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Secretion of Defensive Substance by Carabidae and Brachinidae

Katsuo KANEHISA

The secretion of defensive substances by more than 250 species of
carabid and brachinid beetles was investigated, and discussed from a
phylogenetical viewpoint. The morphological characteristics of secretion
glands and secreted components were identified in the genus level. Specific
subgenus and species had peculiar characteristics.

The pair of defensive organs consisted of many small synthetic lobes,
large reservoirs, collecting ducts from lobes to reservoirs and secretion
ducts from reservoirs. The pair duct opened at the last sternal interseg-
mental membrane. There was species specificity in the reservoir shape,
synthetic lobe shape and entering site of the collecting ducts into reservoirs.
The spherical shape lobes produced short chain fatty acids, the elongated
shape lobes produced m-cresol and the thick board shape lobes produced
benzoquinones.

Two tvpes of fatty acid-secreting beetles were found, one secreted
formic acid, and the other mixed short chain fatty acids. These short chain
fatty acids were metabolized from some amino acids, methacrylic acid was
from valine ; tiglic acid, a-ethyacrylic acid and angelic acid were from
isoleucine ; senecioic acid was from leucine and crotonic acid was from
lysine. These unsaturated acids were sometimes detected with a trace
amount of corresponding saturated acids. A few species secreted larger
amounts of saturated acids with a trace amounts of unsaturated acids.
Fatty acid composition was generally genus-specific. In a few cases,
however, species-specific acid composition was also observed.
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m-Cresol-secreting beetles were observed only in Panagaeni and
Chlaeniini except subgenus Chlaenius Chlaeniellus beetle.

1, 4-Benzoquinone and 2-methyl-1, 4-benzoquinone-secreting beetles
were observed in subgenus C. Chlaeniellus. This beetle secreted these
substances at body temperature from a reservoir with no sound. Bra-
chinidae beetles, called bombardier beetles, have a pair of brownish reac-
tion chamber connected with a reservoir. They sprayed the two benzo-
quinones at about 100°C making sound.

Key words : Defensive secreting substance, Synthetic organ,
Carabidae, Brachinidae, Phylogenetic relation
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AV LR EZ7ERY I3 A BOBHUIILI O —D R M ERE I BAFLY 52—kt
DEFHWEWRE LG L, SEOBIRICH - 2EICEH L, 2oFtEev L SEEc & -
THhNDZ L0 5, WHERRE LFESETEOIRE, Wk & 2 W 3 R JEF0
R B D, ROERICIEL THE TE 2 GEAL 1972, 1981, 3¥A 1973, 1979,
1983, 1991, Kanehisa and Murase 1977, Kanehisa and Shiraga 1978, Kanehisa and
Kawazu 1982, 1985, Adachi ef al. 1985). 250MLI L2 FA T2, Z ZIckRBEROG#

FOTREHICHT 5. AROBBFEEATUXE (RS 1985) %34, HAERK
WHE (P& 1989) #Z&HL 72,

AEBEFIT I8 ) B KERREWREER R ORI L H A SRR, AR, WHANMTEE, o
f FRICEIE2OET, P8 EELICEEESTEHOFERICR Y B ETHG 2, BILRERYESOWE
—RBERIC TN ERIC B CHESHE TOREIC SH ATV, BERICES B L TS,

HEsLU0UHE

R WINEEZPGE L2PERGICB S TREL 2. ok - CHEIE, #HEm, TE,
EBE, FaLHh, M, NI B2 OBRRELZ AL T, fTXIC L 2 B ~DHEFIRE,
IFNTNNI—N, BEERE BONEIC L 2FGHREDH 2. 2ETIEH 525, L& Z ot
THREL B 72,

MBI B T CAROKEZ/®T L CYIREL, £4NEE, WiE, Zo8k
BERBELL —WIEF0TE, TREFINIATATE FTEEL TEEBTFHEME
(JEOL JSM-50A) T#EEZ 7z,

SWPORE  EHL T THEIC L > THWTE BEBDAZHERL 72, EBL4II,
EMAEFH W EE T TF VLT ATREMBL T2, £ PFLi—TI0e
1~ 25 MBEL AW E L, BLEZ TE 2D FLI—TUHICANT, EHIRHE
FLAHEE (WA 0B LB OB INS) CBHABZONRELERL YL
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F I —T WA EHE L 72 D W RIEC R L 72,

BMEIOT IS 74— 0 VX ) eIV VDOREICHETHRILHETH -
72, N AEN60G ERWT, BEIRICIE~X Y BRSOV (80 1 20) 23N Bl
Befer 5L (85:15) # £ L 72, BEHICIIT=ATATE F (0.5ml) &EE (1.0m/)
4% /7= (8.5ml) ICBALEFEL, 110C Th#L THESEL,

KFEEM - PRIFIAEERE 2 0§ 2B, % ¢, MubRicEBRIb O & & i & 5 2 KRN
ik DERIAREF B E L, WEOREICHAL .

