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Abstract

It has recently been well recognized that environmental changes can have
significant impacts on transmission of infectious diseases, and the merits of
understanding relationships between environment and infectious diseases to

disease prediction and prevention.

Scrub typhus is prevalent mainly in West Pacific, South Asia and Northeast
and Southwest Australia. It is transmitted by larval trombiculid mites (i.e.
chiggers) harboring the rickettsia Orientia tsutsugamushi. Knowledge of

ecological determinants of chiggers can thus help reduce scrub typhus incidence.

Regression analyses indicated that infection rates of scrub typhus
(incidence/population) based on towns from 1998 to 2007 significantly decrease
with yearly average temperature and population density (P<0.0001, P=0.01,
respectively), but will increase with yearly total precipitation, proportion of
farmers and dry farm lands (all P<0.001). We collected chiggers from small
mammals in different habitats of Ji-an, Shou-fong, and Fong-lin in northern
Hua-lien county, and did measurements of environmental factors. It was found
that chiggers were much fewer in frequently disturbed areas (see later). The fact
that scrub typhus infection rate is higher in eastern Taiwan and mountainous
towns may thus be related to their being less disturbed. Although regions
surrounding Mt. Longevity in Kaohsiung are highly populated, scrub typhus
occurs each year in high numbers. We propose that strict military control renders

Mt. Longevity more pristine and leads to higher chigger survivorship. A survey



of chiggers in this region can test our hypothesis, and can educate people against

possible infections at the same time.

After surveying 104 locations in 93 towns of 14 counties, we found that
there were more chiggers in areas of high scrub typhus infection, but the
distribution of chiggers differed. For example, chiggers could be collected in
most sites of Hua-lien County; on the contrary, chiggers were not observed near
Tai-tung city despite high incidences in this region, which implicates that
chiggers are distributed in limited sites. Locating these “hot spots” can more
effectively eradicate the disease. In the mid-altitude mountainous survey site,
chiggers were frequently recovered from rodent host species different from
those in lowland areas, and further study is needed for its’ possible influence on

human health in mountainous regions.

Correlating weather variables with infection rates of scrub typhus in
Kinmen from 1997 to 2007 revealed that simple regression model can lead to
misleading conclusions, in comparison with more sophisticated SARIMA
(Seasonal Autoregressive Integrated Moving Average) model. SARIMA also
demonstrated that infection rates of scrub typhus in Kin-men can be predicted
from infection rates 1month and 13 months ago, as well as average maximum
temperature 2 months ago. In Pen-hu, SARIMA revealed a significantly positive
correlation between infection rates of scrub typhus and total rainfall 1 month

ago.

Except the most well known rodent hosts of chiggers in Taiwan, i.e. Rattus
losea and Bandicota indica, Apodemus agrarius is also one of main hosts in

northern Hua-lien after examining 3,060 rodents and insectivores. Prevalence of



chiggers (84.52%, 73.02%, 89.25%), chigger loads (374.17, 208.94, 84.41), and
antibody positive rates (92.9%, 95.8%, 84.1%) are very high for these 3 main
hosts (R. losea, B. indica, A. agrarius), implying high probability of infections
in local people. We also found that chigger loads of a recently invasive rodent
Rattus exulans were not high (9.45), their contribution to chiggers should thus
not be positive in spite of their high abundance. However, a locally rare chigger
genus (Gahrliepia) was observed in large quantities (36.98%) on R. exulans,
which is different from main chigger species (Leptotrumbidium imphalum,
78.73%) on all mammals examined. Its’ influence on local scrub typhus

incidence should not be neglected.

Chigger loads were not different among 3 habitat types (ANOVA, P=0.35),
including 27 plots of low grasslands, 8 plots of high grasslands, and 9 plots of
tree plantations. Chigger loads were not related to most environmental factors
measured (with simple regression); however, disturbed plots harbored much less
chiggers (mean= 40) than undisturbed plots (mean= 161, t-test, P<0.001).
Plowed plots (n=17) also had much less chiggers (mean= 50.9) than un-plowed
ones (n=16, mean=145.9) (P<0.001). Currently, fallow lands are subsidized to
be plowed twice per year, and through land disturbance, this policy can also help
suppress chiggers, but this subsidy may be abolished in the future and its’

possible impact on scrub typhus incidence should be monitored.

