A study on habitat and distribution survey and physical control of

house dust mites and mosquitoes around human dwellings in Japan.
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fAER L WS SEOMRIRIEA . BRABRERBIFIES 2, Bl IE. T % BN

T HHAER, WPz ERKIICEERZ 52 5 AEFER, AREPLAREL &

OHR - N2 E 2 S22 AMEREORIFL L, LT LOEBHOAZHRE L

WGBS, Lo T, a7 (fER ) X vaTsay (AESR ) b#

AEREMEINE Z B2 (1), Eicix TEES, EREEREOME. GaMEK

O et oERICBET 23R ( IR3EHE ) RO CRMEZEN T2 ERT, %

TV~ (RS ) B (RS ), I, v T ravii AT

K=, BENEEX =, =X =B NICEYT 5, AWIETIE. T okFIcEoCER

rEAFER LR LICT 5,

DOBEO, FEFERIENT 2 T o RGIEICO W TERRICHBiT o L. &

T AREZTABENT L= ) T, PRI T CIREALHTH ot T h

(2], BRI  biRE 2 & O 2ERICHT L Tz [8], HAlICA->Thrbd =

7Y 7 5RE Nz, Bl AL G EEBLOEACED L THESIRTL

TEY, BZEE THRITOR W HE B CEE I Nz, 1950 £ Th -7 [3]), Hi

BRINE TIPS o= Y TIC X 3 EEZ N L il d 5, -,



TRDLEEFAB BTN B LI o7- 1920 FF X0 b a b2 T h A4 T h BN 5

HAMR D EZBLEIET 2 X517, 1960 FR_R %} T2 0 BELITFERTA

AT [4), 3 5ic, 7TV ZBUERITTE DL DRITARE T o T 5, 1931 4F

WX, 1942 IR, P B X UORIBTRZ RET2EB LT3 [5). M

ZC, THAZAHEDPENT 27 4 7 ) THEER. HL 20 HRICHFEEL T A

T, 1978 Flicwm#E L CHAITH R b N7z iR CEEM 5 S s hv7e [3]. U LEoflRo
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LT, BEICIIL OBRPEICHE SN, ZhERRL CELZBELYRH L, ZhZ
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2=V 7 IBEREmE LR 4 FEGIEEERS L. YRS E 2o T b
[(8-10), o X5 kA5, FAFERST T RANEREM ( Integreted Pest
Management (IPM)) ©# 2 iAWY AhbN 3 X 9 ik -7, IPM & iF, 1970 £
CAEENEZEZTHY, BEERSHCOEREFEIC X 2BREFTR~DODRKED L.

FEhzvroicd s L2 BFICT 20Tk, LR, VBRI, VN & FifRE %

F
Al

WiclAaBbeE, EHOLEREEZWETERKEUTICMA LI L WwHIEZT

»5 [11). £PHIHEE ( 20% KBS X 3% ) BRI N2 Z L 3% WEN

DERFIRICE W TIE, VEARPIFREDFFED IPM 2 X2 2EATOV L DILE 5

bDLFEZOLND,

HIFE S N EYED B 5 —J7 T WICHi 7= B RIENERAYEDOMED R Z o T

%o BlZIE, 2000 SELARET A U 77 TRIAT L. RZICIKR L T il teo v -
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D EL I 272, BNEWEX = 0REETH 2 F ) £ =F} Pyroglyphaidae ® &
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P EENE & = D 4 B An & WIE R ER

1-1. FEPEEN: & = O Bt M NFE D 704 i &

1-1-1. #¥#5

EBNEMEX =0 £ =k, 7Y £ =F Pyroglyphaidae . = 3 4 £ =F} Ascidae,
a Y & =%} Tarsonemidae ¥ & ' 2 F X =%} Acaridae 7z & 18 RIBEN DEE X 0 ]
IneHIckv@EshTw3 [34]), b2 ETIZF Y £ =F} Pyroglyphidae O
BEGE L, s (1977), mid e E (1984) ¥ XU Tomaetal (1988) @
Wicks e, znxh, ENEH® 8% [35]. 52.8~76.6% [36]. X1 95.9%
(37] 235V X =FlThH o7, BHICRoTi, BAH., BHEE. Efi. £ 6%
FEEA2AKRT 99.6% [38). BT 96.6% [37] &HEICZ OREKEIG 135 < 72 2 HmA
BH2, 2. FIX=FoX=0BEICEL . KELEELXIELCT, #E0
BERECEVIMESD B [39,40), LEr->T, BREF I F=Hox=Dkd
HELRERGTOVLOTHDEEE L b,

F ) X=Rlo X =D ZEMAAICE L Cix. Andersen (1984 ) 13X v FIiC 28 @ [X[H]



ZT T, R CEZRCEY . BT X 3 X =0 M eIl 75, AR Y E

H25bDD, OV IR ZRERIZERD bNhdr o722 EB2HE LT3 [41]),

Colloff (1988) 1Z &£ 7 ARy F% 9 oD XEIcHE L <, MEEZHEL., FV 4=

FoZ=pFL L OBIREM~TRR, Bh Qo 2XEC3FRENR S P ol L %

HELTWwW3B [42), F72. Boer and Geest 25 1990 FEICER/EMOMEIC L 2~ > k

LRADX=DIRIRZBE L2, = PLAKRMOAZL LT, =¥ F LAWK

ﬂ

KX =B L T e B HEL W3 [43). HHWNE D X =940 % 264l i 3

BTLZHNT 70,

¥, FIL=FOX=DREETHYH, 7L A F-REDL BN T LTV

L35 Y 7 v ave X = Dermatophagoides pteronyssinus (Trouessart, 1897) ( LI'F

Dp) &as v aveX= D. farinae AM.Huges, 1961 ( LA'F Df ) 13:EIf3 2 1BEH

HaztEbhTkh), MEFOHEGIMIRICX - TEARZ L oWELRD 5 [44]),

Fengetal. (2009 ) i X3iE, FETIEFEHLHE R &% ol © Dp 2385 L <

W3, —HioHE Tk Df 238 5 LTz [45), 72, dLE i Df 2L L Tw

2LV MERD B [46). BEEOFE CIIHE & I3 Df 28 53 261284 a8

[(47,48]). Dp 8B LT 2 KEDFET 5 [48). HAD—#FKETiE Df & Dp O

HERFREICX DV RX L EAL B L IN3 [44), Kawakamiet al. (2016) 12 X i,

DHETIE 1970 4EKH 5 1990 FRICiT Df X Y b Dp 28% v & DIRED L 23, iF
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FZDf OEEVRMOTEL o TWwa G INTnw3E [49), DL E, ENEFDO X

=M. B, MEICE T 220, R 2 HOKEIG ICBE T 2 i eHp 2k~ 72

B, ZNFE TOWMIEIE Boer and Geest D¥s [43)] ZFRZ. wIind EHEEZ IR

THELHELZD DT, MHLKHORAZNRE LTH Y MENEZE Y H

LEFZHAE L 729 D Tlde\v, 2 2 ORI TR, @Y RFREHESLO F235 0 215

52 xHMNELT, FUVX=MoX=0EMANLRLELGT L T 2B O N D

DR R TE L 72,

1-1-2. MkLE ik

AR Y v I o AF

2014 £E 6 A5 12 Hic, TR (44 ). #ha)IR (58 ). RBRIF (24 ).

TR (28 ), BERS (14 ), JER (14 ), TER (14 ). FBE (1

B A (1R ), BEUR (140 ), X omER (14 ), &5 20 o B

% AF L7 (Table1-1-1), BARFIIEARWICK D 3 £ d 02 HEAT

B, —

ol

trictbvdo ((FHHER3 ERE ) DTy 7 ricizazz, (1)

EBHECTlE 7223, MO LT 25 LR, FHi & omBsfRic, <Lea

REKEDTLAX —FERAH 2 & F2MHEH L WA, (2) 3FELL-fEH

L. (3) kw2 Y —= v 7 Z2fToTWizn,
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K =FHOFRIL & [FE

BATH O H D R WIS 5 AFTOREFRA v+ (Fig. 1-1-1a, O~G ) Z#EE

L7ze BREFRA v P T, 5emX5cem OHiHZ LS T U v R 3EIicHT

7= (Ao L, FridfeftE»&n L7z ) (Fig. 1-1-b) . (1) L, flEH L

i S CES 5 mm Oy, (2) THE. 4 e b2 & T/E S 5 mm O,

(3) W, 2o ( B3 30 mm ), FE T Lic, HARTERK

(JIS) 1w bigevli Lk [50] 12k »>C X =oli%fi-7 (Fig. 1-1-2) .

