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Hind wings in ground beetles (Coleoptera: Carabidae and Brachinidae) — morphology, length, and characteristics of

each subfamily
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EE MFEEMERRE Va8, 28RV TILAVE) EREREAYLE L CHEMEA TV LY, FOBETHK
BEHERET 2 A TEELGIIIOVWT, AT A VERIIET 2L 0X—HOBEUSHIBS 22k o TV iRV, F2
T, BEOBBEHR>EET L7010, TEROBRLUAFHOHR (2011 £~2013F) 2.0, ¥y b 7+—L T
v oL —X-HER NSy TEAVTRAT L. BRAOFREL HBEICE L Tid 72 2,925 B AR 13 78 7 4,883
BEZEEL, BEHICL OV REGOEERZHERE Lz, T, BRLAEBRELOBRERFLL, RHEDI L. 607
AERTL Q REASHAT 2 FEASH I 2 AMES I R R L VEAOTEIITEE L kb o, REMOMMNBARE (AR
HE) »ORPUERT TS L. 09 U EOBITZOWEEMLE <. 0.75 LTIHEWEE 2 S/, SR, BiRE
W& EFEREH. ROEBNA SNz, I CHEFMEFRECH_FIIOWTIL, B HEERTBIRE
TAHRPHE SN TV, FOFHEOBENED Lz, /2, BLEIIITLEALRE SN TR0, KB
ETRBEHDFRD 5Tz, HEHITIE, BROEAIEATHE I ATVER L., BRIFEL RN -2 g UB
AONDBFHITILVER, RAKEOBV VTS TIAVERE TEY AVER, BBEROSEBNEELL-TAT
IAVHREERTE. BB, BROEHN~OBARBICEHL CUTORREREL /-, BRI HLERNIHET S
DT R CHEERFEAD,. ROEBOATERERIIHIAL 2722806, BREREZHAREBLOREL L
E 277,
F—7— F B, HaaE, S8, 808 - S8, Rk

Abstract: Ground beetles (Carabidae and Braconidae) are widely recognized as bioindicators, yet major questions about their
biology remain unanswered. In particular, although hind wings are important for dispersal, few studies have examined them except
in a few species of Carabinae. Here, we examined the morphology of the hind wings, flight muscles, and hind-wing-to-body-length
ratio (HWBL), and the relationship between habitat and wing type. We conducted sampling in 20112013 using pitfall and aerial
traps across a Satoyama landscape in Chiba Prefecture, central Japan. We analyzed the hind wings of 2,925 beetles belonging to 72

species and the body size of 4,883 of beetles in 78 species. We found 60 macropterous, eight brachypterous, two wing dimorphic,

20174E 9 § 21 B, 20184F 1 F 15 HZH
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and two polymorphic species, but no apterous beetles. Considering the relationship between HWBL and flight capability, we
postulated that the species with HWBL<0.75 were flightless, while those with HWBL>0.9 could probably fly. We documented
three subtypes of brachypterous morphology: stick-shaped, shrunken, and elongated brachyptery. We also revealed the presence of
wing polymorphic species. Among the subfamilies studied, Carabinae appeared to be at the most advanced stage of brachyptery,
Pterostichinae showed great variation in the hind wings, Zabrinae and Harpalinae are probably active fliers, and one species of
Callistinae showed developmental variation in the wingtip. We consider stick-shaped brachyptery to be the most advanced stage in
the evolution of ground beetle flightlessness, because no stick-shaped brachypterous individuals were found in wing dimorphic or
polymorphic species.

Keywords: brachyptery, flight capability, hind wing morphology, hind-wing-to-body-length ratio, wing dimorphic/polymorphic
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£ 1. MRCMERRE 72 EoAE., RUER, HEEER.
Table 1. Hind wing morphology type, hind wing length, and hind wing to body length ratio in 72 ground beetles species.

Family (in Japanese) Hind wing length (mm) Length ratio Habitat preference

Subfamily (in Japanese) m‘i’:nﬁ* 2 3 (hind wing/body) Satoyama Oaota 2011~2012 Musashi Park 2004~7

Species Species in Japanese i Mean C.V.** Mean C.V. B (N#*s) 3 (N) Grassland Bamboo Forest Forest
Carabidae (% 2 V)

Carabinae (4 4 ¥ 3R
Calosoma maximowiczi (MORAWITZ) sanyvutyiay M - - 24.15 - - 0.84 (1) 1 0 0 1
Carabus insulicola kantoensis ISHIKAWA et UIE A1 > N7 74 49 A Y B (D 10.16 - - - 0.33(1) - 319 331 789 760
Leptocarabus procerulus procerulus (CHAUDOIR) % T+ #4443 B () 8.99 - 14.49 - 029 (2) 0.47 (1) 76 67 550 39
Hemicarabus tuberculosus (DEJEAN et BOISDUVAL) 7 7 4 4 3 B (I1) 2.49 - 3.03 - 0.14 (2) 0.18 (2) 0 0 0 11
Damaster blaptoides oxuroides SCHAUM v ARAIAHTY B (1D 5.95 - - - 0.19 (1) - 3 6 3 1

Scaritinae (& 3 v ¥ » I3 4V EH)
Clivina niponensis BATES RARaYYITINY M 5.26 - - - 1.00 (1) - 0 0 0 0

Patrobinae (X LF T3 A L EERN)
Archipatrobus flavipes (MOTSCHULSKY) F¥FYRLFTILY M 9.83 - 10.10 - 0.66 (1) 0.73 (1) 1 0 0 0

