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TARAT Y RIZBIT 5 KEMEED DNA BREERH & EFERE
HIRFZE D EE

Christophe Pampoulie
MEERAGRAEDIIERT, N7 TV T 4 IV g, TARAT R

BE

T A AT v ROWHEY/KFEHIZEFT (Marine and Freshwater Research Institute) 73815
WFFERIEE 2 BN L2 DI 1991 A2 Th B2, FhvE Tl KEUE O LM E OB
ERRAT IR FE R IR BRI T O CWTEICIB X o 7 MU, KAREGUE O B 5
EERFTT 27203 STV B EFIFIEIL, 7 A L8 E TSR
KEFZDJH ThoTz, ZNHOF =TT E L CHRRTE £ 7213 & 2R
DFEL LTHERASNER, —HofE»S, AEREEICB T2 T A7 VT 0%
FREE RO b, KFER I F X, TA AT R, 27 = —OR CEIBITHE
LTWAHZ ERRSNT, D%, TA A7 RH 2002 FICEBEHHEZES (IWC0)
IR L, AEREFER 7 7 U7 offifEHREIC T 2B FFF a4 (2003~2007
) wBAMET D FE TR, KEUEE O L MM ERENT 137 5 2O Bl TREMIZ LE
i STV Rno Tz, ZOHRFIC, AU AT =N (PCR) BLON~A 2
YT T A NEB O AT v, WEEFLE O£ FIEE 2 Rl o m )
AR TN TEDL LI TR oT, DI, HT- R Tld., BHRiFral &6
FEmELTC 16 DAY T T4 VBERETFEBEIOYI a2 KU 7 DNA
(mtDNA) OFFEIfEE O IERCSN 2 VT, dERFEER 7 7 2T OEMEE &
ALz, WTFhOBELG~—T—Tb & LEHEENG LN, B ERABER S
NN EARBEINT, FRIC, 3 DOHSREREZ 7, H—I12. 2006 FIZ
FATAREVE A MFET D PIRFAA & LCH A A7 2T OpE RN i S, 2009 48
WCIERICHB SN, 30, BB AAE I, BRFENFERT A A
¥ NOARIRTFEREBI O Matis OHF ORAE IR Sz, 5 =12, FriFH 2 DNA
M N 7 B8 LODNA B e B OHRL O N L —Y el 7 T e 22 #H
\F72. Matis OHF DHI 7 RMRAENR TiX, ~A 7 0¥ 7 7 MAEFHEOY = ) 5 A
v 78 LU mtDNA OFEER O > — 4 o 3 v Z 8 EFIC Ef Sz, 4RO ES
FEIENTIX, F & LTI RELEFT T A7 T 2R RICEM v, FOREIE, K
PEPEICBIT AT T AT T ORMIRERIC bz THEABEN L NN L 2 F
OUR LT, 2011 SFRIRE, T A7 2T OBIBFIIFENT O 3T BER O RGHI &
PALTEY | AEREFEN O BB TR DT B3R S iz, 2013 &
2018 FIZEM SN BRFHIIE TR, T AR T Evatb A7 T OMEfE
RO LT, dEREEES v 7 7 2T OEMMEEMTIL. 2016 FICRY 2 A
K% (KA >7) @ Ralph Tiedemann Zi% DM IERICBE Sz, TDHk, S HI1T%<
DOEED—H LT (SNP) V= ) ZA L IRERISN., 25D F—F ZHILE
AT T D, BIE T, FEMEME R O pE M T S - @IRIcEL EToT
T O FLEED G R L 72k 2 gkt 4 & LC. DNAK/ N> 7 35 KL O'DNA
BENTEEICHEEL TV D,



B AGERTERT I 31T B REUREEATE T ORIZFRIRBRFIED
£

Luis A. Pastene

(—) AARGHEMTIERT, H, BA
BEE

A ARfFEMZEAT (ICR) Cik, FifEHAMEMRE (JARPA) THOLNBEE T
VIMIEESE | Rl S Y U T OEMEE OB A 1991 FIZBRLA LT,
ICR XTI EAGIF FE i 7% 2 2. CUNRDs o To iz D, FEFRE M LFRRE T 5% ISHF
78 % FE L TV B R FMEMF SRR (B R KR IBEEERT) O & st 5th
T, INDHDBEIET —F ZUUE L=, ICR IE. 1994 £ E=H IR OB D%
%Mm%mﬁﬁéifﬂ%ﬁnm %ﬂ%btoé@ﬁﬁbfthm%%$%
I b= FU T DNA (mtDNA) D 4fHIIZF5 1 % Restriction Fragment Length
Polymorphlsm (HIFREE R B i K24« RFLP) Tod >7=, RFLP 7 — ¥ OFiEHiEkT ¢
i %W@@ﬁ@ﬁ B2/ VT ICREREBEHNRENENRD DL,
i@$@@%l%L B9 2 ARG 2N AE STz, 1994 AT, fifi)1] 52
%%@L%ﬁ FERZIZAR Y A T — B (PCR) 23 A S41, PCR HlE L 7=
mtDNA I D RFLP i 3R rlie L 72 o 72, W7 7o —F & AT, b
HEo=4210)7VT7BIO /77/7®%HEE%%%@ﬁL A )72 ARG % HEPE
L7o fb)SEBRG OB FEiR% CTld. 1996 4EI1Z mtDNA FHEiER D — 7 v
7%%%4L\WW$_747H%??4FmM%L%V~ﬁ ELTHIDTEA
L7z, 2002 ARSI, ICR WNIZ 2 D OE(BHIZElEE S E) L Tuiz, fil) 115285512
BONCERE SN T-HF5Eia% Tld, & L TmtDNA > —7 v v Ve Efa L, #H
FAZERE S NPk Tl mmMA/~?///7k747Eﬁ?34FIWA
%ﬁ@ﬁﬁ%%mbto%M%%%®ﬁ MERZIZ, 2011 FEDOHH ARKERIT L 5 Hl
BEHWIC L o THEE SN, TNLIRE, B OB BT @ﬁ#%@bfkb\
2o ERFE mDNA Y —Fr v 7t~ 7 a%7 7 A - DNANT) (X DfE
Mrasifi L C&iz, MPkidhaE T, £AEE Bl yveIr 77 o7 Mk
DY 70T, AAKFEDTHRAI ST AT I, =R ITT :/7
IIVTRLPEITTT), RHEHE Bl I TT) BLIOGHE (B
sy Tk raIr VT vt AR YT) (BT 5B OfE %ﬁ<ﬁ
AENTE 2, KR OBEFZERIZR Tl 2023 56, —HEZA (SNP) LIEIN
HFRENPHEE - EfiSh->oH 5, ICR TlE, EIFERTE L FHEIC, BT
— X Etkx BTN 2 7O O FIR S BRICHESR L >2H 5, ICR DEs
RFEREER 1X. 2024 FFICH IO KM FEFICBE L, 202 L1k, #EFIE
(5] : mtDNA > —4> > > 7 ~A 27 a$7 74 ~ DNA fi#fr. SNP fgfT) (2>
KTRTOBBET — XD, RENLRKMEEFOMEHFETHOND Z L E2EKT
5, ZORETIEL, 1991 FEHUTFEE TO ICR I X DR~ 72 BIRFIERTEDHE
FERBNZ DWW TIEREZR TR T H L &I, ARINTWDHIFERRDOEND S, &
FIEOFRAMEICET S H#RERT,



SNPIZXVELNAHA : FRKERXBITAVRTFTHRITTD
EMBEFRPSE

Katrin Kiemel

(—) RAARBHEMITERT, H, AR
®E

vatHAY YT (Balaenoptera musculus) X, 19~20 {ALOFHEBHFFIZHEIL L7272, B
FETIHHERAERMEICIEE SN TWD, 20D, Yt 27 PIMiTEm O EFRE0EE
H»TEY, tkD~—h— (B—DI rar R TELGF, 2 har R 7 EGF-OFEIE
W, ~A47a¥TI4 e ld) ZAVCTEAMBERIRINTEZ, TRHOWRETHE, K
P (Febb, AERFRE, BARTEE, MKERBIOS v REE) B TR E2EENMEDFE
o, ZOBEBHIFED G, KIFEROEFM CEREFREIDHIRENTND Z ENRE
. 5 ODOHEFE (B. m. musculus. B. m. intermedia. B. m. indica. B. m. brevicauda, FAis D
OQFHAITHERE  FIVDOaFTHARAITT) OIFENRRENT-, ZORBEENMTD
LS, TEREEHIFAUFZE (Clarke &, 1978 ; Branch &, 2007 ; Pastene &, 2020), 5%
FIRFSE (McDonald 5., 2006) . 38 X ONELRFAIAFZE (LeDuc . 2007 ; 2016 ; Torres-Lorez & .
2014) 12X > TRENTWD, RO~ —T—06—HFELA (SNP) DL ) /g Aj—
Ty N7 T a—F~DOBATIR, Y uF AR VT OEMEE A RET DI S 2
L7ze ABFZED BEYIE, SNPEITZTEA L, v aFH A7 2T DORERB LUK RENDOE
ME 2 fRAT 2 L TH D, KRFE (RKEFEEZRS) Oy atFH A7 VT 31450 ddRAD
T—HERANDLZLIZLY, T F TR, 237FEOD 12,131 O SNPERBE LN, £
RO admixture fEHNT Tl 3 2DOBEAIS 7 A —BHLMNTRY . KK (T72bb, KF
. AV R MREE) 10— L, ZORRIE, Fsr @2 0.048~0.119 OHFHTHD = &
IRV EMT Oz, S HIT, admixture fEHT CTlX, MAFEICBWTCE S I —vm)F TR
5 OELEE K 4 383 X OV IWC & B X T KICB W CHEREEE (I —vaF Ry
CIxmEE v A7 Y T) QPR ST, Attard 5 (2012) OiEEDHIZETIX, 20
DO~A 7YV T T4 NEEFEBELOI bar N 7T EEFOFEERZ A -fmar T, [\
WK 4 BEOIF >, HEREEIR 6 BHOAMNFER SN TR Y . Fxr OFRERITM S OMF e R & —
KT256DTHD, BHRENDIEHT TIL. A2 FEB L OB KRENTHERBEIIRD b
o T, Attard HOFFGE (2016) TiX, 20 D~ A 7 aHT7 T4 MEGFIEEZ AW HBEC.
FIMRIENIC 3 SORIFTIEM PR SN TE Y, Fex ORERIZFEK S OFFEERETFETD
HLOTHho7z, L, BATEL AR THEDEWNA R S (FF K EPERE
vs. ALK TELEPEHS © For=0.0289, A A T-EEH vs. AL A TEPERHES « FST=0.0274), 284 50
i (FUVDOYaFHRAITT) PEETDHI L EBE L, BIRENT L2, BRI
Tk, BECHE SN T RWEIHEER EHEE SIS 188 (BRI 238172
WRHEN T, AERERETEE & ALK EPE R ORI R S SN - IR E LT > 72 (Fer
=0.0037), ZDORERITBE L, AKFERHOY o TARB DI olzZ & (n=6) D
WLEZ BND, FERENOIITTIL, 4> FETE S I —vnF A0 V7 OaENEE
RO LN o1, TOEOREEIL, kDO~ —I—IZ S BEOTHERH L LITIFT—
BTHHDOThHoTo—hT, A v RELRRKEOHM TH - Z2MAMEMEAS R S, 2k
D IWC EHEEXRSE I KOBEBEENZEIH 0 I/, DLEORERIZ, mREhiz s >0l
DI L 4 OOFEEZSILHICEMTFLLDOTHDL, LL, VoI NVEORRIZLY, 1
REEDL T HAT DT ORI TERN -T2 END, ZOREBROBHNSH L M
TTHDHZ ENHLNI -T2,