W LiEE L. i b ThHMSPENEDOY v ZAICKEKERZMFT, v 7anrb

R 2 hECcH D, yronid, WEMNEFRY) 7oL viilhy 7 (v a

—envrey () ®) olkic, HEX 0.7 mm, BEE20cm Offiz ., fi T v

TN HKEKTH VL 72 AKEKIZHE 10 mm D& — 2D 5eimic, FE L 9.8

mm, EiEHHNE I mm oA — ey 2 —F v 7 (k) =F VY = — Nichipet® EX

WA ) ZEUO AT, KRB IL B v Inicdhz2 5oLz, FEETFEIZZNE

NY v 7z —Eich FICEWTHWH L, g oo EICLE T 5~6 [H

WK T LEEZ B o7z, VEWHHLICX 2T, i TDOAh Yy FICHEE 72

X=%E&GUKIE, 77F—m—1 Lok (ADVANTEC® No. 2 HUFEMR (Fk) &)

TG L7z, APMEIC X =2 INRL 25 E T, HlILZ#EVIRL 72,
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WML ED X =% v T id, FEEME T Rl ASeicE L 7z, 2 bT

Mo % 23580 b N 2R DM, FIRPEF L TAADD 2K ZEFE L, FIP

HADKbNIAMAERZIL L LTz, 7Y X =ROBAESBRIL T =853, [FIE A 6E

IRREDIER ZAERICH Y I L, Dp & Df o[FE%21T -7 [51].

MeaHALHE -

I v TN DX = DE T, Kruskal-Wallis £ 1T X - THbr L7z, £ =FH DMK

HEDE N, A ZFERIEIC X o THIZHEOBIE 21T, BV AR EHE I NS

FHIR 2T VERH AT, Fv 7 2 u—=DfiE% H\ 7= Fisher’s exact test

KXo THEERZRE L 72, @HriZ. R(ver.3.6.1) IZX > TiTo 7,

1-1-3. #E%

S OFHE T 10 B 12,734 ko £ ok e F v 2 7 L LR} S{EGARE S

oo X=JHTIXF VX =R 2ED 97.03%% Tz ( Table 1-1-2a ), R\ T

BREMER S 225 7-Dl3Fa ) F=FC2.63%TH o7, KTV XA X=FD 0.19%

T, OO TR X =3I hd 0.1%ICH =m0z, F=FHhE® 55 ) X=Flo

HEZ Y v IAmickd T, HEDEWIEIC Table 1-1-3 IR L7z, U X =FloH]
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BRIV IABTTERICRERY (p<0.05), 42.1%25 100%D K& 2BV HFED 6

Nz AW TR CHUE DS 4 DLL ED Y v T ZGi# L 7 Ul & ) IR o F5 5

ZRZ L. FCHIKTH Y 2006 F ) X=ROEIGITECDFED b, R T DK

KAE 100% & /)Ml 93.8%. MZS)I[E-C D HAfE 100% & f/Ml 42.1% DE W 1T, %

NEN, MEMNICERETH o7z, b, 42.1% L 7V X =FlodEl&rntthoy v 7Lt

e~ fipig ic K22 7239 7 ID 10 12, FV X =FMfo X =3 Thra ) x=Tdh

277,

2

s

Table 1-1-4 12 5 cmX 5 cm X[ 5 fH 72 ) © £ =hifks (EX =+ L= ) %

JE. P2 T ORLE, TEs XU EEo X =fifkoFEfEIz 2 nE . 296

i/ 125 cm? . 101 A&/ 125 cm? TH - 72, 3 @K TITFE 637 i/ 125 cm?

T, TSR 2 Mz 5 L 901 i/ 125 cm? TH o7 /2. TNOHLDED D

1%x2m2e LT, ilHZV DX =KEROHEMICER L7z, FHHA1IKBZD

D, 3Bk X = RO HEE MO 101,872 @ik (50,936 ff{E/ m?2 ) <. &

TSR3 b & - HEEM O 144,176 ik ( 72,088 fH{k/ m?) TH - 7=,

ZE[A] oA
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BHEICE T 3 X = HHDOEMD A2 Mb -0, RERL VL (5HFF) EHv T
NONEEE R R STE (38 ) AL =HFEEICE 2 23\ % Kruskal-Wallis (512 X -
THM L7z BEFRA Vv MICX2EREECTR AP 722 (p=0.295), Hick2%Z
HiE7E -7 (p=0.01), 5 HATOWEEA v FicowT, FE. ffE. TEicsis
X =Rk oEIA % Fig. 1-1-3 1R L7z, EREFRA v Mics T 2BIBEIEGOE WL
fE (p<0.001) <, fAlloMWE ((O&® ) CTIEHHREICE KO L Twizp, il
DR (@, @, @) TETEICE AT 2EHmIRD bz, BN DT
VX=RORERY Y TN Ko CEORER R 0%2KE ( HEE TR ) LPE
DEGZKRDT ( Fig. 1-1-4 ), KECHMT 255V X=FloE& 15.6%20 5

94.3% L ¥ v A TRELELR D, ZOEWIIMETICHEE” 272 (p<0.001),

Dp & Df 0#|&
SEOFESETRERE L7=F Y £ =Ko Dp & Df 0E[& % Table 1-1-2b IZ/R L
720 32.4%7% Dp. 50.8%7 Df, Z Dfhis X A 16.8%TH -7, /. v 7
Nt Dp, Df ofElA % Fig. 1-1-5 1R L7z, Dp & Df oo H&ICH v 7
X o THEREWSAD 51 (p <0.001; Table 1-1-5), Dp D EI& 1% 0%2 5 100%
EFVTARBITRE L B in o7z, Table 1-1-5 3% v 72 & © Dp O EIE K WEIC
RL72H, WEE D 4 3 v 7 Tlk Dp O EIE IR/ 20.7%, T KD 86.8% T\
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BEERE 572 RINED 54 v 7L Th Dp OEIGICIIEERZENRED O N5,

Ibhoidwind DEBELL Tniz,

it B & & = R o BE R
SRlOFE T, BEH13227%Y) OEIGTHET 5 2 L BB DIk o7 (Table 1-1-
4) b, X=mEEEBBGROBGEZH~ #ifk% Fig. 1-1- 6 IR L 2, AV

7= v ONEMHHBEIRE 2 KD 7 & 2 5, i ORI IZ AR R MHBEBER D b7z,

1-1-4. #%%

Z=tICBL Tk, SRIOFHETIE, 2D 97.03% 203 F )V X =FloX=TH Y
(Table 1-1-2), Zh ¥ TOBESIRIREEE H 72 LEEIC X 258 L FfRORRTH -
oo DHBEICENTENETDOALL FAHICENTH, ZDIRLAEDRT ) X=F
DE=THOLN TR ERHLPERoTz, —F, P77 AIDI0D XSk
VEX=RRREAREEEZRTILDDH o/, ENEFTOFa ) F=DfiECT LIV
Fve L TOEREHICEL TERMZABED 24 v, chEcofEcd FY X =F
ICRWTHRI Y XL RERINZHLENICRIEE L EDbNSHIBRELNTHS
(41,52), A2 ) X=D5%OFBEFHNCRAET 2LELEH 20 Lk,

ZoBEICBIL <X, Sl AHREZ T TR NS E TR 3E 2. P
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¢ 72,088 iR/ m?2 (AKX 2,640 {E{E/m?. i 324,080 fEfE/ m2) &\ 95 IEHRIC

EWEETH o7z (Table 1-1-4 ), Z DL, FIRICEH T 2 HEREHERED 100

&/ m? [53,54] Tt~ FEHICHVEETH Y, Mo OHMENRPLETH S

LR ENT,

ZERIDATIC OV TR, AHANE ORI, AWFZEIC X D IZ LD THL DT>

7o Fig. 1-1-31TR L2 X 9 ic, A oMidm Tl EICE K pfis 2 H 0 . A

DHRETIR TEICE S s 2lHRBRoNnT, FI)X=FoX=D % 5Bk

DHERE D ZEM A DR Y . & 2 I I X O D K5 & 8 DIGFTHY ZRE 23,

DIAEIANIC B % 5 2 7= ATREME MM X 41 2 25, Z DJFIRIC D W TIZ SIS A

T BRENRDH B, £/, Fig. 1-1-4 1RT X O KKED T ) K =FloEl&IEy v 7

KXo TREL ER o7, TNIEEFEDENOWAR LA MOEHIRITIC X - T,

Al X =onmnZtd sl txnddbotErobnd, —JT, Aiffstcik, b

JE., TEZ, flIEZED 5mm & L2, 2z flz21X 10 mm & L2561 13ERE

( BEE. TE ) ciofits s AAainsflkodaErn ke ER T2y P

Nd, THhiF, SROBEFHETDH 5,

Dp & Df o, W% &0 AMHIcE T 2E &S, SROAETHIO THL LI

7o fERTHRARZ X IC, FLHEFEH CED - 4 KOMHThMEOEGIZTKNE (R

75Tz (Table 1-1-5), #5 Tik~7- X 5 ic, WEDKEREIE 10w Tl ERUR
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Prb&2 W CED BT ORI L o T, Ml Z & O HHIC O W TR A lid &5k

am2sd 5 [43-48], L2 L. AFEOMEIL, MAEOHKE G FHESO X 52~ nm

AR LY D EFKEEDLHEEE AN O EEIRILICHIZK T 2 EARIC X o T, MifED

BEREIAGIZT 2 2R ML T3, ZOERPINE TICEbNTEZBESR

HHDOKTEBICEZ2DDD, H20VIFMMOERICE 2D Dh, THHITHELY M

AT O EH TR HETHE s & OERN BT 2 a5 ROFBETH 5,

o, KROH 7= milA e LT, F=REE L REGROBERIEICEH L7z, #H&

L7228 A =0 RBGATE L CTRE L T, ZHEICE L 7= 45 F <l I B 7k

DED X =HAEE D % <, WICEIHICABE AN TEIBEGHR S X =REb D&

b DT, XF=REE L BEGROMICIE, IEOHBEBGAPEI NS, WEiciE

HELMHBEBGRSRD b8, Fig. 1-1-6 IR L7 X 5o, HEEREGE2 5 K& Hh

Teh vy TSRO O NI, BEGROTHE R OEIHRILZ KL L & = B

RF D FHERILZ SR L T3 LROET 5 & HHBEBAR2 b RE QBTN vy T AT

3. LA T 20 DERALZL L TEIERIIC R E 2ZLe b 726 L L

"IND, £ LT, X OEND, @EDOEIHIRDIL %2 S U 7 B B8 & BIE o BHEiR

D ey 2 X = AR OECZ BT 2= 0B R EE 2 5N 205, KEB1E LS

FIOFAE CHBERESIFICET 2 7T — 28 wio, 20X B RERET 52 L1k

TERdolz, X =HDREFBDTELAT O BRI DT EZZ T T 5 LT hiT,
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WA O O K T B8 X = DRI E L Twp 2 e TFRING, £ 2T,