HRraw 557 4—: TCD Bk i85 # F9 % Hitachi 063 (He 7 RA) & FID 2t
su Ao 2 Hitachi 163 (8Z 7 2) #H L7z, 2% ) IRILOEEOFEER L BEEN* H
Wiz hs, AHEER O EEIC L 72 FON (Celite 545A-10%, 150°C fHiR & 70-220°C, 3 °C/d
Hy8) ¥ FALM (Chromosorb W-25%, 130°C18{E) #ZHL 7.

HRoOw V9574 —BES . L4z JEOL, JSM-D 300 (JGC-20K #A 7 u-=}
757, AIAATL(EE 1m, BEE2mm) IZERESHEE LT IMA-200021/4L, 15%
FFAP (Neosorb 60/80 mesh) # F#i#l & L, He 72 (i 25 ml/4r), 90-150°C (3°C/
SNRIE), 10eV (44 #2000C) Tm/Z 306 m/Z 250% THIEL 72, CLEEST
(chemical ionization) 2134 V77 > #HWw/z,

% 72, Shimadzu GCMS-QP 1000(A) EI/CI (GC-9A #Z27wu=} 777, 2 1m, H
#% 2 mm) 1210% FON (Celite 545 80/100 mesh) % FeE#l & L, He 7 2 (#i#40 ml/
&Y, 70-240°C (8°C/ZrnHis), 70eV (4 4 > i§250°C) T, m/Z 3545 m/Z 400F T
HEL 72,

SERAE IR T ERA ST L VBAL 2.

& 2

S eRBECEREBORRE

e B Fig. 1 & Fig. 2 10md. BEIRT 2 &, B2 » TKRE 2lrd#EH S ) (Fig.
1, B), #HUIEERIEE oK (MM ORERE) CBLT 288 (Fig. 2, K) %
HLTWi, $72, BREOTH» LMEVERE (Fig. 2, N) 225z T,
Sepsm iy ook | S0k (Fig. 1, B), #bik (Fig. 2, H), &k (Fig. 2, L), &
AR E D - 1. HERETIIAREEY ERS LT aowEch ) (Fig. 1, C~G), #it
RREIIA S IV — B EFSE T AaWHEICH Y (Fig. 2, H~]), BR#FER~ VX
v hERSET WA Y (Fig. 2, L& M), FWpEICE L CRECHE TS -
7z,

I AR O BT R E S S (, FREL AR, FEIEL ToskEb Eh o,
iz DERBEN K E Sk IS L B2ELE D ZAE D o7z, REIE I LT O
L SHATY, BEANOERBREL»AST, K ASBEOGWLABINTE T - 25
LH o7z,

BRI SR £20% KOH TR S >/ 7B & MAKGHBT 2L X T HOBENI RS
n7 (Fig. 1, F, G). SHROSHK L 2MErERE %), $F - TERS NI HHER
BAELN, WREMEINDG Z EHEINL.
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BREIS2HL, SEOXCVX /2 24WT 5 78R I3 4% (Brachinidae) ) Hiiz
HELEZHOBREICRE W TEBEOIGENH ), RInEFEELXF 85 TETW
7z(Fig. 2, O, 20% KOH A#), RIEZEDFEILIZIZ/IEIRIUD Y, ZZi2iZEED» S
ELNTRLGFBHWEZBILT IERIZTINT L2 EHETE,

ERWE % £ BT IIRENRAT 2B E < (Fig. 2, H, K, L) i
HLEHHILE WA, a7 ¥ T3 AVE Scaritini, &Y A2 E FX Craspedonotus tibialis
EZERY T ACBORTIIIFEEOPRICHRAL Twiz,

