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1. Introduction

The coastal waters of southwestern Hokkaido are
commercially important for Jigging fishery of Japanese
common squid (Todarodes Pacificus). Fishing vessels
equipped with powerful lights gather in the area to fish
from June to December every year. Japanese common
squid are very sensitive to the surrounding environment,
their distribution varies greatly in space and time, and
catches are usually dependent on the experience of
local fishermen. In this study, we assessed the
prediction of fishing zones with habitat suitability
model analysis between squid distribution and
environmental factors. Results were validated with the
fishing activities of T/S Ushio-Maru, Hokkaido
University.

2. Data and methods

Figure 1 illustrates the diagram of this study. Vessel
lights in DMSP/OLS nighttime images were applied as
the indicator of Japanese common squid assemblages.
We collected the data of daily presence and absence of
Japanese common squid assemblages in the years 2000,
2001 and 2002. Corresponding environmental factors
of bathymetry, SST (sea surface temperature),
chlorophyll-a concentration and Kd490 (diffuse
attenuation coefficients of downwelling irradiance at
490-nm) were considered to explain the squid
distribution. Performances of predicting potential
fishing zone of the year 2003 from three models were
tested and compared by GAM (Generalized additive
model), GLM (Generalized linear model) and BRT
(Boosted regression trees). A relatively suitable model
was used to predict the potential fishing zones (Fig. 2),
and the prediction was validated by fishing activities of
Ushio-Maru.

3. Results

Results showed that the performance of BRT was more
robust than GAM and GLM. The BRT model revealed
that the potential fishing zone was correlated to the
depth of water (most), SST, chlorophyll-a
concentration and Kd490 (least). The potential fishing
zone gradually moved eastward between June and
December and the movements were likely due to the
SST seasonal variation. Our prediction facilitated in
locating the Japanese common squid fishing grounds
and increased catches during recent cruises of Ushio-
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Maru that was consistent with captain’s experience.
However, the catches in some cases were really low at
the predicted place when captain’s experience was
different.

Therefore, primary case validation of the daily
prediction showed the effectiveness of our model.
However, in some cases, the catches were not as
expected when our model prediction stood in contrast
to captains’ experiences. Factors responsible for the
discrepancy are being investigated with more data
validation.

MODIS DMSP/OLS

Qp SST, Chl-a
A Kd4so Sealight Communication satellite
N A

Regression
model

Daily Prediction Map Ushio-Maru

Fig. 1 The schematic diagram of the study
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41°36'
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H

140748
Fig. 2 An example of prediction map on Aug. 30th,
2012
(Blank area was due to cloud)
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44 Discussion on food availability for Japanese scallop in Funka bay
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1. Introduction

The scallop industry plays an important role in the economic
and social welfare of the coastal communities and has grown to
become the most successful marine shellfish farming venture
in Japan. Recently, there has been a decline in the growth of
cultured scallop, caused by overpopulation and environmental
conditions. We aim to estimate the optimal density for scallop
aquaculture in Funka bay, the southwestern part of Hokkaido.
The bay is semi-closed and connected to the northwest Pacific.
Scallop aquaculture is economically important to coastal
communities in the bay. Previous studies in Funka bay have
emphasized environmental characteristics and the effects of
environmental factors on biota under culture. Therefore, the
specific objective is to quantitatively evaluate the effects of
environmental factors such as water temperature and food
availability on the growth of scallop in Funka bay. To achieve
this objective, we developed an ecosystem model by coupling
a scallop bioenergetics model with a lower trophic level model.

2. Model description

In the scallop bioenergetics model, the daily growth rate of
an individual scallop was described as the difference between
the consumption and losses due to the respiration, egestion, and
excretion:
aw_ C-R-F-U

dt

where W is the ash-free dry weight (gDW) of scallop, C is the
food consumption, R is the respiration or losses through
metabolism, F is the egestion or losses due to feces, and U is
the excretion or losses of nitrogenous excretory wastes. The
bioenergetics model was coupled with a lower trophic
ecosystem model (NEMURO; Kishi et al., 2007) (Fig. 1). The
NEMURO consists of 11 state variables, which are small
phytoplankton  (PS), large phytoplankton (PL), small
zooplankton (ZS), large zooplankton (ZL), predatory plankton
(ZP), nitrate (NO3), ammonium (NH,), particulate organic
nitrogen (PON), dissolved organic nitrogen (DON), silicic acid
(Si(OH)y), and particulate silica (Opal). Scallops feed PS, PL,

PON, and ZS and excrete NH, and egest PONsc, which is
distinct from PON, in the coupled model.