Key words: scrub typhus, chigger, SARIMA, environmental factors,

disturbance, invasive species
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LHDE -

ARPEIE R R g 5 15 BREK > £ 35 BT T
VB X BU#E (Sherman) > fr 10 B 5 4P R BUAE (& o) B pEm N BLEE L) o B
R - BELd > TN R S PR Rk IR o B R B o A < Y

0.01~0.08 ml Zoletil 50 Jf s A& 7 £ T i1 8¢ > PIE B E ~ ML - &

o

—\\

£~ fsmrEfeR £ o d AR R et AR R (8 LG BARF A 2
e B A BT S IR (S L R B 20ml p AgY o HFE N
TR LIS E IS L TO%FPH s o PR R Bl w hF 2 (A
B~ R frpt R ) 0 X R F AT T0%IFEE P oo ¥ OPARNEIR T S BR - R A S iR

B Ry B TS ABNE F o 2 (5 BB 20Tk -

IWRER S 2 L LB E A I K 3~4 % 0 &% 30 mine £ #50%

|

2 Berlese £t % /% (Asco Laboratories, Manchester, UK) % - 12 Olympus BX50

N

Bk et o L A2 &~ %> 2P %% Nadchatram and Dohany (1974) -
Vercammen-Grandjean and Langston (1976) ~ Wang and Yu (1992) 2 % %

(1997) 2 372 o w2 & 2 2+ 1 B B0 ok PR AR 5 AL o

RAT A B S e B S BT 1 40 1 PBS AR 1S 0 1 ¢ H 5
Kato -~ Karp {r Gilliam = & % 2 L A2 ot fiFhat ¥ (8 ~ 2 4+ 130

cAt) 2 S EAPIR-R 4R Y 2 37TC T 30 448 0 1 PBS R S i T
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@ 5 s o3 I okt~ hogg o £ RS # k4 B (Fluorescein
Isothiocyanate, FITC) .l % #L& IgG+ A+ M x 7 (FITC-goat anti-mouse 19G
+A+M(H+L), Zymed Labortories Inc., USA):Z B » & & »v i Bk 45 ¢ 3 37

Cier 30 A4 > 2 PBS 2k h 366 > iF + PBS/H b £REAE 2 &3 o

FUEG R N LEAET > RBRE Y LS o
(2)F* I F BN ﬁF"’;r,a‘fr',f,g BL %1& Wl’;‘ff'.%ﬂ)}%]l%fﬂ]rﬁ]’g& 4

d *,{ﬁ:}?ﬁ@ukﬁﬂ B 1-12 25 F AT d ’f}?ﬁﬂ w110 X f2 T & T
B AP ot 84 1997-2007 & & F* BrfoiB i@ gi= 0 R F &L B
Ha R E R P ReE R R A T el f 2 L000(H I E £ LR S )i
% & % #c(response variable) o & 45 g i ¥+ (7 5 p % # independent
variable) | # 5= * T 358 ~ T35 FH ~ T35 ME ~ THpHER - &
AR RFEF R AN R REE LB (AR RRRERE ) FE 2

SRR )R T BES o B0 0 LA ik

s

T g I hw i
i TR Bl A4ty T R blBcfey 1§ i BT (FETF lag0) ok
ek A TR T Py blBcfe 1-6 B 7§ % 7] (lagl, lag2...lag6) <
T o gt N H-fe PR LB BLET T R chiw fF 2 2 (simple regression) >
BF 7 %27 40 (non-stationary) e fF = % 0 2 P o Do f i TR

7 B = (auto-correlation) s % & (2 & & p A 5274 (SARIMA

=
INTN
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Model, Seasonal Autoregressive Integrated Moving Average Model) = #& > iz #7

B2 EHER o

A §E s b (simple linear regression) » # 4R & F® Bifei& i@ &
EVELAFBR LT o P 216 BT BT B G FS DM HF
A (differencing) s % % f2.2-5% B 7 4p Ie (non-stationary) cHf* 48 o o 4 B
B bl 2 fof i FF LG PO SR T A - EL- BR
o FIPEE 123 TR LA Ny o & PR F U iR d 2
£ >HENF 0 bde 2003 £ 6 7 E AL R A Sk 5 1 2003 £ 6
VR AT 2002 60 RAFREARERRFF T D LARBE S