-1 D=l dl B

RE IV =NERCY X ) DS BERIEIC BRI % i ThH -7z, Table 112 RIfEE T
ZATNTEe Fick 3R B%2RY, 74334 %K Chlaenini & 78 RY T3 4 RN £ H
L7,

Table 1. Colour and Rf values of cresols and 1, 4-benzoquinones
of thin layer chromatography (Merck Silca gel 60G)

Substance Colour Rf value
a b
1, 4-benzoquinone yellow brown 0.50 0.65

2-methyl 1, 4-benzoquinone  yellow brown 0.55 0.70
2-ethyl 1, 4-benzoquinone yellow brown 0.60 0.75

o-cresol red orange 0.57 0.63
m-cresol pink 0.45 0.60
p-cresol yellow red 0.48 0.62

Colour was developed by anisaldehyde-sulphuric acid. a; #-
hexane : ethylacetate (80 : 20), b ; benzene : ethylacetate (85 : 15).

HrROIQ2 557 14—

SRR RR DA L 72 e 2 P8, Table 21 £ L 2 &8 T2 B 25 WE Dtk
B 2R, B, 8 REAMED G 8D TE 2, 2-AFNT I VEBELI-AFNT S
YERDGEEC 7 > TR L 2 0B AR CThH o 72, 1T LA EDERICOWTHER
AR & AR L AT - 72
Hroaw 953741 —EBSWN

SrWHIENTREIC Y ) BEEL FETH -7z, Fig. JICFEL A AT FLVERT,
BROEELSBHE

RFHIz Table 3ICEBEL S WHE R AT, BV R—DOEEIERE> LIZ—HEN A%
iz L7,

A 4L Carabini i2H - C, VA Zeuttr A Campalita chinense |35 1) 2 NT

Fig. 1. Carabid beetles and morphology of the defensive secretory organs. A: carabid beetles, 1:
Campalita chinense, 2. Hemicarabus tuberculosus, 3 : Cavabus yaconinus, 4 : Scalites sulcatus, 5 :
Pterostichus fortis, 6 1 Galeritula ovientalis, 7. Epomis nigricans, 8 : Phevopsophus jessoensis. B:
reservoir organ (R) and synthetic lobes () of Anisodactylus signatus. C: synthetic lobes of C.
yaconinus. D : synthetic lobes of Pterostichus yoritomus, spherical shape lobes produce fatty
acids. E: synthetic lobes of Platynus leucopus. F : synthetic lobe of Dolichus halensis. G:
synthetic lobe of Amara gigantea treated with 20% KOH solution.
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Table 2. Retention times (min) of authentic samples

Substance FON-109%, 150°C  FALM-25%, 130°C  FON-10% 70-220°C,
(saturated acid) isothermal isothermal 3*C/min
Formic acid 5.0 3 0 4.9
Methacrylic acid (2Me-propanoic) 9.8(6.4) 0(6.4) 6.9 (4.7)
Crotonic acid (Butanoic) 14.0 ( 8.0) 13 2 (7.2 7.8(6.1)
a-Ethylacrylic acid (2Me-butanoic) 14.8 ( 9.6) 14.8 (10.2) 8.3 (6.6)
Angelic acid (2Me-butanoic) 15.0 ( 9.6) 15.8 (10.2) 8.6 (6.6)
Senecioic acid (3Me-butanoic) 16.0 ( 9.6) 16.8 ( 9.8) 8.1 (6.6)
Tiglic acid (2Me-butanoic) 17.2 ( 9.6) 22.0(10.2) 9.5 (6.6)
2-Hexenoic acid (Hexanoic) 30.4 (18.6) 34.0 (24.4) 11.2 (9.3)
Decylformate 16.8 34.8 6.4
Nonylacetate 14.0 31.4 6.1
Decylacetate 18.8 44 .8 7.9
2-Tridecanone 23.6 67.0 28.2
Salicylaldehyde 14.5 16.0 8.0
m-Cresol 20.2 40.5 30.0