Pterostichinae (F % '3 A L HEH)
Cosmodiscus platynotus (BATES) LI yINTIAY M - - 9.08 - - 1.06 (2) 1 0 0 0
Trigonognatha coreana (TSCHITSCHERINE) AT} XFATINY M - - 15.07 - - 0.82 () 0 0 0 5
Trigonognatha cuprescens MOTSCHULSKY THARAFTILY B (ID) 349 2045 343 1855 0.17 (13) 0.17 (33) 3 16 25 34
Lesticus magnus (MOTSCHULSKY) FTFITIAY M 15.74 513 1507 5.24 0.70 (79) 0.71 (265) 57 70 251 293
Trigonotoma lewisii BATES WA RFTFTIAY M 1368 528 1372 527 0.80 (19) 0.80 (12) 2 8 20 6
Pterostichus planicollis (MOTSCHULSKY) FUFHLIALY M 11.05 - - - 0.84 (1) - 0 1 0 1
Pterostichus sulcitarsis MORAWITZ TYIVFHFITILY B (11D - - 241 1174 - 0.30 (2) 0 0 1 0
Prterostichus yoritomus BATES A bPEFHFTILY B (1) 130 10.64 1.27 9.86 0.10 (3) 0.10 (7) 0 4 5 1067
Prerostichus fortis MORAWITZ A FHTTILY M 15.74 - - - 0.77 (1) - 0 0 0 0
Prterostichus prolongatus MORAWITZ FAIOFHFIILY B (1) 3.23 - 3.78 - 0.19 (1) 0.23 (2) 1 0 2 0
Prerostichus microcephalus (MOTSCHULSKY) ¥*** 24 5 T3 A3 #xx 345
ditto il B (ID 2,03 1441 198 1591 0.20 (32) 0.19 (22) 18 1 23 -
ditto 7L B (111) 3.50 - - - 0.38 (1) - 0 1 0 -
ditto G M - - 9.26 - - 0.90 (1 1 0 0 -
Platynus magnus (BATES) FFessTILY M 1525 - - - 0.96 (1) - 0 0 0 0
Colpodes japonicus (MOTSCHULSKY) NTTHAEIVRTI Y TIAY M 12.22 - - - 1.06 (3) - 0 0 0 0
Colpodes elainus BATES YLEJREIFTIALY M 11.24 - - - 0.95 (1) - 0 0 0 4}
Dolichus halensis (SCHALLER) T HhLITITILY M 14.74 759  13.97 8.14 0.83 (50) 0.84 (75) 123 1t 4 3
Synuchus nitidus (MOTSCHULSKY) FFravy¥YesyrIIny M 9.67 865 932 782 0.64 (128)  0.65 (184) 26 173 229 85
Synuchus cycloderus (BATES) sUaYYLIILINY M 10.49 647 1025 5.56 0.75 (501)  0.76 (423) 53 577 294 436
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Family (in Japanese) Hind wing length (mm) Length ratio Habitat preference

Subfamily (in Japanese) m\Zinﬁ R ¢ a3 (hind wing/body) Satoyama QOaota 2011~2012  Musashi Park 2004~7
Species Species in Japanese ® Mean C.V** Mean C.V. § (Nw#x) IN) Grassland Bamboo Forest Forest
Synuchus dulcigradus (BATES) LAYYELSFTILY M 695 1379 724 587 0.73 (20) 0.78 (18) 10 2 26 94
Synuchus arcuaticollis (MOTSCHULSKY) **** TNHT I TH TI LY Feek 61
ditto Al - Ms 566  11.96 5.86 9.66 0.58 (19) 0.60 (28) 23 5 4 -
ditto Al L B (D 0.85 - 0.59 - 0.079 (1) 0.059 (1) 1 0 1 -

Zabrinae (XNVH ¥ I3 A HERD
Amara congrua MORAWITZ RIS TINY M 788  10.52 779 488 0.90 (10) 0.88 (7) 15 1 0 1
Amara chalcites DEJEAN TNHETTIANY M 779 485 8.61 - 0.90 (4) 0.91 (1) 3 1 0 1
Amara simplicidens MORAWITZ aeNH Y TIALY M 7.82 3.76 7.73 5.26 0.86 (20) 0.91 (10) 29 0 0 0
Amara macronota ovalipennis JEDLICKA FHINE Y TILY M 8.95 7.22 9.31 3.71 0.71 (8) 0.75 (6) 13 0 0 2
Amara gigantea (MOTSCHULSKY) FATNF Y TILY M 18.68 - 16.64 - 0.93 (3) 091 (1) 0 0 1 0