Wit B2 78k % &t 24 =402 2T Kruskal-Wallis 9t 5 2 7 o 72, % DFEER. MO

A & X =B OBICHEHICE R B3RO ooz, THIE X =50, i

MER XY A OEHTECIRRE : & ORERFORE LR T o FE2bN

%o

BB, X=HEPBAMOREZ T CTRPEICb oML TnwE 2 2RI N

LI, X=HHORAMBENKEZEZ S LTHEHETH 5, BATH O PF I 1T A 2 5E &

H DL 72D, MHFED X =1 L TG =0 R{A5E U ok T id7s

LIRWA, X D—D & L TEMLH P, KEFR CHE o & QWL 7o SR o a8 &

Fonsd, I TRIATIE, FEZEMNZHEICEBRRREICTE 5, BRKEAZHW

=BiBRERES 21T - 720
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Table 1-1-1. The place and month of collection and period

of use of the 20 Japanese mattresses examined in this study.

Sample Collection Collection Period of
ID place month and year use (years)
1 Gunma  December, 2014 >5
2 Niigata  December, 2014 3to5
3 Saitama December, 2014 3t05
4 Tokyo  December, 2014 3to5
5 Tokyo  December, 2014 3to5
6 Tokyo  December, 2014 >5
7 Tokyo  December, 2014 3to5
8 Chiba  December, 2014 1to3
9 Kanagawa  October, 2014 >5
10 Kanagawa  October, 2014 >5
11 Kanagawa June, 2014 >5
12 Kanagawa June, 2014 >5
13 Kanagawa December, 2014 >5
14 Ishikawa December, 2014 1to3
15 Osaka  December, 2014 >5
16 Osaka  December, 2014 3t05
17 Hyogo  December, 2014 >5
18 Hyogo  December, 2014 l1to3
19 Tottori  December, 2014 >5
20 Fukuoka December, 2014 1to3
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Table 1-1-2. Mite fauna of the mattresses (a), and results of species

identification of adult Pyroglyphid mite (b).

(a) Mite fauna of the mattresses

Family No. (%) of mite collected
¥ U & =%} Pyroglyphidae 12,356 (97.03)
4 2 Y X =F} Tarsonemidae 335 (2.63)
Y A & =%} Cheyletidae 24 (0.19)
4 Y4 7 X =F} Haplochthoniidae 8 (0.06)
~ 3 £ X =F} Ascidae 3 (0.02)
2 X =F} Acaridae 3 (0.02)
=7 & =%} Glycyphagidae 2 (0.02)
7 ¥ & =%} Eriophyidae 1
a Y X = Tydeidae 1 (0.02)
7190 v 7 X =Fl Cosmochthoniidae 1
Total 12,734
(b) Species identification of adult Pyroglyphid mite.
Species Total
Dermatophagoides farinae 591
Dermatophagoides pteronyssinus 377
Others and unidentified 196
Total 1,164
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Table 1-1-3. Variations in the proportion of Pyroglyphidae among the 20

mattresses.

Sample Collection  Pyro glyphifiae Others) % Pyroglyphida
ID place dead alive
10 Kanagawa 82 1 114 42.1
9 Kanagawa 437 0 50 89.7 g
Tokyo 1,863 3 123 93.8 h
5 Tokyo 605 0 28 95.6 ch
3 Saitama 107 1 3 97.3 acdh
17 Hyogo 1,030 0 24 97.7 cd
11 Kanagawa 182 10 3 98.5 abcd
1 Gunma 142 6 2 98.7 abcd
14 Ishikawa 1,153 17 10 99.2 a
19 Tottori 588 8 5 99.2 abd
7 Tokyo 607 4 5 99.2 abd
20 Fukuoka 609 25 3 99.5 abe
18 Hyogo 296 18 1 99.6 abe
12 Kanagawa 329 2 1 99.7 abe
2 Niigata 2,390 68 6 99.8 be
16 Osaka 1,543 1 1 999 ¢
Chiba 29 0 0 100 abcdegh
Tokyo 92 0 0 100 abcde
13 Kanagawa 33 0 0 100 abcdegh
15 Osaka 74 0 0 100 abcdeh

D Others include unidentified specimens.

The Percentages followed by different letters are significantly different (Fisher’s

exact test, p <0.05).
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Table 1-1-4. Mite density of the bottom layer, upper layer and all layers, and estimated

mite density per mattress (2 m?) .

Number of mites / 125 cm? Estimated number of mites / 2 m?

Sa?]l)ple Bottom  Upper All  All layers All layers All layers +exu
layer layer layers +exu?

1 84 35 150 165 24,000 26,400
2 1,138 213 2,464 4,051 394,240 648,160
3 54 8 111 200 17,760 32,000
4 19 15 92 155 14,720 24,800
5 189 210 633 655 101,280 104,800
6 464 783 1,989 2,139 318,240 342,240
7 440 49 616 700 98,560 112,000
8 13 7 29 33 4,640 5,280
9 60 3 487 570 77,920 91,200
10 55 14 197 213 31,520 34,080
11 131 16 195 284 31,200 45,440
12 254 8 332 479 53,120 76,640
13 26 6 33 88 5,280 14,080
14 781 84 1,180 1,509 188,800 241,440
15 32 7 74 126 11,840 20,160
16 1,018 55 1,545 2,955 247,200 472,800
17 521 128 1,054 1,558 168,640 249,280
18 203 39 315 655 50,400 104,800
19 379 96 601 789 96,160 126,240
20 62 247 637 698 101,920 111,680
Mean 296 101 637 901 101,872 144,176
+SD? +340 +178 686 1,062 +109,698 +169,951

D Including exuviae

2)SD = Unbiased estimation of a standard deviation
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Table 1-1-5. Variations in the proportion of Dermatophagoides pteronyssinus

in adult Pyroglyphidae among the 20 mattresses.

Sample Collection

Dp Df Others? % Dp
ID place
16  Osaka 0 43 16 0 i
17  Hyogo 0 38 8 0 el
3 Saitama 1 24 2 3.7 bei
10 Kanagawa 6 40 12 10.3 bce
13 Kanagawa 1 7 1 11.1 abcdefgi
11 Kanagawa 15 63 9 17.2 abc
4  Tokyo 6 22 1 20.7 abcdf
15  Osaka 3 10 1 21.4 abcdfg
5  Tokyo 12 28 10 24.0 acdfg
Kanagawa 47 96 49 245 a
12 Kanagawa 56 112 34 27.7 ad
8  Chiba 2 2 3 28.6 acdfg
18  Hyogo 19 18 8 422 dfg
14 Ishikawa 23 23 7 434 dfg
2 Niigata 27 27 7 443 fg
6  Tokyo 20 9 11 500 g
19  Tottori 26 15 10 510 ¢
20 Fukuoka 45 7 7 763 h
7  Tokyo 46 7 0 86.8 h
1 Gunma 22 0 0 100 h

Df = D. farinae

Dp = D. pteronyssinus

1) Others include unidentified specimens.
Percentages followed by different letters are significantly different ( Fisher’s exact test,
p <0.05).
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1
51

(b)

5cm

Upper layer (
| | l : Middle layer
""""" @ Bottom layer (

Fig. 1-1-1. Locations of the 5 sampling points on each mattress (a) and the 3 layers of each

sample (b) .
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Testing sieve (aperture 0.7mm)

Filter paper

Buchner funnel

Auto pipettor tip

Water flow
Suction bottle

Water with mites in a polypropylene cup

Fig. 1-1-2. Equipment for separating mites from samples. The sample was placed on a
sieve and washed by flowing water. Mites in the water were collected by suction

filtration.
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B Bottom layer [ Middle layer @ Upper layer

a b c d e
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0.1 |

0 .
<)

T T T

o ® @

Sampling point

@

Fig. 1-1-3. Comparisons of the distribution both dead and alive
mites among the 5 sampling points ( O to & shown in Fig. 1-1-1
(a) ). The bars were arranged according to the proportion of mites in
the bottom layer. Bars with different letters are significantly different

(Fisher’s exact test, p < 0.05) .
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T T
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Sample ID

Fig. 1-1-4. Comparisons of the distribution of Pyroglyphid mites (including exuviae)

among the 20 mattresses. Differences are significant (chi-sq.= 12125, p <0.001) .
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m Dp 0O Df @ Others