Carrier gas (He) flow rate was 30 m//min

NFE FEAITIZIVNREF 7Y v B LWL 72, BEICIBEERED B - 7257, HIO
QMEILIIIIRRTF ) v BIIFN /325 1/5DRTH -2, ZORBRNEVHOE
WA AVEICH- T, BWHEITKICRERT 2L, RETIRICHWERET, KRIZF LS
WTILTE FOBEDRANRMAEIE LN, XA Y LS Carabus japonicus (3 FILIETE
Wiz B ar A ad C yaconinus it ¥ IS A FT 7 INEBREF 7Y L BED 2FEDAR
SRR 2 WL 72, MR EED 2L L IBNETH > 72, Bk ) RICHEHF LBV S &
a7, Carabus B3P OBFEICHOWT LR, AUEGERE L2, TX5 70+
* 4 23 Apotomopterus porrecticolis i3 A F T 7 ) N, F7) YBROSMLBDIFNT
7Y NERE WL T2,

9 7 vFH A Y 4 Leptocarabus  procerulus ¥ = T 71 & Y 2 > Hemicarabus — tuber-
culosus X * ZT 7 WVNBETF AT 7 ) VB ESW L 72, BBEBHENI»LHBERETH
— 72, Leptocarabus DI OV TR OBEFEEZ AN TR LFHER L[/, 24 ~<A 7 7
Damaster blaptoides (3215 2 DDBOMZ T WMENT 7Y Y BRESUWL 72,

<27 E T3 AL Nebriini OF X /A7 T3 LY Leistus prolongatus, 717 F =) 7
B3 AL Nebria lewisi & # %7 = 3 43 1 Notiophilini ) 3 ¥ 2 ¥ 33 22 Notio-
philus  impressifrons (3 A ZT 7 VNEREF ) BESWLI, EATNLIETI LY
Nebria reflexa i3 ZD>DAEHBOIM, Z1 o DEHBEHMER L T2, BiED Nebria
JB L TN TCE MR % MR L 724, BB EMRRENEN £ - 72,

La™mdy I ALK 378 33 AL Scarites atterrimus ERE3TEIT A FT 7))

Fig. 2. Carabid beetle defensive secretory organs. H : Secretory organ consisting of synthetic lobes (1),
reservoir (R) and connecting duct (c) in Chlaenius posticalis. 1: Elongated thread like lobes of
C. pallipes, elongated thread like lobes produce m-cresol. J: Enlarged end of m-cresol
synthesizing elongated lobe. K : Spraying duct and orifice with reservoir of C. naeviger. L:
Benzoquinone secreting system of Chlaenius Chiaenielus inops. M : Enlarged benzoquinone
synthesizing lobes of the former species. N : Cross section of the connecting duct. O: Reaction
chamber of P, jessoensis (bombardier beetle). In this chamber, benzo-quinones were produced
from precursor hydroquinone with oxygen by peroxidase and catalase.
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N, 7u b B, AL ABREF ) CBO 4O RAEREE L WL 72, REEgICE
EFEENTWLILFE TSI LVEPatorobini DX 7 2 XV F & T 31 4L Patrobus
flavipes HFEI L 4 OAFELHEE % 53 L T 7z,

233 AL Broscini @ 3 v b ¥ 3T 3 AL Broscosoma doenitzi i3 AT 7 V)
N EF ) BESWL T, A 4 E F X Craspedonotus tibialis i3 Z 416 2 DDA
KENZENDWHNBE VBN LEHL T,

Fv 33 A3 Trechini Dk 7 % X4 05t 33 A3 Trechus epippiatus, I XX7 33
2 1 Benbidiini @ 3V K 3 XXV I3 LY Benbidion morawitzi & Z DJ{ETHRIE, 25
HFEHT I3 L Asaphidion semilucidum, X v FE T I 43 K Patrobini 4 7 F 32
2y Diplous caligatus ¥ 5J& 1%, F 77T 3 43 & Pterostichini #4427 3 2> Lesticus
magnus, T B A A A A T3 4L Trigonognatha cuprescens, v A A X+ T I L
Trigonotoma lewisii, %>+ 7T 3 3 Plerostichus planicollis & RB30ATE, N7y T
I AL Amarini D 2 T AN 8 T3 Ly Amara chalcophaea k RJBL0RME L £ 70 7% 1)
LLDEN A FT I IVNBREF ) VB 2 >OFKHEEE WL 72, HEITREOELE
THoz,