Harpalinae (TE72 A T HEH)
Anisodactylus signatus (PANZER) TIALY M 11.70 224  11.88 - 0.94 (2) 0.94 (1) 3 0 0 0
Anisodactylus punctatipennis MORAWITZ R g M 10.58 5.52 5.39 0.90 (8) 0.93 (5) 7 4 2 0
Anisodactylus sadoensis SCHAUBERGER FARYEYTILY M 9.96 572 1040 1129 0.82 (5) 0.83 (8) 6 6 0 6
Anisodactylus tricuspidatus MORAWITZ EXTIAY M 9.87 - - - 0.74 (1) - 1 0 0 2
Harpalus capito MORAWITZ FdTES LY M 1829 1553  18.05 5.90 0.86 (11) 0.90 (19) 28 2 0 0
Harpalus jureceki (JELICKA) CAyTEI LY M 11.15 440  11.05 4.75 0.98 (11) 0.99 (13) 23 0 0 0
Harpalus griseus (PANZER) FORATEY LY M 1091 343 10.61 4.83 0.97 (22) 1.00 (32) 23 2 2 1
Harpalus eots TSCHITSCHERINE FARXr TR LY M 12.55 7.54  12.34 5.92 0.93 (34) 0.96 (36) 38 3 2 2
Harpalus tridens MORAWITZ ITET LY M 1074 528 1029  6.15 0.87 (56) 0.88 (101) 107 5 3 1
Harpalus sinicus HOPE YATHIALTET LY M 1252 701 1223 8.46 0.93 (7) 0.96 (5) 12 0 0 0
Harpalus niigatanus SCHAUBERGER JUTEZ LY M 10.90 0.74  10.85 7.90 0.87 (3) 0.87 (10) 10 2 1 0
Harpalus chalcentus BATES VXTATES ALY M - - 10.58 - - 1.04 (1) 0 0 0 0
Harpalus bungii CHAUDOIR TNHI TS LY M 6.92 - - - 0.82 (1) - 0 0 0 0
Harpalus tinctulus BATES TATYRNA T TET LY M 5.66 - 5.06 - 0.76 (1) 0.75 (2) 2 0 1 0
Harpalus discrepans MORAWITZ NAFFIRI LY M 8.77 6.99 8.62 8.28 0.76 (56) 0.78 (38) 62 3 32 45
Oxycentrus argutoroides (BATES) **** FEFHTEY b wkrx B (1) 1.76  18.18 191 2673 022 (35) 0.25 (21) 21 7 27 6
ditto L B (11D - - 271 - - 032 (1) 1 0 0 0
Trichotichnus lucidus (MORAWITZ) NAZAYXTES LY M 6.67 - - - 0.98 (1) - 0 0 0 0
Trichotichnus nipponicus HABU AFA 7 EYXTET LY M - - 6.74 0.00 - 0.79 (1) 0 0 0 0
Trichotichnus congruus (MOTSCHULSKY) EAYXYTEI LY M 6.15 - - - 0.84 (2) - 0 0 0 0
Trichotichnus longitarsis MORAWITZ GETAINTET LY M 8.64 - - - 0.86 (1) - 0 0 I 0
Bradycellus subditus (LEWIS) 25T ATET LY M - - 5.26 - - 1.18 (1) 0 0 0 0
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Family (in Japanese) Hind wing length (mm) Length ratio Habitat preference
Subfamily (in Japanese) m‘::"ﬁ* 2 2 (hind wing/body) Satoyama Oaota 2011~2012  Musashi Park 2004~7
Species Species in Japanese i Mean C.V** Mean C.V. 2 (N#x) a(N) Grassland Bamboo Forest Forest
Acupalpus inornatus BATES FAQAFETEI ALY M 4.56 - - - 1.12 (1) - 0 0 0 0
Stenolophus fulvicornis BATES RATET Ay M - - 4.56 - - 0.95 (1) 0 0 0 0
Stenolophus quinquepustulatus (WIEDEMANN) AVRYTATET LY M - - 6.73 - - 111 (1) 1 0 0 0
Licininae (A5 T3 A THE)
Diplocheila zeelandica (REDTENBACHER) FARFNGTILY M 1642 733 1541 935 0.75 (10) 0.74 (10) 8 3 9 15
Callistinae (7 4 23 A L EFRL)
Haplochlaenius costiger (CHAUDOIR) AVTHAILILY M 1707 297 1744 632 0.76 (24) 0.75 (24) 3 1 40 106
Chlaenius deliciolus BATES EIYATFTILY M 8.33 - - - 0.76 (1) - 0 0 0 3
Chlaenius variicornis MORAWITZ aAaNYGTFITILY M 11.81 3.07  11.64 4.04 0.86 (3) 0.88 (3) 0 5 1 0
Chlaenius circumdatus BRULLE IFNYTALILY M 13.70 - 12.85 - 0.91 (2) 0.86 (1) 0 0 0 0
Chlaenius pallipes GEBLER FTATIAY M 10.33 - 11.62 - 0.73 (2) 0.82 (1) 0 3 0 1
Chlaenius tetragonoderus CHAUDOIR LFEQT PRI TATILY M 11.66 - 10.98 3.75 0.87 (1) 0.87 (4) 0 1 2 0
Chlaenius virgulifer CHAUDOIR FrITAITIALY M 12.30 412 1240 4.14 0.89 (7) 0.87 (6) 6 6 16
Chlaenius micans (FABRICIUS) AT PRI TATILY M 1437 349 1478 086 0.88 (5) 0.94 (3) 2 4 1 18
Chlaenius naeviger MORAWITZ*#** T RRYTH LI LY wrxn M 862 1036 8.47 9.95 0.59 (39) 0.61 (33) 9 37 24 319
Chlaenius posticalis MOTSCHULSKY FRITFTILY M 984 679 937 477 0.70 (15) 0.70 (15) 4 19 3 0
Cyclosominae ( k%7 b %) I3 A TR
Aephnidius adelioides (MACLEAY) METRE)TILY M 5.77 6.22 5.47 5.59 0.86 (15) 0.87 (15) 29 0 1 1
Lebiinae (7 b¥1 I3 AR
Pseudomenarus flavomaculatus SHIBATA THNRRTFEFY)TILY M - - 6.41 - - 1.07 (1) 0 0 0 0
Calleida onoha BATES TETNFYTILY M 8.06 - 7.14 - 0.99 (1) 0.96 (1) 0 0 0 0
Calleida lepida REDTENBACHER XHYISTFT IR TIAY M - - 9.44 - - 0.94 (1) 0 0 0 0
Zuphiinae (AT /SR T3 A VEEL)
Planetes puncticeps ANDREWES TIKRYATNATILY M 10.06 - 10.55 - 0.75 (1) 0.81 (1) 0 0 0 6
Brachinidae (7 ¥RV 3 4 ¥ H)
Brachinus scotomedes REDTENBACHER FARVIETI LY M 1560 793 1587  4.44 0.99 (50) 0.99 (41) 4 24 76 13
Total number of specimens examined 1,361 1,564
Total number of catches 1,189 1,418 2,462 3,807

*Wing morphology : M - &#., Ms - HOEH. B() - HRES. BA) - HEERER. BA) - EHEH
OV EEIMREL. N L RMEREE A, e TR - ZRIOME

*Wing morphology types: M - Macropterous, Ms - Macropterous (shortened type), B (I) - Brachypterous (stick-shaped type), B (II) - Brachypterous (shrunken type), B (III) - Brachypterous (elongated

type)
**CV: Coeflicient of variation, ***N @ Number of individuals examined, ****wing di- or polymorphic species
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aFxRYT7FTIAY
(Chlaenius circumdatus)

1. Ran

FAINHEZIILY
(Amara gigantea)

a. B & HUD B 72 IRAE - RIGEWR D M U7 AR ORBY—HEKE L TEZ>TE) ., A THI
2ENT V5, b, HRBIERE - BIRETE CHEBEDRRD S, BEIIEE G RENIEIREmER.