Fqef B EF IO Al o R SR 1Y e R A AR A

‘ah’

AFAeg 1B L6 B BT B FFEFT M ok fd 3 B FEARNIF
EFAIBE AR PARLILBHIAREFFEFTEEEL S
@ [ 4 5 1 3517 SARIMA(p,d,q)(P.D,.Q)s * » 2 {5 £ 4 » L A fs ek P §
EEH L ARE LS oF FFS M oo Bl B A1 Y rad 2 g
i 2008 £ 13 8" £ E{riB @R L ABRE F 5 T EF L

(7l R o
(2)FEER KBRS T LASHEE 2185 F LM 0
PR RT R R R - B AR TR R (TR PR LIS
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TR DLAR > THFEAMERRFF T LERIN AL B R T o
MBH(<1,000 22 )E 4 A8 223 3 EOE AP Bl HE S5
Al e AAPF S E T - AP B RAPNST E B Atk o ARG E LT3

) FERERALY 2B 10 B E S

TALE A EFBALE B E TSR
HE A2 B oAU RE(FrEY 24 BRE) AR E8 Y T 97 #3
VPR R TR G ER ) BT BA A BN L 3 ERM S FERMAL %
BLOBAEMCRH {33 SR RA(F L L 39 B RH) RERpEY
i 3B o FEERE CREIACEEAFL S o FehE o LD

FIHFrERL FATEFTARRRIMf-2EA AR -

EARSHDAE S SR E BEPOFAREZ Y oo R 1 15

SR RN IEOE RO EA R SHM-1 & B) - 2 2 T E )

axf

Il

ek E 20 FR TSR EIMRAE - 2 0-20 24 ~20-50 2 &

=k

¥
50-100 2 A ~ 100-150 2 A ~ 150-200 2 & f§ 4+ chis B » & A 1B B fo1
FHEE S L E 5 2 N AR o 5 R F &R FS L)
Beh30 BHRENTEELT o T2 e BRABTLEN £ F

BgE kA ged T E o
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Do ARRT S S ¢ BT B R AR AR B S BN H BT R b

%4 ¥
BAtsd o o R L RPN & L s BIER 1R
CH(R A F)IEE G REE G 0 A LA 5B S HRTAREN
5 T AT RE SR AT AR B B LR AR L

% o

W87 &1 95 & Tiok & LKA AR AL A6 0.03 6]
AAPR B BF P 50 Bt 5L Rh TR RRAE SRR B 2
B~ BB BAR s EAR v R Ir S 3 Bhenli SR (Bl Z ) K

1150 B FREEP] % 4

’ﬁ‘\”l

/‘
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-l"l%

Fofo o AT INends AL G Bk E g
FPELE R ZAROATERR A ALRR ML K

s

F1% @ 5 s jF(simple regression)~ 47 & FRALE f B F 5 & FRAEE
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TIE R ~ERFECATRE BRI A TG frg w ibarg B
HMrAARBR AT EEFETILER - A v FR AR D (S
P<0.0001, P=0.01) > fe ¢ " F & A £ ~ L8 A v b G~ B fhorg R

bl e @ e (B9 5 P<0.001) @ bt FlF £ TR L MRS ARE F

%% B 131.3% -
(C)e* g AARHOL LA BEE LN G

LR 96 T 97 £ 14 B4 5 93 B RAE - 104 B+ BL(F] - ) & fE] BT
HEEE > F ST {r L ihdp (L s i/ | BRg BRE) L - - S5 HT >
FrIECE A EABF 4 o] F ¥ E(Rattus losea) i i 4t it % 0 F B T e X 4%
pdcy 1T ﬁf)ﬁi‘}ﬁ 7 RRZEL ﬁ-‘)ﬁ‘?'}ﬁ FEREKRES F S (4 B 5 83.3%Vvs.
21.1% ; 357.3 vs. 6.3) » % &l (Bandicota indica) 77 % & o & dhdy o 11 L A
:},;a-;ﬁ FREZENTES (A B 5L 72.7% vs. 125% ; 87.3 vs. 7.6) o A 9L
(Crocidura attenuata) sH#% &% 3¢ fo & bk 4p #icbe 12 & ﬁs)ﬁa N EFRRE D A
FRINGZAEGOEE " > 2 Te s - TARES 3 S 8iin(16 &)