09 r H -

06 1

05 r

0.4 r

Proportion

0.2

0.1 r

0 T
16 17 3 10 13 11 4 15 5 9 12 8 18 14 2 6 19 20 7 1

Sample ID

Fig. 1-1-5. Differences in the composition of D. pteronyssinus (Dp) and

D. farinae (Df) in adult Pyroglyphidae among the 20 mattresses. Others include
unidentified specimens. Differences among the mattresses are significant

(chi-sq.= 288.02, p < 0.05) , and the results of pair-wise comparisons are shown in

Table 1-1- 5.
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No. of dead & alive mites

Fig. 1-1-6. Relationship between the number of dead and alive mites
and number of exuviae. Spearman's rank correlation is

0.718 and significant (p < 0.001) .
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1-2. ENEEMW: & = 1oxnt3 % BilE £ 0 250 5

1-2-1. %35

KRR RIEE AR L 13, EH 24 L R PHNEREO L > TH B, BEEHEHA
RO CEREROBRRE A NS¢ CERZESLE ¥ 2581k, S ChmE
PrERCRBIERcfTbhTE 7%z [65-57), chbolfikid, EfzEs v
BECTOMESIELNE 20, FHNEEO X 5 ARECOERRGREIYIF IS
2, HFHREPHEERAT — VI X o TREERIREICN T 2 MHEA K E kb & v
BB [55],

Wi HEANI B O L2 BV LCHREINZDbDT, hiodboLTRan
EVBBICREBIN AR O D DICKITE 3, R CREOBILISEFAT 20
KR LC, TRAIAEL VEBERTIZT R ar v vEEORLKIGIC X 3 BEETRINZ )G %
HLCTw2, $RADTHBILAMEICE B, BEREWINT 5 2 &I X o TREED
T2 x50 E T BURFERET 2N RBERROT R are VERD
bOAHEL T3 [58],

TNE CORENEEMNEX =103 2 IEEHRA % o 7 B dpn Ralbiix . HEL 72 i
FANCE LN R 2 -0 I EERFER-CZ OfficE WA AL NS [59-61), filx
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. HR (1990) 12X % &7 FHaF X = Tyrophagus putrescentiae (Schrank, 1781)

% LA T L 72 2 HERDIERIRE D 2.5% L LI E WETH 2 1ICb b b3

R =D TERHEZR X = icicxt LT, Tatsuki and Fukami ( 1984 ) o #ids CTITULEE 2

HB#OMBRELR DT 2 0.1%ThHo72ICbrrbbT X =DEERIHERINLTH S

[59-61), ZD X5 i, BEEEHIC X 2 X = DI ICOWTIERERNHL ERH

%o

—7 T, TRILRFORKEZ D 5 2 L TITEERMER R R T 2 mERH 2

25 [62,63). 2t E ClcENEEX =i LTHv o BEERANIZ T X THRD

LbDOTHY, BMEBEEOENICIZBICNEDOAR ML bNTE/-, THITHL T,

TAan VBRIBEROK L =R OWTOMEHIZTNnT CHEETH L, T

D BRRFRANC I L 725k & AR O ZFRILR 2 BET 2R 5 0 | KIRF RN

T A CToBURFBRESHINT 2 2 LT L 2 X =DBBRICO VT O IAfFT X

2, TNWR, TRAANVEVERICK D X =DBIRICET 2RI, BNEMEX

= DHBRICE T ED X 5 mlilksw Al 2 @K 2 EcHEELRIFRzRMEcE 2 E 2

b,

FIOARERTII, 2 BLUOTRaL L VBRE W) 2008724 7O

RAE R, BREE X 2O REMTHY | 7 LAF—FEOREET LAY Y

FEAEETH DY e a v X= D. pteronyssinus (Trouessart, 1897) L aFta vk
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& = D. farinae A.M.Hughes, 1961 ORiIEFRHFIC X 2 BFLROH K, BOLICLE %
HEIcowT, BB A7—Y (B L ) CHL2IKT LI 2HNE L

7’—»
~o

1-2-2. Mk & ik

s = -

o

EECTIZ, Y7 v a v e X = D. preronyssinus (Trouessart, 1897 ) ( LA'F Dp ).
F b a vt X= D, farinae AM.Hughes, 1961 ( LT Df) ( Wi d L FERE
R, BRI AR ( THe T —FT7 Y F~L 277 (BF) 8) e &T
LEEBEILCT L LICEAMRLZd 02t LTHAE L, £=13, EilicEz
6cm, =X 2cm ORI v — LN DK 10g BT 25°C, 75%H0EE ( AT
RH ). 16 WFREBIM. 8 WFREIMSHICFHEN L 72 = v 7 F PICHERF L 72, 5Hu 1EMIc
—EDEAETED I~S5EHBREEZH L VDD LWL 72, ¥ v —LND X = 3]

Fa. B 10mg & 72 50~100 fEAFREE IC {7z T a7z,

el A
KR 2B TIR, SR L T XA VERR, ThEN, 2 FET O DlikE
Klx W, 2 TIE1) Ty 2 —%—79LP500 (w X —Fv 27 (#) &), 2) ~
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A 2w v®PH-2500 ( (k) HHERR) %2, 7Rare VR TlE3) YC-
500PW( FLve— (K #), 4) 4 28 ®U-1000 3 X 4 21 v U-1500
((bF) W) ZHAGbREZD DRV, 4) UANORBERANT T R
WRILHE S 2328 5 4 2.5L ( iEER L LT O0.5L) THZDT, Wi d § o
720 4) TIE 2 A% FIRHICH W 3 &b DB FHEA & R R ORERBINGE) L 22 DT, %
N EAaGbETHRL .

¥ 72, x93 aifiEER Tk, mANCAT o 7 TN 3 2 BABR T ELERI RN SR A3
Polzb D, RETAINEVEBERDPLZNEN BT OREALE, Thbb,
BB TN 2w v ® PH-2500 ( (BR) HEEERR), 7 2ar e VR cld YC-

500PW (FL vy — (FF) &) 2L 7=,

BENR E T 5 X =Hld. BENEEF =HOERBE ICHMNINE 7 ) v FEIc X
D, AHNICEH AL 7z, BKHEICHF 253 B8 TlE. 5ecm X 10 cm D REAH
(ADVANTEC® 131B HFEA () #)% —ofrvic L. 2 oHlic X ZpH 30~
100 A ZMHEIC L > CTEAL, IE52mm dHEZ VY v 7 (No.52 (k) F4 4 vHE
Hkkentl) A 3WEH U7 (Fig. 1-2-1), TOX=%2HAL=AHE. 72K
AHzay Z72BY 7235 ecm*x24cm RV Hfife =Y Fva— 7oLy
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(KOP/CP, JEX 20/40 pm)872) 7N, SRR 145 (N4 2oy
U-1000 & U-1500 TiE& 18 )& & bIC AN, EHLICHAAN) TREe - —F1(C
X OEE L, Ric, BNDIEA 70% RH Bl g7z 3 X 5, fafigiks Ans-
T —=2ARNDOELR 2L Z/NKR Y TIC X O ARAH Yy 702 bFAL, 2Dk
v 7 B CHEENREEL L7z (Fig. 1-2-1), TO XS CEH LT AN) THRE
25°C, 16 WREIBAMA, 8 HERIREHA. 75% RH ICHfi L 2 ElREIc A7z, kb, IS
Al A7\ oY 7AW IRIX & LC BRE & RIRRICILEE L 72, N ) 7RI FEERX, Xt
WX L i, ZBEIEMZ 24, 48 B XU 2O b D2 2 N2 N L., RERIZK
3EIFOIT o7z,

ghicxtd 2 B Cld, FEUNT: 24 BERLAN O b D % v 72, BRSO S 3 3Bk & [FRk
LoD DI LZBREAMONANC Z N E oD X AR 50~100 {4 % i ¢
AL, BEZ YV vy 7 THHD 3 A%AT 7z, Ailix 25°C, 16 RefEHI, 8 WRERmEHA,
75% RH ICFf L 72 [HiR AR I 24 WifAERR L 7212, AMKE IS L TR ZFRE L. 5
M ECEN NN EdIciET~—27 L, T2 0E Lz, 2B D
HHERINEUL 20 JI 2 FEAR & L7228, PEOIEICIE D E 3B o 72720, FERINIC A KD 7=
D OREERINEUT 12~27fCH o7, TNHDAME, RIS 258k & [F Uik
TEE L2, ZFHEERIT 1 (2400 ), 2 (48K ), 5B X7 HME L, NY T
RIFHBRX B LOREX E b, ZhZhoFEHM I icilob oz AL, Zh
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T3[RV IRL 21T o 7,

Wik X LR FE o HIE

WHEs LR EORE L X = 0BG ROBBREZHL 22 1c 3 % 7201c, Hik
DAY TREZER LTS 24, 48 B XN 72 BB ICRHNOE S X 0 LK HE
% BB R PR ( Thermal Conductivity Detector (TCD)) ff 7227 a~ b+ 2777

