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Kanji TACHIBANA:

Influence of electric shock on white grubs. (II)

Measurement on electric resistance of larvae of
Xylotrupes dichotomus L.
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DCEDLDTEHTHS,

T, BIERTIEE A 2 HRERGHZHABLE LD TH D, SHIEIARTH S 7-dICBIE
BLUOBHBECAENTH Y, LriFEORSTHHEVIBEHRT, AL 2754 vRICET
5H7 Ay INHREFEHTS,

itk AEBREZEMT S CHI > TRINISZRREBIFEHE BB ERYIR O X X5 5
&, HRBEOEERE X 5N, LrdbHiRLEE OB« 2\ id W e B R AT B
Wﬁ%—%&&&ﬁmi?%ﬁ%ﬁi&ﬁ%~%E,%Lrﬁﬁi@ﬁﬁm@%ﬁwéohzw
FHAEEEZIUBERICIN LT, £hPhiEERs #B2RT 5,

II. gt = 0=RE

BT b A INEHE, SHOEROMUKBIGRAZLEHIZOVWTL, TORES TR LR
BYTHD, TOBRFEFTEZO>OF TV S bic, 5T FHREE Bbhsd 2, =0k affv
2. ThiL, 3 $YHOWHMBEbOTEVC L, FRBEOHBRRICHY KX TIEODS &
LBETHD, TDOZLIE, 3 HPHREVIREShAAEZ, BB AFERS %
BRLTkD, EBR2TS EREbdTHENAFRHL V25, ki, AEICOV TR, ThET
CETERZ O >V TH LB EIN D 0ZML R, LTz ofsk, MEHhO#E
BRHKED L, # 7P AVORBRIUCRBEMAE DS L, BCERELELEbhE 10
R ZRACUTREERT 5,

1. & &

BRICOWTIE, T4 s FAav), TH7 Ay RE IR ThhbhiCBIRREN S D
TH5, 2 H*ATE (Scarabaeidae) ®# 7 + A o HFl (Dynastinae) L, # 7 + 43
Xylotrupes dichotomus LINNE ¢ Fii 5,

2. AT PLCHREROMERE

HxAGED L VIxEAR, FEHIESRE, [PNIRBEL LT W GRE s BisEsel
EThh, £ AEIRT ERPREL 0 BEFCHT TR AL, #¥ibo B4 HicksaC
B @il <5, EHEEE»SR5 LI MR, EEREARTRREEL, Hes
BdH5, K 3, B 10 Hiost 1B finskoThy, 2HCBEOEHEREL T
W5, R 18k X OHERE 185 8@ cofliilicshPh 14, 28T INOKM»D
D, BLHOLNIIFEREOBF THICH S, KREITIL 2~3 FOML bo3dH > TRFIE
MRTH D, M3 THEY, BHROKE IRELHPCOVTIRIFE—ETH D8, Kok
S LERTOERY B T LEERIC L 5 KNDOERMSHL DL, LEBOTRAOASIICHEL
WERNDD, 1R, WEMMbO, & LT, 195647 A55128 Offic, MEE DHEL
TT A3~ ARERE LSEO 5 bod, 455 40 SV 2 SEA L, ZoMHE,
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Table 1. Result of measurements of the head and body. (40larvae/instar).

Mandible Body Breadth | g4y 1ength -

Instar | Items | Head Breadth | Head Length Length (Iind Seg)
M=+ S 0.32+0.009 0.20+0.014 ‘ 0.18+0.008 0.43:+0. 047 2.40+0.178
Lst MiMn; 0.30~0.33 0.17~0.21 E 0.17~0.19 ¥ 0.35~0.52 2.12~2.65
M=*S 0.59+0.023 0.360. 023 1 0.34+0.016 0.91+£0.157 3.47+0.432
find. M | 0-52~0.61 0.32~0. 41 ‘ 0.32~0.37 | 0.57~1.13 2. 45~44.03
M+S 5 1.09+0.059 | 0.70--0.071 | 0.62+0.038 | 2.03+0.339 | < 7.52:0. 930
M xd. MiMn;( ‘ 0.90~1.20 | 0.55~0. 82 ‘ 0. 55~0. 68 1.23~2.60 5.24~9.35
M: Mean. S: Standard deviation. Min: Minimum. Max: Maximum. unit: cm -