3. Results and discussion

The model results for PS, PL, ZS, and PON, i.e.,, food
sources, and tissue biomass of scallop for five years are shown
in Fig. 2. The modeled tissue biomass of scallop (initial tissue
biomass is about 1 gDW) decreased rapidly in the first year due
to food deficiency, and that changed seasonally between 0.2
and 0.5 gDW from the second year (marketable tissue biomass
is about 20 gDW). In situ chlorophyll a concentration was also
low, below 1.0 g I™, except during the spring bloom. Is there
really insufficient food availability to scallop aquaculture in
Funka bay? What make it possible for scallop aquaculture in
this bay? We will discuss on the food availability for Japanese
scallop and the applicability of the bioenergetics model.
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Fig. 1. Schematic of scallop bioenergetics model coupled with
a lower trophic ecosystem model (NEMURO).
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U > 792,82 PIER), ALASFE3.3 PIMEE) DIEIZ &
<. IS RIEEOM R 27~ L= (Fig. 28), 7 59 b b
WeCI3@mW) 77 > 7 b BEO/ VY I A X AHR(= b
O7TIARA, ATIARRA VTEHFTIAZA,

TAUATIAZXA AT LB D 96% %
H, —H_—= WA T I TR ETHAY
RY I XFF R D 02%% HD T (Fig. 2b), F7=.

T LT A CORBRRE AR & = v T
DEND & OIS E R L, [EREh Jailcrdok
I8« EINEIICE b B 7 1 v MEESTERD bz,
FHHEORB BT b 7m0 7 4 )V ai@fEI—Y 7
WChbm<, 7T M, ARES R T 512
UKL 725 7= (Fig. 2¢),

T LT N IS YT & RIS & R
REIRA S E R i, NEOEMW T T s R bR
F VTN FEVHBI R 57 LT/ MR S 2 XA
X7 AT NI EERLOF G CEAET 572, JELD
WSS 2 BRI - TR Y | R CHEME 2 ELE
TN I RERI I ATREMEOD i\ W CREER 21T > T
Wi kEZ NS, —FH, NVRY IAFF RV IdEE
KDL DED BTHY, KD mw 7 1L alREDS
UV CASX T 22 L QWb EEZ BND,

200
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Fig. 2. HHSRIOBLRE R ()ifF S0 EE R L O,
(bW OFERAL, ()7 v 1~ (/L afifE
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EEREXEICEFTEZATIIOFELY

=39 T5DEMSTEEHERDREH

off 22 RHEF* + FPEILAS* « FARAFE —x%* « RS —*
ACKBEATE  <+EBAABE  *** B

F—U—R AU ITT =2V VT - LR BRtET NV

1. IXC&HIC

BAEOPERET, 2 < OWEFLE OB & 72
STWD, RMfREOKRZTHLIA VI VT
( Balaenoptera bhorealis) ¥ L =% VUV 7 v Z
( Balaenoptera brydei ) ORFAMITEW) 7 Z 7 kR0
INFRIATH Y . WHEOHEREBET D LIHTFAR
RIC—TEDFBELHZ TNDHEEZBND, EDID,
WIFEORERIRIZ 61T 5 ZERIHY 72 0 An=0% OFFZ b2 B
BT D Z LI AR ERER A YR 5
D A CIHFIEHETH D, ITFE, mRENEFED DT
—X LR E— My TR RV, EozE
MickiT 2 RER A HHET 24 BMET Y 7 OFH
PP RSN TE T, £ T, AWEHEEY =— My