Fig. 1. Macroptery

a. After removing elytra: the left and right hind wings extended from the metanotum and crossed each other partly

overlapping, and they were folded at the rear. b. Hind wing: wing veins were hard and the oblongum was

clearly recognizable; membrane was thick. The arrow points to the tip of the radius vein.

T T (BRIREEA) © A& bR & BIERICHE <k
WIS L L 2@ it (K 2-1a), BEIIZHERL
BIRD 9 HEIRD ADHEIRIFZ > Tz (K 2-1b),
I (HEEHEA) - RROBIRE TR L D, #F
THNNZNE CHE LB L 2B BAEED S (X 2-2a).
BB EIIRMHE L2517 (K2-2b) THho70
MBI (ROEH)  BEEHSRO B E LTRMET
ELIRREZD Y 2o ENFMHMO/IRET (R2-32), &
BRI, ERZEE A D U THERTE 2 EEZAIRD
REEIATETHo72 (H2-3b)o

W, MR - BERENTH b T 234 Mk (M 127,
HE 107 fEE) IZDWTHRBOTRE L HBRZEIE L7,
TNHTIYYXY T Y TI LY (Synuchus arcuaticollis) (7
AT LTER)  RBEKDI 6% (47/49 k) %<,
BRI 4% (249 flfE) OB_AITH o7 (M3-1),
FofEiE, RAROEEREL WV EAOBAPKELT
BT (K3-1-Qa). FROKIGEA SBEF CERER
ENZHAE (K3-1-Ob) [HOEB] Tholz, i
W REAENZ A, BRI EDOIR S Kl < TR T,
BN o7z FEKITE S DD o 7o TR
FEOBMIFEEIHECERRET, 28 FEICEHL
7o [BH%EREA] THo7 (M3-1-Q)o
2 EFHITEY LY (Oxycentrus argutoroides) (TE 7 L
THRL  BMERDENE L [MEERES] (K3-2-
Da.@b) A798% (56/57 k). KA (X3-2-@)
252% (1/57 k) DB_RITH o7z,
aHYTFHITI LY (Pterostichus microcephalus) (F 77

TIAVER) [EEHEER] (K33-Oa, Ob) »°
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96% (54/56 1K) . [RoE#A| (K3-3-@a.@b) 252%
(1/56 fEfA) . F:& L /- RBEK (3-3-Qa.@b) #32%
(1/56 fE1E) OBEEITH -7z FHEFIZ. BB EFH
FICEGOBBAN—HLELTELRY (K3-3-Qa). &
BEaid 0 ER. IR, Bk, IR, BEEFRO SN,
WD FEL T TRIRO KIRE A & # % T Tld AR
ERBRICED 272 (M3-3-Qb)o

7 NRY T T3 LY (Chlaenius naeviger) (74 T3 4
THRD T RTOMEGHEEBATHY . RITFEL AR
IZ—ETHo 2, BBOEREHT OFEIIER;RD
LNBEMERITH o7z (X 3-4), ZHEE, T2 bEEMNRK
DEIGEP SBE T THEVWEBR L AEOFE (X
3-4-D), FEWmAHVIERE (K34-Q). EimssIni &
I REEDL D (M3-4-BQ) 2dH o7,

HAR CHENEAR RPBCEHR, —® - SR
FTHLAVRTIHEE Uk y T3 4 VR FE(2,925 A1E:
M 1,361, 1,564 fEfEK) OBMEL, HZAR & ZOEERE.
M m#E (KER) 2R 1IRLE. BEREGE (BE
BB LU0SROER) OMMEBROHEIL,
058 ~ 1.18 TH o7z, AL (AR LB _RB I
SZFRIDER) 13 0.06 ~047 THo7z (E1)o

FE@R 60 fE (2,621 181F) O HZBEOFIHMHEIL.0.64
~ 118 Tho7z (F1). BBREOEEHREL, £ DM
W5%HIHEBNEEZRL, MHEE HI210% %8 2 7-7E
W eho/z (),

s g fE (70 fEME) X EBREOTFIGMEIL. 0.10
~047 Thotz (1) BRBROEHREIL, [HFEE
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1.b

I OTEAFF LY VA=t ab b i

(Carabus insulicola kantoensis ) (Leptocarabus procerulus procerulus)

gy MEFHIILY Rz

(Pterostichus yoritomus)

TYIVIFHIIALY
(Pterostichus sulcitarsis)

2. A

1 SR T (BRES)

a. B2 BLY B 72 0REE © IR CARIKIBIL L2888, b, RBHE « BUEERATHE LBEIRO & 055> T b
2. AT (93%EMER)

a. BT ZHLY BV 72dREE - /NS CH GRILL 221280 b BRBIRE © &9 IRMEL T 5,
3. AN (ROEHA)
a. BIB I R 7oKEE  FE AR S B & L CRIAT & 2 IREEZZ05 47 0 7272 S U728 b. (RIRE:

FERRIIATETH o 72, HEREEIL A ) UTHERTE b,

Fig. 2. Brachyptery

1. Brachyptery I (Stick-shaped brachyptery)

a. After removing elytra: hind wings degenerated into stick-shaped ones. b. Hind wing: no more wing membrane remained, and
only radius vein remained like a stick.

2. Brachyptery II (Shrunken brachyptery)

a. After removing elytra: hind wings degenerated small and short. b. Hind wing: shrunk entirely and uniformly.

3. Brachyptery Il (Elongated brachyptery)

a. After removing elytra: wing membrane was recognizable, but the wings were short and stretched without folding. b. Hind
wing: wing veins underdeveloped, the oblongum can be barely recognizable.
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7= (oblongum)

B3 @R - £

1.