( GC-14B H8UERTR) I X > THIE L 72, BBREEOHEICEEL 27—
— 7" 5A (60/80 mesh ) ZFI L 2N 3 mm, B 2mDOH T AA T L%, ~V
T LAEF e U T—HRE LTHEBES 25 ml, /7 L8E 50 °C, Wliges X AR
I 100 °C. TCD #iftfiEl 150 mA DM T THIE L7z, ARE T 225H1C 0.94%
(L ) FET 2T AVT v RBRLEDECE R vizo, ik Ic—AIC 0.94%
DTNTYPEHET 2 EIRKE L CTHBRBRREL RO 72, 72, ZBLRFREEOHIEIC
1. iEMER (60/80 mesh ) FEHE L 2N 3 mm, BX 3m DA T AN T L&A,
~V T LEFY )T —HRELTCHEHED S0ml, 7 LME 130 °C, MRz LW

HEAERIREE 160 °C. TCD EHifE 150 mA O THIE L 7=,

X = DEILNFRDOHGE ¢

BHIcn T 2B cld. ZBEL T 24, 48 3L U 72 BB ICLBE L 728 ) T % B
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L., 2MANOEZ EERBEME T CHE L7, 2oL &, MIETHBL CdaH)
i AR EZSECHARE R L, HEMICHEEZRE L, L2 L, 8127wk
THZDRICHET 22 LB H2DT, HEHUOZ ) vy 7 THUTH & OfEIERZIC
FRL. 5IC 24 RHIRICHREDHMZ BIR L RN TEE KD 72,

g a3 2 Bk C I ATE IS ERIC N Y TREZRE L. AMERO LT

25 °C. 16 IRF[EHAI, 8 WefEIMEHI, 75% RH Z&ff MICfhfF L 7z, I, 23 *C&fF:
TTiE, Dp & DfC, 2nZn, 81BIV101 HTHomeHEINTE I LD
5 [64, 65). Sl 1 [BIHOBIZIZEIN 10 HHIC/T W, RBELEDX D - 258 % F &
LC& 5 2 [mHOBIEE A PEIN 17 HRICIT o 72, BISITFARBEMEE T cfr\v. Ll
HEOIR D RO s b oEMLINe L, IRz HH L 7,

HEABIEE R AT X 2 DL CHE S X OO ED 2L, AERL /2fl% Tukey

B CHUE L 72,

1-2-3.45 5

R b L O BLRRREOZL

Bl L B LR B 0L % Fig. 1-2-2 1R L7z, % 24 B DB e
Bk, $% D7 v & —F%—7®LP-500, N4 %1 v®PH-2500 X TZNZh 0.90 X
000.08%, 7ZaLb VEER®D YC-500PW [X Tl 2.43%CTh - 7=, 48 Fiflilikiciz#
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NENDOXDOMERIRE T ZNZ 4 0.21, 0.06 3 X10.41%& & b, 72 KL Tlagk

% 2 XDMBHRIEE 1T 48 Fifiltg L Bb 3 h o 7= Iicxf LT, YC-500PW [X Tl

0.10% % THA L7z, N4 21 v®U-1000 & U-1500 z AbE7/zXTld, BIHELLE

T DR CIRRIRE DX T M D BRRANLEX LY L TH o7z Ty TR

TN VIR 2IXTIEZ NS OEERRAIIN L 7283 & 13ITTA & O (UK HE % 5

HELR, RFODDTEELFKEN D >7 ( Fig. 1-2-3 ),

K =TT B BIERHR

e EANIC X 2 K DFET-E % Table 1-2-1 IR L7z, Dp. Df Olfiffis &, $5 2

FOPFEERF T, W d 48 B D EHE T 100% DL TR BTG S, £ Dk ik

FEKRD O NTmD 5Tz, 24 WEE OB E TIIFHERZROEEN R THRITE Do 7

M. — DRI A Lz, T /2. 24 B H CoTRIZ, N4 X v »® 2500 XD

il

ZINBT v X —F—7®LP-500 XICHRTE L., 512 Df ORI TRICITHEES

DR LNz (p<0.05 Table 1-2-1), ZHICHRHL T, TAIALE VEEREH WY

AT 72 KA T h iR & D 100% DI THRIFFE O N R D27z, ¥4 £ 1 v®U-1000

+1500 DALIR[X D J5 25 YC-500PW [X X U b 48 IKffti] 3 X O 72 K] 12 DL TR 03K

(L ZNH DRSS T 2 BER RS THRIC I L b ICHEAENED b (p<

0.05),
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IR Lk, st &Rk 2 H (48 Rl ) %E Cc#R Cldmifi & b L2 0

oz LT, TRare VRO 2 FIHOBIZ ( #EINE 17HE )

ICH VT Dp T 88.9%. Df Tt 67.5%T. ERiCH~nIFndHEICILEIED -

72 (p < 0.05),

1-2-4,#%%

JREIT 3 2 BOEANIR T3, #5% 2 MOBRRA 2 i3 5 &, ¥4 %1 v ®PH-

2500 DIFH A, TV X —F—7®LP-500 £ U HEEEE O T 2% < . 24 K% D

Dp & Df DFETHRICIT Z DFE VAKX 11, Df ORMEIECTHRIIFHE P FREICHE D -

72 (Table1-2-1) , 2D Z &iF, MEBEEOEKTA2EONCERTHL I LERL

T3, $72, ROPCHBBREEKTRECHLTH 727 v X —F—7°LP-500 &

TAINLE VIER CHMEZBEERTEDOED -7 YC-500 % Hi#g3 3 & pi#i3 24 Rt

230.90%., 48 Kfftl# (3 0.21% CTH o 7= DIcxt L T, #%H D 48 IKifilf& 1L 0.41%, 72 I

Tl 0.10% TH >7-, TNICHEID LT, HiHE TlX 48 Rl DI T H 2 100% T

Bol=DIcH LT, H%EDIEHIL 72 Biflli%ic 5T H Dp T 82.7%. Df T 94.4%

& 100%ICEL e o722 L3 (Table 1-2-1), [ OEIINR DBV ZEERE D

BKFZTCHATE AW L EZRB LTS, HES (1995)iF, 227w Ly

Sitophilus zeamais Motschulsky, V. de, 1855 % fl[ERIKRE ICRIE T 5 & (LR FEIC
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K BBIUNRMET 5 2 L 2mL7d [66). SEIOFEFTH 7 X arv ViR biE

FANC XY ZRRIURFE S FAET 5 & KIRFIRETOR a v e X =DITHRBMET S

5 EBREINT,

Iz xt3 2 BOLAIR b KR & AR OHI R 257D b7z, Dp, Df Oiffi & b iz, ¢

LFE % 01CF 2 I i3BFR OBIRERA <. il e Ffkic 2 H (48 Kefd] % E T X

WZ EDRE T (Table 1-2-2),

Plbd o, D X5 BERICE T H Il RN E 26 3 2 #5% DR R A

LD ITHEY) o) TREM T 2 HEEE L, MHNEICER S 2B 58 TH

DEELRT LAY VIEEFTH S Dp & DFICH LT 100% DEFERN R E SN B &

i S Nz AT DOGEZR X = 0K~ DigEH OV DL Y 52 LEZ LN,

—77C, 2 HREloFmHE <k, flz i, ML AN TEL»HRBIEH L 7> IR 2 A

LTI EMIZZA, BHA QA Z M L7208 5 OFjFREMIZ. B R E 25 R IR

TH57:0, EHIHNEETH 2 2 LA TFRING, ST, BiEEFRA O IR BINGEE

EEONTE O ICEHFHZEMHCZ 2000800 ELEEZ 5, T2, #ill

Hr, AHSRIICHIR 250, WEKHZEHCZ 2 FTRERWE TR LETH S

5o BIZIEANS (1999) HMEEESRIRE T Cco a2 Vv Aol d 2 BB &l

DFBEL D, 200CE 30°CTIIIETERA AKX B b, BEXIRICHIE R BB S K

ECRARZILEWMELTCVS [66), co Xk almitd &, HICHERMEEHD 2
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T T, HHKHEOREMESATREIC AiE, BN TR LTERIE5 2 L2

ATRE &I e,
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Cock for
introducing air
Oxygen absorber

Filter paper containing mites

24cm
KOP/CP
film bag !
\ &
) R Sampling
) . port

35cm

Fig. 1-2-1. Method for testing of acaricidal effect of oxygen absorber. A filter
paper containing mites and an oxygen absorber were placed in a film bag
(KOP/CP). The bag was sealed and filled with 2L of air.
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02 Concentration (%)

0 24 48
Hours in container

12

—8— WONDERKEEP®LP-

500 (Iron)

—&— VITALON®PH-2500
(Tron)

—5— YC-500PW (Ascorbic
acid)

—— VITALON®U-1000 +
1500 (Ascorbic acid)

Control

Fig. 1-2-2. Change in O, concentration with various oxygen absorbers.
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C0z Concentration (%)

0B 2 n
0 24 48 72
Hours in container

—8— WONDERKEEP®LP-
500 (Iron)

—— VITALON®PH-2500
(Iron)

—S&— YC-500PW (Ascorbic
acid)

—— VITALON®U-1000+
1500 (Ascorbic acid)

Control

Fig. 1-2-3. Change in CO; concentration with various oxygen absorbers.
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A o 2

2 E

AL DI DATENEE & VBRI BIER

2-1. v F AY v~ H Aedes albopictus D53An & ATH)IEPE

2-1-1. #5

b kR L= Aedes albopictus (Skuse, 1895) |3, b A[EICH S I A SN B UL
O—fTH 2 [17), AEIIHM 7 YT IC&EE DL INTw 22 [30]. 1980 41X
X0 RE, FEK, I—wv s TV ACHTETARL TS [32,67), AfEIXT
YIRS T o v =T ROENE LTHIbNTE Y [17,68]. boiETH 2014 4F
K 70 FER D ICEWNEEA RS bz T v VDN, 2D PRV L= ATH
5 BRI T2 [69, 70) EAYEHAI O HTICIL, KE < LhHon s & sk
WD Y . HHRIRIC BT FERTH 2 KIROFE D, BRI IC B W TITIL
DB & LATHEIPIC BT 2 FEM GRS, BRI R LAV HEIPE 2 RE S 5 L CcE
ez [71].

