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i 372.0 388.2 225.0 200.0 100 200 | 113.9 348.6 100  138.9 100 274.6
A % 364.0 320.4 425.0 100 200 200 222.9 245.9 802.9 100 400 358.6
. 100 100 100 100 0 100 100 100 100 100 0 100
sk 300.0 360.0 450.0 100 0 100 |.222.6 450.0 950.0 240.0 © 283.1
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M E VT L o IR R T B 2 A v R, 27 2B, ~ v AvBEIRU i XA
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(1) sodbebvsert 23 (A, B, C) WAL VST Lo T L WERS bR, T
BT X0 C LS D OBER A BN Do FHAMAE OZENAVZETILE T BRI st o #ilic

WoE BRI OFMeTE

AR/ Kk

—_ ke K X Xl
25 29 30 1 5 6 11 14 20 21 29 4 5 10 12 17 23 7

T 1787 3461 2946 4298 2757 8093 5624 18796 5375 1865 4315 1302 5379 2233 22 745 77 14
(81 60 95 59 58 73 62 68 56 61 56 41 52 88 5 64 29 10)

118 63 474 71 69 100 147 58 110 70 81 48 94 319 21 188 40 8
M| (66 32 75 33 34 39 44 13 40 39 27 20 29 &0 4 43 16 6)

25 10 »5 18 14 9 16 5 11 1§ S 10 5 14 2 13 3 0

C 3% 71 12 37 20 44 21 801 23 34 246 70 6 2 0 0 00
9 12 6 8 8 17 § 29 § 7 12 6 4 1 0 0 0 0)

3 £ 2 &2 1 4 1 E) 3 2 0 1 1 [¢] 0o 0 0 0

Ho 24 59 9 73 5 28 0 396 0 0 1 0 0 1 0 0 00
(2 2 3 2 2 2 0 3 0 0 1 0 0 1 o0 0 8 0

He 1 7 0 3 661116 730 12698 413 0 1 3 5 8 0 0 00
1 3 0 1 2 2 i 6 1 0 1 3 1 3 6 6 0 6)

Ti 173 323 134 780 544 3352 2940 190 1011 333 2836 739 3842 1442 0218 21 3
(4 2 4 2 3 4 6 4 3 § 3 3 2 16 0 6 2 D
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c| (1t 9 4 § 8 10 7 27 8 1 16 4 2 0 0 1)
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C. 1
Vil K X
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T 3513 3347 975 7415 3300 4303 20368 9575 979 2504 902 21 1

(80 50 23 49 53 43 10 69 37 47 38 15 1)

81 51 16 86 43 88 54 109 74 44 81 7 1
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He (1 1 1 2 2 2 4 3 1 1 3 0 0)
1 2 7 I

226 256 110 981 977 1217 73 467 692 727 1 0

Ti (4 5 2 1 2 3 2 3 0 6 3 1 0
2 1 1 1 4

sE:1). Tofe M:MEEG C:FRUSER Mo : FHEG He : il Ti: o
2). KENIRREG A 4V v 2N O

RBNAHFCHS THL e L b T ORMROREEMEFHCR A FE OB S %0
X~ HEREROER & LR AMOMBINER S LD,

@ EFEERUERES SO  KOFHEEEO AR IO b IR, AHNE
B O Rt 0N VG D 575 T il & ARSI 0N DRk RS & DAHBIBIGR
BRI



10 B R

IR EEEEE (ERED OBHININE L K8kl (PAKERED

0 O ® @ O 0O 0O © & O ®

T B

SN T N T

¥y
/

o g
100 R PPN ~
°C A\ — - N /p-'—-——l’ ~ / PP I

e Lo - -~
30 e N . » - -
« > o wmmAad

) e U I« N
- B /’\. —
10 10 il \0\0
it [

0 6010 e

o
7

* 8

T e IO .

P i

1 |
25 30 5. 11 M 20 29 4 10 17 20 31 7
~—=AH Vi K X bt



#3E  THEHEFEROFNIEE L KREFEROFUWEE) X 0 2B L T oXSERE

Mgtk (df :1,14) HEPIKHE (df @ 1,16) #B [di:1,9
A MEOR MEE AR MER EE R SR R A
Fis 713 V2 Y13 Fio Fia
M 0.0745 0.1144 0. 0035 0.2734 0. 3411 0.5801* 0.5453 —0. 0546 —Q. 2392
& (0.78) (0.67) (0.98) (0.27) (0.17) (0.012) (0.08) (0. 90) (0. 43)
C 0. 3954 ~—0.0401 -0, 2731 0. 3615 —0.1870 —0. 2075 0. 4559 —0.1926 —0.1700
(0.13) (0.90) (0.33) (0.14) (0.48) (0. 43) (0.15) (0. 60) (0.56)
Ho 0.3794 0.0382 —0. 0045 0.3473 0. 0080 —0.0612 0.4229 0.0035 —0. 1148
IEN (0.14) (AO‘ 90) (0.96) (0.15) (0.97) (0.80) (0.18) (0.98) (0.72)
He 0. 2936 —0.0067 —0.2074 Q. 2647 0.0119 —0.1596 0. 4951 0. 0206 —0.1751
(0.30) (0.96) (0.45) (0.32) (0.95) (0.55) (0.12) (0.95) (0.55)
Ti —0.0676 —0.1838 ~—0. 1558 0.1960 —0.2811 ~~0. 2054 0. 2757 0. 2332 —0. 3094
B (0.80) (0.57) (0.60) (0.45) (0.25) (0. 43) (0. 40) (0. 46) (0.32)
T 0. 4439 ~(. 0508 —0. 3338 0. 3040 —0.0852 -0,2193 0. 4954 0. 0649 —0.4324
(0. 085) (0.85) (0.22) (0.22) (0.75) (0. 40) (0.12) (0.85) (0.14)
~0.1909 0. 0869 —0.4153
(0. 46) (0.75) (0.20)
Vi3 Y12 Yig o Vig R ST
(. 2240 0.1092 0.5550% 0. 4988* 0. 4836* 0.5573% —0.0787 —0.1829
(0. 40) (0. 90) (0.017) (0.03) (0.04) (0.036) (0.85) (0.56)
- 0. 2640 —0.2222 0.6407%*% —0.0853 —0.1970 0.7115* —0.0493 - (). 5597*
(0.29) (0.22) (0.005) (0.76) (0.22) (0.015) (0.90) (0. 046)
0. 0901 —0.0377 0. 6830%#%%  0.1847 0.2385 0.5219F 0.0238 —0.4816
(0.68) (0.90) 0.0017)  (0.45) (0.35) ©.095) " (0.98) (0.095) *
—0.3280 —0.5418% 0.4098 T -—0.0316 —0. 0614 0.5266 1 (%) 0.1383 —0.2114
(0.24) (0.03) (0.09)*  (0.90) (0.80) ©.09)°  (0.70) (0.50)
—{0. 3880 0. 0864 0. 2533 0.2190 0. 3909 0. 6509* —0. 6681* —0.0643
e (0.12) 0.77) (0. 40) (0.37) (0.13) (0.03) (0.025) (0.87)
* T 0.5355%* —0.4667F —0.1479 0.6775%%%  0,4204(*) = 0.5079* 0. 8350%#*% —Q, 3302 —0. 3305
(0.03) (0.07)°  (0.60) (0.002) (0.08) (0.03) (0.0015)  (0.31) (0. 28)
2 1) Do F- BRI X AIEHEPIEOGME o F=0(N-2))/0-rY), df:1, N-2

2).