£, KR, KiE WHE2EE), HEREE~1/ri-f—THELLLOTHE, CO
BICRTL 51, ERICHET S 349 omEE 0.90~1.20cm, FHE 0.55~0.82cm, X
=ET 0.55~0.68cm, {Kigix 1.23~2.60cm, % U CTHEX 5.24~9.35cm TH5b, |
3. HT AL ORBER ' }
A EORATH ST, KR, MTERBE, BEOTRY, BRmORREICIR
U, # OISRy 5, &I~ ORKRFINT, o= 75 4 v RBEFLRRALT
B0, — VA S LD ) RRTRCRERRITH D DK LT, ARROLIIE 24 R
CHB, FIELCEREEL S LTI LR L £ AT, L 1~2 EMTRIEL, K
WM ESTRE L, 3~4 BHT 2 &ghanb, Sbic 4~5 EHMTISYREEDA, £
NV Fhs 3AMICELTAOEEMATS, 4~8 BEIIZERL, M58 E
PIEBEIED, FOhCELTS, Wi 3BT, PHEL TREL L5 %, ENEEOR
&, EEATRB LV PR IHLRRTRE S B0 TR E DT,

Jan. | Feb. | Mar. | Apr. | May \Tun. | Jul. | Auvg. |Sept. | Oct. | Mov. | Dec.
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Fig. 1. Life history of Xylotrdpes dichotomus L.
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ﬂ%&éa,z@&imﬁﬁ%¢@lH&kb@%%ﬁﬁm%bk%&ﬁﬁwﬁwii%ﬁbf
%D,3ﬁ*A7@§<®ﬁK&5héi5&m$mﬁﬁﬁﬁéﬁﬁﬁ%6%@ﬁﬁvo

T DEMERD KEZ, WMk T2 BEL, SNATEHD BOhARC LT 7t
EHRIRDE ST, ThrLEBMRTHS 3HPRDOAFIL, EMVTFHOREIC bRk TEE
THBLLHHG, BEENAFIIETDDTRHT, BBV H, b i, Rl 2HdE
LTHLS EXDHRPITEINL, ChrBbL THhens, $hoBaidici, 1 »5 2
BT E DHIERHE T BV TI W,

III. ShgoBKERAE

%ﬁ@ﬁ@%,EWK%%%%Q11»¥~%%ﬁi&%ﬁ%@ﬁffit%@%ﬁi%?ﬁ
DR LRH & O, BREZEROMS & MERER OB T IR EhEDT 2 L2 H%S ¢ 21k
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DWIRICET 5 BEL, ZTORKODLDEHE OIE LY, 20X 51, BNk 5E
RIOERIE T ORI KT 5 Lic, BEOBLEHA NS £ L33 b TEEL S &
DTVE, L, mfk LMOBRIBOMICL 5T, £ OBNMICS 2AL(Lr 525, ©
SVOREMT, ¥THREDEIEMEEOME IR LFoThH S,

1. A % # fi&
EWﬁméévuﬁﬁwiﬁw%ETM&vowﬁ,%W,Wmﬁﬁ,wm,ﬁmﬁﬁEEE
DD OTHENBHEK TS, 2tke U TOMPLIZEIEHR TS IS KD 5 biFicidv g
RV, REERICET D RAHREMNDBATLE LD OILEIERTH D, Fi- 2 OEHEEKKND
LWL BT 05 EERIAIIERE, R UK THS EE 250555, “hb ol
ZonTrehZThilE Lk,

2. WM E F &

BIEERALL & I E AR E DER L ST, T RSB & KGRI, +hicthik
LB B DEIEPLE Do it BlErE % KBk S,

(1) kg, HEHRE E oflED:
—IROEBBHAERCHEL TERZEERERS GB2MA) 27 » Vil L. T
CRBASEREREZ A2, ThITRE OBMIEZH L, 52 LT Y » o OFERH 2B
LS EE2DTHD, Lo LEBEONES L CEXiTE b t—ETIIEVOT, T KCl o