TP Ko TR B IVIHBFFBR BT 2N 2 AR & LT

R EDOHFICRB T DAV 7V TRIN=4 1 7
T OAEBHETY T EITO, WFEOABIROZHZ
{bEALNCTHZ EEBRE LT,

2. MHEEAE

ANIFZ21%, 2003 - 2007 425 -8 A= S =55 it
VIR EIREIA I K 2 BT — & & i —
2% TR 24T o 7=, ARRET —# L0 B 6hiz
mfED BT —4 (R, &) B LOFHEERET — ¥
(RREEE, BE) 1X25km D7V » RICHERF LIz, A
DH-7=¥ 7 '/ (Presence) EHEEZSIOHDE S+
Jb (Absence) (Z/0HE L. I E N DUEEOWFEBRBE R
BT, R U7 R T — 2 LA R KR
(sst) 33 &2 ¥ chll-a 2 (chl) Mg =& T/~ U — (ssh) |

IEEh =R LX— (eke) ., WEHIFZT —4 (top) TH Y |

FTNENEERED Y B— bR 75 —% L0 B
L7, S5, MEOESHERES BREER, MR
—HBLO - A DR ZHRIAEEE L, — BB
7 (GLM) BLO—ImEET L (GAM) ZHv
T, WREOSA RS FIE I YHEBRBTEN 2 00 50N
T 5L LB, BRSNIZET VA AW ClifEOA B
EHEE LT, BT /VRRIZIIRIIEHESE (AIC) %
H iz, F7- ROC Hiff FiEifE(AUC) 12XV, GLM &
GAM (T & » THEE SN - A B R DOIREZ 3 L 7=,

30°N L — — - -

3. HREER

AT — & 283 LIofES, A U 7 2 F 1% Presence:
775 Absence: 7395 ThH Y, =& U 7 V73 Presence: 461
Absence: 7709 Tob 7z, WFED AT H-T HUHTEEREE
HR 2 52NMNZT 572012, GAM BE T GLM (2xF L
AIC ZHWTET /VRIRZ TS TofER, LS H1T sst,
chl, ssh, top #ZH LT HET/VHEE T D &EIRE
N7z (Table 1), =512, AUC % AW THEEAZE 27
L7cfER, GAM OB AERHEEROHEEIMEN T2,
IBIT, FEET VE AW CHEOER T~ v 7% 1E
L7 5ER (Fig. 1), A U7 T OHEEARIRIT=#
V2727 OHEEABIROANALE LTz, £, il
il HI125 AOERMEREMEL, 5 AITMfEIC L - Th
ERBSE ClI ol B2 oD, =2V IV
OEEHEZRIZ6-8 HIZNT TEL o T ATV
T OERMERIT6 -7 ADED o T, AWML TIIARAH
BT — & LR T — & > b MO A B % 87 5 7N
TBHZENTET, PB4 L EREHhED Z
& T, ABPERERIC R DUHF AR R OB T X
HEEZHND,

Table 1. AIC % A= &5 LiERFERB L OAUC &2
T HEE RO

Species Model Variables AUC
GAM-best log(chl) sst ssh top 0.76

AI2905
GLM-best EKE log(chl) sst ssh top 0.64
GAM-best log(chl) sst ssh top 0.94

—BYHTS
GLM-best log(chl) sst ssh 0.92

140°  150°E  160°% 170°€

200707 419925 200707 =29 25 ||
e nd I
y ‘ P
p T [

e

e |
T

Fig. 1. 2007 4= 7 HIZEBT 2 RSO (57—
—IIEEMERERT,)
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o0

OKIESR T * «

SRR -

*EIFOKEE - RS

BREEFEER 2 I & UTc A % 7 X B IR O AR & ZE o

TR CS
IR

F—U— K : i - EIFREEERE - MTEM-200 - DPOI

IKEEFLE P OIE L b\ 2 DFHENE (1960) [MEERS )
i, TEPkEEy P9 =4 L LTF % a7 4%7 3 (Euphausia
superba) Z3AAlX (Marr, 1956 ; [X11) #5[HLTW\5, 4,
FERRIE C OO U093 & B\ 2 % 3E[E Discovery Repot & U —
ZHFIAT, FRHERIAR A A — L O T 45 ERRIC B LTI,
RIS LT Marr (1962) 23EEETS, T 0450 & i
BREZOBIE CId, Mackintosh (1960, 1973) 5 X U Deacon (1982)
72 EHSEERREOJERMEE I B LT e T 7 e —F il
Ly USIEORIDN D, < 7 a 2R ORI F o 72,