RNV E X T Y TI LY (Synuchus arcuaticollis) o OO R (GEHEIZHE) o a BB LY bR 72 0REE - RO BMIE S
2TV, b REZEE | HEIE LD 5505, BIRILIK S 2 RNGIE CTRABE & 40 Y L ffidikve BRI <. Mo
Hvro REMIEIRE . QWS ZEMITH (R I o a. RIS © JEH 48 CIRBMRIE ©. A5 IR L T 5,

7 EFHTEY LY (Oxycentrus argutoroides) o (DIFSEZEHIIM (EHIEIZIMID) o a. b, £EDHEIIEN L T b, QRO (K
BRI HED o a BEEIEH 2 03 FICE G, TEBIREAELTH D25, HREEH,S ) UTHERTE b,

29 T A T3 LY (Prerostichus microcephalus) o (D355 S5 UM (BT ) o a. b, &R ICRHM L T 2. QRO M (K
BHEEIZHEBD) oa. b, BB HBIE S 5 ARV . FEHIRIIAELTH 2 HIREIE0 A ) UTHERTE 5. QR (IRHE 12 HH) .
a. BB ZNLY B 72IREE - BRI SO EGOBMS—HKE L CER->TBY, BETHN 22 F N T 5, b BB
WIRIERE  HETZZ 53880 H AL, IREERIEIE . JRENEEIRIE 6o

T MRYT AT I LY (Chlaenius naeviger) o HIMENTTOILIEI AR S ) . QIEFE (B#R & FHOIEE) . @EHmATH .,
@FEIARNT B o KENEIBRMRIHGES.

Fig. 3. Wing dimorphism and polymorphism

1.

Synuchus arcuaticollis. (D Shortened macroptery (highly frequent). a. After removing elytra: hind wings did not overlap. b. Hind wing: the
oblongum was clearly recognizable, however, wing veins were soft and somewhat discolored fading toward the end. Wing membrane was thin and
the wingtip was rounded. The arrow points to the tip of the radius vein. @ Shrunken brachyptery (infrequent). a. Hind wings: very short, shrunk
entirely and uniformly.

. Oxycentrus argutoroides. (D Shrunken brachyptery (highly frequent). a. b. The wing shrunk entirely and uniformly. @ Elongated brachyptery

(infrequent). a. Wing membrane was recognizable, but wing veins underdeveloped. The oblongum can be barely recognizable.

. Pterostichus microcephalus. (U Shrunken brachyptery (highly frequent). a. b. The wing shrunk entirely and uniformly. @) Elongated brachyptery

(infrequent). a. b. Wing membrane was recognizable, but wing veins underdeveloped. The oblongum can be barely recognizable. (3) Macroptery
(infrequent). a. After removing elytra: the left and right hind wings extended from the metanotum and crossed each other partly overlapping, and
they were folded at the rear. b. Hind wing: wing veins were hard and the oblongum was clearly recognizable; membrane was thick. The arrow
points to the tip of the radius vein.

. Chlaenius naeviger: Morphological variations observed in the apical part of hind wings. (1) Normal type (morphology similar to macroptery),

(2 Wingtip was rounded, 3) Wingtip was missing. The arrow points to the tip of the radius vein.
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WEB) o7 HFAF A T3
cuprescens) & 2 b EFH T I A Y (Prerostichus
yoritomus) DHI20% E#10%. [BOEH] OF7 >3V
FH I LY (P sulcitarsis) FI10%TH o7 (F 1),
WM_oM ML 25 (234 HK) 120V TIZLLT
DFEN THo 7,
IVTEZIY TS TIAY (FHFITILVERD (8
DEB| PELE (96%) THIMTIYXYRLT T ITI LA
T OEBEEOHEMEZARDOTHMEIEL, 058 Th o7
SREAIL. 0.079 L ERTOOR/ME L RN EZR
L7z (B [HOEHR] OBBEOEEREIL. M
11.96, HA$9.66 ThH -7z (£ 1),
PEFHIEZ LY (T2 AVERD | [H5EHTH]
PELE (98%) TH57EFHITEY LY OEBREDH
HHEBEDOTFHEIL, 022 Thoize BHEHIFED LN
L [EoEB] L, 032 Tho7z (FE. EHROBHE
DEBREIL, MEAT18.18, HEAT26.73 TH o7z (K)o
AHFYSGFATINY (FHTIAVER) %5
| EY (96%) TAHEITTIFTHITILLOER
B O EBREOTFEEIR, 020 Th o7z, BEEIA
Hoond [FEOEB] 13038, FELLBREHEOE
WAL 090 ThHot (F 1) EHOBBROLIHR
. DT 14.41, HEA 1591 THo7z (FE 1o
TIRYT7HATIAY (THTIATHER)  REN
100% T, BB OTEREICERNEALNLT MR T F
T3 AVOEMNBERROFHMEIZ. 059 THo7. %M
EOEEMREIT. HA% 1036, HAT9.95 THo7z (R 1)

2 ¥ (Trigonognatha

*®E

FHaiRTREEIERVTIATE IEEHEL,
MHEFNZFNOFEEEER L7z (F2). FHEOHMEI,
3.80 ~ 3547 mm TdH o7z 5HERITIX, 444 T #%
TIX 1721 ~ 3547 mm C6fEE H KRB, FHITILVHE
B3 7.95 ~ 22,52 mm T/HEIA20%., FEAHTS0%., KE
A30% THotzo TIVHF T3 ATHEEIT S0 ~ 20.11
mm C/NEAT60% THI & REBEFNEN20%. TES
L YHERNE 380 ~ 2130 mm T/ EFRIAEZFNREFN
48%., KEA4%. 74 T3 5 HEEIZ 1093 ~23.21
mm CTHEIA91% TRENT 9% 72572 (FK2)

