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Possible origin area of sika deer confirmed in southwestern Ibaraki Prefecture,
inferred by mitochondrial DNA
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Abstract As the number of sightings of Japanese sika deer (Cervus nippon) increases in Ibaraki Prefecture, Japan,
male sika deer have recently appeared in Tsukuba City (2015 and 2016) and Yuki City (2019), located in the southwest-
ern part of the prefecture (ISW). We analyzed the mitochondrial DNA control region sequences of three individuals and
compared them with those of sika deer in the neighboring areas to infer their areas of origin. The three individuals shared
an identical haplotype 6TCG1 and repeat motif TD-2. Pairwise F; and Exact Test suggested significant genetic differ-
entiation in the Nasu-Yaita/Boso Peninsula/Kanto Mountains and ISW. Based on these results, the most possible area of
origin of these deer was Nikko in Tochigi Prefecture, which was the only area with the identical haplotype-repeat motif
“6TCG1-TD-2". The areas where we obtained the three deer are all very close to the Kokai River, which originates in the
Nasu area, Tochigi Prefecture, and the Kinu River, which has its upper reaches in Nikko and northern Tochigi Prefecture.
The sika deer in ISW may have migrated from Tochigi Prefecture using the green areas along these rivers as corridors.
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Table 1. Records of captures and a road kill of Japanese sika deer in southwestern Ibaraki Prefecture.
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Fig. 1. Sika deer sampling sites in southwestern Ibaraki Prefecture and mitochondrial control region haplotype frequency in sika deer
habitats in Kanto region. % represents sampling sites, and numbers 1-3 indicate IBK001-IBK003, respectively. See Table 1 for

abbreviations of locality names.
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Fig. 2. TCS haplotype network of sika deer. The pie chart shows the breakdown of the regions where each haplotype was found. Italicized
numbers indicate the number of individuals. Bold lines represent single substitution differences between haplotypes. See Table 2 for

abbreviations of locality names.
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F3. ZARYTIHIOI NI R Ty O VIR IETNIIED K RT T A X P M (BHET) &

Exact test |2 & 2 @R LOHEEM (FHEL).

Table 3. Pairwise F; estimates (below diagonal) and probabilities of exact tests (above diagonal) for population
differentiation in sika deer based on nucleotide sequence of mitocondrial control region.

hig,

Locaity ISW TNY TNK CBP KTS

ISW 0.00350 + 0.0006* 0.69895 = 0.0069 0.00000 £ 0.0000* 0.00026 * 0.0003*
TNY 0.74419* 0.00000 + 0.0000* 0.00000 + 0.0000* 0.00000 £ 0.0000*
TNK 0.01039 0.51316* 0.00000 + 0.0000* 0.00000 £ 0.0000*
CBP 0.65873* 0.62427* 0.56698* 0.00000 = 0.0000*
KTS 0.39589* 0.37596* 0.32818* 0.46891*

* P < 0.05% Bonferroni correctioniZ & WIEL 7P < 0.005IC THEZH Y. HIBLZDOBEIRIR22SBOZ L.
* Significant at P < 0.05 after Bonferroni correction (P < 0.005). See Table 2 for abbreviations of locality names.
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1, IR B /B L b & JR I IR P B LA
BB GALDRENIZZ &0 (F3), IRHEEM,
AR, B X OBHILH 2 IR R PRI L L 72>
B OHERMIFTIE e SNz D EOER2S,
YRR TGS D o A ORI & L TE 2 5 N7zD7,
IIRIE TG E LLAL T 6TCG1-TD2 23 & 7= ME— o by
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B4 LAY & 313 Exact Test ClR] UZFHERNIC & T
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L], EEEFTEIIC S S L I IE 2 oo
WREEASE Z b s, F3ETH N5 DI Bt T
s nfEINCwRoRETHL. HEATIE [B
BR O K OB B N o @ IE L IC B 5 2 ] @
bE, BABEIFEAIE L TEADEET 52 & I1dAT
RECh DO, FEYefigs L ORI H > 7215
PEIFHETE 2V, RISEZ SN LD HGHIEA S D
AR RIEREREICH 5. KWL TR SN 3 BTV
NHBEVFATH-722 8, Z LT, BAED KRG
MTRBENF AT OBEFHRNTWS (KR
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2020) EWIHIRIEEAD &, HIGHIEN SO HKRE
BRI O MRS W EEZ OND. Lz > T, &
AHIFNZ BT 5 2 H OEBIRIAZED S 21U, FERR
SNDE T ADINNR A ADEE DK T O
95,