EREER 7 707 OEABBFERIFFAR

TS
(—M) BAGBIRIZEAT, #, BA
EE

JEFERFLPED I 7 7T 42758H% 16 D~ A 7 1% 55 A | DNA &5 T % 5 1
L THEf L, STRUCTURE 7' 1 77 A% HWTHEEERE T REEE 7213 O REEZHIY
iFiz, o7k, BAROERIFFAT O & CHN S 7z b vE KRR i R A
(JARPN/JARPNII)  (1994~2014 4. n = 2,637) B L OH AL Ok % 725 HEIX
(7 =V 7 :SA) TEEMIZIRE I -EIR (2001~2014 4, n = 1,638) O
LINle, XA XDY T AZ =GR ORER, RLEERITEEMIC LT 2 REE U
REERB LN O BB ICET D Z ENMREINT, FHTLI~A 7 YT 74 MNEls
THEEEBCT & WTOREC HEI D 1T S AW ERE S L, Wt
DFRFEZHEN O AT SR WMEIRIIHIBERIZ IR < 9F LT e, 16 Bin 14 H
L7z 2T A, 90%% B2 DA NT I OREEICEN T i, B AR
(SAGE 35 LU SAI0E) DIEIET X TOMEMEKIT I REEICE L TWe— 7T, ALREE
E (SATWR OFM) DIFIEFT X TOMEEILORFICE L T\, ZoFHo=Y
7 (SATCN, 7CS B LU SALL) ZiE, T RBECE T HEIE L O REECE T 2 EAKD
RIEL Tz, AR (SA20) DEEDL < 1L T RBETH -7, SA2C TlE, 4
MZE LT, JRENSRLEZHE HDTZ (K 80%DHEIE) . SATCS 38 LT SATCN T
X, T RO LD DEEBREITHIN LEEIZE DT 5, mtDNA 7' r & A 7 D%
BT, K& 22907 724 — (JREBIOORE) i, ZhbDr Z
AB =5 MR T DT A A TORFLIIERBIFFADOLDOTHY . JREEE OREE
DOERICHE@mONT a2 A4 T 1T T ThoT=, BTSNtz V v 7,
FEAEDNNT T B A TS A L TV, B KRERICRBIT IV 70T 5
DRFELE 2 S OIS T 570, v~ 7ua¥% 774 h5—4% (16 Bz 1E) #H
W, ERRHIBI AT (DAPC) | ZERER 8T (SPCA) B L OBLT (P-O) X
T OfENT 2 FE LT, K =2 T?D DAPCIZ L AT TIX, 2 5D 7 T 2 X —RNH 5
W20 EOSAMIL T REEE O SREEOBEA DO GARIZFY L=, sPCA DOFFEMTHE RIE
DAPC DFENTHERAC B LTz, P-OXT OFENTIZOWTIL, ZALE TIZFEE S 4172 P-
O T HEIT. ORBEN 40 X7, JREEN 13 X7 THhH D, O REEOLGE, DL
BOY T T HEE P-OXNT AT R I N0, TREED P-O~T O—#ILH
RO HAWEA & EEER 2 15 SBIRMEZ R L TR Y, O REHICHEE O REENTFIET
HEWVIELEIT—E LW, fi#E LT, 4O DAPC, sPCA B LUNP-0XT7 D
FENT ClE, O REERB X OTREELA O REENTFIET D &0 ) FEIMIAE b2 o7,



EREFEDOEEZ BT D=4V 7 V7 DEFBIHEE

FAKERR
(—) BABETZEAT, K, BA

®E

=41 277 (Balaenoptera brydei) 13O 77 CTHTHY | Bdirk L OBIR
W (EksR 400~ 40°) CTlBELLND, =X U 7 ¥ 7 IMEREEEE & 5
Ry (EZEOBEW) %2 1 FFEHChEL TRV, BIFERET Mmoot
7 UZEE bEL, B A U TERREEERICE E RS M ET D, &
FEI D IEMEZRLEITIE S A S ON TRV, [KEEERO L Zhch b L Eh
TW5h, £z, BN EFIZ LA TED, 10 HER~1 AIZEAWE—27 AR B i
HLEENTWS, BRETHEILI- 350 )7, T7hbb IW (G 135°~165°) .
IE (R 165°~180°) L2 (FH#E180°~155°) TEESHIIEREZ RIS L LT,
g L195 EfA 0 I k2 R Y 7 il#EsEEkAds] (8 500 bp) BEL KN 17 O~ A 7 mif
T 74 NBIBTED LI2ERSy DT — % 2 VT, LRI X OWEE o
fHIkICR T =2V 7 U7 OBBHEEEMNT LT, o Liz@8B 17 ud, B
ARITBT D EOrEERE. 5 WAL E LS EFAE JARPNID, HATO
BHEBEEFHE CONRL AT —FER R 304 (1979~20164F) ORITER % 72/ —
AMBEONTEZEDTHoT, =4V 7T OBIGHIL MR CREE Th
D, NTaZAT7TOFxy NT—27 G CIIHIBEAME LR O SR o 72D,
AMOVA (Analysis of Molecular Variance) T, BISEEN GO bLE, Z OMIEIX
FNHDTHDZEDR, XTUA X FsrB LV Gsr DHEEAE, 72 6 N EE MR E I
KoTrmesnin, = U7 IWIE &= VU7 2 O THEZRMEPFED L,
DAPC ([Z X 2T Clx, = U7 IWBIOIEDEARLHEL T, =V 7 2 OEAKT
X, BEEECEBMERNS DT MR O, T4ty b E 3 SOHR
(1979~1984 4£, 2000~2009 £E. 2010~2016 4F) (2@ RI] L /=W R A0 722 385 - ro ik
MbFEMLIZEZA, 320 THLNZENKHELD, =7 IWBIWIEIZ
RO LN BEIIFRVEMEN, BRIFHRLEEZ R LTS Z ERRBI N, fEE
W o> HOEE A BB & B s BREE DO RBIR &2 ~ v T VIRE &2 -V TR TSR, &5y
BIZHWERP AR NRBO bz, ZHbOFENL, REEEITILLTD 2 2O v
FUVANREZLND : (1) EERE TRWE—OEMNLR Y | ITREREICEE
OB ENR D D, (2) BT HBEHE N7 2 2 SOHEM (= U 7 1W £72132)
NHY . =Y T 1E FI CHEMOREAENEE TWD, SBOFETIE, 2 2D
TV A ONFTICEE YT DA REMENE W NZH LT D & & BT, BHHm» S S
LR BERENET 2R MANRMLETH D,



ikIﬁkiU%@ﬁ%@ﬁ BIFA3FHTRI7T5OREE
ShavRITEBEOCA 2723554~ DNA IZX5H#

il o o=

EEEESE e
(—W) BAREEMIICHT, B, AAR

=E

613 ®I hav B U T HEEEAS] (mtDNA) B X 16 JEN.O~A 7 a5 F 4 k
DNA (msDNA) @311 &7 Z2HWT, KRR L O OrBERic ks i 5 0 A
7 VT DOREREGE E R LT, OIS, EEOMBAY L SRS E, i —h—
ZHWT, RBOGENT (T2 LB EOREE, Fsr OB I OBREERTE) %
%mb\%®%%ﬁgﬁé\&®50@ﬁ WY TV E Bl L C LA O fENT & SEHE L

= BARME (SOJ) . AL KSEFEVEER+ A AR —Y 7 iR E (WNP) ., X— U > 7 (BRS) .
%k$¢ﬁ%@A+77xw%(m@)kiotk$¢ﬁ%wm(ommo:@E%
2. [ CHEEHRIT 2 HEEM L=, mtDNA N7 1% A FRORMFEREHEET D
T, NTaBATORy NI —TEEKR LT, Y VDEBRN 7 V— b x21T
Fok it Lm%L%@dﬁétw msDNA 7 — & % HWCZE k53 08T (sSPCA) %5
L7z, AERKFEHERKICE T 2BENREEZMRET 5720, 2 DOBENKE &
(SPCA THE BN % PCl B L mtDNA N7 11 % A FEEENE) D ESREERRIT S, 3 5D
& (WNP, ENP 53X TN C-ENP) #HWTHEM Lz, N7 uXAFLEMNT. Lol
(0.942~0.964) X v ¥ SOJ (0.885) R LN C-ENP (0.917) THK< . msDNA O~T 12
BEAEOWIEE (SOJ T 0.74. C-ENP T 0.61. & T 0.75~0.76) 1T b FRIEED SN F —
VRO SN, BEMRIE TIL. SOJ & C-ENP OB DB LN B~ — 7 — T
S, Pe< & mtDNA 122V TiE, WNP, ENP. BRS I TE SR 550D b
77 mtDNA O FsrHEEME S, WEXME (C-ENP F 7213 SOJ & & et &2 <) DO{LE
(0.0037~0.0149) FEEx THDZ ENRBEINTZ, "TaX A TDORy NT—T KT
X, ﬂﬁwnﬂmA%ﬁk%m@@Ek@%LiE@Bmﬁﬂot# —EDONT R
A 71X C-ENP IZEBEE T, £7721% C-ENP OLTHED bz, ZHHDFEERNS ., D
<k%$ﬂki0cm@ X, TNENIRR D RBENGFET D AREMERE LV, S HIZ
smAmiéﬁﬁﬁ20@7?x&~%%0ﬁ6%%%%b\~ﬁ®7§x&~M£K
HORE 175°LATE DAL R B LA F—Y Z7HIZ, $ 9 ﬁ@&?x& TEITHAR 175°
PR OAEK TR LW —U > FYURC A LTz, 2 OfERITE %%Mﬁ(iﬁb
B, 2 DOBEHETES LA TE & AR K FEO R CEL &2 /R LTfi#fT) 12X ->ThH
FRENT, LT, A RIOBEFIIIT ClX, AEMSRT Y TIZLLTD 3 DOREEN
TFETDHZENHLNITR -7 0 (1) B 175°LI DAL KO R —Y 7§ T
AT A TWNP] REE, (2) B 175°LAR DAL R EER L ON—Y » ZHFIZ EIT
fid % TENP) %#E, (3) AAUWFIZHAMT S [SOJ) RbE, 2T AMWIIHMATHZ L
DENDIVTW D HIECREE (Bérubé B, 2002) # &5 &, AEREHER L OF O Uik
WU, 4 REED T H A T 030403 2 AIREMES BV, sPCA (2 L DM TlL, TWNP)J
FEEE TENP) SREED ALK ELEDORR 2 7k s 38 T a2 Bl S CZEMICIRTEL C
WD ZEHLREIN, ZOZ LIL, Fsr HEEE A BB bREEZ R LI & &
JE Lotz