* 1 00, 05;

##  0<0.01;

: a<0. 005; -f :a<l0.10; (%) : EHBERRE OMET 2<0.05 DD

M H A GHWE ¢ T2 SoulyoRW U0I}oNg
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12 BB M

DFEPIRE . TOESMERETESEOR Y Th B, PSR b Talic it
S AT RE . OFRBIVE, KPR T O S piie & Bk & o MBI 2D ERERT
BHREISTEHED L B C, MG EE MR 2 R U e, — RO TN L £S48
2 OBEBIOMCIT X DR CFEEIPUR S e, B SRR L Tk 18 AR LI 1961
%7 5 % Ty 0. 5% DI 5 SR G E S, SHE AT 2o A IR R A &
AN S Pl TEEEBEBIC A D & ARECR OV H L &R G, M K OV RV 3 #bX D
2 MK T, KRB 1R, 3R« 5 % JhZ0. 5% D s O B IR IEEE Y R L T B,
L1020 fEfesR i Fr e X IR &K T, BED 2 R TR «FHERIEENEA
BB C LD, FERISHIHIAGIEIHINT8Z N &l L CHEE L EHEEY R T
Wir . & OERBERIESECH L CIBER e SE L EEREHEECEE L EN
JARBI DL & & AB0S0CE N 5 458, T O MBIHUL p=g¢=T/2) TR L T E 2
Thh 5 he SHEIBNRO Fo R chkT s x Fu o= 2.8 7ch, 0.025 LU0
1B\ R T ORE R EIERTIE T DAL, A bFHN SR OIS OHE R
HRORME LS REREL L D23 XD, 60T DEMGITCIF Di78% D
HETEMO EFW 2T suction trap LTS5 B R ORIE A SR8 hn
L, TOBERTBRCEREND SO e w5 2 2 1inb,

— T EE & FRIEE & D BT A SRV PSR T D IEE & S T DA & TR
2T BRI AR L Ao 220 T, S < SRELHOHEEY & Aot B X O AEET S g
PG R CAIR D R O B A R L, i i Pk Gl & I E 57 TE4R B
%, SRR O AIEAE B AAERI A AR LTSl E o, fEo TR Fdhsizd
THECTH IR, SO LA L K OTEHNZET) & OB TS8R &
WD CEEF L TR

o & ORI Bl ] 18,21,24, 3, KOt 6 o> b [H iR b skidic b
DT, KA (8.5~5.2m/s) DFORHRE s> C\5 (3 1) 25, {8~ orERIvIEIs:
OHIIEEEO TR (56.3~T7.4m/s) Db Db 2, 3bb, AL TR A T IKE LT
DD Is L BT S8 % B oM O F MR e U QSR e fh &
Fa o w3 Eiic oo,

@ BEEZEHO—FEZEELLSEORMEE KR LR L Ml ofEg ey
B R VAL THAERLRT S L0AIET, ToMmRE [ BicdbBmbhans (R
U 7z OEERTHEENE ZHR G S T S B8 S, PR C &I ki EE
 OFENT SN o S TSR oM LI B I T LA b AL, T
T ) LIcBIROA IS RS 1o, FRCEHEED 5 % L 10% O [lic b % BER S 0%
HAT, ZEHEOH—FE ML TRO I HERRBOBHA Ule, fHITEE 4 3R
LTl b ¢, SMEMEEE DG L R R L,

® = 2 (N—h+ 1), mp=2k; F Zi =1aq/mp, (N=18, k=14) 7 b, faTElEDIe SR
Fefize p.136 (1952) Zid.



Suction machines it & % 2 st © S ERIRHT 13

BmAk R L roFENE (B3EOPD0.05<a<0.100 HDITDF)

- "o &k H HE M ok H b3 B
IRAEREARE | BT | (WHHREGREL | BUEESR | EBIRE | EiEEER
73
(BRI Y 0.5754 | @ B
(0.08)
% T 712.3 - E’E
y 0.4430 | & i3
# (0.098)
Y133
#% | Ho 0.5855 | W@ B¢
(0.08)
¥1e.3 #12.3 » )
¥ | He (8'éé§§ WP (8'8%§%$ WooopE
¥13.2 #13.2
# T —0.440 | & R 0.5116% | <& iR
€0.10) (0.04)

fE 1) O Dok - L AIHEBEEOGEER o
2) rus=Qu—rgrn)/((A-ri)V2 A -re)V?] 85 t=reayN— 3/Jj—“—w
df=N—-3, 4%
3) *:a<0.05

AR B B O35 At D IR A R OV S L Gl B 2 T 58 U R e ST,

BE(RARBI SR B0 T A BTSN O SR MU BIA U7 120G, IREE O B i &
e Bl 2 &R LT,

REH DTN D\ TR DR RE BT 78 5 o TP 7K o 2 T UM bt D IR
FFHCREE A [ U b SRR AR BI R o Al BsEH GleRITA L 8 ke <, 2
REME ORGSR A I 2 B MR T 2D DT,

— B R o0 A o S IR A B R B § s o RS AEHB A R E S, o2
Clk Z ORI T 5 SR 0 B ARSI 35 ¢ b 5 2NRERC X o TSI S R
T e &R UTIC, WO X ADThA 555, e LTd G & TSk
EOMCHERATEHEE LS & W MR AN L3 2H L,

SR B U e B E O B RARERER & B » IR L oA T B, Bl

BIFEOKE CISEEI SR OEENC 20 LPFERA L U RS L R A
zmgn#,MWmmfmﬂOf%mw%ﬂ@ﬁm%§%9M¢L15/@ﬁM~Tf
BRREEEER L, Sk o o ORBEEHONEISCK L O CEE A IRHEEIY 5L
ToZ L BEESMRET, = 2 TSR LR OBEIEER X oG L EE SR
Bl DIRE ORI ERELNT, BEYEET S LI Lo ThED THELN L 5E
TEET S,

@ BREZFRESLABAOERE EEEOWHSEREARNCIE o &R




14 B & W%

B —DODRFRIER & RMT L SRS, Lo o RAHD bR R OSSR EE
HHEIRE DM Y UE b I i e i e A, IR o3, FRERDHEE L5

BOF T OFMINHEE L RIBEEH AR OB MR & OEMBIGRIER)

sk (df : 2,13) MRk (df 2 2,15) OB df:2,8)
JHEA R « R « R o
M 0.1507 >0.50 0.4164 =0.25 0.5741 =:0. 20
1 C 0.4162 0. 25< 0. 3955 0.25 0. 4600 0.25<
<0.50 <0.50 <0.50
Ho 0.3946 0.25< 0. 3507 0.25<C 0. 4628 0. 25<
1% <0.50 <0.50 <0.50
He 0.2936 ~>0.50 0. 2604 >0.50 0. 5605 0. 20
£0.25
e Ti  0.2090 >0.50 0. 3300 I 0.4744 0.25<
<0.50
T 0. 4453 ==(0. 25 0. 3222 i 0. 6090 0.10
0. 20
M 0.2917 >0.50 0.7192%+% 0, 005< 0.5855 0. 10
<0.001 <0.20
TR C  0.6181* 0. 025< 0. 6434% 0.01< 0. 7628% 0.025<
<0.05 <0.025 <0.05
Ho 0.6387* 0.025< 0. 6904 %% 0.005< 0.5826 0.10<
- £0.05 <£0.01 £0.20
He 0.4479 0. 20 0.4154 =0, 25 0.6637 | 0.05<
0.25 : 0.10
¥ Ti 0.4166 0. 25< 0.3186 <0.50 0. 7835% 0.01<
7 0.50 <0.025
T 0.6570%  ==0.025 0. 7695+ 0, 005< 0. 8404+* 0. 005
<0.001 <0.01

RE:1) % s 3R L
2 Rim=((rhtrh—2rmriors)/(1—ri) ), P=(R(N-3)/2)/(1—R*); df=2, N—3

SRIARL, RIRESIA — D DRGNS RER 2 M5 & L 2ok, Lkt D
LRI SR OB AR e L UL EE S TEERNERE L oo BT b
BT B,

TSR EG DV TR SRS EEI 2 OR L, M IR R Lo R L L
FEIC T B o

FERHOC O\ O ACHE B 30 ¢ 1 AU L I8BIFRI0BI B e IEA 2 /RI Z L 1
Fe b, tor 21090 flerr 2 & L C b 18I LLEIRI & #9619 o 2 7o TEA R A 57 d-
i = A