FEIC RS N L HIZH - C, Benbidiini 2 I XXT7 T L NI VEXAIZAXT
73 &y Tachywra laetifica ¥ 7 AE> 2 3 XX 7 33 A T. fuscicauda |3 X% 57U L
72 IR OWT e AR DTS S Nl - 7257, i Benbidiini 454 F T 7 ) VB &
FIN) L EBESWTEDOLES DWIWETH -2, F2, TATILLERDL v 7Y T3
L2 Oodini LRI LBEThH 72, MOT AT ILVIEN A S IV —NEFUWL 12D,
Oodini i3 2 2T 27 W&, F2770 > 8, =FNLT 7)) NERE ZNLDENBROBREERE 5
L7,

FRBIZ & - CHIESRITH > 20k LT, Plevostichus DIVFEDHTT & 3V F 7T 3
3 P sulcitarsis 203 BB A E KA CABHER TR E TH - 72, Amara 1310RHEH
HLD, XTL2NAA YT L Amara ampliata DHIZ AT T 7 ) NEEREF 7Y SR
filiz 2-~X LB ESWL 72,

b5 &% 48 Platinini 4 4 & 7 ¥ =3 4.2 Platinusmagnus & RBD 21, 727
0T kIS T3 AL Colpodes aequatus » FBNI0AFE, 70 VX 75 T3 LY Synu-
chus cycloderus * TWJB104FE, + T A& 7 % T3 L3 Dolichus halensis, £ A2t AN
L Agonum  daimio k R $FE, T € 7 & v K Harpali ® T 3 4 ¥ Anisodactylus
signatus * 6@ 3%&, * A TE 7 2.2 Harpalus capito & FELIORHE, A4+ 7YY TET A
2 Trichotichunus lewisi ¥ FB104&%E, 2 3F 7 L 3 & Stenophilini 4 F Xk * TE 7 4
* Bradycellus grandiceps * 5§ 3%, X 4 05 2 € 7 &3 Acupalpus inornatus, 7 e
A T 7 A Stenophilus irvidocolor ¥ W) J& 5 ¥, X X T 7 L ¥ Anoplogenius
cyanescens, AF N7 T I 4y Licinini DA A X F~T7 T3 L Diplocheila zealandica, 7

Fig. 3. Mass spectra of typical defensive substances. Tig: tiglic acid, Eta : a-ethylacrylic acid, Ang:
angelic acid, 2-H:(E)-2-hexenoic acid, Cro:crotonic acid, Sen:senecioic acid (a, a-
dimethylacrylic acid, 3-methyl crotonic acid), df : decylformate, na: nonylacetate, dfn:nega-
tive chemical ionization of decylformate, da : decylacetate, dan : negative chemical ionization
of decylacetate, 2-t:2-tridecanone, sal:salicylaldehyde, Qui:1, 4-benzoquinone, m-C: m-
cresol, Tol : 2-methyl-1, 4-benzoquinone.
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Table 3. Main components of the carabid beetle defensive secretion

Family, Tribe, Species

Main components

Carabidae
Carabini

Campalita chinense
Carabus japonicus
Apotomopterus porrecticollis

Leptocarabus procerulus
Hemicarabus tuberculosus
Damaster blaptoides

Nebriini

Leistus prolongatus
Nebria lewisi
Nebria reflexa

Notiophilini

Notiophilus impressifrons

Scaritini

Scarites atervimus

Broscini

Broscosoma doenitzi
Craspedonotus tibialis

Trechini

Trechus ephippiatus

Bembidiini

Tachyura fuscicacauda
Bembidion morawitzi
Asaphidion semilucidum

Patrobini

Patrobus flavipes

Diplous caligatus

Pterostichini

Lesticus magnus
Trigonognatha auvescens
Trigonotoma lewisii
Prterostichus planicollis
P. sulcitartarsis

Platynini

Platynus magnus
Colpodes aequatus
Synuchus cycloderus

Amarini

Amara chalcophaera
A. ampliata

salicylaldehyde, methacrylic acid, tiglic acid
methacrylic acid, tiglic acid

methacrylic acid, tiglic acid,

(a-ethylacrylic acid)

methacrylic acid, «-ethylacrylic acid
methacrylic acid, a-ethylacrylic acid

methacrylic acid, a-ethylacrylic acid
(tiglic acid)

methacrylic acid, tiglic acid
methacrylic acid, tiglic acid

methacrylic acid, tiglic acid, (2Me-propanoic acid,
2-butanoic acid)

methacrylic acid, tiglic acid

methacrylic acid, crotonic acid, senecioic acid, tig-
lic acid, (2Me-butanoic acid, »-butanoic acid, 2Me-
butanoic acid, 3Me-butanoic acid)