N —THEINTZI V7 7750 DNA R

Kevin A. Glover
WELEMEIERT, A7y, v = —

®E

EEHEE S (IWC) NEWRNRETT Y T AE2RELLEE, /vy =—%
1988~1993 i 7 7 U7 O Z miiciEIL Lz, /vy o —THigEIn.
V7 7 V7 @ DNA $k (Norwegian Minke Whale DNA register : NMDR) (& 1997 4F
DPGENEEREE., B2 < LTI S47-, NMDR RN LIE, /b0 = — T X
NETRTOI L7 7T 085 DNA U 7PANEESNTEY . BIE, DNA &k
WITACRBEFEFRER D 2 Vv D = — s CHifE S Au7c 15,000 SE55 D > 7 7 2T OER
707 7 ANVPEERINTND, BEESILTWDHDNA T 27 7 A /LiE, 10FED
~A7uYTI74 PBIOHHE~Y—DI— (TXTOH), mtDNA O i Hi i8Ik
QOISHEET), I v 77 VIEB L OMMMMEZ E2ICRE TE 22K H SNP (1
25 @ SNP) 7 —# (2016 L) T D, BEHD DNA EHTIIEMINC T T X, K
WTT A A7 K (2 FH]) THEME I, &EIZ vy = —igEFFERT (Institute
of Marine Research : IMR) T 2007 &L EMINTWD, WO CTHL T T4
VRT AR IS, EEFH T T b a— Uit TEM Sz, NMDR 1%,
VT = —IIBTAMEEOENEH S 2T L LTHEASNATEBY ., EETIE, /
N == b BARSOERA R OFRGESRIE & L TR SN TWD, DNA o7 uid
B CHRILS N D, BIEEZE L TO AN 20 2 Th 2 CIRNEEN LV Z
< O HRE L Ty, BEERITREBICHED LT 5), DNA BEkiT e
ENTEEOAEMRFHUT — % LSIT 5N TEY ., U7 7 VT Ol OFIEic,
SRR O e WS AL L TV D, NMDR 8 L7eifZeicid, EHEERE
(X2 o OEMBLEHEEO XKW OB, Z7va 7 727 ok~
OlallE (FERHEE R L OGE 2 R & 20BN & ORMEOFLERZ FTe)  HIARAAY
CHEMMEREZ [FE C& 22WH SNP OFEIE, il CA UREL & T 580
=V F T U AOEBRITEIOBR R ERHDH, TNLOMEEE LD 8 O
TR SCNFEFR S I TN D, B. acutorostrata acutorostrata (ALKVEFEI 7 7P T) @
77 LS IMR TR S =3, REETHD, IMRIL, £ OET ) LADY v—7r
VAT =S (T T—H) LEFLTVDER, REETHD, ZNHOT—HXIL,
BMROI L7 70T (TRTOMBIOMME) Z#FETE 528 SNP Z[FE L
ToifgE (RFER) RSN, 2D OFEDE <1, BARD B ARBEFZEHT
(ICR) L OBERILFEMIELE L TEBINTEY ., IMR OMFEMZIE. b D
HFEFZED T80, BARND IMR (ZHaH Szt > 7 V&2 RfF L CT\vb, NMDR (38
b, IV 777 OMMREOIREDR R, fEEMiES L O OB, £EFE
[EREIE DRI, ITRRMENTIC K D M E O ME 1L & L CORMAT OFREIC
FEMRIIICAE ] ST 5, AERPEFEFE Ofk 4 7o ik COEMEEHEIE L RAD-seq
EIC X0 a2 LRFZETIL, 74 A F > RS NMDR B &k O fENT 2 3k L 72 RE
®D DNA Y > 7 VR, IRY Z A RKEFO R. Tiedemann Z% & A SN T\ 5, IMR TH
EEMFPOMIRIT, EFEo2y /) AESIT—2 =, 2R oI 7 7T
MBLOHEMEM TOY ) LOERORIERETHD,



WA ZAN—Ty PR DBk : B AEEEMIEFTIZEBIT D SNP
Vx ) ZA T FRHEOEBE

Katrin Kiemel

(—) BARBERIZERT, HO, AR
BE

WAL — oV T DORFIC L 5 TS AV —Ty N7 ) I 7 ZADRRRIER L THH
20 FELLEARGE L-, U, ZOFINMIR LN EOMIEHEICL > TERASNZICTE
Mol BRAMENEHICM E LIRS, BIETIE, BFRER TR S LBl &
7o TWD, HARBHEAERT (ICR) TOMTITIHAIE, ~Af27uHh 774 b, I b= R
T BT OREIER S EOMNRO~— I — IR L TV B, EFECHENTIC— LR
(SNP) % FHWT=HFEE DA i T MO —1R % 7= ¥ > T Y, ICR THLZDFEEZEA
THRDNMEMENZX D IZ/ > TS, ICR (X, AZ U H—F « XA 4 — )L XAt
(SB tt) v AT A (F72bb, JUNO BLW EP1 2 LizAA ANV—T v hPx ) H
AET) F 2019 ENLHEAELTEY, 2024 £ TICZOFREEZZRICHITHZ %A
LTS, Bx 0BT, EEHERA, TEBEFROFTMmES XL OER~OHIVIEVIZHNS
SNP RANVEFELTHZ EThHD, ZTORNDOTD, ERETREINZV T TR T
314 BH® ddRAD 7 —# ZFIA L. SNP MRIHAD NSNS FA v T ~T 4 T AT T4 U %
ME LT, 201 T Z74 020, O'Leary 5 (2018) OHBFIZHLEFET 4 L H D v T A
Ty T WNHBAENTND, T4 NE ) T RT T H%IZFE -T2 12,131 @ SNP B LT 237
SEDOERIC IS & | EHEEANT (admixture fEPT. PCA., DAPC, sPCA, EHIMFIELR L)
BFEME LT, 0%, MEREEEROBRIMEIZ I L 7= admixture T OFER, 3207 T 2 & —
DR Z I, IED 60%EBN NI 1 DD T AX—IZEVIRLNT-, T b OEEZE R
W, EMRIER SRV EER L=, Wright D Fsr % FIO TRBHSEZHEE L, FerlEA ik
HEY SNP DL ZBIR LTz, & KREE (> REE. FIREE. FARERERES., db AR,
AEREEETEER) O aF HAT T CTERIEMMER R K& -o72 48 @ SNP (FsrfH :
031~043) ZFEIRL7Z, EBIT, K&EL 22170 —7 (AEKFEEETE 4 A0SR
TS+ mERPE vs. B ARTEERTE A+ o REE) B CRBBRIMEDR b KE Do 725D 48 @ SNP
(FsrfiE : 0.39~0.46) HEIR L7z, [FIRFIC, JTEMT - BEFEBIH SRV EER LT, 20
RFIE, 96 D SNP  (Wright D Fsr 230 T~7 BEEAFENR0.5) 22 H7ed, Zi4LH D SNPIL,
Ui BAR DR 72 M EIZFIH CTE AIEHRE CTEDRVEATTI2HMTERIR L, 96
® SNP B LN 237 BHOMEKRZ %5 L LT, FIA ZREMET (admixture fi#dT. PCA B L
DAPCIZ X %) TSNP SRRV OMBIREZ G Lz, S HIT, 297 BAOfEEZ xS & LT, i
BT KO EEEROREEZFE LT, RT7A4 TR TONRRIALDNY) F—ra b, KK
HECHEINTZ IS YT (FREE: n=27. 4> R n=15, FAFEHERE : n=15, 1t
PEAEPE :n =18, dLHKEEE :n=20) ZHANVTC, SBHEOVATAIZLDZ Y2y hTRT
O 2 £ L7, A L7570 DNA &3 3.84~348.33 ng/uL T > 7=, EMBEILfE
RS2 & W PR 2 T, MEEOERICBIT S 91 DSNPOY = ) X AT
WP LT, — . EBIR OBB 2T /S 2 LV Tlik, 93 BEHOMEKIZIS 1T D 76 D SNP
DYz ) FAE TR LTz, SNPHRHAD ddRAD /XA 7 F A4 >, SNP /SR /VLTHA
BLO SB thv 27 DT L BT OT — X AUH L, B OLORETH D WO b
TE, BIMOEEAMITIZEAERELRY, ZHITED ., ICR T A A—T» MR
EMBICRBAT L, REGEG, EMBEEMST, EEEEOKR NI L ONE&ZBEROFAMIC SNP
EABFIH LTI,



BERBEOEBIRIIIFTIEIZIITID “5o1F”

R IL{fEEE ', Katrin Kiemel?
U (—) BARGUENTZCHT, K, BA
2 (—) BARGUEMT. R, HA

EE

R I VIV UTIEREEEROBEBEMICOM L TWD, IEFEOIEBEFEN AT
X IR OB b mAREE OB (B FlE) & O EFEINICEET S 2
ERH LN TS (Mackay &, 2020), LU, EBEHGIIEZ L OBEA. e
WZH, BET 7 ®ATHZENEREHELNZ G, KREELZ R BITED R
MR TOBMRHBERITIEE A EELN TR, ABFZE T, BIMEE DS (1>
R, BAR 80°~135°, LIF [/ A4 —> AU —a—X k| LIFER), OO
PR, BEXOA—A T U 7TEASOEBEEGICB TSI I8 7 VT DHIE
DOEMEEZ AT 2720, RO 3 >OF—Z¥y bEFEHALE: (1) 2 har R
U7 (mtDNA) FHEIfEEALS] (n=177). (2) ddRAD-seq!Z &V Hufs L7 —Hid £ m
(SNP) #Efx17% (32,903 SNP, n=104), (3) ~A 7 ua¥ 771 h#EaH (14
JERL, n=169), a7 — & 1%, FEMMERIEERZA (JARPA/JARPAIL) . #7rgfifE
BRI A S E (NEWREP-A) 38 XY IWC O ER A 10 » 438 FE KEE
fE¥EARE RA (IDCR/SOWER) 7’1 7T A TEE SN NA A7 2 — ARG
57z, mtDNA f#EHTIZ- OV TiE, Carroll 5 (2011, 2015, 2020 4%) 2MEMT L 72/AF
T—4% (n=685 HAEH L7-, mtDNA fi#T Cix, BEESG E B (7700, T
YoFo, W77 I h, A—ARNTUTHEHAEAT, A—ANZVTHER, =o—
—Z v R) OcoONTa2 A THEDEE, X7 UA XEEHRE (Fst) 2 HWT
M L72, mtDNA 71 & A T ORGM 2 FEE LTz, SNPfi#fre LT, X7 UA
ARG K 0 R To NI vV EREEIZ 3D < neighbor-net i#ATIC L 0 . BEHLENEB L O
EEHEREI TR 0 DIRENH LN DG ES Lz, SNP 5 —4% D PCA BL O
ADMIXTURE f#fr &2 Efid 5 & & biz, v~ 7 a¥T 74 MENT TIX. SBeRICHE
ENFBHILD AREME 2 MET L 72, neighbor-net AT CiX. A > FRELEEMFP LUK
PEER L HEE SN D 2 SO DOBIGHIEM OIFEIEN R S H, 2 D DOEMM O EE T E)
NERERITH D Z L DRBRENT-, mtDNA DIEZRHI 2R R IEAMAT TlL, BHHE~
DIBFEMIZ L - T, A > RREHERE & R FEERHE O OBERE b 231 A 72 18 fE
NHDHEWIRDNXEINT, BxDO~A 70V T4 MEWT—Z051E. 4
HCEROMEZEITFRD B v > 72, SNP D PCA 3 X UV ADMIXTURE f## Clk, 7 A —
VAV —a—ARMBLNA—A T U THEEHSOBEES X, 1 FREFERS LUK
SEEENLOEEO B TH D Z LR Eniz, 74— AU —a—x hDOEEEE
TlX, TOXEIRBEEMNRLLND DD, O mDNANT 1 X A THFE LK
W DBEIHEM L RO TEEL L T\, BLEDRERE . REFEOBEIES IZHB W T
mtDNA 7' v % A4 TRZFIEHDO LT EZERIE L TWD Z L2085 & bk
TRILEEM DS A v RRELEEM~O DR H-T- 2 IR I N, £, 2
FTIEIIVZVTIIEFMTHDLZ NG, 74— A —a—A h~DOEBEERFIC
Lo TREMTHEBMNEL., TOMEBE L LT, BHRICHONREHNAE LD Z &
PR E L CIEBT 5,