Z OEILETE L R L OFE BN X D IREE L o &R CEIRT S
ZrAhD I LERT, RURREREER L TEE O X OO & ORfFTOEEL « 4R
VL CEENT A OnE vk, B ERC R (Coa61%) o et
Bt b r  Fr=1.375 (N=18 k=11) 78D, a (11259 GO D i\ B



Suction machines i< X 3 & B © 2 BIEH 15

BB O LR EN S, —HEEIFEE O HERE612 05 TR LR EE B IR
BT IR T8 % L HHINCE S X Sk UsdE e LT 5 e x5=0.524

GESHCST A IEEE T, df=1, «=0.47 CHELIIFD BNV, ZOFF
R - OB TITB RS2 RFAZER & RAL b BEER O HNETIC OV Tig
D PRSER A EERT HER A R T L O Th B,

(5) BARSE LOMERIERE FHRINCHEE 2 EREBEIRECS SRR DI 2 LIRS oW
EER—H LRI Ch bo © 2 CRIBEEOIRE:L L CHAOEE L EZERE ¥ vl AL
EFTEMHRLOT, ST CHEBERIND LB F Ty,

SeoFE B Y 52 A EPBOTES IS Uehs, AT BB 1202 b A1 5k
BT D LI EEITL CE D B0t BREEOWCLERC, CoFtiicownTHE
Blaffa W52 L8 7o BINE IETIEMINABCH UEEDOMTLINELL B
BHD 0\ T b SRR O FEMWAETILLT LS ERECre { s Lk fEiiEns & b bo LbHi
ep BTSRRI ST 503 B 7e LRI Ch %,

(6) FEEOHEMHBME H 2 OFERRIEHE OMRERLT e, BT e dFROM
B oTWBL LIS FTHVe (COHT DOV TURBETHRT %) AL CRET
MR ORI AT, Ch & SEEHOBMNIE & OBTTEDIR,

5 RROBMME T & OEMABT

(1) soHed¥et WRERC RN U BB O & Mo EBEC T ic b @
FBHo trap FHE LIKEDL Qe b O RCHREOREORIKE RO TWiedh 0 (2
e — ROWBEEL OO DD D% GATED ORI ULTHRW) 3Oy
o

@ RFEESEHELERRERRE #HE O3 ) ot EOTH CHERE T T,
T A ¥ S B O WHING B & AT U R A S R o A R 5 & e 3 C & e BlD
T2 AR b BERIAE 4 TR Ui W RERER, R0 X 0 & TSk LI F o
B AT OB HIC b0 2 2B RO & B> TRl TSk L, Lo dhhiEk
L AR O — KO RS b D C W ARERO=HCh b, £ LT D&
BRGSO PAER 7o WIS I 5 LB e O Zotkilid (51) o kit
B oemihc d A S e, 3L~ 2 o EEE s boE R b H T Es
BOEFTAHY, HEbMRIEARE TR 1 AR U TREEe o T ORI ATEHWE
BiLhe & OF 2OV TR RRN 2 RO ESECRBEE T 1 B oI Rfngo%
R BB o 2 IUC X0 Th D & IR0 SRS 53RN 70%42 ¥ ¢4 L F-4 5 Skl
BT, FUTEE AR TR 080%»TERT B 2 LI s Bo BEEEIHO FIULIECBR PO D
S SR C RIS 10H C AR D802 Y Do FETRIN S S RINFED T ERE S o S
PR CEDL SN, A2 - 2ELRT 5 E, BITHERO TREEHREICIRG %, 80%ICEEd Bk
ST 8. 5 Bl 0 B X 2 IVESEIA AT U 7R TSR IEAE o R B BRI 3l s S =ik
O =EOE 2 UC, b0 H0 EFATAEAT, o LboEBsith b, Z ORTES
METCHPTRELOT, SITHENT7.5 FHTHARoN802C T 5, & O R RINEERIX 05
TSRS O R LA DS CHIET 5% & ORI BRI 08 A 1 U CBIRITI IR’
s 5 BRUEOIEEAIEINC T 23N T X, FEOTCo AR E LT OBEisEsE R {
DD,
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(a D BERPEREls b Bl o B T % GRAEZD)

T AR TR o HEEE B REIRE CIL e\ b A TRSHO NI BT 5 &
T, BEOBEMNERTE SIS T 2 A T OB R oISEN ook, i
RIETEIH & KA LS e Do AR LRSI X 500, BHFIC i B\ & 1002 1 L D CREAl
WEEHTH S,

B SARTE R B EH AL 5 Ch DRI & 1o DR OZ i b b,
o Tz OEBNC X B i b < ¥ CHRSREAE OWHMERIIZT IR 5 b 0 ¢, TElREo®
AL O FE 3 ST To s o 0 2 C 0 T BANCH 5 B RSB RO T2 ek s 5
7 CHEb L, BHERERTE SR L HE0T 5 2 LR ihd o B v EIRERE L e s
LT h Z OREIEREOSERT OEEO— 2RI E LT T RTOEH AR T D
ERTELLLELDOTHS, S X2 TENRICE D, SEERNTOHEN L HE U CH U=
CTRGEOHEER LA Rt %,
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I CETEEERC - SRR E R 80% BB L el 7 7 7 CEER D,
T DRl 0T, 2 X MR LM & 2 DA S T x O EEEIT A 5
DFe o MR AR 0 0 S ZRIRihER DA & 78 B B B I w2 e 2 - B2k
REOGEIENIS D)L L, 2o Eo#&  RONDEHIEAE & Lic, Oy
REABNE U CES 6 S 6B Ui, MURINERE AR b A O 23564 b B 25,
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L, BUEHORREEWRICEL C\ 5, JILOEDFERIII &35 LV SRS S B, &
e 10028 BT B A L, AR OR TR & WA ORISR IMARED MR
A7 <, HERIC R TIER L, B FIbT 5o L% L T,
SFEEAE O BRSO BN B 28I 4 2 V) v 7 CRU LIRS A7 I
U 7 B REEREO BRI NE LB 5 o Hf-> CARTEFRREH SO O SHERIC I  HLI L T
BT 5 & R 285 REE WG L (AT 5 & Riite 5.
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t !
[EAGR St ] fé%ﬂr/klll

FRPESC U, Bl B B R O FHH O 230l s iG> v B, o
85 % 7RHA B A R & F0RKIE o F BTGB DARE 2 b DT Do

9 B FHES A AW L v 5, ZoFERRL s = I HA2FE LT DT
ZTNUE DO 9 BILHE S A —BET L T b, RLZ2 WMl 295 & 9 B
MOFCRIHAE L, 9 A1LH OACEHA I~ 0 ChHB 2 L ivbinbd, 9
B LT S TRERERE AR s o0, S 00 9 B oild ik BeiEskT s
bz k5, XIOBMAURCIZAISOHASE: 2 S XAy, B AATEROSF
AEONSE (BMEE) AR LB, & ORESERIEEEONSeh R ST
ﬂ@%@ﬁ%a%L§HM£%ET@%Eamofu5 LD,

@ igﬁﬁ@§%MﬁE WSS 6 ORI & & S\ TRl SFEERED
EEEE OGN LT L HE 2 ORIk B, 0 Z OF OFEA B 0FE
I RT % LBV L5,

émm_ﬁf9ﬁmﬁ&UmTﬁﬁz?kFaLT%EEQQX%#ﬁ%ﬁ&D,:
DEDFIHP O EREMCEE UWBEDEE T el 2237, BT 9 AUmce A =5
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801 /
60 |-
20/ X
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20}
LAl
Tk B £ty