EREOTRERZIE L, TO% p=g o &A™ 1 X DT LHAEHM LT, B Loy
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w
*1 p=p’ 7
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@fé?&@%ﬁﬁﬁ%% 2 fk’.ﬁi‘ﬂ‘o Table 2. Electric resistances of KCl
] standard solution. (ohm)
¥k, REOFREIXL S ORIk
KHEDOEREZS&THEITsZ &icky,
- “ __ 0.01N| 980.392 | 871.839 | 816.326 | 782.473 | 707.714
7o, HERORIISEOIH 2 7 77 0.02N | 501.504 | 445.831 | 417.188 | 399.840 | 361.663
BFENENIRCES, zhiz 100V, 0.1 N|107.181 | 95.419 | 89.366 | 85.689 | 77.639
ZNET 5 (AS i TSR 238 A) R p. 258.)
ZEREoTHW, CRHBRELICANTEED L WVIRRET S 02 o, £V — 7o
WO ORBEB/C VN THZEZTo%, 20X 5 ThiuE, DD WILIEEEE dict v — 7l
DTFTRED, LrdBREEMN SN TELE 5135 2 En7,
BLAEPEIERE T, B EEEYERTE BV-Z-103A BIFFET Y » AL, i
T, =Y 7T AMFETRBLER L, COHRETY v A FEIREE (DV-102A #Y)
HEL Tk, BAiAR 10~10,000 +— -7 20mW DLk, ZE4 R 1,000c/s+50¢/s

10°C 15°C 18°C 20°C 25°C

------- Copper wire
“J------Ebonite rod
U F----- Cork
------ Glass rod
------ Copper wire
----- Glass tube
------ Electrodes of
platinum black 0 05¢ o—

Fig. 2A. Electrode of platinum black Fig. 3. Circuit of universal bridge used
used when the electric resistance of to measure electric resistance.
solution was measured. DET: Detector, OSC: Oscillator

fa Rx DHREZ D DTV D, APIERE OEL 5 EBILEH 3 KicRT

B THY, ZOFEORIERKIZEINOL 5 THERINS .,
DE%’ 7Y o TOFERELNI L &, Ra= g‘o‘ *Rp Ricx o,
R %s Ry ¥xbbiido W, W EH+5,
(i) &, #Heli & oflEnk
TG are the et o e e ko % % DM S b T BETHD 2, 0.6

of blood or digestive fluid. . .
DET: Detector X0.6cm DIRFEFEITIZO DT 72~<—27 5 1 } BBk




174

Elastic tape

Tron ring

Fig. 2B. Forceps-type electrode used
when the electric resistance of tissue
was measured the surface of the body.

]nje'c tor
]

N
Copper wire

Fig. 2C. Needle-type electrode used
when the electric resistance of tissue
was measured the inside of the body.

Fig. 5 Circuit used to measure the
electric resistance of cuticle or whole

body.
DET: Detector

Cs : 0.1xF

iz, HFH#EMH K K. @ Trio AG-8 AISIRSZHAL,

(2K B) 3 X O 0.5 mm FHE (B2RCO) 7o
EDBIZ L D THEDER D 2 HS, DD VIEE
SHFIL T OB OB E BlET 5 2 LIRET
b5, LrlL, —RicAEFREBROBIRIECHZ>
T3, Ak L BRR & OEERAENIC S & 5 fER &, 4
DL OBELXBEDDILEFDRIEIIRET 5,
R EIROY A, EROA — A8\ & R 3
BOIEA vE— KV R GEHERGE Y 72 2V AHR
FEEDEB) THHEPD, RNOEEMBD 1
E—& v ABlEHRIC Leas s, BlElER (1) &
FIRRT H % 25, BIEEEIEE 5 WO X 5 Tk i,
0.1pF DiZ#E2 v 5 v+ —3 Re WEHFICERE S
%5, M TEFRMEBOA Ve — &V RTEH Ry &
BECx LITXO>TERbTZEMNHES, TR,
EHE RBELIZEIITS S LA L TEHEIEL >
EUR, LItio T DM, Re=tRo &

CEoTEHTS ¢ & Ak FToAEBIR Cx=
c R
SO

B (uF) (72721 Cs=0.1pF) THRDZ T &5
Hkn*2, 7, ThHOEEAFR N,

Ry
BORRERICI>THRLIDTHL 1D, JAVEE
AR EZELS S THERT S DEXEDD, T
D72, B EIRICIE, AREAE O/NUFERG O D
200c/s, 500c/s, 1kc/s, 1l.5kc/s,