rwu Iy 7 Y7 OERMBIRFERIGE

Luis A. Pastene. 14 &HER
(—/) BAREEIEAMZERT, AL, AR

BE

A AR A S A (JARPA 35 OV JARPAID (2 & 0 Bk DA > B AR CHREE S iz
BRI ickEoS&, 7aI s YT OEMNIEOBBTFIMRAT 253 L7-, JARPA
TREINTT TV OTRERIE, BEMEEZESOR%EZAS IWC SC) 12X 5
JARPA L' Bz —2 A THELLE, £HMEEIX. T b2 FU 7 DNA (mtDNA) O
Restriction Fragment Length Polymorphism (il [RE#Z W fr B £ : RFLP, 6 FEFE Ol [RE#E)
BLEO~A27a%7 74~ DNA (msDNA) (6 (7)) ZHWTHRF L, EHLEH T
m‘wmmﬁﬁﬁmmwE@ﬁ#ﬁ@ﬁéﬁﬁﬁbt%@?%éommm%;@mmmn@
BN TH D, BEICLVSBEENT 6 >OWX (G I KAM [HHEE 35°~70°]. % IV
EE@[%%mwmw]Mﬁki@%M\%WBﬁM[%ﬁmm~mﬂ\%vaﬁm
(B 130°~165°], %5 V XM [HRE 165°~Pa#% 170°] [bflds L O] 36 L OV VI X
TEAA [P 170°~145°]) /@& LT, o7& @RI L7, mtDNA B XL T msDNA fi#tric
ERA L=V v 7 VEiE, EnE 6,256 BERB LW 6260 BHCTH 72, WITIDF ) AT T
HIBGHIZEMEN T <. mDNA BT Tl T a ¥ A4 TEHEER 0.856~0.891 TH Y |
msDNA i Tlik, &% v P O~T oS EOMAEEHMN 0807 THh o7, &KL LT,
WO~ —F—ZEIHERLFERECTCHY , BTz %m&LhmﬁT$Wk%w:&
ﬁ%éhtow¢ﬂ®Lmv H—OEHTTH, MEMICR bEWERM 5 I XEM, FH
IV E, 8 VKEM, B VIXEHR) TEENY mﬁmbgﬂto_®#% . JARPA Fi#&
WIC D72 &b 2 DORBERD ﬁ#é&woﬁﬁ&rﬁbﬁmotoui®#%
mmmnf&%éhtﬁ/7w@mﬁﬁ% ioT%HT%M\NmSC&iéJM@MIV
B —2 A THFE L, JARPAII THE SNV 7 /D0 Tk, mtDNA FREEIKEL ]
(Bsm)kioqum%E®nmmA%%wT%le%ﬁ%@%btommmnfm\
2005/06~2010/11 AEDF FLERO EFRICHOY o FANREINT-, [ FEEIZ 22— 1Z
WL 35°~130°DHHE TH Y . [RKFEER 7 #— ) 1THFE 165°~PEfE 145° D CTH -7,
A2 REERY X —BLOKEEE 7 ¥ —TELNTZ mtDNA/MmsDNA DY > 7 V%, £
Zh 1,210/1,372 B LY 795/882 HHTH » 7=, BEMIZHEMIL, WTho~—T—TbHE
.20 A —TRIBEThH-T-, IATYTFHANDL, WTIOEZ Z—IZBNTH
H—OHEMNEHRIRRBIZH D Z LITTRB SN2 o Te, BREMREDORR, 2 >Ok® 7 #—
ORNZKEZ 72 BBEHERNRO i, MO R FEEE s X —L A v RiER I X —IZR 2 D
%lﬂéﬁfé & DIRIE Z 72, msDNA FEHTCIx, MLV LD ﬁ#ﬂmw:& ES
HHRREDORFELEENNH D T & BRI, Hardy-Weinberg i & OF B 7o il 2373
w%n FEEH N O — RO HBEAOFEIE T 2 DOERPBNRIET 5 2 L AR E e, gD
A2 RER 7 X —B XK 7 ¥ — OB CliE Sz 2 D OEMIZ, £
4/%¢kioﬁxI¢E%®rWén5¥ﬁ@ﬁ TS EEZ DN, B OIEE
BIFH2EMOSEEL, FEHE~OHEHEO RS LA %7 2 OEEIZ X - CTHIAN
o<k%z%néommwmmml W2 < A T H D W M e O R R I A
(NEWREP-A) 35 X O O r g i 30 & A & (JASS-A) TERESINT-HFiEoH 7
v, O NCH T felfn~—H— (] . —HEELR [SNP]) ICES%x, /eI s rvs
DOEMMEEIZRET 2 & 672 5 BEF T 2 BIE R Th 5,



FXRICBIT DY Y7 U7 ORFBIRFHIFIF

% EMESE . Luis A. Pastene
(—) BARGUATTZEET, B, BA

=E

FARE DA B 1 D B R BE DS B L ONRAE A BT 57120, FafRiEE
%%ﬁ(mwymwmnkiol%%ﬁﬁﬁ10wﬁﬁﬁ/$k%ﬁﬁ$%%%ﬁ
(IDCR/SOWER) OFfAF g CERESI =Y h v 7 VT STSEOER TV T,
72 B ONCRAREER KO A ¥ REOREEHR CRES NI F U7 T T 1,057 D
B FH o VAT UTo, R CRE S 1,057 BHOY T o —r =
27 =21k, BEMEEZERS (IWC) OF =27 7 Ax 70 hajl ko C#Rik&Enz,
AR OB 7 E, A=A 707 =185 . HA—A+Z7 V7T (=
Fo. BA=T) (n=104) . =2—H L RF=F7 (n=243) . bH (n =240) .
7w VR (n=56) KON7 T AGERY X7 (n=62) OHLOTHY, & LTS
I T REARBREIC L o> TR LN, % U728 I L OVERRESR 2 B bR S Tz,
PR DB O 7 ik, B UTREM m=106), HIVIXK (n=231) . HEVEX
=171) BXOEVIXK (n =67) ODLOTHY | NA LT EAREDOIRZ L > T
bz, WThoTF—% %y OBV 20T, mtDNA 7S fE sk o i e
WOy B AT U=y B L7720 U VI DR L. BT DA IRV
DOEFNORHEMER Uiz, BT —X&y bOEONTZEINOT T4 A2 F&EITV, 137
DNTaBZA TGRS 1 DOF =%ty e L, IWC OFFZEHE (IWC SC) T
WERIZEE SN D, EB X F RO REEEICET ARG E S S, MMmIEICS T
BT RRED AT L ONEA 2 MEtT 2720, 3 FEOMT (Fst OfiFAT, EA*%;U
BAEBEOE) 23 Lz, 2fE LT, ERITMBEOBREFELRN-T2, 6 &
BEGGROO T C, 45 I IZE%EJH:%‘U DEEDRERbENSTREHIEA—X N Z U T (D)
REETHoT-, Ll DFERIT Fer T & —B Ligdnodz, A > FEETEES L
F-_R— 25 A /4}/7/1/%@%}? ZEHIIE, B I X EAT %%%’LT_F%%:J: D IEREIZ
RN TE D[R S D, 5 IV XM L O IV KEMANCB T 2 EE 08K @ o 7”_
REIVEA—A R T UTREETH Y, ZOFRERIL Fer fiflT & ﬁzbto OV XPEHIC
ﬁé%%ﬁ%%%#ok%ﬁﬁﬁﬁ*XFﬁU?(m)%ﬁT%D\:@%%ﬁﬁﬁ%
Mr&—# Lz, BEVERMZBT2EERRLEPSTZREHIZ=2—P L F=7 (E2)
REEThHoT-, UL, ZOMEE Faffir & —S L7aho7z, 5 VIXKIZET 2EE60
BLEMDOTRBEI M (B3) REETHY ., ZORRIX FafBire—& L7, 7 v 7
#E Fl) BLXOTZ I U2EBRY 2T (F2) ZREEOMEKIL. MG WF O E
WTHROLNT, B VI RIZ (7 v Z7HEREOREEN) VEROONZICTE o7,
ZORERIT Fsr @i & — & L71=, 5% OBEFOMRITICIE. RTEOHIET a7 T A
(f5] - 7P MRV A B P A 2l [NEWREP-A] 35 KX O Ry fis 5 & A [JASS-
Al ) THONIEANA LT T =V TN EEDLMERD D, o, BEOTHE TIIE
L AN o AR D bR G ERE G L VERN D S, O A —
A RZU7 (D) FHEBIOHEA—ANTZUT (B) REEOEEEH TR L OB EH
X ZAVE T, IWC BFHXIL IV & VOBEFICESEMRIN TE RN, ZOMRIZIE
RO B L ONREIICE T 2 REEHT 2 LERH D,



KEBHHEDOERS ) IV R : RAXIANA, JVTBLVH
VR0 RYSY - 15 gV ebs137)

Ralph Tiedemann
Y B DR A FIRE, KA

HE

ARFEFH IR, KEWIVEICBE T 284 OKRFOF 7 27 AEOMEEZHHT D, AEHON
TIZE, VI 7 VAT ) DO, 27 ) 2 v—r 7 ddRAD i, SNP Ik B~
Ve ) BA T L BHETAINAS A T AT 4 T ARSI EEND, FxlE, RAXIA
NIDV T 7 L AT ) AEEM LKL, &5, LREERS L OE OFBER OB,
ddRAD ERB L OEY ) AU = OB ERW-E 2 A, AEREEICDEITERK S
NTELT, KEEZPLE T HMEEEICEREIC X 2 8B FRBOFIEIH 2 L0 EHE SN
7o L2L., ZU—2T 0 RIEEERE L OV M CTIRBEEOERRD v, £ s L
FEMOTFEEZKMRT 5D LHESND, FAIA NI OYEME EIZ SNP #7ay hLEE
Z A, dbRVEEE AR L OV M Tislands of differentiation (fl o> #ilek, /W & bbb~ T
VBRHY b A R s W) | BHERE S AL, FREOBB TE TERPE X TV Z E DR
SNTz, ZTOBRIT, L MENOEREMENZ S IZBIET B AlREENE VY, For ik, AN
JV Mg (Baltic proper : #/L M) O FETIC R 2R L7z, 2 OLHIT @A 70
<, BEMSEENMR, &7 L7 =2 biEOEMEEE T LR, JLREETIX
HEM YR, 7V MEFRRETIXEM ORISR bz, Fhx OFFEREICE S &, EEIR
EEENSRESNIEAD A = ) XA U T IHEDH D SNP SRV EETH 2 LR
T&T, AU UTIEo0T, ERPEHERE (=77 R, V) BXORBE CTHE S
THEARDET ) AT —=F 2R Lz, 2L F =X I3 LT, B (=77 FL) LiEEE
5 (FU ., M) OMOBEMOBMREZEMITE LD THo 2, THPETIZ LU, ~ 8
T U CHRE SN EARIT TR L D LEBNELENFE W E B LN D, s ER S/
7 ZENEABREER T TH D, I 277 PF IOV TIE, ddRAD & AW TRESE L7 7- 72
SNPF—X(2k 0, dLRKWEPET 3 DDOBIBHIZ T AF —RHERENTNDS, WTNDT T AH—
HALKRTELETIIEL TV AR, T OFEEESICITHBEA R ERARRO 5N 5, x DF—# %,
HBIEOZRREG (FH, PREBIOHEHORE) & —8T 5, £z, HrOT—FZ 0%
DRAFEPELN, TOFHRIT (EREFHEZESICET ) BREHICBW T, REHEEICH
THUIab—Ta BN THIENTED, 2720, Fox BEN L 7= AL K V6B O At
WEREM R LD THD I LICEENVLETH D, B STHRITICEEN TV D0 D OFEAR
X 1HOERORTH D, LLEE. V7 =—0W o PR AEZ T, b REPER O R
Bt Z S DI T 272002 DT XA 7T 4 BT DN TERE, BaidznZ
CICESEH L T D, TexO—F3 7 H U U VT A7 AR, D TSR
HERHOSLDOTHD, FAYTIE, BU T VIFEHEROME AR £ TIBVIAENLTWE2S, B
ETIIEAEENREEL>oH D, ZOZEITRETELIHMEINTWD 0D, BYU T Tk
FEBEICERZBEL G- TEENND D, EAMFOMEMEICE T AV Y VEEOR
R — BT S0, BAETHRE LZEY L TVCESE | BEEER T A A
D% SNP NRANEWE LT, VU T VONEMEN TS5 T, Fox ORE=IIR
BIZENHLOTHY , BEEZIT &AM OBBMIRICB T 507 v @ EOITEIE % Ret
L, IO BMAEBEHRET 2L TED, r DRI A VD EEEMIEIX, Christophe
Pampoulie (R AXIAVH, JEKRVEFEI 2 72 F) | Maria Quintela Sanchez (R XAV H) |
Kevin Glover (AL XPEPEI 7 72 F) B IO Luis Pastene (R AERERTOY b7 oF) L
STH L DNR— P =L D’FFRICE DD TH D, WYX LAKRFE AW FIIEETIE,
Enrique Celemin Amaro (RAIANVA, ¥ U7 PF) | AnjaBmst (327 27V7) BIW
Maxi Tomowski (7 7 YV) N2 ORI > T\ 5,
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UTIORTAROILFRIET —~ 2, SIEICE > TSz,