R Bk % 1 O B A B OB B IFEIR B & W05
FHE NS (White and Garrot 1990). Z=EiIFZE) I HFH (1Y
(2B L - B R4 TR ER o g EE I Th H Gl
1981), Zr#UE A D S #EN 728 72 BT~ D — )5 [
ORENT, HERETOBEEAE LT R BEHT & 2K
TATHATEITdH % (Howard 1960, 111 1981). 43 #iAT
I L S OMFLECTHEDD Y, F RE X AT
= BEN 72T ~FE B A (Greenwood 1980). =7k~
¥ 71T, Takii et al. (2012b) 2SE#EA AD 5 ~6 A%
23 1 oot ems L Twa, A, KRR
WCHELZZ3HEO Y HIEWINd OB F A2 7
Z b, KRR VE S HIRE s IR AR N % 2 A R BT
7wz s, HAERPSOGETH -7z LRSI
B L - TER (1995) 01X 2.5 D A HSPER T B
LCTRICATE 235 L < & b s, 20k, BEoTHE
POHAEITo 72 &R LT 5, IBKO0L B XL O
IBK002 i3 /1 OZGEMCTH 5 FKIHE L 722 &5,
PERGHZ B L 7250 BT d - 72T REMEA D .

P4, A =R Y T HESA LT LITRE 2
Lo Twh (1K 2015, AFREIZA2021). 2ith
DT PTFEIERRL NN B A FH L TRALTED,
ISR R BE AR, FRATAR 7 & R & ROVAEIRICFI L
BEHL TV, EEZ LN T (Envision SR 25 E
BT 2010, 377K 2015, APRHIE 2> 2021).  ZK 4k U 1 74 50
ERERR MM, (EEM R S e LAY
REDSEMEIC A D HLA TV B I3, [EE 294 57 &%
WEAL W EERHERSEEAET 5. 200
AT BE 2 it D % < AZ/NRBE 22 /% FIR TARERE T
b5, FKIWERETETRICIZ Y L ENCHEEZETI LD
TEXLRKHELFRIFEEL 2D, SEOLHI12F
ADGED T DI T2 2 L ldd->ThH, F
%58 L CEMET ARSIV 2 b Lk,

— /T, ZOMBIZIZBEARORE P HRAL TS
D, N5 OREFIIERIBE S, AR, AR K
B R 7 EORFIAL S FHEL TS, S0, i
R3S NI A, SR TEEL L0
FE TR AN BB L ORI T v, NH
NNEMAREIZES LTI CHEEF L, BRI ARR H b
TR W AREALER I LS EH L Cn5b 2 s, RIRE
B ICHN 3RO Y A I L TiE, “REIKR

O L TH A HIET ) 7 0 BRI IA A
HigHAEFIE LB L2 L) R FREZ BN
BED X2 723 ORI R$ A FARM 265 & LT,
BEEE (S EOBE AL A B R ) D54
TERTSEF S A, LAL, ALK (2015) ANERTW
L L9, YHOBEREEENTY, T0IMI» SRR
ASNLHREED D 5 2 L6, WELAYHECHl oL —
M EEEIGERT 52 L IZHEETH S S e 2
KR D EZ LN LD ERRTEI D05 120
FERTHA . A (2015) F3 HoOE 1) Kk
A B T OMEEREEEE, (2) I~ OBVI, (3) T
T EANOTF IR OB, 2T b, KIKIE T
WLy IoBBEEZ ONHBETY) 7 TlEY
KRB EE DS AT DI T WD A, T D5 AR
BHEDIARL T D, KIEFMIEE O > L&A T
AT B E 7 2 IWARDSEAE L 2 Wz 0B WAL T B
TRV . (DB LUQ) O FEDIWEE 2B
W, YA AN IR IS IR 28 2 ki &2 R 8 L
KIREFE PRI BT 2 HHEDS SR E % 5 2 LAV PH
END. INFTIYHIOEBEEZRBL T WHGET
b OB AT [HABYEE~ORIG~Y =27
V] OEfEERZICHED L LEDND D, RIFFECTHERE S
N ARBE-FIREE O > H BB oM, bl Tb 47
B2 T ORBEPBIZEINTWE L)1 (BRIl
1342009, Takii et al. 2012a, 1322 2019), —O DT
BCRRTEXDMETIE R, BHROITBDSERE L TR
KIZWO L Z EAROSENLD.