2ke/s, 5kcfs, 10kc/s, 20kec/s @ 8 FEEREIZ >V THEIE L7z,

53,
E£3HD3EICHIDTL DRLT,
BT,

3. M E H R

(i) # % B @

THOIERIE, 3 SYREMOLBZAS /0, 1956 £ 9 H, 11 AR LU #
Z OB OENFHIRE R LhEh 20°C, 15°C, 17°C T

1956 48 9, 11 Ak XU 57 4£ 3 Ao 3 [Elich/z>T, 3 SY R STHLOARNEZ, FEL7 Y

y PREDTEFREFRAIEL, FDHEE o=p"

*2 SHRARBCOVWTOREIIEKT S

. RICAL, B EH MU 5 3 &ic
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Table 3. Electric resistances obtained by the measurement of blood in 2 nd and 3rd
instar larvae, and that of Ringer solution. (ohm)

. I (Sept. 1956) o (Nov. 1956) m (Mar. 1957)

1 192,53 221.42 232.67

2 194. 77 221.61 227.37

3rd Instar 3 190.61 ' 216.57 228.43
4 189. 23 217.25 229.52

5 192,95 213.33 227.58

M=+ S 192.02+2.15 218.03+3.67 229.11+2.16
2 nd Instar 211.09 Ringer 206.40

AT, Ieds, B TEEEMIC VT 2 S5 oG S, A AEk (BB O
ERINLNRDIOTHIEL TH <, MEICL S L, EWROLEHIE 190~230 #+~ ATHD
T FA—BEMOMIT TSGR L Tk 0 Bk, L LEEZSHET L, £ ofiics
SLEBBEHOT, ThHFA—LMDb O, BB oW THADBEAZTT, %7, % 1 EREH
P 3PHROWLIERL, WD 2 Shliornig, BEFLORERELRL T2, BiF%
BRI OHIET, WEOIEE 2o GREOERRL TV 5 2 & RRE,

(i) H Ak & E 7t
Wﬁﬁﬁ&ﬁ%m,%ﬁ%MSET&éﬁ,1ﬁbkbwﬁm%§ﬁ&waf,3%@§3ﬁ
@%%ﬁ%lﬁ&b,ﬁ@3ﬁ%®kmﬁ%wﬁbk%®ﬁ%4ﬁfﬁéoﬁ%,%SEME%
EWT, REONENE S UIBEOIE A KOO CHIE L TH <, MR 5L, Mtk
@&ﬁﬁu1w~BOﬁ—Af@of,ﬁ—wﬁﬁf%wﬁﬁm,%%ﬁ%ﬁﬁ%%#%néo
U LAVERIORBRIC X B IBHUIHICEERENS 5 L 13w 2750, IBIE & 7 ONEW DR
fEZ/NE <, 100 +— AN FoEZ RS,

Table 4. Electric resistances obtained by the measurement of digestive and enteric
fluid in 3rd instar larvae. (ohm)

I (Sept. 1956) I (Nov. 1956) I (Mar. 1957)
1 114.61 117. 36 121.17
Digestive Fluid 2 128. 32 125.79 126.53
3 111.73 121, 37 125.99
M+S 118.22+8.87 121.50+-4, 23 124.56+3.18
Enteric Fluid 98.12

(1) Rk & HIEHE & DIRA WIS
ﬁ%%S%uT%W%L,%%x&ﬁ@%%4ﬁivmwm&%m%&@ﬁéﬁ@kmﬁ%,
BESEICOVTRDEDOBESRTH S, RERLLDE, ThbOEAEOHIERT 140

*3 Hobson: NaCl 160.8 mol/l, KCl 3.0mol/l, CaClz 2.0 mol/..
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Table 5.

Electric resistances obtained by the measrement of mix

fluid in 3rd instar larvae. (ohm)
1 (Sept. 1956) I (Nov. 1956) m (Mar. 1957)
1 155. 22 149.33 143.52
2 139.37 147.12 153.62
3 151.23 161.23 146.17
M+ S 148.60+8, 24 152.56+7.59 147.77+5.24

~160 +— ATHOT, (i) &FE F—EHTOMECLRLAERETNHS, T OXEL,
R & LR E DIRA B S OBRITLSTH T HED 5V, HIEHOHE X 5 HEHECH
BRERDD EITV2V,

(v) h K # i

EREEHL L O (v) o0&z, F 1, 2 BREHCK T RERICRY BdH o7
DT, FIEAEHICB-ERTF T OV TR T 5,

10 9

Fig. 6. Diagram of the
instar larva of Xpylotrupes
dichotomus L. (lateral view).