Fy, TEZAEEFI L UHR, WGTHARIEY <7 w3 a1, KRB 7Y 75
Ry, avy<sFerrary RIRO=Y <F 7 =5y v 27 053RATSEFIRL
T b, Bie 9 BT b0 BHaerd <, Fay, zv<pFryaey, ror@fyd
w oy SO B, NEREEO 2 S KAy, BHOFARERATARI LY, HY
Y RTVAF R, 2 ABD T AV FRGEEL, SHIEHABIRLT~ A AL
He7 ATy <AL AR HACEEE L b, 28 L ARE2>C 9 BT
LB O s v Rk V0, BT I AAYH, AXT I <= T Y NGB MR
L, XULDOEHEEED 7 v &y v FOFEEIHAL Do 9 BTFHCEREEE O
AA PRy Yy T manEbh, 0FMmRmesd CREFOF AT A=y > 5
2 RE O v AF v ¥ H L AAAF S 3w, XILAOCIL Y << = TR0 v R
FEFHBRATERL T %, ZER MRS HEDSR R« ISR E MR LR T L T
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BT) NSNS B OMIE ch 5 2 ik AARRRREC R S HEH (K
n—<HETRT) HORTHLNTh D, & OFSREERILED < BAEMBFETL T
WABTHD Y. BV HEIIA A LRdyofc b ORI LY S a0tz b D Th
BN, ThEOTSENEY GBI Th ¥ YL Tt i che o sl
HEYHHERT S - L kS,

(5) BumESiEoREMESE REBCOV CHSROMNERY 25 &, FoHI
—PEDOHIE R—PE L TSR LIS WAL D & T 02 2 e b B, 3
FRFETRLUCEEDN L ORI O TH Y, 2T X & B{fFE b b
Bo NI KEAD20LTFThH 20 b, MHEEEEOBHEIK /NS {RVERY, %
DO OBMENZEERIA D RETPENLIIT S 7o RUBERD D o\ e L B
TRIEE D LAV E TR 0 BT D, Z OBIIPREE 3 o0k s 8 | RlorEs I Bats
SERHEIR O 2 SE L TRAUEBR G 5.



22 B ETE M
ok FEREAEHB80%I T B ¥ TN & HEE S h o REER
. »;n»: ok c 3}_} iﬁ- f’f':
B ) S b e '7J FI;I ic\ £ B o Kk H
SR e Al SEIARER
M 9 & 7,9.5 &, £ 4.8,8.6 i, &
gg/vm C 3.1 i L2 R 3.4,9.4 B, &
30 Ho 4.2,7.6 i, #% 2.1 R 2.0 i
3 »(/‘/ N Eva
1K Ti 7.4 p8 1.7 Hii 1.7 S
He 1.9 # 0.6 R
M 9.5 B 2.6 B 9.1 B
C 2.5 B 2.3 #i 3.9 R
g/lx Ho L9 B L8 R 1.6 R
Ti 2.4 i 6.5 4 3.1 i
He 2.0 B .2 §i .4 i
M 9.1 B 8.7 B 9.6 B
c 3.4 1 2.7 i 8.3 &
ﬁ/}x Ho 1.6 R L2 i L7 R
Ti 1.4,10.8 i, % 0.9,11.3 1, # 1.8,5.4 i, #%
He 1.4 7 0.8 R 1.5,5.2 §i, %
M 7.7 B 7.9 R 8.0 R
20 C 3.6 Hi 3.9 Hi 3.9 i
/X oy 0.9 i 1.7 6.5 %
He 1.4 i 0.8 i 0.6 B
M 5.4,9.1 %, % 1.1 i 8.6 &
2/K ¢ 2.4 i L2 0.8,8 iy i%
4y Ti 7.9 % 6.2 iR 5.4,10.5 %, 1B
5 He 9.2 0.8 i
M 8.7 9.0 & 4.3,9.8 i, %
x o 8.8 % 0.7,10.8 i, #%
He 8.8 %
17 M 8 i 6.8 IR
2/ X 1y 8.6 i 0.8 i
7K M 7.4 %
Ti 0.4 i
oD i AEbEnn R IRANL o Bl e

2) PRSI & F Co



Suction machines T X 2 2 5 O E BARHT

° 2 x4 (K

c R -

FATHTET VA

8 ey (RED

Taxge=r4n (V, VI

TXTHANC 2 24N
L IO

hpTrwysyaig

Fhorrgetry (Y~ X~
PR ...~ PN
Y AFrEH
L K~1D
A AAY (VE~X)

zarery (WD

hrsFAvIr (XD

Adberyerraa (X~

UNT-——— L - R

L X ~XD

ZaFexa b oV VD

e EHELF Y (M B
B—

ﬁx;g‘if
D

%177F5LF9*7(W,R

IR bl | ) | i) ! /

| L L
25 31 5 10 5. 20 " 25 30 5 10 N 15 . 20 25 30 5 10

Frc HE U T OFEHIHE (SHIRKES RoRBED
(OFBLABINEED

BIVE gk



24 B R

ZIVEE OTRERIL B 2 BB R O T, FIEAEIEC RS BN S, L
T OFSEINIER . Lo CHEERY, H X h XHRE I oTtR A Th b, MEKRER
LN @VC/’:]\}LMQ@)(\/%LZ/}“:H {j{;‘}f {H I~ R TEI L 7c D THEH 5,

6. EZE L R
1) HEteHEZE  BEFoEARSSESHNEE~OEA KB, BERCHEED
FEIIZRTED & TSR 1’7&‘%%1(0’) ik o & OREEECS HELOHE IR bRt o
oo T DERESNEBENCII BN, BT A U ICHBIEO TRE BT 5 BWIE Nk
Do
MEEMER x & vy L oMoIBRRK 7 1
r=(CV)/V; V,

THEhaRb, o CV ik xy o ToILZER) (covariance), Vi B8 Vy 1338
2 DY) (variance) Tlhb, O KA MASND BHLSEMHE v » v 23 IEBZER T
bhore, MEFOERMMENEIMRNTLD Z & DI oTh 5, FHHEOFHMATEET (A
MRED 132 OFFHE B AR 0 FFL T BRI AL 2 B0 BAI P 7K B Rl o (iR &
SR & OBEYRBIREZ IR T B L8 VoG, X OFHERC OV Th & OMREEDZ
2T VR IR D D3, B o TR 205 — o oMM b7k e #iEE T & g
Voo AR ZEMINATNIR < 357 U < & O HIFRE R Fic 7D TRV R B <
FEFEVAR L 7B D BRI HRD B o HRCARUH & IH T L v, S EGD & 2 A
DIZRC I CHSRAARB D 2T URCIEZENIEIR) b T3 L\ 210 A UIc G C

22 S . >+ 12698

»e 3842
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e 4R HC {111 100)

EYE SRR oZEEEE L Ko EIRAZE RS O [ L"]f HE G 7km[!kﬂ)i>

5o HEMAILD variance ITHD TR E L, SREHROThO2THCLETHE
LI Teiotz, o Tl covariance (LA &S variance OO
L by, MREFXTEHEL BhA 7 O 0 Wii5&, e
HIs5,
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— I B o ZAE BT R b BRI :Df®ﬁ®MW%mEﬁ%ﬁ®f FL
DHFEBTH Do Lo b L OO GEEME T 0 B RIHownE My THERN/NE <4
MLTL5%A#yboMOLu®WEX&UNMWLmﬁHk%ﬁgik@ﬁ%k%

HROIVE, FCEHNAEERT L e B Th S (UinFddido®m EHET L%
FELE B OBTNO L 7o EEEIT O TR E RO MBERE B ETE 3), - OBfREY

P F Uﬂﬁ‘ WY, SHEESR CISEEA GESIREERD) & ORICAUEE « R Y
SO Lo, BEHM L BEREOWELMIEECEL I LI LTS,

TR OB L\ % BT A H IS Ot M by, fEE G
Zafie),  TIHEY (TERZE#) KO Poisson B CPGMRZSISIHEZE) WL T

iAﬁ%&ﬁmmJofﬁﬁﬂuiﬂﬂm&ié@m%ﬁﬂfv@m S DHET DI
iy ’-!hlaf.}ab#fm\@f It Ch B ARLPIafEA M & 3 28R b CriflEa 300,