A B DR B0 AL BRI 2 iR F 23R L v
THANRD Z L L, BABWE R 5 % 3 TR Ei
LCWw ECHEETH L (fHEH 2016). GPS 7L A —
¥ — R L BRI, BEY AL TR
RO LM e L B & E ERIICHUSTE S L
VRIS D, W ONOBERRTIE, HAREE BB
EHETH (=R Ph) 2B 2 E AL X 53 1A
MBI D 515 6 NBARDOITEIETEMRAMZ LT H
TWwb., Lo L, BWoAEES LI R FICHEM S5
iCTHh b7, —FIZLDMEICT LAY —535E
THLILEVHETH L. —F, BIEHNFEEHWE=
71 27T, LR ORONTZL LDy T uhs
R ICIER AL 2 e TE D L, FERBHFEEL ) %
TR ICMREATEOED ) 2B 2 2 L2 FETH
b, TD2, JHhHEHT R E L CEHBEAOILE &
EWNTELEVH)FEERLTWA, AR
BRL7zA Ny b (RMIVhy 77 E) MR g
R &, BIRAE TS 2 LD TE L WHEREY 55
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CLATHETH B (GkH 2016). VTAFEOBIZGHEAM D
1] EAZRE WG O FEHELAHEA T WD & 2 A TIEdH 575,
2T 2T S EARE RIS £ TIERE 21D,
BRI TN L B9 7)) v 7 THEL A AL EERIE
T DR TH B 720 MR DT 72 A B A %
BAZERIATRETH L E V) REDD L. HERETH
LERBHHESOMAEEE=5 ) vV FiETEOND
HREMAGDLETHTT S 2 LT, BRFEERDE
AEEE= ) v IREHIZBWTKRE R E5ET S
72759 (FkH 2016).

ik X 9 R R IEER E O CE A B % % PLE
T5HZ L, MEBAREERFERBICAEES 228
IR E BRI 2R L, X )RR BRI EE Y
WCHBLCTEX A, Y hOGMIEKE A BBOZRIE) B
MEPEDOBIND K E RAESMEE LTEITFo N5,
WA ¥ i o HE, BHArEHRICE D W - FLEAL O
H ATHR OV A Z B 2 7288 (18 2014) % — gt
DTV UEDND 5.

#t 2

RUFIE A EMT 5 12H 70, HRlEEAB Gt
Yy —OFI—FEIN, ARHIFZIK, M IR
Hataetal. (2018) T 72 4> 70 OIS w15 H
o ARVAYSARY/AI i N2 0y SUN ER/Sines e 3K NI
PRI AT Y TVIRECE LS DTHIT 2 THE,
KimxeFLOLIZH0) TS/ ve, KIREIRE
AEERBEIARESRORE A, TORFAEY SR
t s —ORBEEFRIIZY Y TVONEICE LD
W& TEG 72, SRS o 1 HER K (X DNA T2
B2 1)) # T 72, Richard P. Shefferson G2 I3 LD
BB Z LT e L CBLEZ L LIPS, RilgEiL,
E TR SR N BRI - SRl pe g AR A T 7epT
O [RIETEN D LG O/-0OFEHIE | X OH
REFMIRI SR 5e % - LAEsE (A) (20H00652)
2K BWIFRL & 2T 7.
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