I-11I: The 1lst-3rd
ment in thorax.
1-10: The 1st-10th

ment in abdomen.

3rd

seg-

seg-

WEARFLOBIE 1L, TR RNEMR L A L 7h3, £ O,
EE O£ FOES (2x1cm) 2EIHIL, Z ORSEICER
BHTHEEL, SelkoE s, &5 OWEEZINEH»SBk
L EEOZ ORI, ks, BB ZHIECT 57T,
SEROBRANE UTE REZTT, OB, WAl 28 mER
% 1lp, JREE 5 HE@EHE S5 DX STRRT 5,

(a) REGIA X 588

6 IR T HiROK LS, b bLIERE 3M MR, HH
W (I, 1), MU LERE 3, 9 fiorhrh [, HEmHh
(Bv, 30, 9, 9) HHLETE KBTI ZIED, NWEE
<ﬁ—€f$%aot%,%@Wﬂﬁmﬁ@%br,%wﬁﬁ
RRIE LR e H 6 RiTRT, OB, BIEREEICELE=

v FE v — REFNCIZVOTE D, 200c/s, 500¢/s, 1ke/s, 1.5kefs, 2kc/s, 5kcfs, 10ke/s,
20ke/s DEABERBEKCOVWTOBEDBIEL, AELD LT, HMicREEONKE, Wi

Table 6.

Electric resistances of a piece of cut cuticle obtained by the measurement

with a pair of forceps-type electrodes. (ohm)
200 c 500 c lkc 1.5kc 2ke 5kc 10 ke 20 ke
Mo 7,720 5, 930 5, 230 4,540 4,080 3, 280 2,700 2,430
5p 6, 620 5, 680 4,760 4,250 3,710 2, 810 2, 530 2, 140
9p 9, 610 7, 850 6, 390 5,410 5, 190 4, 350 3,530 2,910
my - 8,910 7,420 6, 070 5, 080 4,770 3,930 3, 260 2, 750
5y 7,320 6,140 5, 060 4, 250 4,160 3,180 2,470 2,130
9 13,210 11, 090 8,110 7, 340 6, 820 5530 | 4,000 3, 050
IIip: Dorsal part of the 3rd segment in thorax. -

9y

Ventral part of the 9th segment in abdomen.
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Fig. 7. Electric resistances measured on a piece of

cut cuticle decreased with the increase of cycle.

X5
9
P D Electric resistance of a piece of cut cuticle
— )
Electric resistance of cuticle measured from
7 surface of body

Zp
Fig. 8.

5p 9 Zy Sy %

Electric resistances of cuticle. (1kc/s).
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A % & > TR L0 7
ThH5H, ARcIhE, REkoEXic
oh, FCEFELTRES L, H5—
SERIGEEOBm 2 RT3, &REIIAH
CHBNDIEPUEDERED, RELkOE
KIEONTHAH L, TS HE OEME
BT D, SOIB6ELD S IAHE
YR OEFED > b, R 1kes T
DWTDOLDEESZ 7 TR L DR
B8R (£) T, B/MESIEE S &
HibiAE D 4,760 4 — 5 TH>T, [
HETESR, R 3 B TE R, (WA AR I T,
BEERAE 9 TS S ONEIC A L, [IETE
ARG D2t 8, 110 4 — A D AfE
ThHHIEERLTVS, COBEIEDH
PN T, REYA R/ NEFTEH 5138
HHSE (HHhRE) THY, W
9 i (FEERIMER) PBRABHRS TH
5Tk, ¥io, —fRICEEEE 0 EES
DEIDBKRE VLS T ERHEKS,
(b) HRsh s LIt %
RPN
@ THRLEEELMUESE, T4
WK E F, S LA T DI