1. BTV oI/ T—20RERIVOER

TAAZ YR, /T =2—BLOHARIR, Hx R RETORFICDIZSHATRE SR
BB TV BT T =2ty FERA LTS, TRHDOT—Z v T,
Hex R OMML LS EBEL~Y— =20 GoN T —2REENTWD, £z, 85
TT—2&, TOERITET DA X T =2 2 RHOT DLERH D,

T4ty hORS  FEITEREIC L > TR D, BIMA A=, FrINVBLUT —
Z ORAF  HEUZA BT 5 IECOWTONE# & 2t 5720 A E OBRE 23 IR
RRBEMSZILETAELL,

2. ERFED=FY I VTRBIVA UL T VT DU
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6. Whole Genome Sequencing (WGS) in dwarf minke whales from Brazil

Phylogenetic relationship and taxonomy in minke whales from different oceanic basins have
been studied using mtDNA and microsatellite DNA. Also, a previous study used WGS to search
for informative SNPs to detect minke whale hybrids. WGS data are available for 13 individual
dwarf minke whales in addition to approximately 40 North Pacific, 40 North Atlantic and
40Antarctic minke whales. A number of Brazilian dwarf minke whale DNA samples are
available at the ICR. Members agreed that these DNA samples should be examined for DNA
quality and subsequently sequenced in a collaborative study between Japanese and Norwegian
scientists, with the overall aim of producing a joint scientific paper.

7. Further SNPs analyses in blue whales worldwide including North Atlantic data

The ICR study of blue whale SNPs does not cover samples from the North Atlantic. The group
agreed to consider the possibility to add genetic samples of the North Atlantic blue whale
available in Iceland to the study. Applicable CITES regulations for the transportation of
samples from one country to another will be followed.

8. Genetic markers for national DNA registry

At least for the next three- to five years, Iceland, Japan, and Norway will continue using
mtDNA and microsatellite DNA as the genetic markers of their DNA registries. Norway does
not analyse mtDNA anymore but used diagnostic SNPs for identification of hybrids and non-
Atlantic minke whales. Norway plans in the future to convert the entire Norwegian register
over the SNPs. Japan also has a plan to add SNPs data. It was clarified that in such case Japan
will continue using both SNPs and microsatellite DNA.

9. Further statistical analyses on stock structure in the Antarctic minke whale

Further statistical analyses based on PCA were suggested for the Antarctic minke whale
microsatellite DNA data. The group agreed that new analyses based on this approach be
conducted in collaboration between German and Japanese scientists.

10. Study on local adaptation in Southern Hemisphere humpback whales by using
Whole Genome Sequencing

The group agreed that eastern South Pacific and eastern Indian Ocean humpback whales should
be investigated by WGS to investigate local adaptation of each population, which are under
different environmental stress. The study will be carried out in collaboration among Chilean,
German, and Japanese scientists.



The following topics for future research collaborations were identified by the participants:

1. Genetic sample/data storage and management

Iceland, Japan, and Norway have large genetic samples and genetic data sets from many years
of surveys in different oceanic basins. Different kinds of tissues and data from different genetic
markers are included in those data sets. In addition, there is the need to connect efficiently
between the genetic data and the meta-data from which the information was obtained.

The different countries have been working with different methods for storing and managing
the data sets. Members agreed to have regular meetings among relevant people in each country
to exchange information on the methods being used to store and manage samples and data.

2. Kinship analyses in North Pacific Bryde’s and sei whales

The members agreed that further kinship analyses on North Pacific sei and Bryde’s whales
should be conducted based on the Tiedemann et al.’s method and the genetic and biological
data available at the ICR. The collaboration will involve primarily German and Japanese
scientists.

3. Kinship analyses in blue whales

SNP data became available for Antarctic Ocean, Indian Ocean, eastern South Pacific and North Pacific
blue whales. Members agreed that such data should be used for studies on kinship in this species in the
Southern Hemisphere and the North Pacific, in collaborative effort between German and Japanese
scientists.

4. Abundance estimates in southern right whales based on kinship data

Microsatellite DNA data have been used to investigate kinship relationship in southern right
whales using Skaug’s method. In the next step kinship data will be used for abundance
estimates of this species in a collaborative study between Norwegian and Japanese scientists.

5. Exploring the possibility of fin-blue whale hybrids in the North Pacific and
South Hemisphere

Several cases of blue-fin whale hybrids individuals have been reported for the North Atlantic.
Members agreed that the possibility of blue-fin whales hybrids in the North Pacific and
Southern Hemisphere should be investigated using SNPs data for blue (data available) and fin
(ddRAD data available; suitable SNPs need to be retrieved) whales in a collaborative study
between German, Icelandic, and Japanese scientists.



SUMMARY OF THE OPEN DISCUSSION ON TOPICS FOR
FUTURE RESEARCH COLLABORATIONS



Population genomics of aquatic mammals: lessons from
porpoises, whales, and otters

Ralph Tiedemann
Evolutionary Biology/Syst. Zoology, University of Potsdam, Germany

Abstract

In this lecture, I will provide an overview of our latest genomic research on aquatic mammals,
encompassing erection of reference genomes, whole genome resequencing, ddRAD techniques,
SNP mass genotyping, and associated bioinformatics analysis. For the harbour porpoise, we
produced a reference genome. Further, we applied both ddRAD and whole genome
resequencing in the North Atlantic (NA) and adjacent waters, enabling us to infer a trans-
atlantic isolation by distance pattern without distinct populations across the North Atlantic.
There are however differentiations in the North West of Greenland as well as in the Baltic Sea,
putatively reflecting locally adapted populations. Plotting SNPs onto porpoises ‘s chromosomes
identifies ‘islands of differentiation‘ among North Atlantic/North Sea and the Baltic region,
pointing towards selection at particular loci, most probably related to decreased salinity within
the Baltic Sea. We identified a separate population in the eastern part of the Baltic Sea (‘Baltic
proper*). This population is small in number and genetically depauperated. Whole genome data
enable inference of past demography, which indicated population expansion in the North
Atlantic, but contraction in the Baltic proper. Our findings enabled erection of an informative
SNP panel for mass genotyping of stranded/bycaught specimens. For the humpback whale, we
have produced whole genomes for specimens of the eastern South Pacific (Ecuador, Chile) and
Antarctica. These data generally support known connections between breeding grounds
(Ecuador) and feeding grounds (Chile, Antarctica), however, specimens from Magellan Strait
appear genetically more similar than expected, according to preliminary analyses. Further
population genomics analysis are under way. For the common minke whale, novel SNP data
erected with ddRAD identify three genetic clusters in the North Atlantic, all of which co-occur
across the North Atlantic, however, in geographically different proportions. Our data are in
agreement with some current stock hypothesis (western, central, and eastern stock) and provide
mixing proportions which could inform simulations on stock structure in a management context
(i.e., at the International Whaling Commission). One caveat is still our restricted analysis of
the eastern North Atlantic: so far, only a single specimen from the North Sea has been included,
but we highly appreciate having recently received Norwegian samples to be added to our
analytical pipeline to further clarify stock structure throughout the entire North Atlantic. Our
genomic work on Eurasian otter has a very applied perspective: after otters had been driven
almost to extinction in Germany, populations are currently recovering. This is generally
appreciated, however, otters can cause considerable damage in land-locked aquaculture. To
understand movement patterns of individual otters relative to fish farms, we have developed
an informative SNP panel for genetic mark recapture, based on faeces samples collected in the
wild. Despite of low sample quality, our success rate is reasonably high and enables
characterization of individual otters‘ home ranges and an estimation of local population sizes,
relative to affected fish farms. Our porpoise/whale research constitutes collaborations with
many partners, among them Christophe Pampoulie (harbour porpoise, NA minke whale), Maria
Quintela Sanchez (harbour porpoise), Kevin Glover (NA minke whale), and Luis Pastene
(eastern South Pacific humpback whale). Within the Unit for Evolutionary Biology at the
University of Potsdam, this is the work of Enrique Celemin Amaro (porpoises, humpack whale),
Anja Ernst (minke whale), and Maxi Tomowski (otters).



Population genetics study of southern humpback whales

Mutsuo Goto and Luis A. Pastene
Institute of Cetacean Research, Tokyo, Japan

Abstract

Genetic samples from 575 humpback whales obtained in the Antarctic during surveys of the
Japanese Whale Research Program under Special Permit in the Antarctic (JARPA/JARPA II)
and International Decade for Cetacean Research/Southern Ocean Whale and Ecosystem
Research (IDCR/SOWER), and from 1,057 whales from low latitude localities of the South
Pacific and eastern Indian Ocean were analyzed to describe the distribution and mixing of
breeding stocks in the Antarctic feeding grounds. Sequence data from the 1,057 samples from
low latitude areas were obtained through the data access protocol of the International Whaling
Commission (IWC). Genetic samples from low latitude localities were obtained mainly by
biopsy sampling but also from sloughed skin and stranded whales: Western Australia (WA, n
= 185), Eastern Australia (Eden, Tasmania) (EA, n = 104), New Caledonia (NC, n = 243),
Tonga (TG, n = 240), Cook Islands (CI, n = 56) and French Polynesia (FP, n = 62). In the
Antarctic feeding grounds, samples were obtained only by biopsy sampling: Areas IIIE (n =
106), IV (n = 231), V (n = 171) and VI (n = 67). Genetic samples of both data sets were
examined for approximately the first half of the mtDNA control region. Duplicated samples
were excluded from the analysis. In the case of mother/calf pairs only one sequence was used.
Sequences from both data sets were aligned to produce a single data set comprising 137
haplotypes. Three kinds of analyses were conducted to examine the distribution and mixing of
breeding stocks in the Antarctic under hypotheses on stock structure agreed by the IWC
Scientific Committee (IWC SC) previously for Stock D, E and F: analysis of Fsr, mixing
proportion and maximum likelihood comparison. In general results were consistent with the
geography. Under the six-stock hypothesis, the largest proportion in Area IIIE was of the WA
(D) stock. However, this result was not consistent with the Fst analysis. A better interpretation
of the results in Area ITIIE would be possible if the analysis includes baseline samples from the
western Indian Ocean. The largest proportion in Areas IVW and IVE was of the WA stock,
and this was consistent with the Fsr analysis. The largest proportion in Area VW was of the
EA (E1) stock, and this result was consistent with the Fst analysis. The largest proportion in
Area VE was of the NC (E2) stock. However, this result was not consistent with the Fsr
analysis. The stock with the largest proportion in Area VI was the TG (E3) stock, and this result
was consistent with the F'st analysis. None of the Antarctic Areas investigated was represented
by whales of the CI (F1) and FP (F2) stocks, or just with a limited representation in Area VI
(case of the CI stock). This result was consistent with the Fst analysis. Future genetic analyses
should include biopsy samples obtained during more recent research programs, e.g., former
New Whale Research Program in the Antarctic NEWREP-A) and Japanese Abundance and
Stock structure Survey (JASS-A). Also, biopsy samples should be obtained from low latitude
areas not covered by previous surveys. The information on stock distribution and areas of
mixing should be used in the interpretation of the abundance estimates and abundance trends
of the Western (D) and Eastern Australian (E) stocks in the Antarctic, which has been based so
far on the boundaries of IWC Management Areas IV and V.