O, AXT IWEMTOIND X OIT/RY | FREEERE
RO CTHDHAFT JILREEREFNER SN, 2 Ea—
SN AT AOFEL BV | R A 7 — VDA% T I
BRETARETA S ST S LD L D 1278 o7, L LHbIR
FEDOATIE, RO FERRIESE & OERZ R LS50,

T IT, AR E OMAEREEZ LTS EINT, B
Btk & U CHRE4)/KIE MTEM-200 (Mean TEMperature from
the surface to 200m ; °C) & A4 %7 I 5040 & DEIRE T~/

(Naganobu et al., 2008, 2010),

FAWTART 9T — X IR (K2) Lty
BHX 3) TH D, AT I OFEHBRAIE MTEM-200 230 C
FRETHURMETHD (X2), —J7, WENIE D5 5 1R
72 FISERR SN DRI, MTEM-200 78 1~2 COPHT
e IRE SNTBERICEFT 5 (X3), n AUERSCY = v 7L
WHRD X912, Z OB CIL, RSy F
TR E VTR, D FE W AF/KIRRF D ISR BT
W GRSy FHHEBLL, GRS LD,

7, FAMREEIERICRT 547 IMALRE | (RIEEE
#a Lz % DPOl (N L — 7 ¥R BIfE %, Drake Passage
Oscillation Index) & DRNZAHE/LHHBEZHE 2 72 (Naganobu et al.
1999), DPOI {34~ 84 H R AR E L TER S
(IPCC, 2001), Frex 3T ZHel) T D, HTH, MTEM-200
& DPOI & ORINCHEFEREAH Y (Kutsuwada et al., 2010) ,
512 DPOI [IEFREOARERIS LU o RER O EROZ
Fh & SR 2 2 L DT~ (Yodaetal., 2012),

Discovery ISR HARERE & LC, FMifEDA T I /e E g
WIEIROS3 AR A REIT i ST, iR Ze R 7 T R BRBEFR IR
MTEM-200, 35X OWERFIFZRKURATEIFESL DPOI % BRbiHELT:
D LT, AR L EEPE AT D,

1. J&[F Discovery PR CORBERERIZ L DA 7 /0 & A
ROZRUECEBREE (Marr, 1956) , & 512 Marr (1962) 13437 S 43 fh/EHEIC

2. MTEM-200 &A%7 204 (from Marr, 1962) & FHHERERITHR
(from Orsi etal., 1995), 37 X 0 B KHIBISM & BREHEEEA DD,
MTEM-200 % BREZEEAE L 92 Z & CARMEIE T 7 o —F~8n 5,

3. MTEM-200 & 54307 ik msiAn (19732005 4F), Bl
EEEDS LW CIREDIERR S5, W BRI DR Vi 1 AYHK
R0 =y TV IS IR S 70, (after Naganobu et al., 2008),
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1

B EICR oA~ A U v

TR K A DI AR A A — VAR

Ol =TFE* - i sefer* « ZARMERK
*OEIER B MREIRAIRE RO
F—U— N AU - HERal - HOaERE - AR R E R
1 Bx &~ A U UK SN DU RER AT OB T

NA TV BT TFA VAT TR LIEI DK
FEEIR FEREER A ChHD, ~— - FUM - B T
V=T e BEARSIEEL & o T RHEZ BT A A G
OB AAFEA S — )V CREE) 28 ) I3 BIZR 3 0
BTV e (Kawasaki, 1983), Z 41, PDO(Pacific Decadal
Oscillation) | 23R S 415 KAUBIHFEZENANEEE) L T\ 5 &
St RO~ AU RTINS — M — VAR RE
RITH.BIVS 50-60 AFEHIMEIC DN Cilam SV T E T2

(Klyashtorin, 2001), LU, REFEO KK —WHFE—HT
AREROBIREIZ FAEA 7 — )V OJF IR 3 DMEET B0 &

I INCDNTIEH U 7 A /b= T Ol Crlian S C
ETebDOD, KRB TR SRRy, 29 L
7o RIEHIR S OBRED IR CIIBRIAAHET 2 LT
X, AH%OA T AR THCE R SN DUNER B D,
2. By