BIGE L7cfER AR 7 RICRT, [AFEZ L Lic LTl 7288 9L, (a) kA oz
WHEIZTHEIUEORA 2R L, H5—EHIGEET S, S5KEBRMOEHED > b, kK 1

Table 7. Electric resistances obtained by the measurement on cuticle from
the surface of body. (ohm)
l 200 ¢ ‘ 500 ¢ lke | L5kec | 2ke 5kc | 10kec | 20ke
j11§7) 8.230 ‘ 5, 540 3,710 3,320 2, 840 1,870 1,620 1,190
5p 9.720 | 6,510 5, 600 4, 660 3, 880 2, 520 2, 060 1,510
9p 11.820 | 8,130 6, 270 5, 490 4,530 2, 940 2, 260 1,720
v 9,440 ' 6,270 5, 620 4,170 3,970 2, 370 1,780 1,320
S5y 8,230 | 5, 240 3,570 3, 140 2,620 1, 980 1, 460 1,230
9y 9, 880 7,230 5, 400 4,940 4,080 2, 870 2,140 1,640

Illp: Dorsal part of the 3rd segment in thorax.

9v: Ventval part of the 9 th segment in abdomen.
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Fig. 9. Electric resistances of cuticle measured

from the surface of body decreased with the
increase of cycle.

ke/s iToWTDh0E S5 7T IRLE
LONBHEER (i) TH5HH, ThITEE
o 5 S E SR O R/NT 3,570 A+ — 4,
W CTHIERES 3 i E R, [EEREE 9 Hilkim
R, REEREE 5 EVITTNL, MOERES 3 Mk
DIETH AL, EEHEIHHFEHD 6,270
F— ABFRRTHH L LERLTN D,
OZEENY, ANROWELIR DgE L%
DO E BITLTWB A, IEERES 5 Mk
MBS, 7RIS QBT AIED S 5 1
TR—HERT,
(V) & fh i

>
—

TeREROE E, HEKIREECREROERS BT LIck b, EroEieERTHU
SEBMRRRERT Lick b, ThrhmmBEoERZIE L7,

(a)

VeSS BRI X 2 BHAlE

FaERss VEE S (o) 225, IEEE 1HHEES (1) oM, EMEE 1SEmE (1)
25, T SHITHE Go) TTOMREDX i, &ALk Z ORBKSINERTHS, £
OROEM U B OV THEL 72 OBHE 8 RTH S Zhid (iv) LRI, 38 DA
OV T DIEIE LN TNKRDZDOTH D0, RTPOBOEMI L #iF T, 1ke/s, 2kefs, 10
ke/s @ 3 BREKICOWTOEEZRHTHICE LD, ZORTOBEEFUEEHT, AR
5 M2 &EY, MR RS O A, MicETREEEY & o TRAR LR 10 TS A
L& 9T, BEFE oMK h TEFHEXRECED L, 5 —SHECGEEOHEAEZTRL, Ld
LRI ORES X CHEEOZRIC L b b, RIS EEEX (10~20ke/s) DOEBLEIT
EVIGEEERT, 2oL 5T, o 9o onThe<EkTHd, =515, Thbld

Table 8. Electric resistances of whole body measured by forceps-type electrodes. (ohm)
Distances | : | Distances
No. between = 1lkc 2kc | 10kc | No. between 1kec 2kc 10 ke
Electrodes : i Electrodes
1 |Ip~1p 2 ™) 6340 4,670 | 2,130 | 8 |9p~5p 4 ™ 6370 | 4,320 | 2090
2 |Ip~ 5p 4 7,190 | 4,820 | 2,560 | 9 |3p~5p 2 6,360 | 4,480 | 2, 020
3 |Ip~ T7p 4.5 7,970 | 5,000 | 2,850 | 10 |5p~7p 2 6,200 | 4,430 | 2,100
4 |Ip~ 9p 5 8,640 | 6,000 | 2,850 | 11 | 3p~7p 4.5 6,620 | 4,560 | 2,230
5 11p~104 5 6,890 | 4,630 | 2,250 || 12 m! 1 6,770 | 4,770 | 2,130
6 |Ip~ 5¢ 3 4,620 | 3,390 | 1,880 || 13 51 1 6,920 | 4,720 | 2,380
7 |9p~ 7p 2.5 7,920 | 5,510 | 2,460 | 14 9/ 1 6,210 | 4,410 | 2,130
Ip: Dorsal part of the 1st segment in thorax.
5y: Ventral part of the 5th segment in abdomen.
5/ : Lateral part of the 5th segment in abdomen.
104: Anus of the 10th segment in abdomen.
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Table 9. Electric resistances of whole body measured by needle-type electrodes
from the inside of body. (ohm)
(Distance between electrodes is 1cm.)