AU R X AHBREDE R L o b, HI AR 1/h§01/wTHﬂ
—»iﬁ""’ﬁ*k oA B ambit A G 500D, AR FBEER IO S B b
AR BT LN DT DU PIELFEE ETnu

e C37W0) v s OMZE o BTSRRI & S & OFEBIRECE Rk, £ R

IINEEE T AITRIED S D TR B & AR LI,

BRI TSR R (8:30~9:00; 9:00~9:30; 9:30~10:00) DN IEFHIC/NE L,
O ORI b B oINS SO T B3 L AT VW AILEE b 0
T D 5 I,

PO BIRSIREE R O & OFEIC oW TE Y TULE b, o T od, 2850
SRTESE & TSR ORI ZET) & o M OAEBIHRE DR b IR S B R
FHh D & U CHFISE oM A HE ~9"” l?QnZVD/_OJW:&>£

—J5 LOZEMHIZSED AW TR X 300 BT, §Eo BT Lo T sk L
DB OTFHRED MRS bivd . b R ‘/J‘?iiﬁj,éé,’)’C T T B AR AR & ARG R B
FRIZBiR % 2 b ST

(2) AERESHIERE
(1) SRR & EEEL OEE TEARKROET 1N X nIERENC, 2
P D AR IEE O LT T D F R O L VR I, MR C47)

VR B IT KIS TRETE - B I D RAR B D WIS & S & BT~ FRi o\ TR DB
T B, BT o [P ERCiThive o, MERTEECHESCUED,
T DR Y BUEN Il 5] &, X Patterson (36) 4 = F U »ifio iTk~o
TSl L & OREIRERI L, MENCILE Uic D BIRIE YD Inv L3k N B (B

CATNE X5 )o MU L FrFBRiR RN COEIE DL L OZENY, MIEOTESEHR
DT AR B A B 2 To\CER R T A, HIRE VIR AIVE, BRI oE S
FeHhr & AT AERE B L e 52T, o T o oOFRSRIRGUT AR IS 4 oE
CIATT B 20 S TS b7 b, HHEE LI 20 i WOl - o BIRE CREE

& AR & R BR R R T T A 3 A, AU RS o B B 1&&?
REDTFOEES TSR 2 A S B LR TLOTHA S5, i oTZ O KR
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OHPHINEFIZ I D 28T CHREBESBLHTH 2 L ORIV FThkv. B/LFE
LETEHICL SEOWE LI D Rk A FEEC & o U IR ch 586 b Hh
5, BIWIT 2 OFSEIRIY BIENE LR T 5 IS B O pigty lelgheit 3% =
EMPTETH D,

9 Brh bl v HEREE & IR & DB & TSR Lic, T oTRSEHED b Yl
LCHS P SAEEBER AT 5 S 0 L #E L b & LB fiidvic, FEE T O
B CAL) =7 A BT & SR DOFFESE L I TATRIR I b b, el
PR E VI II L B S 2 FRE, BEHAIRE CHEHER LI, = A4 HEE
WD £ K ORIFLD AR L TV 5, 9 B TRLEED SKEZLENIES < kT
I 2 > CIRME RN O b O E P, HEEEICHIENRE Y 5.2 5B 0L 0T
WIeofeTh b 5o 15 & S NEIIHOFHSENE LIRS E B LI 5 L L T
TN TR BT D L FIRNHE O AR R B o\ TH ISR e B S b,
A8 e b B R MBRE o HEERC o\ TR BE SEOEL G —3 L TV, T oHETR O
EL SHRLEEL T\ %, AR R OEICHMAENC O\ TOPf G003 5D T4 7S s
(5D ofpfFtuc kb, EBERNTH =y <Ffrary, rerfran v RO Y75y
= r VA 9 B WA OTFMCHY ORESERIN 2R L T, HEEO R X e
%o

DFRAN DA T L ACR ORI TE BICFEER T O S D ORMRE R H O L1k )
v, BRLA b, ok IS ORI b B3 Bld fov s, 9o
Cﬂ%mwﬁmﬁmomf%%6%%%%@&%%%%?%%?%&(%kmﬁ%éﬁ
HoFfiakd b2 LT, SN ROENLF OJtafl A 524, ) Fet e o084 ez
TEDLTHS D, T OYTERAREOZEE) & 5K 5B 02T & M B2 BI AN ik
O EH—DoDFH D LB o LBz .

VL E#2ETIE, ol 2 2 oFEHOR LTl WBERTE, FHlT~ofsShkio
FFISREIC S 25T, 4 DBAIMLRT T O FBENESY T X 5 L fish
b R HRAER O T Suction trap R4E LY, FOEFET—ESE 5 Th

%550 FERAMRDORIRS % RTF7s CHMETE 2O T, HEEBEOTE Xl & b2
BHNHTH D, R HEEHHI S BTG O < N DTSR D, XIsd R Ais <

L ASEDWAEE LW K K T B8R & & L ORI S S, BT D R4t
PRIZ IR DT Tl B (R T R B IR O i To i % - S5 3~ % 71 51 Suction trap
O BT RBOFEREEOHEEC SECEREY S 2 55D 5

(i) KR EMRBER S OBIF 679 BU4E O/KEBER B = 3 xa >
CEMBRMIRE), =v Ry rLvdey, rofyaey, av~sfyvaey (5
vEr vk ROHAY (Favhl) SEOBRBIACEI EE SN, CoOHI8KROSGHE

* RGEROBENC D & T B 2 DWW BRI, —BRAVETT G R,
RPN L CHE 2 R S A BEPEEE: OB, 5L 258 S 5o AR UB TSGR 4 —
FKINTPREIE A RETCZERVEFEL LD, RGPS Tlouv e, #Hotaksko
BRI E X 21892 L T 5 2 HEEE i3,
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X 25.4°C cAEHEE, WETHLRES 21.2°C T8 B29H Kk TEL. A

DE IR b IREE 28.3°C (15:00) Yz 26.4°C (9,15, 18> ody) 138 L 44422, 4°
C AT 4~6°C Bl Teo T\ b, ZHEONBERAIIKD HE\ 7KEbRS

BT A2 L0400 T, BEOERTAE SToKECHEN, REGRI ST EREHe
oo te D TR D 5 by, 2\ 5 Ok Suction trap #EHLEMTOHEEEEGE 8
5T Chil=r AL AR THLDOTED PR S EEL C) DRI Ky
Tl 2 oI AL V0T, Bb o li/KEEROLDLEL BS
MmHTh D, FHHHE TR EBE (8 AHaD) LR < /KEOREE L Xk
2B EVIEPERL L, KEORET X2 T4L 03T : 205K 9 Balan by
T TSR IKETE T, FEoTHL S EEONKERBAVKEED d O ThIUE, &
ORI > KB QKO L D —ERET 2 L 31t d Thh 5, Hay, 5y
R UEDOWTE 2 LV IRE RS TR T 5 - L habh b Gk, 54D,
LA OEHER TR, S REO/NEKEER R IR 9 BHoRd bivia/NEK L
U 5 R BIREED DbV €, W OBETREE L { IR HE T h D A BRI E  ERT
IKFEREO/NEAROKE S —FEE b, HHOSGEE ThEs ST ThA 52

REBIT 52 kb hE D, b2 OffRBIR 9 B4 o BRIRSED HH CL s
BHE5Me FLEDY <7 w8 21 OEFEFER S KOS B OB &R L AREHL T
WABDTICMD 5 e FRL £ OBISIORSTINBIRIC O\ T OFH L 48 B ivis o
2o 9 H2HDF N3k R DA 2> ORI & IR M O g BB B
T ThD, = OB oIESIMCYRRET 5 b o<, M (X 2)
oI b LA S S, CoOHARM 6 mm oML D, SEbHEE 23.8°
C, F121.8°C ¥ 21.2°C i Hb~Flia i R i B o BRI 16.5°C b~
SEDCER IO GRS 2 O MOTSE L 1o b gliicit 20°C Widadth, © 0B
&L CREIEIEIR Tl e, D  Z O e SRR CIBENELE LR 0 AL
1 Th B, LTI biE, ZOHOEMEEM $eiaMoRB & /oolc s Lk
AT < Ty, B AR O/NE (Rl 12mm IH3005 3 EDIfg o 4 o) cigs
ML TRCFT I ulc B b MO ER & 70T B b JiLisy s,