M DICHIEEIE SN 2EBOY b, ALY
KEVTEITI8HE (ISFEITER. NEIFETR W, 9
FERIREST), PRSI 145 (EFEE, 78
PEETR, 6 BIIMELET) Thol (¥2)
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ZEROBRDOREH &R
FESERIZOWT, HNEHEE (FiR, £1) 2
BILICBIETENR, 2N ENBRATEE & R % &7
(F3)o
T o VHEE SEPAESERET, EF T ST
WEINFEE ol (K3, HH4TEDI LA b
ITAAY AV EsOF YAV [HBRER] (K
2-1) T, ¥ A~ A <A H 7Y (Damaster blaptoides
oxuroides) & T XYL (Hemicarabus tuberculosus)
X THEEHER] (K2-2) Thol. RIHIZ. 7o
FHAFLLEH Y bITFFH LY TR, WE
EbmE ol (E3),
FHITIAVER  19EP4BPFRAEATED) HIE
DFHTI LB (Prerostichus) Toh o7z (83), 13
ARBIT, BT 1E (K3-1), #EEF1HE (K
3-3) Tholz, BHED) L., MHFEBREIKE VR
D 4FEIL, TR NTy T TOREREND ) RIFOTEE
WA o7 (F3)o PHIMET B4 4TI A (Lesticus
magnus) X, ZBH N F v S TORMBEBAE IR VD OO
U7z 41 AR L EARICRIG AR 5 (E3)o
BERERLZINYIFATILOERBEBFIT. R
MHARO LN GEh ol ABEOLIEDI B, TAN
A& F T3 AL (Trigonognatha cuprescens) & A1) )
HAITIAY, A 7aFHIT3I AL (Perostichus
prolongatus) 1% . EEPIEEIIER L 7- [ HSEHEER] (X
222) Thotr (3o ZDILTAFITFTILYD
BAROEEFREILZ 20 8% LB, FAPEEL T3
BfEA o7z [ROFH] (K23, TVIVFHFTIA
)DFHELE (3o YT Y T3 AVE (Synuchus)
DD B, MHRERLATNFT I YT H T3
AYD [HHEH] oBEiZHd o700 (K3-1), Mo
3 (AF oy sy I3 LY (Synuchus nitidus)
20YYeITyITILY (S ceycloderous), LAY LT
& TILY (S dulcigradus)) \$RBE (£3) THEIE
AL ol AL, 2D 3T, MoRBETESBIR
B, BEEBIEENDICH]NS &, #BIRIZE®RS 2R
BEIETBECHRBEATH o/, ZO3BIIEHATOEN
BEET, RSB ECEEL RO LN, S 51T,
BOBRERDBEENPRE P o7
TNH Y TIAVER  SERTTHEAR (A
BEOFHMEOHF 0.71 ~0.93) Tho7z (£3). 5H
EYNH 5 TILVIE (Amara) T, D) H 4FEHZE
HhTy TCHESN. BYO 1/, BR Ty T
TOWEMEIZ Do 28, REGIFIRDOSNL (F3)
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Table 2. Number of examined, body length and standard deviation (SD) for sex of 78 species of ground beetles.

Family (in Japanese) No. examined Body length (mean, mm) SD t test
Subfamily (in Japanese) 2 3 2 3 Body size % 3
class T
Species Species in Japanese
Carabidae (4 & %)

Carabinae (44 T AL
Calosoma maximowiczi (MORAWITZ) sahsvoatitay 0 1 - 28.74 L - -
Carabus granulatus telluris LEWIS ThAHIREHF LY 1 0 25.33 - L - -
Carabus insulicola kantoensis ISHIKAWA et UJIIE Ay b TEATFLY 600 715 29.08 27.70 L 1.12 1.03 F> 3 wwx
Leptocarabus procerulus procerulus (CHAUDOIR) VA D i i 323 324 31.31 29.84 L 1.16 1.98 §> 3 wHx
Hemicarabus tuberculosus (DEJEAN et BOISDUVAL) 7 AFTLY 2 2 17.87 17.21 L - - NS
Damaster blaptoides oxuroides SCHAUM LARARA AT 2 11 32.98 3547 L - 1.50 NS

Scaritinae (B aw & > T3 AR
Clivina niponensis BATES BrkawdrIiny 1 0 5.26 - S - -

Patrobinae (X L 3'3 & L HED
Archipatrobus flavipes (MOTSCHULSKY) FPYRLFTINY 1 1 14.96 13.81 M - -

Pterostichinae (7% '3 & VHER)
Cosmodiscus platynotus (BATES) LI IINTIALY 1 2 8.55 8.58 S - -
Trigonognatha coreana (TSCHITSCHERINE) AT EIFTINY 0 2 - 18.32 L - -
Trigonognatha cuprescens MOTSCHULSKY THAHIRAFTINY 13 33 20.80 19.77 L 0.79 0.72 F> 3wk
Lesticus magnus (MOTSCHULSKY) FAITI LY 79 265 22.52 21.36 L 1.01 0.96 >3 wHx
Trigonotoma lewisii BATES WARFATINY 19 12 17.16 17.19 L 1.00 0.59 NS
Pterostichus planicollis (MOTSCHULSKY) FUFHITILY 1 0 13.09 - M - -
Pterostichus sulcitarsis MORAWITZ TYIVFIEAITIAY 0 2 - 7.95 S - 0.28
Prerostichus yoritomus BATES A MEFHITILY 3 7 12.45 12.25 M 0.25 0.53 NS
Pterostichus fortis MORAWITZ AFFHTILY 1 0 20.35 - L - -
Pterostichus prolongatus MORAWITZ FA2OFHITILY 1 2 16.74 16.09 M - -
Pterostichus microcephalus (MOTSCHULSKY) AFVTFHITIAY 27 18 10.24 10.21 M 0.48 0.25 NS
Prterostichus polygenus BATES ZyaATeATHITILY 1 1 10.20 10.18 M
Platynus magnus (BATES) AT ITINY 1 0 15.87 - M - -
Colpodes japonicus (MOTSCHULSKY) NGTAHAENVLT T TILY 3 0 11.96 - M 0.42 -
Colpodes elainus BATES YEEYVLTITIAY 1 0 11.80 - M - -
Dolichus halensis (SCHALLER) LTHCT Y TI LY 50 75 17.44 16.57 L 1.31 1.28 F> 3 e
Synuchus nitidus (MOTSCHULSKY) IFruyXesyIINY 128 184 14.99 14.29 M 0.80 0.71 F> 3 HEx
Synuchus cycloderus (BATES) 7EYYETITINY 501 423 14.10 13.42 M 0.60 0.51 $ >3 wxx
Synuchus dulcigradus (BATES) LAY TIYTINY 20 18 9.49 9.25 S 0.70 0.29 NS
Synuchus arcuaticollis (MOTSCHULSKY) INTEIXET I TI LY 14 20 9.72 9.82 S 0.68 0.45 NS
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Family (in Japanese) No. examined Body length (mean, mm) ) SD t test