| 200c | 500c | 1kc '| 1.5kc | 2kec | b5kc 1W0ke | 20kc

WMo [ 1,040 | 910 790 730 | 710 ’ 680 620 @ 600

5p 460 ! 390 - 330 320 | 290 | 270 230 1 210

9p 730 650 . 580 550 490 | 460 460 | 400

Is~1lg 1,180 | 1,000 @ 920 880 840 | 710 690 | 650
55~T7s 610 | 500 430 400 320 ’ 310 280 260
85~9y 620 | 420 | 380 340 330 300 270 260

IIlp: Dorsal part of the 3rd segment in thorax.
9v: Ventral part of the 9th segment in abdomen.
5s: Stigma of the 5th segment in abdomen.
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Table 10. Electric resistances of whole body measured by needle-type electrodes
from the inside of body. (ohm)

Distances Distances
No. E‘}:ﬁgﬁg‘; lke | 2ke | 10ke | No. E‘fgct:‘;f)f{;s lke | 2ke | 10ke
cm cm

1 I~ 1s] 1 1,020 8so| 760 12 [Ip~ 9, 55 | 1,020 97| 780
2 |Is~ 12| 0.5 760 | 760 | 640 | 13 [Ip~104] 6.5 | 1,100 | 1,020 | 840
3 |Is~ 15 1.5 760 | 710 | 630 | 14 [Mp~ 57 3 960 | 880 | 770
4 |Ts~5p 3 870 | 760 | 660 | 15|99~ 7o 3 40! 300 320
5 |Ts~ 95 6 1,430 | 1,330 | 1,160 | 16 [3p~ 55 2.5 340 | 310 | 280
6 |Ts~104 7 1,490 | 1,300 | 1,140 | 17 |5p~ 70 2.5 370 330 | 260
7 |1s~ 5v] 2 1,080 | 960 | 820 | 18 |3p~ 7n 5 470 410 | 330
8 |Is~ bs| 2.5 900 | 80| 670 19 |35~ 55| 2 640 | 570 | 500
9 lp~1p 1 840 | 760 | 650 | 20 |Bs~ 75 L5 500 | 460 | 400
10 [Ip~ 5p| 4 290 | 810| 68| 21|35~ 75 2.5 820 780 | 690
11 Mp~ 75 6.5 920 | 860| 720

Is: Stigma of the 1st segment in thorax. IIp: Dorsal part of the 2nd segment in thorax.
5v: Ventral part of the 5th segment in abdomen.
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Fig. 12. Electric resistances of whole body mea- TCHEELALONE 15 MThD,
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Fig. 13. Electric resistances of whole body measured
by needle-type electrodes from the inside of body.
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Table 11. Electric resistances measured by forceps-type electrodes when electrolyte
was inserted between the electrode and cuticle. (ohm)

Ringer KCl (0.02) KCl (1.0) None Insert
Ip~9p 1,670 1, 840 1, 080 8, 640
Ip~1p 1,430 1, 760 820 6, 340
Specific Electric Resistance 206. 4 417.2 10.2

(vil) RHEISMR R TR T ER O

WRARTL S & C2MEPTRE OBSC AV 7o BT, BEEHAR L RN RO 2B ThH B %, &
N O X D> THE LEEBIEL, 5 £ Th k< ZOEBEE MMM Xm0y, %72,
SIEAEE O, BRIEEOMAI & bk 5 BREOEBRERIC OV TS THY, 0
72, WEMESFEER P TR TEMAEZ RS, Lod RSP CORTERIESLEE I & bk 5 HEH
EDZALZAN D  LIBELSD 5, RICHTEIL, AHREIE OB T o B EN SR A REE
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Fig. 16. Electric resistances of electrodes in standard solution
set in different distance and depth.
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Table 12. Specific electric resistances estimated. (ohm)

%‘l Cuticle |Measured value | Estimated value] Whole body |Measured value | Estimated value
8 IIp 790 380 Is~ lg 1,020 490

