OMTICE T 2 20K BEE R
1,21,58,71 O AEOMEII ST S y Bl x B LIS EI N T 5720,
230 TH 2 AED 4 ZE B B 72,

PC1 PC2
ZHAES BT -47.40% -9.93%
2 4 i 002 -0.04
3 i 002 002
4 iy -0.04  0.00
5 i i 004 001
6 £ i 002 -0.04
7 £ i 000 001
8 i 002 017
9 £ g -0.01 -0.19
10 i 000 017
11 i 001 -0.18
12 £ g 006 013
13 i i -0.06 -0.12
14 £ i -0.01 004
15 £ i 007 0.2
16 i i -0.07 -0.12
17 £ i -0.03 -0.06
18 i 003  0.06
19 i 0.03 -0.15
20 £ g 001 012
22 £ i 0.06 -0.11
23 i -0.08 011
24 g 005 -0.01
25 fh fig 007 -0.16
26 £ i -0.03  0.04
27 4 g -007 016
28 i 006 -0.16
29 g -0.06 017
30 i 000 005
31 i -0.02 -0.01
32 £ g 0.03  0.06
33 i Jig 002 001
34 i 008 -0.11
35 g -0.07 013
36 i i 001 002
37 i -0.01  0.00
38 i 007  0.10
39 i i -0.07 -0.06
40 g 005 0.14
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152 4-4 75 RO OHEE L AEDO EE D IHTICIH T 5 28O B EE 2 b
1,21,58, 71 O AL OMEZEERHA L y i, x B LICBE ST 27w,
{23 0 TH 2 AED 4 ZHEILY bR 7.

PC1 PC2
BHLES B -47.40% -9.93%
41 £ 7 -0.05 -0.13
42 iy 7 001 021
43 4 7 0.02 -0.20
44 bidliy 004 017
45 £ 7 -0.03 -0.14
46 7 001  0.00
47 4 g 002 008
48 7 -0.02  -0.02
49 £ g -0.06  0.15
50 7 002 001
51 7 -0.04  0.09
52 7 -0.04 006
53 £ 7 -0.01  0.09
54 £ 7 -0.01  -0.03
55 7 001  0.08
56 4 7 -0.06 018
57 £ 7 -0.05 0.8
59 7 001 -0.07
60 7 -0.03  0.10
61 4 7 -0.01  -0.03
62 £ 7 -0.01 012
63 £ 7 0.10 -0.05
64 7 0.09 -0.04
65 i 0.08 -0.05
66 7 0.07 -0.09
67 £ 7 0.10 -0.04
68 i 7 0.10 -0.07
69 7 0.09 -0.08
70 7 0.09 -0.10
72 £ g 0.10  -0.09
73 i 7 0.10 -0.08
74 i 7 0.10  -0.07
75 7 0.10 -0.06

113



155

0 %I 35 1F 2 & FEH FI EE S 5 @ Mean Decrease Gini.

No. RE#EmES BBk A At
1 28 0.01 3.02 3.03
25 0.04 257 261
3 27 0.02 231 233
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&6 1-2 1k % KK B EE 5 D Mean Decrease Gini.

No. 1R#m&ES  IEEt A At

1 70 284 128 413
2 73 214 112  3.25
3 72 202 077 279
4 25 023 199 223
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1327 3-4 BT 2 L FIE 2 55D Mean Decrease Gini.

No. ZR#ERES IR AE At

palll

72 021 176 197
2 29 0.00 176 177
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% 8 5-6 Ik % KHEH B EE 15 D Mean Decrease Gini.
No. ZHoES  IEEt AE &5t

1 27 0.18 1.26 1.44
2 25 0.13 1.19 1.32
3 73 0.62 0.66 1.27
4 28 0.01 1.15 1.16
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136 9 Bt % Ll L EHE O MK O 2 2 DFEE TR D223 78 <
72 5 R LA D R I B 5 I EE 55 o Mean Decrease Gini.

No. TR ES IR AE Gl
1 53 740 18 9.26
2 5 784 113 897
3 54 710 126 8.36
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3R 10 #B5EA = & B L ER O D X 2 DIEE TR DAL A8 7 <
70 AEHS X 0 BT O F I B 5 MBI EE S o Mean Decrease Gini.

No. EF#HRES BEE AE 4t

il

1 25 291 6.15 9.06
2 27 242 572 814
3 28 225 456  6.81
4 48 3.64 297 6.61
5 50 450 206 6.57
6 36 213 415 6.28
7 29 191 428 6.19
8 47 3.89 202 5091
9 54 221 3.64 585
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PR 11 EHRA R LR L ER O MK D X 2 DIHE TR D 2L A3 7% <
72 % AEHR LA O i 1< B 5 B B E HE 5 o Mean Decrease Gini.

No. R#~&HS BBk A Xl

1 9 195 6.67 8.62
2 8 112 643 755
3 40 059 692 751
4 41 056 6.85 7.41
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ff3R 12 EHA R & L E RO MR DO 2 X DFEE K DAL 23 78 <
75 % Flin X D BT O EERIC BT 5 &M B E 2 55 Mean Decrease Gini.

No. E#m&ES IHEEE AE  4Ff

il

1 41 481 739 1220
2 25 339 872 1211
3 61 9.24 267 11.90
4 40 403 7.65 11.69
5 51 3.82 780 11.63
6 60 729 3.36 10.65

121