Population genetics study of Antarctic minke whales

Luis A. Pastene and Mutsuo Goto
Institute of Cetacean Research, Tokyo, Japan

Abstract

Genetic analyses on population structure of Antarctic minke whale were based exclusively on
genetic samples collected by the Japanese Whale Research Program under Special Permit in
the Antarctic (JARPA and JARPAII) during surveys conducted in the Indo-Pacific sector of the
Antarctic. Results of the analyses of JARPA samples were presented to the JARPA review
workshop organized by the International Whaling Commission Scientific Committee (IWC
SC). Population structure was investigated using mitochondrial DNA (mtDNA) restriction
fragment length polymorphism (RFLP, six restriction enzymes) and microsatellite DNA
(msDNA) (six loci), and samples obtained from 1987/88 to 2004/05 austral summer seasons.
Samples were grouped into the six longitudinal strata used by JARPA surveys: IIIE (35°-70°E);
IVW (70°-100°E) (north and south); IVE (100°-130°E); VW (130°-165°E); VE (165°E-
170°W) (north and south) and VIW (170°W-145°W). The total sample sizes used in the mtDNA
and msDNA analyses were 6,256 and 6,260 animals, respectively. The level of genetic diversity
was high for both genomes: the nucleon diversity at the mtDNA ranged from 0.856 and 0.891
and the mean expected heterozygosity at the msDNA was 0.807 for the total samples. In general
results based on both markers were similar, showing substantial spatial genetic heterogeneity
among the strata. For both genetic markers whales in the most distant geographic strata (IIIE,
IV and VE, VIW, respectively) were differentiated genetically. Results were consistent with the
hypothesis of at least two stocks distributed in the JARPA research area. These results were
confirmed by those of analyses of JARPAII samples, which were presented to the IWC SC
JARPAII review workshop. This time population genetic structure was investigated using
mtDNA control region sequence (338 bp) and msDNA at 12 loci. Whale samples were obtained
during the austral summer seasons 2005/06-2010/11. The ‘Indian Sector’ comprised the area
between 35° and 130°E, while the ‘Pacific Sector’ was between 165°E and 145°W. The
mtDNA/msDNA sample sizes in the Indian and Pacific sectors were 1,210/1,372 and 795/882
animals, respectively. The level of genetic diversity was high for both genomes and was similar
for the two sectors. In both sectors, the mismatch distribution for whales did not suggest a
population at equilibrium. Results of a heterogeneity test showed significant genetic
differences between whales in the two sectors, suggesting that different populations inhabit the
Pacific and Indian sectors of the Antarctic. MsDNA analyses showed more dispersal in males
than females, and some degree of annual variation. Significant departure from Hardy—
Weinberg equilibrium suggested some geographical overlap of the populations in the feeding
grounds. The two populations identified in the Antarctic feeding areas of the Indian and Pacific
sectors could be related to the suggested breeding areas in the eastern Indian Ocean and western
South Pacific, respectively. The segregation of the populations in the Antarctic feeding grounds
could be explained by the fidelity of whales to specific areas with krill concentrations. Further
genetic analyses on population structure in the Antarctic minke whales are being conducted
based on previous as well more recent samples collected by the former New Whale Research
Program in the Antarctic (NEWREP-A) and the current Japanese Abundance and Stock
structure Surveys in the Antarctic (JASS-A), and new genetic markers, e.g., single nucleotide
polymorphism (SNPs).



Antarctic feeding grounds as migratory destination of southern
right whales from different oceans

Yukitoshi Katayama' and Katrin Kiemel®
'Institute of Cetacean Research, Taiji, Japan,
’Institute of Cetacean Research, Tokyo, Japan

Abstract

The southern right whale has a circumpolar distribution in the Southern Hemisphere. Recent
non-genetic surveys have shown their seasonal movements between breeding at lower latitudes
and feeding grounds at higher latitudes, e.g., Antarctic Ocean (Mackay et al., 2020). However,
feeding grounds are typically offshore and logistically difficult to access directly, leading to
little genetic information on contemporary foraging areas except for the Atlantic Ocean. To
understand the current population structure of southern right whales around the Antarctic
Ocean including the Indo-Pacific sector (80°-135°E; referred to as “Queen Mary Coast”), other
Antarctic sectors (referred to as “Antarctica”), and southwest Australian feeding ground, we
used three datasets: (1) mitochondrial (mtDNA) control region sequences (n = 177), (2) single
nucleotide polymorphism (SNP) genotypes generated from ddRAD-seq (32,903 SNPs, n =
104), and (3) microsatellite genotypes (14 loci, n = 169). The genetic data was generated from
specimens biopsied under the JARPA/JARPAII, NEWREP-A and IWC-IDCR/SOWER
programs. As for the mtDNA analysis, the published data (n = 685) generated by Carroll ef al.
(2011,2015, 2020) was also used. In the mtDNA analyses, differences in haplotype frequencies
between the feeding grounds and breeding grounds (Brazil, Argentina, South Africa, Southwest
Australia, Southeast Australia, New Zealand) were tested using calculated pairwise fixation
index (Fst). A phylogenetic tree among mtDNA haplotypes was reconstructed. As a SNP
analysis, a neighbor-net based on pairwise Hamming distances tests considerable admixture
within and between feeding grounds. PCA and ADMIXTURE analyses were applied to SNP
data, and a possible sex-biased dispersal was assessed in the microsatellite analysis. The
neighbor-net analysis showed two genetic populations, i.e., putative Indo-Atlantic and Pacific
populations, suggesting limited gene flow between them. Structured mtDNA phylogeny
supports the hypothesis that breeding-site fidelity facilitates historical genetic differentiation
between Indo-Atlantic and Pacific derived lineages. Sex-biased dispersal has not been shown
from our microsatellite data. The PCA and ADMIXTURE analyses of SNPs revealed that
Queen Mary Coast and southwest Australian feeding ground are migratory destinations from
Indo-Atlantic and Pacific oceans. Despite such heterogeneity in Queen Mary Coast, its
haplotype frequency of mtDNA is quite similar to ones in breeding populations in the Pacific
basin. Together with the ubiquitous haplotype frequencies of mtDNA in the Atlantic breeding
grounds regardless of its lineages, we propose that evolutionary dispersal from the Pacific
populations to the Indo-Atlantic populations occurred in the past and that feeding migration to
the Queen Mary Coast elicits the interoceanic dispersal by this long-lived species, resulting in
partly fluctuating breeding sites.



Entering the high-throughput era: Development of SNP
genotyping techniques at the Institute of Cetacean Research

Katrin Kiemel
Institute of Cetacean Research, Tokyo, Japan

Abstract

While the era of high-throughput genomics began more than two decades ago with the
development of next-generation sequencing, initially adopted by only a limited number of
scientists, it has now transitioned to full establishment in the scientific communities due to its
rapidly increasing cost-effectiveness. The increasing number of publications utilizing single
nucleotide polymorphisms (SNPs) for population genetic analysis has emphasized a strong
need for the introduction of this method at the Institute of Cetacean Research (ICR), which
currently relies on traditional markers such as microsatellites, mitochondrial genes, or the
control region for analysis. The ICR has owned a Fluidigm system (i.e., high throughput
genotyping using JUNO and EP1) since 2019 and aims to fully establish this method by 2024.
The goal is to establish SNP panels for the identification of individuals, kinship assessment and
population assignment. For this purpose, a bioinformatic pipeline utilizing ddRAD data from
314 blue whales across oceans was developed for SNP detection, incorporating different
filtering steps outlined in O'Leary et al, (2018). Population genetic analyses, including
admixture, PCA, DAPC, sPCA and summary statistics, were conducted based on 12,131 SNPs
and 237 individuals remaining after the filtering steps. Subsequently, a population
identification panel was created based on admixture results, excluding admixed individuals,
and retaining those with over 60% assignment to one of the three identified clusters. Wright's
Fst was employed to estimate genetic differentiation, and only SNPs with the highest Fst
values were selected. A total of 48 SNPs were selected to maximize differentiation between the
blue whales across oceans, i.e., Indian Ocean (IO), Southern Ocean (SO), eastern South Pacific
(ESP), eastern North Pacific (ENP), western North Pacific (WNP) with Fst ranging from 0.31-
0.43. Additionally, another 48 SNPs were selected to maximize differentiation between two
main groups (WNP, ENP, SO and ESP, 10) with Fst ranging from 0.39-0.46. Simultaneously,
a kinship and individual identification panel was designed, comprising 96 SNPs with a Wrights
Fst of 0 and heterozygosity of 0.5. This selection aimed to maximize the information available
to determine kinship status effectively. The SNP panel’s discriminatory power was evaluated
under dry laboratory conditions through admixture analyses, PCA and DAPC conducted on 96
SNPs and 237 individuals. Additionally, kinship analysis and detection of duplicated
individuals were performed on 297 individuals. Following dry lab panel validation, wet lab
testing was carried out on the Fluidigm system using 95 samples across oceans (i.e., #so = 27,
no = 15, nese = 15, nwwe = 18, new = 20), with DNA quality ranging from 3.84 -348.33 ng/uL.
Preliminary testing successfully genotyped 91 SNPs in 94 individuals in the population genetic
panel, while the kinship genetic panel achieved successful genotyping of 76 SNPs in 93
individuals. The ddRAD pipeline for SNP detection, along with the SNP panel design and post-
Fluidigm data processing, can be applied to any species of interest with minimal additional
workload. This facilitates the ICR’s transition into the high-throughput era, utilizing SNPs for
stock assessment, population genetics, duplicate individual detection, and kinship status
assessment.



The Norwegian Minke Whale DNA Register

Kevin A. Glover
Institute of Marine Research, Bergen, Norway

Abstract

Norway ceased all harvest of common minke whales in the period 1988-1993 following the
global moratorium laid down by the International Whaling Commission (IWC). In 1997,
shortly after commercial harvest was reinstated, the Norwegian Minke Whale DNA register
(NMDR) was established. From this point onwards, all capture of common minke whales in
Norway was combined with DNA sampling. As of today s date, the DNA register now contains
the genetic profiles of just under 15,000 minke whales harvested in Norwegian waters in the
NE Atlantic. The DNA profile includes 10 microsatellites and sex determining markers for all
years, mtDNA D-loop up to and including 2015, and data from ~25 fully diagnostic SNPs to
permit identification of minke whale species and inter-species hybrids from 2016 onwards.
DNA analyses for the register were first conducted in Canada, then Iceland (2 years), and
finally at the Institute of Marine Research (IMR) in Norway from 2007 onwards. All analyses
are blind-duplicated and carried out according to forensic protocols. The NMDR is used as an
internal control system for Norwegian catch, and, used to certify meat exported from Norway
to Japan in more recent years. Samples are taken by the whaling boats themselves, of which
approximately 20 now operate (a higher number of boats participated in the early years, but
this has reduced with time). The DNA register, together with biometric data from the harvested
whales, has provided globally unique opportunities to study genetic structure in minke whales.
These include the investigation of population genetic structure (or lack of in this region),
migration of Antarctic minke whales to the Artic including the documentation of inter-species
hybridization and second generation back-crossing, identification of diagnostic SNPs to
identify inter-species hybrids on a global scale, and finally, to track feeding movements of
Greenland sharks feeding on offal from whaling operations. This work has collectively resulted
in eight scientific publications. A B. acutorostrata acutorostrata (North Atlantic common
minke whale) genome has been produced at IMR, but not published. IMR also sits on
significant whole-genome re-sequence data (pooled) that were used in the published work
identifying diagnostic SNPs for minke whales globally (for all species and sub-species). Much
of this work has been conducted in close collaboration with the Institute of Cetacean Research
(ICR) in Japan, and the IMR laboratory still holds samples exported from Japan to IMR for
these collaborations. The register is still actively used to look for signs of hybridization between
minke whale species, to monitor commercial capture and export, to look at population genetic
structure, and to identify sibling pairs as a way of investigating population sub-structure with
close-kin approaches. DNA samples from the period in which Iceland conducted the analyses
for the NMDR register have been shared with R. Tiedemann, Potsdam University, in a
collaborative effort to look at population genetic structure across multiple areas in the NE
Atlantic with RAD-seq technology. Ongoing work at IMR includes identification of the
genomic differences between the minke whale species and sub-species globally using the
whole-genome sequence data resources described above.