M DI AIEBNZNE I 7 Ty <~ 7Y 2 F FEEOTSIRIL OB b IR = DRI S RAT-0
PIRSEC FAE T I i DB AN L 5 o 3 o SO BEISE LT $ D
ST ORI T & LT, MR S8800RE» R LicoTw3
(g, '53) T LSO —HM UL RMThH B, kOB kR 4« O MEEEE O
DEEPENFRE LR L oo T D L2 5 2 235l T L Bz o,

— OB BT EEESE L O RFIBRIFR e R ou, BEbhERD 9 B14EFE
LR OREER L 2, HOoCHRRAFCIEL Lo TV IDRIE I BERUE K
EUSBNRCEH»RE D Chbh, RL <A A FOIREIFE 2B KL T AEVRD
DVEZ O H OFHEIRPBEARE LR L L L AREE L 50 b oy, Lo s
g TR O R O —IRSE R I mm o4 OERT AN S o AV I I
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b, THMEOFILERLIEO W LBEEOIT KGFEB RT3 2\ 3 fEkosmRA,
AT Do

X EARE O BRI O SRR DA LI BA DR B 5 & B EARE ST
B, TOMMLIRC oo Eb bhs, 9 B208 (AWRL) DAYy, <
T ARAT T ALK, TIADT<AAH, <A AL FED LS OFERHM MM T
Th b, AUEIRESLEOF, LB OB o TRA LT B DM, 0O
Sk B BHOF LT Gl T BAOERY b oER RE 0B Bk
DD LHRT, T OZHT20H OB L FH2H OBEG® & & KT IR S b
Bo WHPELMEH CThotk o L SIREHT NS THA 5,

BAPIBE O LA 52 560 TIT AT B 2 42 5 & & b B
BN Th b, COBEORS (& BED Th <2/ A A FORET/INEOM,
OFIMUI KRS B BT T ThA b o & OFERIS BRI H « O{fl x« DFEHO
ZBENCBRT 5 2 BN TE A 555, FBHARKOMIF & L CRCEKELIT O BII8
W oMb & S 28 - RREERE ON-RIC SN R 52 X 5 L Bbiiny s, BR i
AT K & TR & O O IHHBE S T o— R L 755,

(i) FEBRROBEEOER TR B ORE ORI SR LA B
RRTEENSE L, KROAE & 30T B R O RS b B3 B MR & & R
iy,

HRCEEE TR E & T HTSERE OB L IRE I LI LI L TR T 5 & & Th otk
TR L 23S U e B o\ Ch e BMR S R E v B, & 0 & 2 VRIERIG
Bk A FF SN A EENEEC Lo TR D> 5 2k, XE—HEICE T 54K T
B L BERU A~ O JSEME TR D IR b B & L Rk, IR C37() IR i
DI OSTR EHBIRED 0.80 TH5H T L &RBL T 50, & Ffsi& s 4
HoTwb5h0Thb,

SR & BEE & AR R b U RS R AR B R, RO S AR B R &
FMER A AR L Te s, B3 i oI R O 2 C 3k « IR 0 TR e S i,
AR EER P DR E BRI L 2o OISR O ORI AR T 5 & 2133 L b
TR R O X MRS, BT KT L IR EE & OMBIRES —0. 4153
L3 R D RE IR R L IcDC, OEMENBMR A EAEBMER O BEC OO0 T
Bo Wi T OEARBNIIEEE LHE SN, TR b asdvis BT, S oS
BIRIIZ HARA R » U Ol 5 Sd, MBS0 67 L T o3k R
LichbDThsb, AL SIS OMRFIEIREY R L b 0Tk, R Toy
x99 A 1H, 58, 10817H, 238 ECI1A 7 H @ 5 [HEAEHBHR & 0 A\ iedd,
FoE e E D5 Ban iR\ Tefbo H o ¢ BIEEEED ko itofie 8 o
CH PI7I R B & Bot7i B ol & CHLIBEEMRBIZNE 5 o & K0 » {8 o B 220 o4k
kB (B3 AN,

(v) FkoumMEZEEH LM ERERBROERIFEENE B TEERE o REE
TN —RASE T, R—FECH 5K TERINC S 5 3 BT L 50, THUEE
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BARMHCHIE SRS & Livbiyole, JUR (35) k=4 A4 F O RIEEN: mikg &
HAT HF oS - 2 B L, Thus RERO 7R B & SERIREE 2L
D BRFEIIRE D BHAN L) L1 d &5 T &Rk, Tk HHIRSIEHE 4 7R £
& ZOoOEEIFEME L bR O BB ET 5D ChAH > 2, REROIMIFHS
BRC SR OIRIEC Lo T o —FhihdEbha b0 & EFx bihvd, B (372) o
BARTOEETY, FE—HE LT L LR URERL RS TR LT X o> OReER%
e 4n o L B¥EML 5,

Allee(’50) 1%, B B M7 om(diel activity pattern) 13, =4 EHEL LTk
Feig 4 5 OBEORE ST e B RN 0 &5 B OB OBFCH D, Lind B
T RIBEOTHIC &L O C— B ESRT 2 2 e b B 2 L w38 G %, Z0ZHI5
“REME, Alb—oDERBRIC OV T Y TURE A 2 & C, ORI OPsEit 45
PUERES 5 C L a R L T B, 580 CXIEER O A Tn\ S FEIE L S D34S ol
5 O 7% IR RN & BRI T AT s BT B M B o @ets NI 5 T L AR
THDTH %,

TR T » WA R S QL BTEL A o, I 20, s ~=74v
¥ 7, FAEH, RAPAXR, vRA=Z Y AEOHEEL = I Xay, Fofradey
b ihed & T HWAVKERIEF N3 A AR D 7>, <7V 2 F FEORIEE R
BO e A a2 7w B 2 & ) GEEBNCHPEFCET %, ¢ P VA, Fv %
ORBCFS 2 B CIER T 54 D, F Ay, <A AL H, ZAVY, v <y
FmF vy, TIAEF s PTROEED < WP v A0 R AF F v RN
Wiis TR L oo L b Wilerg & B qdic 32 x 1R OGS b o0 b b DY
BB, C OB (39(a)) AEO TS CRIBL 7o S L —3eT 5 s
B KRR HC DV T AR CBL) BRI & S 38 B R BETIRIR
SRR D T B A, SR OB R bt of, BH C370) L BA
B OMZEC O\ GO 5 B B2 & K FRD O el & ORI 444 <
DY/ L TBR TRETHSH S WHIEHBLO A4~y = by, ey
Hy, Ao VEFRFIH, FALEBRyY T Rha, FHAVARZRY v 2 ROAAT S
=T ST SIS & D BRI b e D, FAHIIMBLD 2 v AT v v
AT T A F R T O BIRR

LRI O FRE =2 2 2 2 FECHR BNCHRER IO b ORI Lo CmE 0%
A RACIRIE SO ei& 2 b oh, S8 Suction trap OBREIHCHL Thl
WS OSMFITE 220 T e d 5, FARRIC S THHENCETLEb O &
L !