AWFZE T, RO RISy D~ A U 2 OEfE
ZHLMTT D2, BURFEAE “C-wiggle match dating
EZ LD RIS ~ 4 U Al BrciR s
WL, AV T7HN=T O~ A U MR ARk
(Baumgartner et al., 1992), &5t PDO index (MacDonald and
Case, 2005) & Fr#g L7z,
3. #ER - B®

BIRFE CET Sz 2800 4D~ A U L HEfEfM
fHERT R A wavelet T L7252, 20 HEACCHEfiG S
ATV 50-60 AEEHIN A BTz, LasL, ZHUFER
FEEE (£254F) 2B T 5 & BEROH L JEHIM:L ;t% Z
720N, —J7, 100 AR, 250-350 A JE S RRER AR
AL, FRZ AD1000 AFLARETIE, 250-350 ﬁﬂﬁ;ﬁ#ﬁ,ﬂ;ﬁf"ﬁ
e L QO DA R LTz, 2 95 Lz 250-350 4E0DJEH
PEI, B U 74 =7 Moo fafER RRLE SRR B,
KRPERPEREICTT N B ZNFEHT 5 38— D358
bz, it*ﬁﬂﬁ@ﬁfﬁ\%@méﬂt PDO index
(MacDonaId and Case, 2005){Z1, 300 4E0 JEIHAM:) S 2= 1AM

\Zh o TROD LD DI TT 72U, AD1400 4ELARE

T, KRRV~ A UL T N A L H#T 5 &0
D FHEDFRO BAIVD, ZAVE TRVFEBIR D KREUHELE

BAAEA T — )V ORI HBETH D EEZ LN TE
TS, AHRZEE RIS & WA RER OB
HFEAT—/LTHIEID 25T L 2R L TWD,
AWFGEUZ L - T, PDO & R VHERFaG~ A T TR A
VAR SN AEE Ry OEEEDH S b 7o o
7273, {RUC 250-350 4EEHANEI S G 2250 D &
UL, PDO &~ A TS TN F AT 21 ARSI
HELLEICRSEDOT /) —< VR E A2 5 Z L1275,
AT ) —~ VT DEEFAR 7 — VEB DR,
BAAER T —VEBORKEDKTE LTENhD Z &%
BT D L B0-60FEI TR Z D~ A T L U— A,
Et~A VIR NEREDIK T E LTHND M LIV
VN, ZOFERIN~A U UEIRTFRIOBZIET 5 b O
EINERESRDMEPVETH LI, A TRS
N BEERRS O PDO L~ A TS TR H U AD
HENEY, S%OREARERELE A b O EER RO
—DOThHEEZLND,

3CRRK

Baumgartner, T.R., Soutar, A. and Ferreira-Bartrina, V. (1992)
Reconstruction of the history of Pacific sardine and
northern anchovy populations over the past two
millennia from sediments of the Santa Barbara Basin,
California. CalCOFI Report 33:24-40.

Kawasaki, T. (1983) Why do some pelagic fishes have wide
fluctuations in their numbers? Biological basis of
fluctuation from the viewpoint of evolutionary
ecology. FAO Fisheries Report 219:1065-1080.

Klyashtorin, L.B. (2001) Climate change and long-term
fluctuations of commercial catches. Rome. 86pp.

MacDonald, GM. and Case, RA. (2005) \ariations in the
Pacific Decadal Oscillation over the past millennium.
Geophys. Res. Lett. 32:1.08703.
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J\SC B JEIMEE N & D 91 A O E) & fa ko R

OiFEo* - . e
* WO L xR
F—U— N BV A« AERHR - JEWE - BEE TV

1. B 8

HAE WS I8 5 7 A ORI D 5 B, B
b BRE, Aomdb B, GresNSEEsEE EREO 31— K
DAGEEDS H AT IV B T A SEOIIEZ B TR
IBL QD EEBZ DTS, T, \LEICE
\F % 70 B O BAEEN S B AL O 1 AR
TEEAE) L [FRHT DA S 505, Bk BT
IRCEH] - BUINE AR~ OB ENEFE 72 SRR SA 2\
OB TH S, =T, LR REIND
BOE~ O O ARBERREOMREE B E LT, /AL
B ERIVESRI BTy A Otk i 2 i 5 & & b
(2 Y A ORERERS R & 0T, BHlALE & ARRE
PEDOBIRINS 7> A DEIEET U OW TR LT,