UK R OITEIFIFA 2 M 2 D& DD Jike LT, ~—% v 7k (gL ) »
Hwbhd, Zoffikid, BioTei#HiflcMEroRE SELHEEST 2 78L L

T, ~—F VI FEREONT — XD TENERINTE 72 [17,72-74]),
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WOITENHIPHZ A 2 -0 D~ —F v 7FIclE, Iv—T<w—F v rEefijl~—*

VIERHILNT WS [73), S — T2 —F v FEIREEEROMEREE IS X ¢

BITER—RINT, — I DEfFICFC~=—2 2fid 2 LA TE MR H 2

25, X0 Rl 2 TEIE S E 3, @i~ —F v RSB ERITH B, il —F v

I, TRETIEEERIC— 2 23 7ike, WEIRREIC X > Ttz + v + |k

WCHEE LEAZNZNOADOIEES, hiE, i 3 »Fic 3R 2 720 bRy

T — 7 i dT HEREZINT WS [75,76), e bRV v <whD~—F v 7 ERIT

HEASLT AV A, A2V 7T, 77VVETITbRTE Y, REOTHA, fHE, Fic

BARDTFEHEIC L o TRELSEEINEZ EBFDLNT WS [76]),

LL, 2HETOWTEIR. REARHFHRLLE, BLXTREDF v v X ZHNOFHMAE

THY, BT v 7T 7 v 7 =7 B4 2 OB IR o Tw 25,

Z 2 OB R, BEOFEMCT AR S 2 L3 TE 2N~ —F v kiR

WC, BRI RS SET A A ERE LT, e P RY U~ DITH)

B DAL (T - 7,

2-1-2. MRt e Jiik

At & S I

P e LT, MREAET OFEH O 230 m X250 m D X[ %% A 7 ( Fig. 2-
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1_1) o

%&.b

HHUCIE, FEEOM, 3 2Dk A iR R &2 D o 7, AT IR,

AR, EAMY 2 K> CTE Y, BCRELRERETH Y, v b XY= 0 RGHT &

1}

L ChE 725507 & HIlr & iz, SAEIRNIE 2013 4E 3 H 18~27 Ho 10 HffTH -

Tzo EAID 7T HENE, SN2 OEERICER ( =—2 ) LTRELZ, &

%D 3 HIENIHHED 2TV, L Z2lilEk D~ — 27 L HIATHh R 2 72,

DI & flifhk<— %> 2 -

%

XHE LY, o R e LCBIROT 4 AT ( Site A~Site D ) #i#A7
(Fig. 2-1-1), Site A 3% ( RfE ) Dk, Site BIZ K& Znfgiio A Y 1, Site C X
K& g B, Site D /N o AV M & L7z, & ToffiE R IR X -
THESHE LA D EE R Z T o 7=, 4 FEFTO MR S M o Bl ERREEEEC
48 m~187m TH - 7=, WML, OWMBIH L ~—* v VIcET 212 #
ELC, TH2ME, 8KE 14BHC T o 72, 1 ADHHIEL SRS /T, W& hiic
EFEoME, BHiflom, KX 25cm DA 7 AFED 1IRICF A By T—RTEHEE L

T, BE4A0ecm T LF 2 — 7 %Y (F1F 720 HRE (Fig. 2-1-2) < 10 sr[HHE L

720 THHEL 72803, 3%DIMHIK%Z & & 7= Billgh 2 A7z B o A %R IC A, Site A
DRIECHBRY, MOFEL~—F v 7 %1To 72, L 2K, ~— 27 DFE
RHERL, ~— 27 3 nThwEfkiz, Ko Lic 24 (ADVANTEC® No.2 HPfEEAHK
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(FR) ®) @&, EEREMEE (SMZ Nicon #) Tc, #01XL o%eimicil L 7= RHR

EARDE (No.3 HEEHRME) oMAEDD 30 %AW, WEEWKD 5 fEiFo

WERPIce—2 % L7 (Fig. 2-1-3. (a), (b) )o ~—2 2% 2{AKICDOVWTld~— 72

DfE & i e &b Icicik L, FHP IS N mr oM L7z, =—7

WKCHWERA YV FMZAGBOBEIER I 27 o (54 4 v EERESE (fF) &) gt

#. Bl (F0147) | #th 45 (F0144) | Rt 25 (F0144) ( W hd

bk (k) #) % BEZDOTHEFA D=L v F 2R L, 4tBO_L V%5

fETic~— 27+ 2MAEbEIT, ~— 27 Offifie AT, 5°=3,125 i & 7z %

(Fig. 2-1-3.(b) ) , 727 L., 5 fifrt bE~—2 Db DI R~—27HE X TE 7

WDT, v — 27 DA GDbEIT-1=3 124 FHE1BONEZ LIk b,

BRT— 2 DIVE ¢

HZ & o5, R, Jasidmd oXaRe (247 20.2'N, 124° 9.8°E)

DTF—=REBRRITHY 74 vF—2~_—2 (www.data.jma.go.jp/ ) TUIEL 7=,

MERHARAT © FHIER O A BARE R, Fety 7~ [77] 2w, 7 4 Z3RE

“C*ffo f:o
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2-1-3. #EHR

ST IR 0 SR AP 1L A IR R . BRI B L T o e, RIS 1.5~18

mm/ H% 4 HREEEE L 72, G5F L 72B/KE 13 25 mm CIOFIEDHERER & 13725

mhoTee HERIRIE 21.3~25.0 °C, PN 73~92% T D WL ICHE L 7= B

THotze HZ L DJEUEIZ 3.2~6.2m/s TH - 7275, RS ITMEAE I X - CTHRJE

B HCORE R T 505 7z,

AFEICB VT, &3 309 ko b 2Y v~ AR HE L. 7 HRE < 232 {#

Rice—2% <t L7 ( Table2-1-1 ), FHliE X n7=D i3 48 kT, ZDEH

1 21% (48/232) TH o7z, ffEHIAUINIC, Z oM Ol L 7= (A% L . 2 ot

RO 7 BRAS 4 (&R 37400 D ML CHIME & - IR, B X O

% Table 2-1-2 1Z/R L 7=, FHEEZR T Site B Tt X L2k 2s 40% (10/25) T

flbid Site A, C. D THE S NZFEHROFHHER LY b ARICHE D - 72, FHiEHS

T U 7=k 28 & oM CHEI#E X Lz D22 % Table 2-1-3 IR L 72, R LiTO%

FiIZz oS TR I, Yol cHiliEIN 22 RLTWwS, iz

Site A T T 7z 8 AR D 2 Z LDl T O FHERUL, Site A ( it L 723t

M) T3, Site B (Site A 2>5 64m OFffE ) < 2, Site C (Site A 2> 5 95m D PR )

T3, BXUSite D (Site A 2*5 187m DFEEE )T 0 TH o7, FFKIC, Site B THY

fE e 10 fEfkiE, Site B ( R L72#isi ) < 3. Site C (Site B 5 48m Dff
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i ) T 7R FEE X 7z, Site C TR X 417z 26 fl{A 1L Site A (Site C 55

95m DO fFEE ) <1, Site B (Site C 225 48 m OffEE) < 1, Site C ( it L 7= H#i5 )

T 23, Site D (Site C 225 92 m DOFfff ) < 1 ALl X N7z, Site D THHE X

7z 4 fE{RIL Site A (Site D 225 187 m O Fffff ) <1, Site C(Site D 7*5 92m @

PEEfE ) T2, Site D ( B L 72#hsi ) T 1R ZNZNHIE I N, ML 7

Hhi & ] U Hb S o FHEEK 1T Site A ©38% (3/8)TdH b . Site B(30% ). Site D

(25% ) LIFISFRILMETH 572, ZHITH L T Site C TO iR T 88% (23/26) T

Holz, F7z. Table2-1-3 D[E UHIDfEIZ, & 2 Homi CHHHE S Nz flilfkr, Eoih

HOlBEINZ2Z R L72bDTH S, HlziX, Site A CTHIFE X - 5 KD Z

ZNoB L, Site A 233, SiteB 230, SiteC & D 3 zhzhn 1flkFoTH

o7, ZALIL Site C (Site A 2205 95 m OFFffE ) & Site D (Site A 225 187 m D

ft ) 2250 Site A~DBADRDH B L ERL T3, [AERIC, Site B CHifiE I L

6 A DA 1%, Site A 230, Site B 23 3. Site C (Site B 2> 5 48 m D Eff ) »3

1. SiteD 280 Td o 7=, Site D Tlt. Site C (Site D 2*5 92 m O ) & Site D

DA Z 2 1 EE S S EfiE E L7z, —77. Site C T ORI (£ D fig

M 1%, Site A (Site C 225 95m ) 2% 3, Site B (Site C 2> 5 48 m DEfffE ) 237,

Site C %% 23, Site D ( Site C 2* 5 D23 92 m ) 232, &% L OffI{AD Site C ~D

MADBRD blz, AFECTIIAFE 48 RS HIE T Wz23, ZD 9 B 35 filfkss
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Site C THHfiE X 41, 35{ED 5 b 12 ik b DR 2 5B AL 72K TH - 7z,