TSI DRSNS A 7T I TR AR 1 S0 I S Rk TR R T 55600 5
{Teote, S IATEREETIEED b & B B2 TR /N D RS 2 S T s\ > C/INBR S

¥ Allee WX % & HEFEBOMT () Bt (diurnal), (i1) #%F% (nocturnal) &
o (D) IREEIME BT (arrhythmic) o= bivs,
OB oW (56, (0) B,
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DRI AL oD B EE R T O T, T OFEEREO P O R & T
DB & R BEST T 5, RSB OB RITI S E S i 255 (3900 13y
DOTHETHT 7 A TN Sl OBHITRE T c b Rl U, 2 0Bab 2 oH
D7 BT OWSER OB SR IR Ch 5, Wi 2 OEHI R E S iR &
IR X320, BULRERE & BB oA X 5003, ZH & £ Ok

LB TEA S,

43I Suction trap pFH bEETEBE SR OT L WHC L, FHiC
WG OB % B2 LT huE, —Be st B it o i ST A SR B i ©
DT Db, T OFESFHWITHE OMATFEE L L, XERBRO BN TEH
WX 245 B&C OB ST T 5 Hoe e LG, R A L =R frod 0
Th3,

7. 1 )

NAFI304E 8 T 40hs 11 A FRATIC s CIEIN RS S SE IR Py vk B, 8 K OS B E D —
ok Suction trap PR CEEET CEESEEM )& 4 —FE B TIEE L, 7%
12 AT L, 2 S BRI S e B A AMmBlic, B o, WidE |
PIH, SEN OV RO o & AEREFRC AT U CTHATL 1o Bk oA B b Ui,

() Suction trap OREIMFERIED CEL, HEROEAROER ORMBEE O TR
L, FEEECCIE 2 9 4%, Ik 6.50%, {AMECIi 2 T 445, oER326
ks (8 ATTED, 760 C i ozl WMl T GREEEIT) ClagkR
H 95025 TiFT5% % i & & fym iiE 3 % b 4:9° % 5% Suction trap OfEF
1 o CEDREBRDNED LD

(@) EHICHE S e BRI EE | SR B0 [ B IR U e RS A led CF L
Vo RSB . DAEBINMER S S te s, SAEBIREM S DR EIR DI DT,
{RARB OZSTNT &R, B R ORI U O AT A R U e, FEOEENIE
B B OSBRI S U TV SRET A BT A R L e by, TS L CIEi619 7% 5 9% D falfisk
T, XiN78%7310% O s TR B F IS TEREIA R L €, KRS OE A ERER O
T ERE N ZIR O REE L LT B © L ER LI,

(8) TRIBHERRRELE & Bds U CARERE R OFERE D 25T & o [ oo T4 B FR ¥ #he
U7ciF, HSHRBIMRE D& & W R oA e, 4R L MHHRE 03 AT M B
FER O TR & L0 T & OFOMEB «R& R4 2 2 idish ol o CHEEH
DEEFIZSEN O T SRR BRI D F 1T,

@ TSR RE D R ZS TR % 72 [HING T A SRHE I 3B B3 5 ik & L s AR
T el & MRS IR ORIRER B LI, ToFer GEIRD wh 25\
sk R OREEEEY A MR R T, AR ORI R 2 4E (BE63) Lk
By, RSB O Z BT S FHERC AIEET 5 & L ot IR 9 AT
2 H10 AR 20 TR OSSP EBNCHTII L, La b EREERE R L, Xl

AT BT D 75 < e 1009 1R85, & ARG B TReIe e 0 — e O
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FEH L RO LR B R T L O Th %, IHHOBEIIREE Sk 10 B4m
DR B e B 2 3 L < UG, B SRR o i VS B A5, FRofq )y ik
IR R N B o

(6) AFEIEEORSRAT ISR b & oW T, FEREHBEEOSHNNEEY S
Ll (322, BVED, AR RUM~Pmesiy U CHRCREHEOZENEL <,
KA ORBHEOELEL R LI, 9 A TWME LMPIIHI O S8 L 25, &
PO RNLEFIRIT~ DTSRI & < FSEMEL BT 5 Z L 2R LI,

(@) RFFCERI IR IC, TN F~E LB Lo CHL—
FLISCER S D, TOA&FEBIELET T EREROBEKCIELAIL, KiELED
M A«RE b2 L AR LI,

@) FERMEHREOEH LTI D TG L IEFEHIN©, KSR IFERAZLEC
ST, P CEBOHBIRECIIFER L e D, SO AR Y R
THDOCTEHDH, RCHSEIMRE FABRC AT 5 1 5 RENEROFEL L b
7% o SHIRAEE Py O SR O BTN IR O AR B M M A 2L S I HE T b,

RESU DO ZEN NS BN EHE TS 8B L ORI EoMBEE #MATE 5,

® Plw XoCHssE oM TiEl s Suction trap Mz E, FEEH O LN T
BB OFEEI T o Em EIEE TR T E 5 L O RB L RET,

(9)  H x ORI e TR O 25T & HEEER » BRI, Bkl
B ER o3 H 5 D ERIRROTISIE o IR & 3478 Sk = D B H o Rk b e, WEEHO H 2 DT
ST I ESE D FIR LB RIR L R L BRI e < A 7 A H ORI BR S
T HNICiRBE 7o\ AU SHTERARR T A HEFILE OIvie, IRELLT OB 7Sk
KOG BAE T ENIFR & 70 <, EMEELZAG T 5B TILR,

(9) ITREFEEY 5 B hIf o7 G TIE T IR B SR o4 T b 52,
B THEE A 2o CZAL L B\ DT, £ OPERIL-Ho0is L s Mo messy
W5, BIENCHNEI L TRD BRI DIE, Fa (8, Ay, BAPAXRA, ¥
=T ATy 7, VA=Z ) SALEOIRE, = Ka, FyAvae vEREDETS
/KRR, & RGP vAT AR 7, <7V aF R EOFBELN e A aF 3, &
A Zu B VETCHD, NV H, Ty oN3ESEERE, XFLY, AR
AH, ZAYY, 2V <FI=Foy s, PHAEF 7, b ATRSFH Y HETL
KAely 2 Wi S te, BB OA A AT F S N Y, rugEYN, HLTFETF)
FH, AAVEEYC ¥y FRa, FAVA=F Ty, ROAFT H<=TY ST
FRIMSE D FR\ R T3 L R odR Ay, Ao a v 27+ v F, 27
Ay R T R AR

(0 Suction trap BFHCERBIABIE S i AU, TSR R OIS
B SRR BN C &, XEFIET OB RITRM 2 e TE %,
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Quantitative Analysis of Insect-pest Fauna by the
Use of Suction Machines

I. On the Seasonal Fluctuations ¢f Some Insects Attracted

to the Fluorescent Light Trap Equipped with a Suction Trap
Torizo TORII

Laboratory of Applied Entomology, Faculty of Agriculture, Shinshu University

Summary

With the extensive use of the powerful, effective insecticides such as
organic phosphorous and organic chlorinated compounds, it is keenly felt
that the statistical data accumulated for many years on prediction of
insect-pest occurrence have come to decrease in validity to a considerable
extent as a result of their destructive effect on a balanced relation of
the organisms to each other and to their physical environment and conse-
quently on a balance in nature in the sense of stability or oscillation about
an average. The best remedy for this is the device of more effective sampl-
ing apparatus available for grasping the movement in insect populations or
communities as promptly and accurately as possible. From this point of view,
the author constructed, in July, 1955, some suction machines and found that
they provide greater efficiency than hand nets and other usual methods
of trapping do. Chapter 1 of this paper deals with the introduction of the
suction machines constructed, and Chapter II with the quantitative analysis
of the results obtained from the observation of insects attracted to the
fluorescent light trap equipped with a suction trap.

1.

(1). The suction trap type I, an adaptation of that of the Johnson
type (53), and the same type II, that of the Torii type, are shown in
photographs 1 and 2. The employment of the insect capturing apparatus
of type I revealed some defects in securing the integral specimens of the
insects captured. But the device of its new type (photo. 3)proved to provide
their undamaged specimens to a satisfactory extent, reducing contact injury
among capturad insects to a minimum.

(2. The gratifying results were obtained as to the efficiency of the
suction trap in capturing insects that were attracted to a light trap.
When used jointly with the fluorescent light trap equipped with electric
killing screens (photo.l), the number of individuals sucked in it amounted
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to about 2 or 4 times as many, in most cases, and to about 6.5 times as
many, in its maximum, as that captured in a usual capturing apparatus of
a dry process or of a wet one, and the species number of insects captured
mounted up to about 2 or 4 times as many, in most cases, and to about
32 times as many, in its maximum, as that obtainable from usual methods
of trapping. From this it is pointed out that, in case a foulrescent light
trap is employed singly without the aid of a suction trap, there is a fear
of leaving about 50~75 per cent. of the attracted insects untrapped around
the light trap.