2. B ik

WSROI, 2006 4E)N D 2011 4EICHNT T HUER S
L X BMOKEER G & —PTRi GRS [72< 72
A LB Z I E T 248 40 ~ A L OFIFAN
CTHEM L7, kAT, BRI R 0L, EGkE kT
EXEENER, ¥ — ¥ 7285 L, il 1=
PR DOHORAEN L, B ARk L, [72< 72 A Ol
HHEHR S AT DD IRIREZ D GPS (T — & Z ik
H U7, Bk O BRI, ik, (g R | IRIENIE,
T, B X R DA T AR HUEE LTz,

FIo Y A OREHE R T 572D, 72 22 A
I &> THERA LA Tl S V- BIRIZ DV T, B
£ (FL) A8 BW) ZHIE L, Fae=tic & v e (CF:
Condition Factor) Z%H L7,

CF= BW() / FL@em)® x 10°

. B
BN e BlER LR EEs B TR R
EHRERY [7-<7pA) 12X D, 2006 4E05 2011 4FI2h
T, HE 833 RO Y A DR E R LT 2D D
B, 3L ENSFHE S L, FHlERIL351% & 72Tz,

72, 100 BUL G L7z Chbig % & 2008 4RI
140 R f 10 R (FH#E 7.14%) . 2009 452 188 J&
T 7 FRFEE (PR 3.72%) . 2011 4EiZ1E 445 AR

10 P (FHfi=R 2.25%) & 720 KSR A O FHE
I, FIC LV EEDRH D OO E Ml A T~ &
DGR ST,

EEHVAOBBAE %D Y A OFHHEIL, T
LV RE /2D | 2008 ikt 2009 AT ITZ
< DAEHAHE i 2= L7=DI2%F L, 2011 4R Rtk %
% < OARIARD )\ L X 0 B MEm AR Lz,

4. & =]

FBISRISEEASE ks 36 E L v dbloEeiE T
M Abke 36 FELARG AR 32 FELIAL AR 142 FELIBR Ok
Ze [yt [EHEEEH BORE 142 LI O A [T
—VREEER) | Ak 32 LI OviEEA TR 7 L ERR L,
I\SCESERIMEE b OB EMEAR R A Mt U 7oA, Tk
M ~ORBENERERIT 2009 FEHAAE T 100% 27 L7223,
2008 4= 29% & 72 o7z, FD—F T, 2011 FHEREClX
THAEM) ~OBEMERIIHER S VT, TR ~0f
EhEAR 30% A R LTz, F7o, THh) BEO I
IS — IR ~OBEERERIT, 2008 A L 2011
FERERE & HITHI 30% %7k L, 4FIC K- TRENEIRRIZ
BENSH D Z & DER ST,
HWIADQHEEEHFEETIV Fil3FED/\LBIZBTS
T A DORNEARRIL, 2008 4, 2009 4% 43cm £ — K
1%L, 2011 4E Tl 46cm B— R &S00 ko A7
L7 F77. MRS OB — Ri% 2008 4E, 2011 4EC
20.5 it T > 7=DIZxt L, 2009 H 21 195 L0 h&
VMERIDMCERE STz, LLEDZ Ens . Y FOEEID
FHE & FEALE & OBIR)NS 2009 AETRFER S5/
CIEGEE O/ NS MEAR TRE & 22 DRI, A7
OB - BB TR E CIEET 25 00REL 2501
L. 2011 AR S0 D KA CRERE O K & U MERD
TR A DRHTIE, B A T, WD L <3
TIT2HDONEL 125 D B Y AOEEET IVOMEE
SNz, ZORERNG, FRIZBW T\ LEELToR
VA OREIEZMGE L, EIERSCRE R, IEWED
FpkEE=2 ) 752 LT, AAEDEE~D Y
FIGFRIES L OVESRIERR DFERE & 70 2 ATREMED RIA X
nic,
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53 2012 4 3 A OEEIIERIZ 51T B~ G
OFJER  IA* « FEREEARER: « fH: FEx o | SRS « BT « [fA [ « BEpEeEs*
G Zh =1V N = 20 bl 1135 0E Skl Sl ) ool