Q

=] 5p 330 160 Is~ 5p 870 , 420

g 9 580 280 Is~104 1, 490 720

ff Is~ls 920 440 o~ 5p 890 430

g 55~Ts 430 210 9p~ 7p 440 210

z 85~9y 380 180 55~ Ts 500 240

_@ Cuticle | Measured value | Estimated value‘ Whole body |Measured value | Estimated value
o

g | 3,710 2,150 Ip~ 1p 6, 340 3,680

5} 55 5, 600 3,250 In~ 7p 7,970 4,620

§ 9p 6, 270 3,640 Ip~104 6, 890 4, 000

5 Iy 5, 620 3, 260 9p~ 5p 6, 370 3, 690

g 5y 3,570 2,070 5p~ Tp 6, 200 3, 600

é 9y 5, 400 3,130 IIL, 6, 770 3,930
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Fig. 17. Comparison between electric resistances measured by
forceps-type and needle-type electrodes.
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Résumé

The writer had thought that to determine the electric resistance of insect body
might be important as the first step to study the acting mechanism of electric
shock. For the material of this research, the 3rd instar larva of Xylotrupes dichotomus
L. was more excellent in three points, compared with the larva of Anomara
rufocuprea Motsch. studied in the previous work. Advantages were as follows.
i) It was relatively large in size in Coleoptera. ii) It was possible to get through-
out the year. iii) It was easy to rear in the laboratory.

Life history and several characteristics

In spite of popularity on Xylotrupes dichotomus L. almost no studies on this
specis had been made and less importance of this species in economical point was
supposed to be a cause. To obtain fundamental knowledges, the writer raised this
insect in the laboratory.

(1) Xylotrupes dichotomus L. generally completed its one generation of four
stages i.e. egg, larva, pupa and adult, in one year. The larvae hatched out from
the eggs, which had been laid from the middle of April to the end of Sep-
tember in the vegetable manure heap, fed upon organic materials, grew up to the
3rd instar, and then rested over the winter. In the next year, from May to
September the adult beetles emerged after passing the pupal stage. Fig. 1 showed
the ordinary life cycle of this insect.

(2) The larvae reserved in alcoholic sol. were measured the size of head or
body. With a micrometer to determine the number of moults. The result of
measurement was showed in Table 1. In the 3rd instar larvae, the breadth of
head was 0.90-1.20cm, length of head was 0.55-0.82 cm, length of mandible was
0.55-0.68 cm, breadth of body was 1.23-2.63 cm and length of body was 5.24-9.35 cm.

Electric resistance

The electric resistance of whole body, cuticle, blood and digestive fluid was
measured by the universal bridge using alternating current. Three kinds of elect-
rodes were used properly. i) Platinum black for measuring the resistance of
solution (Fig. 2A). ii) Forceps-type for measuring tissue to observe the surface
of the body (Fig. 2B). iii) Needle-type for measuring tissue to observe the
inside of the body (Fig. 2C).
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(1) The electric resistance of blood ranged 190-230 chm and its value
increased with growing in the same instar. But on that of digestive and mix
fluid, such tendency was not fougd. The resistance of the former was 110-130 ohm,
in the latter was 140-160 ohm and that of enteric fluid was below 100 ohm.

(2) The electric resistance of tissue, cuticle or whole body was measured as
jmpedance in which electric resistance and condensive reactance were regarded as
series circuit,

(3) The approximate value of the electric resistance of cuticle was 2, 000-3,6000hm
and that of whole body was 3,600-4,600 ohm, but in the latter, when the needle-
type electrodes were used, the value was only 200-700 ohm. These values were not
affected by difference in distance between the electrodes.

(4) From the results measured on cuticle, it became clear that the minimum
of the resistance was in the region of middle abdomen and the maximum in
the region of posterior abdomen. The resistance in the ventral region was
generally larger than in the dorsal region which supposedly was the effect of
cuticular thickness.

(5) The electric resistance of cuticle or whole body was subject to the cycle of
electric current. With the increase of cycle the value of resistance decreased,
approaching a certain value that was supposed as the true resistant value of tissue.
But in the use of needle-type electrodes, the resistance of whole body was not so
affected by the cycle. Here, the resistance of whole body depended mainly upon
that of blood or digestive fluid.

. (6) The electric resistance of whole body measured by forceps-type electrodes
was supposed to be subjected to the electric resistance of cuticle. When the contact
parts of electrodes with the body was wet, electric resistance decreased rapidly and
the value of it approached that of blood or digestive fluid.