Subfamily (in Japanese) % 3 2 3 B::(l):syssf!‘z © ¥ d
Specics Species in Japanese

Zabrinae (RNVH ¥ I3 4T HH)
Amara congrua MORAWITZ RN H Y TIAY 10 7 8.72 8.90 S 0.58 0.31 NS
Amara chalcites DEJEAN TNHTTI LY 4 1 8.69 9.48 N 0.72 -
Amara simplicidens MORAWITZ ITNT Y TI ALY 20 10 9.07 8.50 S 0.35 0.37 $ > Jowrx
Amara macronota ovalipennis JEDLICKA FHRNVT Y TI LY 8 6 12.54 12.37 M 0.32 0.40 NS
Amara gigantea (MOTSCHULSKY) FARNTYTIAY 3 1 20.11 18.31 L - -

Harpalinae (€27 & T HR)
Anisodactylus signatus (PANZER ) TIAY 2 1 12.45 12.66 M 0.40 -
Anisodactylus punctatipennis MORAWITZ R e VA 8 5 11.79 11.18 M 0.45 0.87 NS
Anisodactylus sadoensis SCHAUBERGER AR ERLTI LY 5 8 12.16 12.50 M 0.82 0.65 NS
Anisodactylus tricuspidatus MORAWITZ EATIAY 1 0 13.33 - M - -
Harpalus capito MORAWITZ FATETAY 1 19 21.30 20.13 L 1.40 1.03 >3
Harpalus jureceki (JELICKA) CAFTEI LY 11 13 11.42 11.05 M 0.60 0.52 NS
Harpalus griseus (PANZER) FUATET LY 2 32 1135 10.65 M 0.84 0.66 $> 3
Harpalus eous TSCHITSCHERINE E e - VN2 34 36 13.43 12.86 M 0.87 0.65 >3 #x
Harpalus tridens MORAWITZ ITET LY 56 101 12.41 11.71 M 0.74 0.61 3> Hrx
Harpalus sinicus HOPE DATRIZAITET LY 7 5 13.50 12.74 M 0.94 0.61 NS
Harpalus niigatanus SCHAUBERGER VA== 4 3 10 12.61 12.45 M 0.50 0.69 NS
Harpalus chalcentus BATES INTATET LY 0 1 - 10.18 M - -
Harpalus crates BATES FavtLryIEI LY 0 1 - 13.20 M
Harpalus bungii CHAUDOIR TNHYTET LY 2 0 8.19 - S - -
Harpalus tinctulus BATES TATYIVAY TR LY 1 2 7.47 6.71 S - -
Harpalus discrepans MORAWITZ NaAFFIET LY 56 38 11.51 11.06 M 0.74 0.60 >3 *x
Oxycentrus argutoroides (BATES) SYFHTITET LY 35 22 7.97 7.88 S 0.38 0.39 NS
Trichotichnus lucidus (MORAWITZ) NATOYYTEY B 1 2 6.83 6.94 S - -
Trichotichnus nipponicus HABU A4V IR LY 0 1 - 8.48 S - -
Trichotichnus congruus (MOTSCHULSKY) EAYYTET ALY 2 1 7.28 7.75 S - -
Trichotichnus longitarsis MORAWITZ JETHAYNITEY LY 1 0 10.00 - S - -
Bradycellus subditus (LEWIS) IrTCATES LY 0 1 - 4.47 S - -
Acupalpus inornatus BATES FAQFETEY LY 3 0 3.80 - S 0.44 -
Anthracus horni (ANDREWES) LARIVFUEITEY LY 1 0 4.10 - S
Stenolophus fulvicornis BATES TATET LY 0 1 - 4.82 S - -
Stenolophus quinquepustulatus (WIEDEMANN) AVRYRATEY LAY 0 1 - 6.07 S - -
Anoplogenius cyanescens (HOPE) FARYITEI LY 0 1 8.70 S
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Family (in Japanese) No. examined Body length (mean, mm) SD t test
Subfamily (in Japanese) $ g % g Body sfze ¥ 3
class T
Species Species in Japanese
Licininae (A F/v5 T3 AV HH)
Diplocheila zeelandica (REDTENBACHER) FFARFNGTTINY 10 10 21.71 20.95 L 1.18 2.08 NS
Callistinae (77 T3 & L EERL
Haplochlaenius costiger (CHAUDOIR) AVTEFITIAY 24 24 22.36 2321 L 0.76 0.82 $ <G
Chlaenius deliciolus BATES EMYATEFITILY 1 0 10.93 - M - -
Chlaenius variicornis MORAWITZ aAFYSTHITIALY 3 3 13.75 13.22 M 0.06 0.13 F>3 =
Chlaenius circumdatus BRULLE IFNRYTFITILY 2 1 15.14 14.88 M - -
Chlaenius pallipes GEBLER TAITIAY 2 1 14.21 14.09 M - -
Chlaenius abstersus BATES FHHARTAITILY 1 0 14.30 - M
Chlaenius tetragonoderus CHAUDOIR LAFEOT MRYTAITIAY 1 4 13.33 12.63 M - 0.41
Chlaenius virgulifer CHAUDOIR TrITATIAY 7 6 13.80 14.33 M 0.56 0.43 NS
Chlaenius micans (FABRICIUS) FAT IR TATILY 5 3 16.40 15.68 M 0.52 0.02 1>+
Chlaenius naeviger MORAWITZ TrRY7HFITILY 39 33 14.62 14.01 M 0.59 0.50 $> 3 wux
Chlaenius posticalis MOTSCHULSKY FRYTFITILY 15 15 13.99 13.42 M 0.67 0.41 > g #x
Cyclosominae (47 I+ %1 23 & VHEEFR)
Aephnidius adelioides (MACLEAY) METRRYTIAY 15 15 6.76 6.28 S 0.54 0.34 >3 #x
Lebiinae (7 b ¥V '3 & VTR
Pseudomenarus flavomaculatus SHIBATA TNISRT bR TIAY 0 1 - 5.98 S - -
Calleida onoha BATES TATMF)TIAY 1 1 8.18 7.45 S - -
Calleida lepida REDTENBACHER XHTTITATIRYTIAY 0 1 - 10.05 M - -
Zuphiinae (A V/NH T3 A VHEERL)
Planetes puncticeps ANDREWES TIRYVATIINATI LY 1 1 13.46 12.97 M - -
Brachinidae (7 ¥Ry I3 AT EL)
Brachinus scotomedes REDTENBACHER FARVIETIAY 50 41 15.75 15.97 M 1.20 0.75 NS
Total no. of examined 2,278 2,605