Flt SRR BN A o 3 LAY o 1 BY(Niviventer coxingi)fr® L
o SE(N. culturatus)3oy L ihF 2 0 & indp Bc(E 08 8/ 58 | BRaF B 4R o)
A w G 140 40 8 0 #icl £ § ch e L(Apodemus semotus) H ¥ b S (F A ]

B B AN/ ) B BRSO 5 33.3% 0 AUSdpERl: 210 FfRe o d ¥
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o TR LARECE A R oo

FeREHT OBF RIARBIIFETRE LNSEE G APy AR
SR LARF A RBL O RALFEEE L LS G LY

FFAABBRT M - L ATAAFFR AR LARNG B FOTE
FRE L AT R AT RE DI BIARFREFOLAR L

5 \E}.éf‘fﬂ"")ﬁ'g Hﬁ—#ﬁ'i ',/\ ”;.E;‘"fr'?la \T ;\%F::\E‘iﬁ &Fl ‘;

NipEE RN EF T E R HYR R A AART AE T
(2) B* BEHN L2 AP RCBPE > §F & 53 o f App b M &
-~ _‘%Fﬂg;g
AKB6E LY IAKOI L L2 EFREF F AR A EAFR G EP o
A FOM(FE) £FHE ELARHO L5 P BN 6
PEFIRE 8 BB K RAITT P 29 K11 25 51 R

BIE 2 o B o pIHER] A B 90 3 93 & PATRUIS ¢

HERFAFEAS ) LABRASTTE Y 7T BFf GRS Y Y

FeoM o el D 6B Hng FEF S 5 M A(F) 112 B



% H +:2 7 £ & (differencing)fs » f§ 2 Eﬁ:é}’}‘r g WF RSB

FERFUFLABE AT o5 ) THERE LB Bl ER
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l
)

5 (

<

3AS5BIRnTIHEZEZ2 3 B vl g foldn £-40 % 4
Z)e &0 RPRAR R G EART B2 OR AL g ARL A DL AR
B35 R~ BERIEE p S 745 T 5403 SARIMA(,A)(P,D,Q)s #

B 5 £18 SARIMA(L,0,0)(1,0,0)1, Ho7% » 82 %

ETIRS

X’tz O.532X’t_1-0.56X’t_12+0.298X’t_1X’t_12+at

o XEXe X ? Xe 2 X AW 5 5 P el 20 L ARE A

PEEETDEMRE T LAREAF (AL BER)CLB w2 18

=

MR AF G REFOM G T TE D FABR R FI P AT FA
TR RAL B AR B fEa 4T REREFOEG (T A

BRAS(LAGBER)THY LB H2 1 by 454 ot din -

FL LR D FiEFR o REET TG 2B wans D Tk
BEERES " LABRLT > F TR FERFE LARE LT R
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X’=0.515X"1.1-0.578X"1.12+0.298X" .1 X" 1.12-0.01 T’ _maXt.2)+a
HY T_maXepn= T_MaXgy- T_MaXris) > T_MaXen® T_MaXpigs % 5 2

B2 mArld B2 s P T3R5 R R o

PLERESRET APRE Y LA )%}Q%Lj(gc_l},é‘%:%)?ﬂ? 2 B2 weh

&1 T yag 3R 4y T B4 48R o

P KT 2 B UG RIFRD B R BT AR 97 £ 13 87 e ok bk

fospipl > o AR g e &0 A6 B en Fop blEO SRR D3 5 (WT) -

- ey
~ B R

P87 ELYE96E 12 HEHEFARLEARBG LEP frE
By P (R ) AAET AR EPRT ELARRB S 40
TEANR VA FESRI AL AN N2 BT E G opREL -
BEARITE KPR A T T B R Se3E 5 o Rp OIR] A B e
o0 AR 93 #E 2 m it 20 B bl HE AT 96 £ 080 B v

w(R-)-
FHERFEL1TRTF P TARE AT oy P ERFHEFOMG > {0 1

BragvEAEE AR 2B HRAEZ A RS FREFOMN B(Lr)e 12 12
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B EERELAG EAFEAFHAS LARERFE 0 E