Stock structure of fin whales in the North Pacific and adjacent
waters inferred from mitochondrial and microsatellite DNA

Mioko Taguchi
Institute of Cetacean Research, Tokyo, Japan

Abstract

The stock structure of fin whales in the North Pacific and adjacent waters was investigated
using a total of 613 mitochondrial control region sequences (mtDNA) and 311 microsatellite
genotypes (msDNA) at 16 loci. Firstly, exploratory analyses, i.e., summary statistics, Fsrt
comparisons and heterogeneity test, were performed using both markers based on arbitrary
geographical sample groups, which resulted in a setting of five sample strata for the subsequent
analyses: the Sea of Japan (SOJ), the western North Pacific plus the southern Okhotsk Sea
(WNP), the Bering Sea (BRS), the offshore eastern North Pacific plus Gulf of Alaska (ENP),
and the coastal eastern North Pacific (C-ENP). The same statistical analyses were repeated
based on this stratification. Haplotype network was depicted to infer the phylogenetic
relationships among mtDNA haplotypes. The spatial Principal Component Analysis (sPCA)
was conducted using msDNA data to examine genetic structure without a prior sample
grouping. A high-resolution analysis of the two genetic statistics, i.e., PC1 generated in sSPCA
and mtDNA haplotype diversity, was also conducted using the three strata, i.e., WNP, ENP and
C-ENP, in order to examine the genetic heterogeneity across the North Pacific. The haplotype
diversity was lower in SOJ (0.885) and C-ENP (0.917) than in other strata (0.942-0.964), and
a similar pattern was observed for the expected heterozygosity (0.74 in SOJ, 0.61 in C-ENP,
and 0.75-0.76 in other strata) in msDNA. The heterogeneity test also showed the genetic
divergence of SOJ and C-ENP for both markers and further differentiations among WNP, ENP
and BRS at least for mtDNA. The mtDNA Fsr estimates suggested that the degree of
differentiations vary among comparisons (0.0037-0.0149), excepting pairs involving C-ENP or
SOJ. The haplotype network found no evidence of distinct mtDNA lineages associated with
particular localities, but some haplotypes were abundant in or unique to C-ENP. Taken these
findings together, it is highly possible that different stocks exist in each of SOJ and C-ENP at
least. Additionally, the sPCA analysis showed a genetic structuring with two clusters: one
cluster mostly occurs in the North Pacific west of 175°E and the Okhotsk Sea, and the other
distributed mainly in the North Pacific east of 175°E as well as in the Bering Sea. This finding
was also favored by the high-resolution analysis, i.e., the two statistics switched between the
western and eastern North Pacific. Overall, the present genetic analyses demonstrated the
existence of three stocks in the research area: (1) “WNP’ stock that distributes mainly in the
North Pacific west of 175°E and in the Okhotsk Sea, (2) ‘ENP’ stock that distributes mainly in
the North Pacific east of 175°E and in the Bering Sea, and (3) ‘SOJ’ stock that distributes in
the Sea of Japan. Taking the local stock known in the Sea of Cortez (Bérubé et al., 2002) into
account, it is likely that there are four stocks of fin whales in the North Pacific and adjacent
waters. The sPCA analysis also implied that the “WNP’ and ‘ENP’ stocks mixed spatially in
different regions of the North Pacific at different proportions, which was consistent with the
Fst estimates showing different degree of genetic differentiations.



Population genetic structure of Bryde’s whales in the North Pacific
feeding grounds

Taro Sugimoto
Institute of Cetacean Research, Taiji, Japan

Abstract

Bryde’s whale (Balaenoptera brydei) is a medium-sized baleen whale found year-round in the
tropical and warm temperate waters of major oceans between approximately 40°N and 40°S.
Bryde’s whale undertakes annual migrations between low-latitude waters and the summer
feeding grounds at higher latitudes, and the migration distance is typically shorter than that
undertaken by other baleen whales with some whales even remaining at lower latitudes
throughout the year. Little is known about the exact location of their breeding grounds, but it
has been hypothesized that the breeding grounds are located somewhere in low-latitude waters
and that mating takes place throughout the year with a broad peak from the end of October to
January. The genetic structure of Bryde’s whale on the central and western North Pacific
feeding grounds was investigated using a total of 1,195 mitochondrial control region sequences
(approximately 500 bp) and 1,182 microsatellite genotypes at 17 loci in specimens collected
from three longitudinal areas, 1W (135°E-165°E), 1E (165°E-180°), and 2 (180°-155°W).
Genetic samples analyzed were obtained from various sources, over a period of 30 years (1979—
2016), such as from historical Japanese commercial whaling, the Japanese Whale Research
Program under Special Permit in the North Pacific, second phase (JARPNII), and biopsy
sampling under Japanese dedicated sighting survey. Genetic diversities were similar among
areas and a haplotype network did not show any geographic structure, while an analysis of
molecular variance found evidence of genetic structure in this species. Pairwise Fst and Gsr
estimates and heterogeneity tests attributed this structure to weak but significant differentiation
between areas 1W/1E and 2. DAPC analysis showed a slight tendency of stratification of
specimens from area 2, relative to those from areas W and 1E. Time-series genetic analyses,
stratifying the data sets into three periods (1979-1984, 2000-2009, 2010-2016), were also
conducted and summary statistics from the three strata suggested that there is generally an
overall temporal stability in terms of the genetic homogeneity observed in areas 1W and 1E. A
Mantel test and a high-resolution analysis of genetic diversity statistics showed a weak spatial
cline of genetic differentiation. These findings could be reconciled by two possible stock
structure scenarios: (1) the occurrence of a single population that is not panmictic, with some
kin-association being responsible for feeding ground preference and (2) the occurrence of two
populations, each of which has a preferred feeding ground, i.e., areas 1W or 2; both populations
mix geographically around area 1E. Future studies should be undertaken to clarify which of
the two scenarios proposed is most likely and efforts should focus on obtaining additional
information from breeding grounds.



Population genetics study of North Pacific common minke whales

Mutsuo Goto
Institute of Cetacean Research, Tokyo, Japan

Abstract

A total of 4,275 western North Pacific common minke whales were examined with a set of 16
microsatellite DNA loci and the program STRUCTURE to assign individual to either J or O
stocks. Samples were available from Japanese Whale Research Program under Special Permit
in the North Pacific (JARPN/JARPNII) (1994-2014; n = 2,637), and by-catches (2001-2014; n
= 1,638), from different management sub-areas (SA) around Japan. Results of the Bayesian
clustering analysis confirmed that the whales came from two genetically differentiated stocks,
J and O stocks. The number of unassigned individuals decreased with the increase in the
number of microsatellite loci used, and they were geographically widely distributed. By using
16 loci, more than 90% of the individual whales were assigned to either stock. Almost all of
the individuals collected from the Sea of Japan side (SA6E and SA10E) belonged to the J stock,
whereas almost all of the individuals from the offshore North Pacific (east of SA7WR)
belonged to the O stock. Intermediate areas (SA7CN, 7CS and SA11) contained individuals
from both stocks. The southern coast of Honshu Island (SA2C) was mainly occupied by the J
stock. In SA2C the J stock was predominant (around 80% in proportion) around the year. In
SA7CS and SA7CN the proportion of the J stock increases in autumn/winter and decrease in
spring/summer. A phylogenetic network tree of mtDNA haplotypes was divided into two main
clusters, J and O stocks. Most of the haplotypes that consist of these clusters were stock-specific,
and there were only a few haplotypes that were shared by J and O stock individuals. The
unassigned samples were evenly distributed among most haplotypes. To further investigate
stock structure in western North Pacific common minke whale Discriminant Analysis of
Principal Component (DAPC), Spatial Analysis of Principal Component (sPCA) and parent-
offspring (P-O) pairs analyses were conducted using microsatellite data (16 loci). The DAPC
analyses at K = 2 clearly showed two clusters with distribution corresponding to the known
distribution of J and O stocks. Results of the sSPCA analyses were consistent with those of the
DAPC analyses. Regarding the P-O pairs analysis, the total number of P-O pairs identified so
far is 40 for the O stock and 13 for the J stock. In the case of the O stock, several of the P-O
pairs were between coastal and offshore sub-areas while that some of the J stock pairs were
between the Sea of Japan and the Pacific side of Japan, which is inconsistent with the
specifications of the multi stock hypothesis. In conclusion, the present DAPC, sPCA and P-O
pair studies showed no evidence for the existence of additional stocks other than O and J stocks.



Insights through SNPs: Population genetic study of the blue whale
across oceans

Katrin Kiemel
Institute of Cetacean Research, Tokyo, Japan

Abstract

Blue whales (Balaenoptera musculus) have been significantly depleted during the whaling era
in the 19th and 20th centuries and therefore are currently listed as endangered species. As a
result, the species has attracted considerable scientific attention, investigating population
structure using traditional markers, including single mitochondrial genes, the control region,
and microsatellites. These studies have revealed pronounced genetic differentiation among
ocean regions (i.e., North Pacific, South Pacific, Southern Ocean, and Indian Ocean). This
differentiation indicates restricted gene flow between populations of ocean regions and
suggests the existence of five subspecies (B. m. musculus, B. m. intermedia, B. m. indica, B. m.
brevicauda, B. m. unnamed subspecies: Chilean blue whale). Evidence supporting this
suggestion is provided by studies on morphometrics (Clarke ef al., 1978, Branch et al., 2007,
Pastene et al., 2020), acoustics (McDonald et al., 2006) and genetics (LeDuc et al., 2007, 2016,
Torres-Lorez et al., 2014). The shift from traditional markers to high-throughput approaches
like single nucleotide polymorphism (SNPs) created a new opportunity to investigate the
population structure of blue whales. This study aims to elucidate the population structure of
blue whales, both across and within oceans, leveraging the power of SNPs. By utilizing ddRAD
data from 314 blue whales across oceans (excluding the Atlantic Ocean), we were able to
retrieve 12,131 SNPs in 237 individuals after filtering. Global admixture analysis unveiled
three distinct genetic clusters consistent with oceans (i.e., Pacific Ocean, Indian Ocean,
Southern Ocean). This finding is supported by Fsr values ranging from 0.048 - 0.119.
Additionally, admixture analysis confirmed the occurrence of four pygmy blue whale migrants
in the Southern Ocean and nine admixed individuals (pygmy blue whales and Antarctic blue
whales) occurring in the IWC management area III. This finding is consistent with previous
research by Attard et al. (2012), who identified four migrants and only six admixed individuals
using 20 microsatellite loci and the mitochondrial control region. Analysis within oceans
indicated no substructure in the Indian and Southern Ocean. This contradicts findings of Attard
et al. (2016), who identified three sympatrically occurring populations in the Antarctic Ocean
using 20 microsatellite loci. However, structural differences between the Southern and
Northern Pacific Ocean were detected (ESP vs. WNP: Fst = 0.0289, ESP vs. ENP: Fsr =
0.0274), aligning with the proposed subspecies, the Chilean blue whale. Interestingly, an
additional putative migrant (SO—ESP) was detected in the ESP, not reported previously.
Structure between the western and eastern North Pacific was weak (Fst = 0.0037), possibly
influenced by the limited sample size in the ENP (n = 6). Within ocean analysis revealed no
substructure of pygmy blue whales in the Indian Ocean. While the results of this study are
largely consistent with previous surveys based on traditional markers, the detection of
additional admixed individuals between the Indian and the Southern Ocean, highlights the
importance of IWC management area III. The findings further support the suggestion of the
presents of four of the five subspecies. However, testing for the Indian Ocean true blue whale
was hindered by a lack of samples, emphasizing the need for further investigation in this region.