RZR) K o THERHIT ool YK PEHRBUER
: BRI - ~ YNl

o

[B#4]

—HB = IR S IR, 2010 FEOFRERZITE
VT, 2009 ARICHEIER SV = R SRR HE CORE R
DEERE, ED <V SOEERBEOEIREEDIKE L Th
BH5LNWT EERE LTz, 2001 ARSI XRAEOSERIC
B~V \IROBENRH - T-H OO, BlAOERIT/L
<, FRBEHEDR LA L B2 5T-0DFT=4 Y Tk
fOEEM AR L=, = L C 20124 3 A, sk ¢
72T OVRBIRIZ L B~ P SEROIGE R H - T2,
AHRETIL, 2012 AREHIRTEOREPOR AR D 1KY |
SN CO~ T NIESHERL & MR EBOBR, ~ 0%
WEENZIIT 2 ZOBROEFRICHOWVTELET D,
[HHEAE]

2012 -1 A5 3 A OJAIERFSEIZ DUV T, B - )
HEEUHRER, 7253 < WO REAFNTEA D 57~ & T
L. SR &~ N\l = FEDRGG O E O BIfR 2 et
U7z, iBREE Gl Ui~V R OREAVE 2D KG i
OB HHWE Uz, SRNALHTEI . —# = IRk L
T MU EEERIZBWT, 2012402 A0 6

AICEHESHAERI S B ) noXy 7 2y M X B8R
T~ IO besRET L7z,

[#R)

2012FED7=HF < WiEfIT 1 A 9 BICHE Tz
z. FTFAETE a vX RS =EEELEED I~
SIHN DG L o7, TH 29 HiCk 3 U X LT~
NOFEN TP "% A 1K1 AHZ0 1L Mo
B2 T, SR O~ P\ EROWMBGTER & 757z,
R COMEIT 3 H FAIE CThix, FRC 1K 1 AHTZ

D3 hACHEDRL RO, ZH Lz, 3A1H
Ik 3 U & D DERIEHRA~BE) L 72 KU 1)~
P AROEEN AT, Bx B 3 HICFEHER~HA L, 11.0
rDWED S L 86 MV Lo, ZOMITE
D%D SHETE 2 7 & AIZAT7ZA3, 3 A 14 BT8R
INTHEZEL 1 by LD WNIED 8 RIS~ Y\ T2 572,

1 A0S 2 A FROEREREIL, N AT H 5
b OB =) DT 2 LR~ BRI &
T5 NBICTHERS L7z, 2 AW Rl Bz i b
PERT 32 100 ~300 NARLE TR F Lz, L&

FRI KBk BUTE L 3 RMOK Tkt

izt b2 K 51270572, TR, < NG L7
STOE D T2 A~ DGR BRI KA R bz, 2
A TaND 3 A ENiE e Tl L5 & OPHMAIREAS,
S A~ DK M & 72 5 L7230 S
KEITL, CARRIE & ZpoTe,

b= & A, SR T ST~ N, 8RN T 36,
7em DFDOENE D SN, BN E 3emIZE— RRH Y |
ZAIVE TOFHRETEDRER, 2009 RN R TH D &
BTz, MEDI) KGEDOHEE )N, Al oF TS
B Sl U=~ N3 2 A 22 BIZEDRRT 20 % 72
EHEE ST, 2 ADD 6 ADEINESRD Ry Mo
AL~ NINE, 4 AD CHIPN Lki7Z 57,
[B%]
ASRHOFEEEEMER T, 1| A FANLEIEBOPEIC
MiETDHE 37X AT~V RGBS, 1’ 1
ANBHT20 3 AT DARfAE, kil L7 BB O
REDSTZ L 2T 5, Z0%, 2 H ML
DB, SRUNEE A~ BRI K D e 242 2 TH D | 2
H TANCEEII 2 % 7= Bl DR U725 & 7o
7o BRINZIT 2~V A\ THROWSGIEIL, FEIREIRTO
BTSN I E S LT 1986 SEAFRITIE, 1978 4ELL
K, 3THESD &%, 3 H 3 HOESETIE, 40 M BLE
FERPTRE/ZR ITMN T 11 FoDIEIZE EE0 . 20 8
HI~P AT o= 1K1 ABHZD TIL0.66 horb%
UFpholz, ZOZ LI ARSI T HHERIT
b a X REERE IR LRI T S, 3
Hﬁﬁ@iﬁ CHIRK & 72 | b 3 U X AH~DIRK