ERFHFOMG ool BraavRAE > *H IR BN FFEE MR

d
#

F(FT) e MAABHLARE AF A~ SARIMA(PA,Q)(P,D,Q)s 14 -
FRFRAIT PH T FAPM o R EBF BTS2 FRAAR
},E\l 4, 2 ﬂff' 1 B * 5 a g2 '&:“J);ﬁ—g_”ﬁ {«E—%‘mkg %o BaR g afd aA

Hp»(P<000l) - §3%" PR B3 EF P PR ERpF > PIEH T 0

CAFERFL ERAER D G LARE B FH e (A ) -

(2)FEER A RS T & BT S L Hefr L AR & F PALH L5

AEO6E1L3% 2811272 97 & 133" EENELTN R
2SR b R4 148 B 1R B~ 299 E R AR AT 70 10,790 B I S R 0 £

FRINKGE s/ p B UQEF B L 3060 & > FiES S 284% > H P &
HITEA LSS ) & (Rattus exulans)fr427E & (R. argentiventer) o
3,060 & (g a s pFd? > e EE(Muscaroli)#cE & (813 &) #
=% 5 4% 1% (A agrarius)(651 &) ~ smw -] & (R. exulans)(502 &) ~ & &

(Suncus murinus) (473 & )4e &% & (M. musculus)(355 &£ )(#% =~ ) o

3060 £ Rzger g i p & dr ¥ F R B D) 132503 & L% 0 & f8-] BRAE
FEEE - AT LBE B LSRR 2 o AENY 0 ] F R

bt ek B (374.17) 0 B = 5 % E(208.94)fr 4 ¥ i£ £1(84.41) E % B
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T AR EHEE AT E R T i) § RSk &’
(63) 5 F3F 5 > Fpt A E R ATE 4 ch X % 8(54,950) ] § #L & (57,997)
WAL S BRAEI3IE)P R TR B AT ERI ] FHER L TE

MET EW ol kB B AL B L o LISRHE RS & J2A

FHER AR LRE L FRF DT ST - LRI RRC

suaveolens)Bz AR F ks 4 4p B > 7 Ed WH EEEPF L TR D
FBFRFEE-HFTAN TV Mk fiEg ) R REkE iy

Pooled AT E A NLIBEE T A F (LIBAEC4745) 0 Fit R RN B
Aol BN B LUGEE A 6 % B o T - BATIT O KRR

B A g fr LB ALt AR

FI* EABFRIL S £ HRRIT BAT & BT (&) AABT LA
RIS % 5 67.1% > Kato ~ Karp ~ Gilliam = & & % by 45 4 5] 3
64.5% ~ 62.0% ~ 55.7% - #iple0 7 A B Y o F B BB L Aok LS iR
W FpE 5 0 27 000 R FEAUL R 15 5% (100%) - # 1B i JE o9
BEREF G L) FIRA ESAME - AR FHRrATER R
EGi 8 g > BAART ATWAB RS F (455 95.8%
92.9% > 84.1%) - ‘@ | K fr PEE EBE X LRdp BAR ¥ 10 L AP 1

A 14(62.2% > 49.3%) > 0 REE PLMFE A 5 265% 0 Bt 2 E ~ &
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CEBHBE RS EBOLLRE ARSI Y § - & B8 Kato

<3

Karp ~ Gilliam = &% s chf (2.5 5 1 Kato & & > Gilliam & & > 2 &

+

BABASPRER L BRRB=fAF B EF LR < (-

I)FEBRARF & L QB LBEEES

DT BT AR AR 5 0 B RINEFER FIANE G
Pk QA S HP B L VERT ST AL - AR F R A - Bl

4 030 L X RAGH P F bl 33,387 L A(E N) HP AR

213 LURFAAE Y > v E bH L % (Leptotrumbidium imphalum) #7 ik et ) B
® (78.73%) » # =t & » 2 L 4%(L. imphalum)(10.86%) > & & & &% T ik 7 3
FX A 90% o ¥ bR S H Bt & X 4% (Walchia)(0.76%) 0 F B £