2-1-4. #%5%

AMETIE. RO 7 AT 232 kD 2 2~ —27 LRI, 2D 5 b 48
AR HHE I, Z0HEIX21% TH o7z, TNFETILfTOIZE PRV Y ~h %
WHRE Lz —F v 7B Cclid bR AWV — T~ —F v 7 CORIEERL
7.7~38.7% ( ¥ 25%) T . AR LV b bThICEr o2 [17,78), —F T
~—F VI Lkl ZTORMERIT13%T [7T6]. AERLY bEIr o7, 2D L2
b, ARETE ko ZMEEERA~ D~ — % v 23D &2 =V 53470 K TRENTTE)

CHEE Gz ol LIS LT,

Table 2-1-2 IC/R L7 X 51, Site C &, i S, Bol X - EEEH, o
XD b%h o7z, Table 2-1-3 TR L 7= &b [l DL D FE B o> /517 & $EFE % Fig. 2-1-4
ICE L ®, SiteB THREINA 10HED 5 B, 7 k2 Site C THiEx L7z, fih
DHiEL (Site A, Site D) THERE nfkd . ZnZ 4 3/8. 2/4 23, Site C THfif
INTw3, 2D EIFSiteB 225 Site C ~DEEBMETH 2 2 &, XU Site
AL SiteD 25 b Site C~DBEBEI o TWB I eERLTWS, 7, SiteC T
PR L 72 26 fllfko 5 B, 23 k23 F U Site C Tl x iz, UEDC &1d, KZ
Ak D BLUC AT B S 3 Site C 23, AFAEHIRIC BT, OB DOIKREIBITE LT
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S, WIMEOBERGE LChif@Ech b, coifzdiicks X% 100 m Ok

DM Z e P AV ARBEI L TCWARZ LA RLTWwEEEZIOLNSE, — /T

Site D 225 Site A ~OBE)H 1 {HKGED S 2 Lix, 187 m DR % BH) L 7= {8k

DIFERRTHDTH o7z,

LB, WD XX =2 DBl i~ —F v 7Ex2(T5 2 ik b, fkit siAe§

ZHHMICE VT, b P AV U= A a R ME 2 BB L 7t o il KRB 2 #E D IR L <

WAITEIE O %2 & b 232 ERTE, SHEOFET, v P AV ~<=HhDfTH)

ZEET 2ICH72 Y, S EELRE R L Tw2 Z ErHERI N, £,

HE OB DFIET 255, 92 m i 7o ik CREISEE S 2 2 2RI ns, 5k

% i C Rl & 17z 18 (AR O E RN O % EEEE 75.3m TH V. KT

187 m (Site A & Site D O#] DRl ) BB L 2-fifkd 1 EAKNERE S hiz,

Dbz i3, 7Y oraes s v =T BrbiRETREL 2856, LT

R OESNAESRMZIEIEL, 2220088 X Z 8% 100 m OHiPH O kM ic & dh

FI BRI 2 Z EREETHL I L ZREBL TS,

KHRPNERINF LI, DHBETH 70 F£5 0107 v ZBDBENFELE L 7225,

ZORRIC, AARD e P AV V= OB REM 2 RE TS 5 L CHEEREH S 2

7zo 2014 5 9 A 12 HFEQEA T B EFHE [79] «cix, TPBRE & U<, B&H

Z

C

gL BRI D m W iGAT. B X OV A v R IMGEMIE I iRE L 2235 e b e 32

9
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Y THNOEYDENZHE - PIFRONRE $2, =V 7 OREF 100m BREHIE

L] EREEINT WS, T/, 2014 4F 12 H 24 HAT T O B ISR A RGRE G 5

mmiE s [80] kvt A RDNEBEAFINTHEE 75 m O HiPHIC I D BKER D

7- D DA BT O LB INT W2, ThbT v 7 BENTRITR O X H

DIEFFDIERKICIZ, ARFFEHEIR D B X N 72,
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Table 2-1-1. Number of mosquitoes collected,released and recaptured during
18 to 27 May 2013 on Ishigaki island, Japan.

Date No.collected No.released No.recaptures
18-Mar-2013 17 17
19-Mar-2013 43 43 1
20-Mar-2013 68 68 9
21-Mar-2014 22 22 6
22-Mar-2015 39 39 8
23-Mar-2016 23 23 8
24-Mar-2017 20 20 9
25-Mar-2018 6 1
26-Mar-2019 32 2
27-Mar-2020 39 4

Total 309 232 48
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Table 2-1-2. Differeces in recapture rate of released mosquitoes among 4

collection sites.

Collection site No.recaptures No.released Recap. Rate
Site A 8 54 0.15
Site B 10 25 0.40
Site C 26 125 0.21
Site D 4 28 0.14
Total 48 232 0.21
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Table 2-1-3. Movement of released mosquitoes among 4 collection sites.

Recapture site

Release site Total
Site A Site B Site C Site D
Site A 3 2 3 0 8
Site B 0 3 7 0 10
Site C 1 1 23 1 26
Site D 1 0 2 1 4
Total 5 6 35 2 48
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Fig. 2-1-1. The study area (230 m X250 m) for mark-release-recapture of Ae.
albopictuslocated in residential area of Ishigaki island, Japan.
Dotted areas show vegetated places. White squares show human dwellings and local

government buildings.
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Fig. 2-1-2. A sucking tube used for collecting mosquitoes in this study.
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a) b)

Bamboo stick
Insect pin
Paint -

Mosquito —*

o l Ice |
Petri dish |

Fig. 2-1-3. Individual marking used in this study (a). Mosquitoes were given a unique marking

by placing spots of paint at five selected sites on the thorax under a stereo-microscope(b).
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187m

Fig.2-1-4. A schematic representation of movement of female Ae. albopictus
among 4 collection sites (Site A to D) located at three vegetated places (green
squares).

Arrows and numbers in squares show the direction of movement of females
and their numbers. Numbers in circles show number of females recaptured at
the same sites where they were released.
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2-2. Box Trap Z W72 EWNR AT 5 4 = 71, Culex pipiensform

molestus, DYIPRIIFGERICEE 3 5 EERIRRET

2-2-1. &5

F 7514 7 Culex pipiens form molestus Forskél, 1775 137 5 4 =71 Culex pipiens
pallens Coquillett, 1898 L [/ U7 71 4 = /1 Culex pipiens group IZJ& 3 5 H A E DK
WEANRKELOWCH L, THAZ AL T hA T ALERETH 208, FTHhA4xLHh
3. EADHITKIE A LICRO NS Z b AFIC b RENH DO NS T & R
AT WHE L5 5 2 L&, RENGMEE Ao T3 [17,81,82), 7. HH
BlO—RETDODTHAZHRED I B, 80%BUALBTF WA A TH o7z I HEDLD
% [81), ¥4 xHhiE, THAZALFE LY TR FANERLT 4 F Y THEXZHENT
A[REME R S w3 [17,83]), 1999 FFICKEITIR AL, Z Dk, KitfT 23k ke
LTWwBY IR FAABDERS A 2 1 ICB T, THA T HRHIIER Ic EE %
HERZZL T2 e WG TN T D [84,85]), BIfE, WAENCIZT » A = AHED
BAS 2 e P ORPEDTATIZ R V23, B e L CoxRid, JEFIFICHH 22 CC
BELEDRH 5 [83]),

AL CHET % 1T o 72 Box Trap %, Resting Box & I, D M7 v 7T,
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WA AV B 2 4 1L 3 2 e I B RG AT IS B SATE B 2 A L 72 F 7 v 7 CH 5
(86, 87], Box Trap (%, Witk Ml A&, R A& DM, HEbHiEINS
o [88-91). WUtHOFAE [92]). MWk FHHE [93). AR 7x ik B SR8 2E DN
LoFt [88] Eiciidn T2,

Box Trap IZ X 2 BHIHERA P 7 v 7olhEic Eo X ) icEEI N2 AL T
1. B COMERBRDS TON T2 [94), BENCOAZEELZ T v 7O
RN B3 2 EERIBETIfTb T iawv, 2 2 TR k. ENICRAL L
THAZHBOHHER A E LT, Box Trap Dl th, B X VR ES X ICBT 2%
SR 21T o 720 720 F 7 v TEREGE & BRI OBRICOWTH IR 2