LI E > CCPUE HIKF L7z, T3 A 14 H
@%%f%\v%ﬂmﬁé 8HI & m Dy, L b
VR LT FOBREIINA~DOHRIEIR Tr o T,
ﬁ%%miéﬁ%wgmi EREOBUETZ 1T T2 <
Wt £ COMEEE T 2 DRI R L EET S,
:%%@ﬁ@v%ﬂﬁ%fim%%_uﬁﬁéﬁWA@
HHfE, TRERAOMA) AN & > THD D 3 A R
K&, ZLdL v btk 3 ¥ UHRIZIRWEENLD HIL
X ZHEESENICRIFT 5, ~ Y S OARKSH)eE A
BIZE - T, BN~OEES 2 T, £ Z~OHifan
W25 a5,
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~A T mDNAZROa7 kv k

VI alb—va N XA EEHEEREOHE

OFFPFER - MR & - BLH 4
KEREIFIEE v % — R K FERFZERT
F—U— N BREFRK - AR A X T PANA ZF - R

FEWERNTIBEIZE Ul A N2 M, B SN T
WA NS 2 & IXREECd 5 A%, DNA sl
V2R ST ST 2 — o s DAERHEO S % Be A i < 3K
HTR ST E T, AR TIE, BHEDEMERD G
> 7Y 7 Li= DNA ZHEREPHIRE L L, &is1
FAH (genealogy) ZBIfENHIMEIZMY | 771 DNA
BLAIA B SEIZ 5% (coalesce) T DifE%E > I = L—

a5 2 L TREICA U EEOERAHEE T 5,

1990 4F73 5 2012 AT CHAE THRE LT~ A U
Vinb X ka3 KU 7 DNA OFREER CH 5 D-loop &
= A LT, T VEIE 1990 452 H O 65 A,
1990 43 H? 41 {4, 2010 40 20 {E{A, 2012 4D 30
fEAT, FRAKRIGIAL, B2 [BILLEOBHEN S 5
R ARRA LTI-FESIE L% 1,166 bp T 5 (ERY1 b
FNEE), I b3 RY TIERREEZITY 205
HEDEATEENER 5 % 5.

Wright-Fisher £ ZHEALE L (JSNAER) L IB{SA0F
BOHRRAE (MDE) Z{RE L coalescent ¥ X = L—3/
a3 U EITV, mDNA ElFT—Z 6RO -2 A
Bk LU CPAES) b~y F LI
1T GRIX) oW L @RI 7Y 7)) & LTRER,
~A T UAEMIZMDE 22BNV TER Y (2R Mk (R
BEEEDT L IV) INS\ D DITHIRZERE DN NS W) | filt

GEALAIRERTC) DR A RPEEMHER S iz,

= Z T, [EIREEEIEE S Stepwise BT /LTI 5,
i, HSCHER (EAEEN,) 1TRIED D ¢ HARETAH
HE 1/ k5224, Ny (= N, k) c7e-7-2 L, 8

RENFHHESHT — 2T L <A D5 A—4 N,
1B L0k, BT B, [IKREBING S5 A —5 OHEEIL,

EGHFENIERY A Rk TihE DL, £, K
HFHNCEMT H2EROBIIRK OB OE S (HEHES
73 coalesce 5 FE TORFLIH) IZX->TREDLZ &%
FIRT %, N TR A 7 —/L (long-term) (207
DA MARDERY A X OFHFLE) (AREE YA X) T,

VERERL CIZEBE OB A XD 107 ~ 107 L He &
ATV % (Hauser & Carvalho 2008),

Stepwise “E7 /LZHD X coalescent ¥ = L—3 3 >
ATV, TR REHR (BRI M K OMEEZ
FED~ v F LRWBATAIEAD) 12XV (EREEIRE T A
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