% (Gahrliepia)(2.14%) & # ¢ 4 % &% 4 (Leptotrumbidium) f& 7 (0.83%)(#x
s g

e

LISEAA) o T 1 6.66%14% 4 o

W

HipztrthIdsa s 2 L1452

7N v na

Ca

Y

AR TR ETIRAEE A R ETI

QBB AP B ? 0 % 5 MF L DTN 5 H o LIS feR 2 L
B(# N A R EEE ) B Ard AR B Bt B RIS S

(36.98%) « FIEE & b R g dk o RIFREAE 0 LIS B T L0 0L o ch
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B B LIS
(F)FEER HARS F o ZEE H S LM%

d AL ERO B RS > S HREERIR . P & BHE 4 L
BB G ARy <%t (0-918 £ Zin) o Fle U EHRIEFEOAL ERE L
Bhdn e A AR LEEE § B ik o 17 ANOVA - 1 44 B3
HIAE 5 A F Rk gE Lindpdic ¢ 45 27 BUER X2 & 4Rg - 8

BABE AP LI 9 Bl . BE:EF-AEe T AT ER

L%

A4

o ¥ B ¥ £ B (ANOVA, P=0.35) -

FU% 3 jF 4~ 17 (regression analysis) » 17 44 i 4f 3 F14238 5 & A 4 iF K h
e B Tt o RIRE L AR P A THECFEE -
2 TR EFR CERF AR~ LA S A (0-20cm, 20-50cm,
50-100cm, 100-200cm, 200-500cm)~ & * % & ~ & ~ B F B (LR % 975 B
Benghd ToE ) B Ehr Y E N LT E SRR - el @k
ARG BRI pEREyE AT TIHEHFEFET M
(P<0.001) » iT 8 A S+ 4f e B2 T 35 L b dy Bic(mean= 161) 1 > % 174
¥R R (mean=40)14 & o Fie—- H b 17 B ¥ {016 B A
WA ED R AROERR > AP R TR DL, 5(145.9) 5 F 2 B (ttest,

P<0.001) » %) & #s# 1% % (L d44p ¥k 50.9)in 3 & -
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A SRR LTk & FIF 0B G 0 BER T ISIE R IR L A

BAFFARE b fee A ARRBOEEFERDF a H 40T &

s i FE P a4+ 4p & (4 Gentry et al., 1977 ; Kawamura et al., 1995) » ] 4 ]
SRS SRR B A0 9 2 SR RS o R TS
R MR > T RFR FFF A RE DT RFG LR R MAREEE g
fopre R4 G g ik FRAE s Bl L HRR AT A A& XA T
BR - AEAGFERTEL 208 LRENETHIRLIES 2 A(14 2
25R);ERFPRINF ARG RS ESEF T BSERFPRIPN RAR
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>\4_
)?‘%,

PTG T RTE oL T LB 2 A 0 o SR
LR R M enf v 2 F DR Glde £ P oh) L 4% (Leptotrombidium
scutellare)(2 > 2004) > # 24 & &L Hch L IGMAEE L S L R T e R

Bl RFERAGTFL T VA FRTILER MR THFR

AEF ARB G o BHis Fapcn FIE_ S AL FREL > £ H F § FREREE
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AFFE B H DR FL - o ARTH L ATHEEIHL o A Hp P

T

BA AL TEERPREREEA N RUAFAF BAABR S5 7%

B F]5 hbf 12 o

o EMAB RO GEFEHT O LI DA FFRRCL 0 LGV T
e BAL S EATRIIFITER SR Vgl > 97 £t F 22
FHLFOB AT ANFAI G R AER > B2 %EELIE T LT 5

CHXLAMD AT AARBE TR T Ll KF 0 R E I
BFROIfr e sl 2 B2 57 FAp% LRPMM - e o B4 345

#2370 10 Bh 36 FRELIE (7 enF B f R A (2 0 1988) {- Hasegawa et al.

(1990)tept ~ s K~ P2 L~ B2 BA 2 BPEFELARRBENEOE

\

}

FApi o WA LT HRBTIR RRERIEE DI THETHET B
TS EAFROF OwHE  JRMELIGSE L F HiF 2o WIei-ER

hd BRI R B EEMAE L o bl s KBS KT
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?ﬁF

FMI o Ra FAFeoRs T T RITRERY kTR F AR
REFNGH o ] B i e SARIMA 58 (F &1L 6 f i é
TR ATEFRTEPREARRE R FIoF & FF ol o TR T
plgk o “,/TT 1o 5 L B o bl e i F1S 2 B ol Teb o SARIMA - HER

Bt SREE AT R S - B F) S RIERIA KRB B R o Rt G L

P o =0ip B (Hu et al., 2004) -
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RI|H W FF AL GHAcA R 90 3 93 # £ ELE AR RGP AR B
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EAEARRIR G g H e 50 0 AT TR S (T e U F