Z 77

2-2-2. Mk TTIE

A7y 7OME

ERITIE. TR e [88] 7 Lk oFAENSE T L 72 Box Trap . AW
DHFHFEE DA T AEDERIGITICB S 2 BISHRERICE SV TG L7 v 7%
vz,

FERIC{HE L 72 Box Trap ORARNefidi e K& X% Fig.2-2-11CRL7%, b7 v
TIHEME T, K& 38 (. RIR. HEM ) TR I Tw 2, ORI
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10 ( AT L) emx33 (1§ W) cm Dfind, Rz Kiko—l LT 2T TRld I
YA SnTwves, KIE 18 cm X33 cm T, MG & 39 2 0o theic B O 23
Hb, RIIEE 7y FIGESO KB EZRHOMICEEST 2 L 2HWE LT, D
poIMilicm o T, 7T —vavhI—TCRELE, /7T —vavIidfiEy 7
F Free Hand Mx ( Macromedia, Inc. CA, USA ) THRA (Fig.2-2-1) Z{Epk L. HlfE
EEHIREEF ICRFE L 720 RO T3 (13em LX18 cm WX 10 ecm H) 23H(Y
I o T W3, HERAEOPEE 4 micid, fEs — b CIERRESE (k) %) 2385
hHF o TE Y BOE» SRA L 2B R S S, R 7 v 7RO
9 emLX9em W, BOEHRAEL L 45 B, KIROBIZREBE 7T —vavThd, K
WaFH LT3 LHEROKEHT 2 X 51k > Tk H ., HlF oK > — b IcHHiE
INAMAEZRRT 5 LB TE S, G — My — 7 climiciift I hcs
D, BB —PERY 222 LHEAHATE 2, FBRTIEART 7 v Foft, FOEHO
KEX, BEAWDOME, RIROGHERSZ Ty 7ERERL, By —CPMickh %
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(a) Shading plate
< (10L x 33W cm)

b w‘\ Angle

Opening (45 degree)
(9L<9Wem)

G, Top board
(18L X 33W cm)

Collection box
(13L < 18W X 10H cm)

(b)

Gradation pattern of the top board

Fig. 2-2-1. Three components of the box trap (basic type) used in the experiments (a):
shading plate, top board, and collection box, and the gradation pattern of the top board
using a black color (b).
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Fig. 2-2-2. Comparisons of mean numbers of mosquitoes (= SD) captured by the box
traps with three different sizes of opening. The means with the same letter are not
significantly different (Tukey’s HSD-test, p > 0.05).

Three traps with different opening size were placed at three corners of a mosquito net
(220 cm L X 110 ecm W X 130 cm H) and 20 Cx. pipiens form molestus were released
into the net at 16:00. The numbers of mosquitoes captured in the traps were counted at
10:00 in the next day.

77



14 r

3 .
12 f

£

S 10}

wn

O

g b

o)

g 6

g

o4

o

N L
o L

15 Deg 45 Deg 90 Deg

Angle of the shading plate

Fig. 2-2-3. Comparisons of mean numbers of mosquitoes (= SD) captured by the box
traps with three different angles of the shading plate. The means are significantly different
(Tukey’s HSD-test, p < 0.05).

Three traps with different angle of the shading plate were placed at three corners of a
mosquito net (220 cm L X 110 cm W X130 cm H) and 20 Cx. pipiens form molestus
were released into the net at 16:00. The numbers of mosquitoes captured in the traps
were counted at 10:00 in the next day.
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Fig. 2-2-4. Comparisons of mean numbers of mosquitoes (£ SD) captured by the box
traps with four different colors of the top board. The means with the same letter are not
significantly different (Tukey’s HSD-test, p > 0.05).

Four traps with different colors of the top board were placed at each corner of a
mosquito net (220 cm L X 110 cm W X130 cm H) and 20 Cx. pipiens form molestus
were released into the net at 16:00. The numbers of mosquitoes captured in the traps
were counted at 10:00 in the next day.
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Fig. 2-2-5. Comparisons of mean numbers of mosquitoes (£ SD) captured by the box
traps placed on three different heights from the floor. The means with the same letter are
not significantly different (Tukey’s HSD-test, p > 0.05).

Three basic type traps were placed in a mosquito net (300 cm L X200 cm W X200
cm H) at three different heights from the floor and 20 Cx. pipiens form molestus were
released into the net at 16:00. The numbers of mosquitoes captured in the traps were

counted at 10:00 in the next day.
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Overall probability of
mosquito cach

02 [P=03 _
01 L P overall 1 '( 1 P )n
O T T T T 1
0 2 4 6 8 10

No. of traps (n)

Fig. 2-2-6. The relationship between the number of traps and the overall probability of
mosquito. When more than one trap were placed, the overall probability of mosquito
catch Poverall becomes higher according to the number of traps placed in a room.

The relationship is valuable to decide the number of traps necessary for achieving the

desired overall probability of mosquito catch in the room.
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Summary

Although the concept of "sanitary pest" is broad and various definitions exist, legally,
they are pests that transmit infectious diseases based on the "Act on Quality, Efficacy
and Safety Assurance of Drugs and Medical Devices," and include cockroaches, flies
(adults and larvae), mosquitoes (adults and larvae), fleas, lice, bed bugs, house tropical
red mites, house dust mites, and ticks fall into this category. Japan has suffered from a
variety of pest-borne infectious diseases such as malaria, Japanese encephalitis, dengue
fever, and filariasis, and has a history of controlling these diseases, but new pest-borne
disease problems are constantly emerging. For example, the airtightness of housing has
led to the recognition of the importance of house dust mites, especially the
Dermatophagoides mite, as an allergen. Although it is known that a smoke formulation
in the living space is effective against this problem, measures for Japanese mattress, an
important habitat, are not clear because the distribution of the habitat within the
Japanese mattress is unknown. In addition, the development of logistics and global
warming have increased concerns about the resurgence of dengue fever and the invasion
of chikungunya fever in our country.
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Against this background, this study focused on house dust mites, which are important

sanitary pests but the details of their habitat distribution and ecological habits are

unknown, and mosquitoes living around human dwellings, which are assumed to be

highly important as vectors of emerging and reemerging infectious diseases. The

practical feasibility of appropriate control measures, especially physical measures, was

discussed in this study.

In Chapter 1, the fauna, density, and spatial distribution in Japanese mattress, the

primary habitat of house dust mites, were clarified. Twenty samples were collected from

all over Japan, and instead of using the conventional surface dust collection method with

an electric vacuum cleaner, a portion ( 5 cm x 5 cm ) was cut from five locations on the

Japanese mattress and divided into three layers (upper, middle, and lower) to

investigate the total number of mites by the washing out method. The results showed

that the major mites in the Japanese mattress were the mites Dermatophagoides

pteronyssinus and the D. farinae, which are important allergens, and the composition

ratio of the two species varied greatly among the mattress samples. The density of mites,

including exuviae, was 72,088 individuals/m?, which was very high compared to the

control standard of 100 individuals/m? at schools in Japan. Although there was no

significant difference in the number of mites among the five collection points, more
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mites were found in the middle layer at the upper and lower ends of the mattress, and in

the lower layer at the three collection points in the center of the mattress. The

distribution ratio of mites in the middle and surface layers (upper and lower layers)

varied greatly among the mattress samples, with the percentage of mites in the surface

layer ranging from 15.6% to 94.3%. These results suggested that the mite species

composition and spatial distribution in the mattress vary greatly from household to

household, and are greatly influenced by the microclimate, indoor temperature and

humidity, and lifestyle habits of each household, such as drying and vacuuming the

mattress.

Since it was found that mites were distributed not only in the surface layer of the

mattress but also in the middle layer, which is difficult for the agent to penetrate, the

mite-killing effect of oxygen absorbers that can easily create a low-oxygen state in the

sealed space was examined. The results showed that the iron-based oxygen absorber was

effective in killing 100% of both adult and egg mites in the barrier bag, indicating that

the oxygen absorber is effective in killing mites inside the mattress. This shows the

usefulness of oxygen absorbers against mites inside mattresses.

In Chapter 2, the migratory range of adult Aedes albopictus, a dengue vector

mosquito, in residential areas was clarified. The results of a survey using the individual
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marking method in a residential area dotted with green spaces revealed that individuals

recaptured at different locations moved an average of 75.3 meters and a maximum of

187 meters. This suggested that if dengue or chikungunya fever occurs in our country, it

is important to identify priority habitat green areas in the outbreak area and prioritize

insecticide treatments in green areas within an approximate radius of 100 m from these

areas. Recently, Japan experienced its first domestic outbreak of dengue fever in about

70 years, and the scope of mosquito adult control measures by the government was

determined based on this knowledge.

In addition, physical control methods for Culex piprens form molestus, which invade

indoors at night and suck blood from humans, were studied. The structure, color,

location, and number of Box Traps, which take advantage of the mosquitoes' preference

for dark places as resting places, were examined to determine which shapes and colors

(opening: 9 cm L x 2 to 9 cm W, shading plate angle: 45° , top plate color: red or black)

would increase the capture rate for each of the factors. It was found that it is appropriate

to place the trap at a height of up to about 80 cm from the floor. Furthermore, the

possibility of experimentally calculating the number of traps required to achieve the

expected capture (control) effect was demonstrated, suggesting the practical feasibility

of pest control.
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In conclusion, this study clarified the distribution of indoor dust mites in futons, and

demonstrated the effectiveness of physical control with oxygen scavengers as a

beginning of countermeasures against mites inside futons, which are difficult to

penetrate with chemicals. In addition, the results of this study, which clarified the

movement range of Aedes albopictus in urban areas, directly contributed to the

formulation of the scope of chemical spraying in the event of a domestic outbreak of

dengue fever. In addition, the structure, color, and location of box traps that maximize

the capture rate were clarified, assuming indoor infestation by Cx pipiens form molestus

and the possibility of physical control was presented.
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