methacrylic acid, tiglic acid
methacrylic acid, tiglic acid (2Me-propanoic acid,
2Me-butanoic acid)

methacrylic acid, tiglic acid

formic acid
methacrylic acid, tiglic acid
methacrylic acid, tiglic acid

methacrylic acid, crotonic acid, senecioic acid, tig-
lic acid, (2Me-propanoic acid, 2Me-butanoic acid)

methacrylic acid, tiglic acid

methacrylic acid, tiglic acid

methacrylic acid, tiglic acid

methacrylic acid, tiglic acid

methacrylic acid, tiglic acid

2-methyl-propanoic acid, 2Me-butanoic acid, (meth-
acrylic acid, tiglic acid)

formic cid, 2-tridecanoner
formic cid, 2-tridecanoner

formic cid, 2-tridecanoner

methacrylic acid, tiglic acid
methacrylic acid, tiglic acid, (E)-2-hexenoic aicd
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Family, Tribe, Species

Main components

Harpalini

Anisodactylus signatus

Harpalus capito

Trichoptichnus lewisi

Bradicellus grandiceps

Acupalpus inornatus
Stenophilini

Stenophilus iridocolor

Anoplogenius cyanescens
Licinini

Diplocheila zealandica
Panagaeni

Panagaeus japonicus

Dischissus mirandus

Peyonomerus auripillis
Chlaeniini

Chlaenius pallipes

Haplochlaenius costiger

Epomis nigricans

Lithochlaenius noguchii

Chlaenius Chlaeniellus (sub genus)

C. Chlaeniellus inops
Oodini

Oodes virens

Odacanthitini
Archiocollius bimaculata nipponica
Lebiini
Cymindis daimio
Coptoderma japonica
Lioptera erotyloides
Dolichoctis striatus
Lebidia octoguttata
Apristus grandis
Zuphini
Galerita orientalis

Planetes puncticeps

Dryptini
Dnypta japonicus

Brachinidae
Brachini

formic acid, 2-tridecanone
formic acid, 2-tridecanone
formic acid, 2-tridecanone
formic acid, 2-tridecanone
formic acid, 2-tridecanone

formic acid, 2-tridecanone
formic acid, 2-tridecanone

formic acid, 2-tridecanone

m-cresol
m-cresol
m-cresol

m-cresol
m-cresol
m-cresol
m-cresol

1, 4-benzoquinone, 2Me-1, 4-benzpquinone

2Me-propanoic acid, 2Me-butanoic acid, metha-
crylic acid, a-ethylacrylic acid, tiglic acid

formic acid, 2-tridecanone

formic acid, 2-tridecanone
formic acid, 2-tridecanone
formic acid, 2-tridecanone
formic acid, 2-tridecanone
formic acid, 2-tridecanone
formic acid, 2-tridecanone

formic acid, decyl formate,
nonyl acetate, decyl acetate
formic acid, decyl formate,
nony! acetate, decyl acetate

formic acid, decyl formate,
nony! acetate, decyl acetate

1, 4-benzoquinone, 2-methyl-1, 4-benzoquinone
1, 4-benzoquinone, 2-methyl-1, 4-benzoquinone

Pheropsophus jessoensis
Brachinus scotomodes

( ) shows trace amounts, less than one percent.
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EF AT Ak Odacanthini 7 § ® > 7 ¥ F 4 T 3 AL Archicolliuvis bimaculata
nipponica, T+ X ) TIALVENT AL I 37T X)) I3 AL Cymindis daimio, 2% / 2
T3 L Coptodera japonica & [FlIE 2FE, %/ 233 A Liplerae rotyloides, 237 R
7 b %) T3 43 Dolichoctis striatus & [6J& 1%, vk T3 4L Lebidia octoguttata & A
PIXT XTI LY Apristus grandis I3 XEBEE ERSIC2-F )T A v RRIES LT
BETUWTH - 7z,

AP oNA T I LK Zuphiini D 7 ¥R Y I3 AL Galerita ovientalis, 7 9 i Z U8R
33 L Planetes puncticeps L R T I LLEDT AN KY I3 AL Drypta japonicus
XA RS XET N, BERR/ =0, BT L VDT AT NERERIRS & LTl 72,