3 (2004) A fEiERh S 3R LR 2 B eI RN AT A B
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(Leptotrumbidium deliense) z i (66.28%) o &3+ 4 7~ & ¢ W Eh A I &

—

F R ERfeh Rl £ ROF S - Lidpdcfr L AR LS T A

30



FiEE R F Rl R bR AR e B G L &

% 3 ¢b > & i% B (Apodemus agrarius)s E X iHhd B F A Rz - > ¥ &
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jin
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N I

F RS e B RS g B o 2 ¥ i i REUS(Rattus) &
ek 3 & F 3 (Harrison and Audy, 1951 ; Traub and Wisseman, 1974a) > 7 i§
Hu fpenlfes P A ZWBApE £RDFL - Gldrhp AR B FUP
n & (Microtus montebelli) 5 7 (Takahashi et al., 2004) > A 5% > & &+ & %
BAR Y ERehF L o FERN AR EE ¥ RS LR o B
AFER A SEPSGRL B E2 APFIBELAE FF EE DR B
By FoLEEFLE SHFANIP I I AGATE,NREE
7R~ B AR4E- W (F 0 20015 % > 2001) o F]pt A R BUEY & S m g 7R
BE W EINELRFR LTS LABE FAMPIERIT N &
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T3E 0.52%%*  0.332***  0.027 -0.287** -0.287** -0.517*** -0.613***
T i
. 0.511*** 0.317***  0.014  -0.304*** -0.304*** -0.535*** -0.623***
B3R
T 3o
e 0.545*** 0.339***  0.038 -0.268**  -0.268** -0.498***  -0.6***
B 0R
T $op
2 n 0.485*** 0.504*** 0.334***  0.173* 0.173* -0.079  -0.365***
/
B g 0.336%*  0.413***  0.219* 0.142 0.142 -0.048  -0.233**
BEFE 0287 0.094 -0.061  -0.319*** -0.319*** -0.497*** -0.504***
& A B -
Ty 0.237**  0.37***  0.229**  0.233**  0.233** 0.104 -0.071
QA x B

*: P<0.05; **: P<0.01; ***: P<0.001

ZZAMB6ELY 196£12" £MREALBRE A FEF P »(Lag0)frdk® ! >+ (Lag
N> LBfgEFRreFlaGEEFEL s g% FL2 2

Lag0 Lagl Lag?2 Lag3 Lag4 Lag5 Lag6
T iR 0.115 0.078 -0.043 -0.077 -0.104 -0.155 -0.029
T35
N 0.072 -0.072 -0.162 -0.211*  -0.245**  -0.189* 0.005
B3R
T 3o
. 0.189* 0.07 0.036 0.005 -0.017 -0.046 -0.013
B R
T $ap 4
2R 0.116 0.19* 0.031 0.081 0.022 -0.129 -0.063
A 0.008 0.173 0.081 0.195* 0.027 -0.031 0.06
LEFE 0.025 -0.087 -0.034 -0.115 -0.114 -0.092 -0.067
& A B -
. ATL;B 0.002 0.172 0.079 0.197* 0.046 -0.01 0.066

*: P<0.05; **: P<0.01
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2w A7 £ LY IR ﬂ 96 & 12 " EP R A %.}}%)é 2 b i (Lag0)frdicip ¥ i»
@(Lagn) > & B F ix F1+ i fF A0
Lag0 Lagl Lag2 Lag3 Lag4 Lag5 Lag6

TR 0.336*** (0.296** 0.166 -0.02 -0.135 -0.264**  -0.297**
T
Lo 0.326***  (0.298** 0.175 -0.17 -0.128 -0.259**  -0.296**
BB R
T
. 0.34***  0.284** 0.148 -0.03 -0.144 -0.273**  -0.299**
Tx R
T o gt
_ -0.02 0.173 0.195* 0.169 0.027 -0.186*  -0.306**
R
B g 0.131 0.447***  0.246** 0.12 -0.167 -0.110 -0.244**
BEFE 0.193* 0.122 0.045 -0.143 -0.140 -0.307**  -0.300**
A B -
ST T 0.086 0.425***  (0.239** 0.157 -0.135 -0.032 -0.173
QA xR