Implementation of laboratory genetic techniques for the studies of
large whales at the Institute of Cetacean Research

Luis A. Pastene
Institute of Cetacean Research, Tokyo, Japan

Abstract

Genetic analyses on population structure of large baleen whales started at the Institute of
Cetacean Research (ICR) in 1991 based on genetic samples obtained during the whale research
program under scientific special permit in the Antarctic. As the ICR did not have its own genetic
laboratory, genetic data were obtained in the genetic laboratory of the Ocean Research Institute,
University of Tokyo where the author of this presentation was carrying out postdoctoral studies.
The same modality of using an external laboratory was used until the ICR constructed its own
laboratory in the marine station of Ayukawa in 1994. The genetic technique used initially was
Restriction Fragment Length Polymorphism (RFLP) of whole mitochondrial DNA (mtDNA).
The statistical analyses of RFLP data revealed significant genetic heterogeneity for Antarctic
minke whales in the Antarctic feeding ground, and a preliminary population structure
hypothesis of this species was proposed based on such data. Polymerase Chain Reaction (PCR)
technology was introduced at the Ayukawa genetic laboratory in 1994. Then, the
implementation of RFLP of the PCR-amplified mtDNA control region was possible, and that
approach was used to examine the population genetic structure of North Pacific Bryde’s and
common minke whales, where plausible hypotheses were proposed. Direct sequencing of the
mtDNA control region was established in the Ayukawa genetic laboratory in 1996 while
microsatellite DNA was introduced initially at this laboratory in 1997. Since 2002, two ICR
genetic laboratories were used, the original one in Ayukawa was focused mainly on mtDNA
sequencing analyses, and the Tokyo laboratory was focused on both mtDNA sequencing and
microsatellite DNA analyses. The Ayukawa laboratory was destroyed by the earthquake and
tsunami affecting northern Japan in 2011 and since that date, only the Tokyo genetic laboratory
has been operating using two main techniques, mtDNA sequencing and microsatellite DNA
analyses. Both techniques have been used jointly and extensively until recently to respond
questions on population structure (e.g., Antarctic minke whales, Antarctic humpback whales,
North Pacific fin, sei, Bryde’s, common minke and right whales), phylogeny (e.g., minke
whales), and taxonomy (e.g., minke whales, blue whales). From 2023 the technique called
Single Nucleotide Polymorphism (SNP) is being developed and implemented at the Tokyo
genetic laboratory. Same as the case with genetic laboratory techniques, analytical procedures
to analyze genetic data for different purposes have also been evolving steadily in ICR. From
2024 the ICR genetic laboratory moved from the Tokyo office to the Taiji office, which meant
that from this year all genetic data based on different techniques, e.g., mtDNA sequencing,
microsatellite DNA and SNP will be obtained at this laboratory. This presentation provides
information on the implementation of different genetic laboratory techniques by the ICR from
1991 to recent years. The presentation also provides information on the utility of each technique
in terms of published outputs.



Implementation of the DNA registry and overview of population
genetics’ studies on large whales in Iceland

Christophe Pampoulie
Marine and Freshwater Research Institute, Hafnarfjorour, Iceland

Abstract

Genetic analysis on population structure on large whales was very limited until 1991when the
Marine and Freshwater Research Institute of Iceland created its own genetic laboratory. At that
time, the genetic technology implemented for genetic structure of large whales relied on
allozyme loci and carbonic anhydrase. While these data were mainly used as a mean of species
identification or genetic characterization, some results showed that fin whale was structured in
the North Atlantic Ocean with differences observed among Canada, Iceland, and Norway. The
analysis on population structure of large whales was then somehow limited, until Iceland
rejoined the International Whaling Commission (IWC) in 2002 and started a scientific permit
on North Atlantic common minke whale (2003-2007). During this period, the development of
Polymerase Chain Reaction (PCR) and the development of microsatellite loci permitted a rapid
and cost-efficient analysis of population structure of marine mammals. In the context of the
scientific permit, the new laboratory therefore used 16 microsatellite loci and sequencing of
the D-loop region of the mitochondrial DNA (mtDNA) to investigate population structure of
North Atlantic common minke whale. Both types of genetic markers revealed congruent results,
suggesting the absence of genetic structure. Concurrently, three events happened: first, the
commercial exploitation of fin whale was conducted as a feasibility operation in 2006 and
started officially in 2009; second, the genetic laboratory closed, and genetic studies were
moved to Matis ohf. research facilities and third, the ministry requested a full traceability
process of whale products including a DNA tissue bank and a DNA registry. The genotyping
of microsatellite loci and sequencing of the D-loop of the mtDNA were successfully
implemented in the new laboratory in Matis. At that time, genetic analyses were mainly focused
on the North Atlantic fin whale, and once again results failed to show any structure across the
distribution of the species in the North Atlantic. From 2011 onwards, genetic analysis of fin
whale has been focusing on relatedness approaches, which revealed the presence of parents-
offspring pairs from distant oceanic localities. In 2013 and 2018, the genetic protocols in place
successfully led to the detection of fin x blue whales hybrids. In 2016, the analyses of
population structure of North Atlantic common minke whale were moved to the laboratory of
Prof. Ralph Tiedemann at the University of Potsdam, Germany. A larger number of individuals
were then genotyped with Single Nucleotide Polymorphism (SNPs) and these data are still
under analysis. Nowadays, the DNA tissue bank and the DNA registry are fully functional for
all marine mammals’ tissues collected, from stranded to commercially collected animals.
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Day 3 (22 February)

10:00-10:45: Invited lecture: Population genomics of aquatic mammals: lessons
from porpoises, whales, and otters (Tiedemann)

10:45-11:00: Discussion

11:00-11:45: Open discussion on possible research collaboration on large whale’s
genetics (including laboratory techniques)

11:45-13:00: Lunch

13:00-: Excursion

Visit to Taiji Whale Museum, traditional whaling-related facilities and
others

18:00-: Official dinner
Steak House Hinoki
1-1-13 Tsukiji, Nachikatsuura Town



16:00-16:15: Discussion

16:15-16:45: Stock structure of fin whales in the North Pacific and adjacent
waters inferred from mitochondrial and microsatellite DNA (Taguchi)

16:45-17:00: Discussion
17:00: End
Day 2 (21 February)

10:00-10:45: Invited lecture: The Norwegian Minke Whale DNA Register
(Glover)

10:45-11:00: Discussion

11:00-11:30: Entering the high-throughput era: Development of SNP genotyping
techniques at the Institute of Cetacean Research (Kiemel)

11:30-11:45: Discussion
11:45-13:30; Lunch

13:30-14:00: Antarctic feeding grounds as migratory destination of southern right
whales from different oceans (Katayama/Kiemel)

14:00-14:15: Discussion

14:15-14:45: Population genetics study of Antarctic minke whales (Pastene/Goto)
14:45-15:00: Discussion

15:00-15:30: Coffee break

15:30-16:00: Population genetics study of southern humpback whales
(Goto/Pastene)

16:00-16:15: Discussion

16:15: End



PROGRAM

Laboratory activity (18-19 February)
09:00-17:00: A training course for SNP genotyping using Juno and EP1 (Kiemel,
Katayama, Sugimoto and Taguchi)

Orral presentation and free discussion (20-22 February)
Chairperson: Pastene, Taguchi

Day 1 (20 February)
09:30-09:45: Welcome remarks

09:45-10:30: Invited lecture: Implementation of the DNA registry and overview
of population genetics’ studies on large whales in Iceland (Pampoulie)

10:30-10:45: Discussion

10:45-11:15: Implementation of laboratory genetic techniques for the studies of
large whales at the Institute of Cetacean Research (Pastene)

11:15-11:30: Discussion
11:30-13:00: Lunch

13:00-13:30: Visit to ICR Taiji Office and genetic laboratory (Sugimoto/
Katayama)

13:30-14:00: Insights through SNPs: Population genetic study of the blue whale
across oceans (Kiemel)

14:00-14:15: Discussion

14:15-14:45: Population genetics study of North Pacific common minke whales
(Goto)

14:45-15:00: Discussion
15:00-15:30: Coftfee break

15:30-16:00: Population genetic structure of Bryde’s whale in the North Pacific
feeding grounds (Sugimoto)
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It is expected that this workshop will be the starting point for a series of future international
workshops in Taiji dealing with different aspects of whale research relevant for their assessment,
conservation, and management.

Dr. Luis A. PASTENE Dr. Mioko TAGUCHI
Scientific Advisor Team Leader

Institute of Cetacean Research Institute of Cetacean Research
Co-Chair Co-Chair



FOREWORDS

Sound policies on conservation and management require information on the number and spatial
and temporal distribution of stocks within a species. This is because different stocks of the
same species could have different demographic characteristics and therefore, they could
respond in different ways to environmental stressors.

This principle has been recognized by the Institute of Cetacean Research (ICR) since its
foundation in 1987. The ICR started genetic studies for stock identification of the Antarctic
minke whale in 1991. Subsequently the institute extended this type of study to other species of
baleen whales. From the point of view of assessment and management, effort has been made by
the ICR to interpret abundance estimates of baleen whale species derived from dedicated
sighting surveys both in the Antarctic and North Pacific in the context of the information on
stock structure of those species.

Laboratory genetic techniques as well as the analytical tools to analyze genetic data have
progressed very quickly in recent years. Given this rapid development, there is a need to share
experiences in applying those techniques and procedures among laboratories of different
countries carrying out population genetic analyses for the conservation and management of
large whales. This was the main motivation for organizing this international workshop with
colleagues from Germany, Iceland, Japan, and Norway.

Consequently, the workshop had two main objectives:

1. To interchange information on genetic techniques -laboratory and analytical- used on
large whale’s stock structure studies in institutes in Germany, Iceland, Norway, and
Japan.

2. To identify future collaborative research topics on population genetic structure of
baleen whales.

The first objective was implemented through the following activities: 1) training of ICR
scientists in the use of the Single Nucleotide Polymorphism (SNP) technique by an experienced
German scientist; ii) visit and advices from experienced foreign scientists on the recently
established ICR, Taiji office, which is part of the newly International Cetacean Center (ICC)
constructed in Taiji, Wakayama, including the genetic laboratory; and iii) oral presentations on
population genetic studies on whales conducted in Germany, Iceland, Norway and Japan. The
oral presentations dealt with the use of genetic laboratory and analytical techniques used for
studies on taxonomy, population structure and forensic of baleen whales in those countries.

The second objective was addressed by a session carried out after the oral presentations, which
was aimed to identify common topics of interest among countries in the study of population
genetics of baleen whales. Both the summaries of the oral presentations and the discussions on
topics for future collaborations are presented in these proceedings.

Activities 1) and ii) above were carried out at the ICR Taiji office. As the construction work of
the ICC was not entirely completed by the time of the workshop, activity iii) and the discussions
on future research collaborations were carried out at the Taiji Whale Museum.
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