3V KL I3 ALK Panagaeni @ 3 R I3 43 Panagaeus japonicus & [G)E 1 78, #
F 3V R T I Ly Dischissus mivandus, 7 27 7 T 3 L Pevonomerus nigrinus |¥ 4
Z 7V =R BRI, MBI RV 2R 2. T4 T3 A2 Chlaenini @
AP T F T3 LY Haplochlaenius costiger, #* A X%-X1) T A 33 L3 Epomis nigricans, T
A T3 L Chlaenius pallipes & [F@10RFE, / 75 7 4 33 &2 Lithochlaenius noguchii
bAZ IV = NES5uWL 7,

XN T A T2 A Chlaenius chleniellus cercumductus ¥ T2 2R LB 2 i3
L 4N X /2 82 AFN, A-Re R o R2GWL, R TRRLESETRL.
BRLBRIIBWTLN VX ) v HEAERT 28 BEORHERL .

JERY TILACBORBITBREET L RICHIBT, EEABAEICED ZEHSWET.
24 T7 T L Pheropsophus jessoensis, 7 R 7 ¥ I3 4L Brachinus scotomedes &
FB3FEIL L, 4V X /82 AFNRUYX /2 25W L 12, Chlaeniellus BJ& D53
BAIER U TH B2, T4 2 A HIFBREL SEENS~FWL, KIBEEFEL TH 255,
ZJERY TILCRHITRECHEL TREEXD ), BIEBERICLIINA Fex /208
BUc~> % 2 o sERE N, 100°C i { O EE TRBERESF L icswm I i,

% =

ZERY I AL OBRBERE D MESWIHEFERNICETEINY (F 1898), WMEW
BOGWHWEEE w5 £ TIRIT LA LRI T -7z, WRIGICLELERETH-2, BHR
S P W DR FEI 2 1960FE D & L gICFZE S 72 L 72 (Schildknecht ef al. 1961,
Eisner and Meinwald 1966, Moore and Wallbank 1968, Forsyth 1972, Blum 1981)., #*
HLWR B O HWE S WD % D, THO—REL TAVLIFEIZERY T3 208
BREEES L, WENICTEEBICELDIKE (, REFGHOBRE> SHTEZ#EH 2. 2K
LR EFRTFLIEBRTH DY, PR VEEERBTCELL I EEZI TS,

FERSEERLSWT SWEOEEL» LAFNT L L, 1) X8b 5 VITEERE, 2)
AZ TV =N, 3) XV XD,

BRI ERBEIRELZ L T 20058 TH 2, SFMICRE X, & K S
RE, BEOBRAORE, HRENDHBMAST LT, BB TRE»H 5. Z 2 TS
OFEICDOWTIRN S, a) XEB2ERSICBIRSELT2-F YT /> 25T 5EH,
b) ¥EEZ THAICEIICT U LXEE, /SRS T NERSEND T AT L ESWT S
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W, ) AZTIVNEBEF )V EEH2 D 19565 0 1OBAETHHMT 2FEH, d)
AITIZYNEBELFAT 7Y NELZHI . 1255 . 1NEETHWTHEHE e) »%
TIYVIEE, 7ul B vAIVABEF)CBEHI L1 10EAETHWT 5E
M, ) FEOTWHBOGNEEE & - 2B2FWT 288, TSIV I ATIas32 4
FNT B (AT 7 IVNBOBNE) L2 2AFNT7 5 8B (57 Y BOWHNR) %
W31 oRASTHML 7, SV EEYELTN LA, WERIIETOEE# D -
ARSI EICR—Th o2, T T I AVRIBIEL LT, T IV TFATI LY
DADKHBY ERD Th o 72, RBOPTHROLEEHZ bz, 8) AT 7 )V,
FIY 2 XL BAHNS L1 L 0.5NEATHWMT IBBIIXT AT I A
SDOBTH -T2, PNH T T I AVBIZIOREL C A2, ZOMNA2~X > BREA
Bz w72, L ERFAN, MoREEF2 sz, h) EEEORIRO AR
B & Ha IR O 5 2 AL B TOWT 2HEEI DY), Py 7Y TILVEBOERETRLN
7z,

AT NEIE S vy, FT) B, TFAT7INERET >V )y 7BRIZA Y
b, LRVABIERA L b0 NEEREL TEREN TS (Duffy
1977, Kanehisa and Kawazu 1982, Adachi et al. 1985). 7w b > ERIZ) ¥ > HAEKS
na (BHE 1976), % D@fE TAKMME A B Th MM L 05, BIERD ERT D
BELHY, BETLIEELVL L2 5, WEHEITHICZ 2120k, TR TR
ST HEBICREEN2BHEZ RWile s ko ick -7,

Xl ) o bERINE EEZ LNTWS (Blum 1978). BlgSGw2-+ ) T4 />
ThHLHPITATNTHIPIIBOBERME TS b5, ZOESEBIIRBHTH 2.