*: P<0.05; **: P<0.01; ***: P<0.001

27 AFB7TELY 2967127 iR .\,ﬂaﬂ.}?ﬁft\ljll‘ &2y 7 i (Lag0)frikci® * i (Lag
n)»> & B f iz ¥+ % Tﬁﬁﬁ?l"‘(1€:f’f:/€vf9‘ R I~ B R

Lag0 Lagl Lag?2 Lag3 Lag4 Lag5 Lag6

TimE  -0.210% -0.083 0.075 -0.024 0.151 -0.132 -0.105

Ty
-0.242*  -0.158  0.047  -0046 0126  -0.112  -0.125

B3R
I 3o
. -0.163 -0.064 0.082 -0.017 0.139 -0.171 -0.078
T AR
=Lk
2 n -0.107 0.205* 0.037 -0.051 -0.077 0.001 -0.044
o § -0.005 0.508*** 0.155 -0.02 -0.218* 0.068 0.005

BAEFLE 0072 -0325**  -0.139 -0.116 0.165 -0.132 -0.099

0.004  0.509***  0.160 0.004 -0.222* 0.079 0.018

*: P<0.05; **: P<0.01; ***: P<0.001
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- aR96E£1337 851292 97&13 3" FHEnES
%ﬁi N l&ﬁ;}ﬁg{& liv‘% ‘rug{

RS MR RS

R R W EEL ESEERE S R SRR
JE R
155 374.17 84.52% 57,997
Rattus losea
& ER
) 651 84.41 89.25% 54,950
Apodemus agrarius
% ke
) : . 63 208.94 73.02% 13,163
Bandicota indica
@ ] B
502 9.45 31.27% 4,745
Rattus exulans
A R
. 37 31.44 48.65% 1,163
Crocidura attenuata
] 8 42 87.50% 336
Crocidura suaveolens
17 ﬁ. by
3 26 100% 78
Rattus argentiventer
& &
. 473 0.09 0.85% 42
Suncus murinus
FEE B
355 0.07 2.82% 26
Mus musculus
o BE &l
. 813 0.004 0.37% 3
Mus caroli
i e 3,060 132,503
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- 0RO EL1I37 83127 2 97 # 1% 37 FWHREE R F Y B R4
F1% IFA iRl & AT S 8~ LA BB IS > fo Kato ~ Karp ~ Gilliam = 8.2 & *
AR

fasg g % Kato Karp Gilliam Total
R R 3 66.7% 100.0% 33.3% 100.0%
L 24 95.8% 87.5% 91.7% 95.8%

| % LB 70 92.9% 85.7% 87.1% 92.9%
G 276 82.2% 82.6% 76.8% 84.1%
@ ] R 291 57.7% 56.7% 45.4% 62.2%
FEE 69 47.8% 39.1% 37.7% 49.3%
n KR 113 24.8% 18.6% 15.9% 26.5%
kR S 847 64.5% 62.0% 55.7% 67.1%
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FA ARG ELR 3T 82120 2 97 #1330 WERELMRZEI B IR
PERAEL AN HERE
*Hue gy | A9
EraZls | w2 X% A *r g
FA WhES | WE | EFEWE il
oA (L (L (Other L. | (Wal Gahrliepi e b RS
R erL. al- ahrliepia , B
imphalum) | deliense) _ _ ( lepia) L5 75)
species) chia)
Vi
- 81.21% 14.47% 0.99% 0.01% 0.11% 3.21% 14,179
IR e
/J‘ i
g8 80.79% 8.34% 0.56% 0.75% 0.60% 8.95% 14,047
2. B 73.98% 11.14% 0.90% 1.67% 0.00% 12.31% 3,240
@
I & 49.49% 1.26% 1.20% 5.65% 36.98% 5.35% 1,663
AR
4 RLEE 83.70% 15.22% 0% 0% 0% 1.09% 92
g &TE@ 88.24% 7.06% 0% 0% 0% 4.71% 85
SR H 74.47% 2.13% 0% 0% 0% 23.40% 47
& & 94.12% 5.88% 0% 0% 0% 0% 17
0 RE & 0% 0% 64.71% 0% 0% 35.29% 17
B3 78.73% 10.86% 0.83% 0.76% 2.14% 6.66% 33,387

FREMELIGA R T L2 B W R LR

i,

LGN iR AR RREERIA

63