(3). The photographs 4,5 and 7 show three kinds of portable suction
catchers of the Torii type, an adaptation a hand-type vacum cleaner, to
which power can be supplied by a portable vehicle battery or by alternating
current electricity. Their tentative employment proved that, with these
apparatuses, large numbers of insects active in behavior or of a small shape
can be captured in a limited period of time with a minimum of effort,
with preserving the natural tranquillity of the habitat, and without inflict-
ing such stroking damages on plants as in the case with net sweeping.

1I.

From the latter part of August to the middle of November, 1955, the
observations were carried out of the seasonal fluctuations of the various
kinds of insects attracted to the three fluorescent light traps, each of vhich
was equipped both with a suction trap and electric killing screens of 1000
V and 30 mA power, and was set up at a spot in the paddy field (situated
at two different regions, respectively) and at one spot inside a vegetable
field, respectively. Each datum was classified into five major groups under
such categories as moths, Coleoptera, Homoptera (suborder Homoptera),
Hemiptera (suborder Heteroptera) and Tipulidae. An analysis of these data
has led to the following conclusions.

(1). The individual number as well as the species number of the captured
insects is subject to sharp seasonal fluctuations as can be seen in Table 1
and Figure I. The whole tendency impresses us, at a glance, as if it were
directly correlated with the variations in nocturnal weather conditions. The
stochastic test of significance of the simple correlation coefficient verified,
however, the following fact. The seasonal fluctuations in individual numbers
are correlated substantially with neither of the variations in air temperature,
relative humidity nor with those in wind velocity. On the other hand, the
large majority of the fluctuations in species numbers showed significantly
positive correlations with the variations in air temperature, indicating the
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parallel relations between the two.

(2). The significance test of the multiple correlation coefficient between
the individual number or between the species number and the temperature-
humidity conditions when taken collectively resulted on the whole in the
similar conclusion as in the case with that of the simple correlation coeffi-
cient between each of them and air temperature. However, it does not lead
to a convincing conclusion unlike the former test. This finding tells us the
less efficiency of such a multiple correlation coefficient in analyzing the
seasonal fluctuations in the species number under study, in so far as the
present data are concerned.

(3). The method of depiction was proposed of the hourly cumulative
percentage curve together with an index of the fluctuations in an individual
number, in order to pursue systematically the change in the hourly flight
of insects to a light trap, the nocturnal activity pattern of the insects
concerned (Figure IV). It is pointed out that this method will also be availa-
ble for the detection of an effective time within which a light trap is to
be brought into service. Through the inspection of Figure III, it was found
that the species groups under inquiry are roughly common to each other in
the trend of the seasonal shift in their nocturnal activity patterns such as
the pre-midnight, the post-midnight and the all-night pattern. From the
latter part of September onwards, the all-night activity pattern increased
in its ratio to the other two patterns, its hourly cumulative percentage
curve showing a tendency to more or less linearity, and furthermore, the
curve relating to the pre-midnight activity pattern rises sharply up to its
maxinum, 100 25, at an earlier hour of the night in contrast to those in
the nights prior to this period. These are the indication that the species
as well as individuals of the insects in the effective light zone decreased
remarkably in number with the advent of a cooler season. The same curve
relating to moths was characterized in a marked degree by the post-mid-
night activity pattern, indicating that the nocturnal activity patterns of the
moths emerged in the cooler season belong either to the post-midnight
pattern or to the all-night pattern characterized by the accentuated post-
midnight activity.

(4). According to the type of their hourly cumulative percentage curves,
the seasonal fluctuations in the number of individuals of the principal species
was tabulated in an appended Table 2 and Figure IV. From about the be-
ginning of September to about its middle part, the remarkable shift was
recorded in the kind of the species of insects attracted, implying the
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considerable change in the insect fauna in the effective light zone. From
the latter part of September onwards, the moths having their emergence
periods in the later part of autumn were captured in abundance, and the
correspondence of their seasonal fluctuations was clealy suggested with
their seasonal prevalence of occurence. These findings imply that the flight
aspect of the insects to a light trap runs parallel in substance to the
seasonal prevalence of occurrence of the positive phototropic insects
inhabiting the effective light zone.

{6). The species whose individual number counts only one throughout
the whole night amounted in number to a considerable sum every night.
This kind of species shows in a measure a tendency to no fixed pattern
in its nocturnal activity, somewhat varying according to nights. The
number of such a species varies every night in nearly direct proportion to
that of the species groups to which it belongs, suggesitng that its emergence
is directly correlated with the air temperature of the night.

(6). Since the individual numbers of the insects attracted to a light
trap show marked seasonal fluctuations, and their distribution is non-normal,
the regression between them and air conditions becoming non-linear, it is
natural, statistically speaking, that they do not show any significant
correlation with the normal seasonal variations in the weather conditions.
In consequence it follows that the correlation coefficient between the two
does not depart significantly from zero. This must be the very evidence
that the number of insects attracted to a light trap is in parallel with the
seasonal prevalence of their occurrence, although it indicates the limits to
the validity of the correlation analysis for this kind of fluctuations. These
relations may be utilized as a clue to whether or not the light trap data
concern themselves with the seasonol prevalence of occurrence of the attracted
insects. It is also derivable from this that the seasonal prevalence of the
insects attracted to a light trap is by no means affected materially by the
small-scale variations in air temperature within the optimal temperature
zone for the insects concerned, even if the latter exerts a direct effect upon
their every-night activity. '

The seasonal variations of the species number under investigation seem
to agree with normality in their distribution, and accordingly their relations
with the weather conditions can be analyzed by the usual method of
correlation.

Thus we come to this conclusion that, by using a suction trap with
high efficiency, we will be able to estimate with confidence from the light
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trap data the period of occurrence of the insects trapped, even if it is
entirely unknown.

(7). The delicate relations between the flight aspect of the attracted
insects and the micro-environmental factors were discussed fully from the
ecological standpoint. The erruptive increase in the number of attracted
insects such as aquatic insects and smallsized dung beetles seems to be
directly correlated with the micro-environmental conditions inside the
habitat concerned.

(8). When observed from the light trap data,

pattern of some kinds of positive phototropic insects seems to vary to

the nocturnal activity

some extent according to micro-environmental factors, especially to the air
temperature of the night. In determining the nocturnal activity pattern
for any insects from such data, therefore, we should be careful and use
the ample data acquired hourly through out the whole night and over a pretty
long period of time.

Some kinds of species with a fixed pattern in their nocturnal activity
were detected as follows:

(a). Those belonging to the pre-midnight pattern:

Nephotettix bipunctatus cincticeps Uhler.

Cicadella viridis L. Apha tychoona Butler.

Theretra oldenlandiae Fabricius. Hipparchus vallata Butler.

Calpe capucina Esper. Stgara substriata Uhler.

Hyphydrus japonicus Sharp.

Spondylis buprestoides L.

Episilia ochracea Walker.

Agrotis tokionis Butler.

Oxytelus crassicormis Sharp.
Anomala rufocuprea Mots.

} (In most cases.)

(b). Those belonging to the post-midnight pattern:
Arctia caja L. Catocala patala Felder.
(c). Those belonging to the all-night pattern:

Hydrous acuminatus Mots. Dictyoploca japonica Butler.

Maruca testulalis Geyer.
Eriopyga turca L.

Nodaria niphona Butler.
Ochrostigma manleyi Leech.
Alcis anguli fera Butler.
Graptolitha pruinosa Butler.
Hermonassa cecilia Butley.

Eumichtis melanodonta Hampson.

Abraxas mivanda Butler.
Antocha satsuma Alexander.

(In most cases, but sometimes
belonging to the post-midnight
pattern.)
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