RI IV — T A TIENFTXR)TATILCERBEZHINE LT, DL THRE
Y, AVERLTIAVBTRIEEN, —RICTATIRELT, REFCZORVEADL
NTEY, EHRBEFIIERKEZ L TV 200K E LR TH - 72,

NUVXIVELTE, L 4Ry X E2AF N, AR X P UBREEINTE
D, BERHZORERBE Tho2. BENL 7 L—72 LT, BBRDOXNYT AT
LLHBS Y, HRATERETCHR—THY, TEL L TOREDH 2HE—DBITH - 72,
ZOMOSWIEKBERIL TH 72, VX ) VBRI ER DB N Fux ) o
BtORHEINS, Bk 7RV TILVEHIBW TR TH 5.

JERY T ALEHIS TOBABRT RN 2 2D VX /) > 2 BELHBEORERT
SUWL T, ZoORO BB REICER L TRBEN S Y, BRE & HISH100C DRIET
BWE T BOIEERD—DOTH D, ZOROBRABIZB T, ZFOKEEERS»H 7 V3
AL FARILE N, BIEWE Y | CHEBROBFELHEL TVd, Y/ X /Y 25WT S
I, SwBERIE- Th, ERBEEORRIRE LR TH - 72,

=3 23 &< %} Tenebrionidae DM N % (1> V% / VHEARL, BEINT,
X2 LR L RS R O MORREAMES L BNSWT 5, 22501, 4N¥ VX
Ju, 2 AFNAL ARV XL 4Ry VX /%1001 1 (0~0.2) »°30FLL Lo
FEhp LU L TV b GEAL 1972), 7L ad4 Fe L CORBWEIIRHIN T %
Vv, F72, QIFANRC VX 2 R EKRICEHE T 5D Carabidae & Brachinidae & M
D—DONDKELBEBNTH S, EAKRDBAHIREIND,
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FHLIEE 7ERY T3 ALBOBES W

EREBL THENLFETHERS L HICBRBIE L EZ LN THIRMN) T H
% EDFRACKERINE N ZTEED S W, BRI DV TS 2 RET A+ Tk
Loz,

" =

FHLIEE ZERY T A BOBEYE D5 W DT R TRFE DR E D 5 2508
ULE#2FNZ, Bv_INTHEBEIRLEND, FICREBRE TOBRREN D 50
Ha s,

M E D W BT 2 BB EA— D BB/ ESREEE, KELiFEE, £
NEDO% CHRE L RRREFEBICEHILT 20WE L VBRI N TWwi, Kok, EDkk
AT BEOE L & C, I L 2R HD - 1205, RAREEOFATHE L THEBRIWYE
R H - 72, Tbb, RESERNMEREL, MRSEEEI A 7L Y —1E, B
BERVX /v 2ERLZ,

HHEROSWRE L | TR XBOWHREDH ), ZOBICh- TIRREIRSELT2 M) T/
CEBRUBEIATAREUES b o, AV LAV, FATILVEFOMPL) LD
FERII T I VBB THBE N>, AVOf22nfisR) P hLEEENDLAST
JOVNEE, F7) B, TFATIINE, A ABRRIa b B EERDOEERDK
D ERRES E LTz, — RSB LY~V TR D %D - 7297, B eIcEnRs B
BT & -7z,

REZ IV —NE XN THITILCHBEPNETATATI L HEI VR TI A
TR A N,

_VE/CHBER)TATILACEBRI WL, BETREEE R L2, ZOBIZH
TNLD LDRIBETOGZWMTH 72, JERY TILCHBLXIRYTATILCEEELME
DR X v EGMT B0, ERECEL TRE6EE2 L BILRGEZ R L100C D
EiRES 2 BRE & AT 12,

*—7—F . BFESWWE, EREE, AVLALE, RV T AVEL, RESHE

51 B X ®
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