T S = 10mm<M = 17mm< L, *p<0.05, ** p<0.01, *** p<0.001, NS: non-significant
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ZELY, SHETRTIERAOTRMENH 5,

TEY AVHER 245 B3 ESRBE (HEBBED
EHMOEE 074 ~ 1.18) T (F3). | EIY_R %R
L7z (K32, £3), 10ESEHh Sy 7 THESR, |
fEZZedh b7 v TTOFEBEMEIL 2D ODOFS Lo
R RABPRD LNz (F3)o TORAIREHEOFH
NHEDH b, TE7 4V IE (Harpalus) 8% K.
B 3IEOARPMOBETH -7 (3, ERMON DS
T IE Y LY (Harpalus discrepans) &, ¥v b 74—
T264 B E SHHESNID, BH T v S TOHE
fEfRIE7 (. MRABDEDsNEh o7 (F3),
TAITIAVER : 10HEF oEIERAR (HNBEBARED
FEHEOH 0.59 ~0.94) T (K3, TR 743
LY DBRAFRIIER LR THELEHTH o7z (M34, &
3)o 3TEHZEH kT v T THE S NFERIRAM b EO
B, 2R N5 v TTOREBREKIEI RV OOE
B LB RERBH RO SN (K3, TORAKDOSE
W5 L, TATIAVIE (Chlaenius) THo72,

WA L L RIRE
BILKEHOFROILAFAE (2011 F & 20124F) 2B
W, 518 (5,069 ) DSBS, AR T,
BT 3558 (2,462 M), B T35 (1,418 81K,
EHHC 43 FE (1,189 1K) THo7o (R D). EBMEDOFEIL,
BHRBTIE (REBRTORBEED 20%). EFHTS
(W 14%), E#TsTE (7 12%) &%), T
BB ol —F . RBAEEL, BT o4 M (b
BED 69%). &k T267E (F74%). EHT345 (7
79%) &b, EHTHRENE,o7z (ED. ZH - £
BoafEid, B, £ EHoTXTICHAL .
AKNTTFHHATTILVIE, EREO [BEERFEEH]
BETAERZRL, BEMAZEMTHRELL E 1),
HMAETIZ, 417 G836 BEK) FHEINL, #
D) HLMBASHIE L7 378 (3,807 fE4K) Tik. EHEE
TBIX6fE Q7R 16%). RUAMEII27E (R 73%).
TH . EZRBII 4B TH T,

23

BAOHE RO EEHER, —8 - -

HEHMEF REORAD ) b, FEBREFERES
RATHRBLDONRABEALEDE, —HRICBRITRA
Db OERAY 57°, HEEEF REOL G, RHY
THoTHLTLOIRAUEDGH D L IRE 2w (eg

=2F
/J&"\
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Thiele 1977 ; Matalin 2003 ; #4434 2017b) s F /2. H3E
BHED - O EBORMEARER, EHR T v S CHET
XLPEEMEL RS LALOBESTE LV, 55
2. RIWEDODH 2T ORMBH OBHIZL o T
HALPRATEZWED Z Vv (Matalin 2003 ; A IED
2017b)o & 2T, RIS HEE L EOHB®D S
L ENTVS (Thiele 1977 5 #4134 20172, 2017b) 2 &
PO, RAGOEEL L THNBEEZRE L 7
Pterostichus oblongopunctatus & P. angustatus 13 & HI1ZFEH
LWOETHBH5. AHEOHNBRAES0.68 THDHDITK

LTHEIT094 L), ERORBVHERENTVED
13%EDHTH S (Paarmann 1966 ; Thiele 1977), F 723
TEZ LY (Harpalus tridens) £ 70X 55 T34
3 (Synuchus cycloderous) 13 & b ICEBE S, BiEL
A 2 RFFL CB ORI 58 GEA1IH, 2017b) .
HIERA L W (BT H 2017a) &EEZ SN TW5,
AR TIE, ITEZ 2 OMFBEREI 087 Ty
YT TIALYN0T4ThHo7z. ThHnLRHAEE
BET 2L, 09 D Loz FoMERERE L. 075 LT
BEWEEZONE, 72720, BAOTORMPEZVE L
TORAEOTEIIHBE KT TRITEN DT ieEr D %
DT (Thiele 1977 ; BAIED 2017a) . HMBREZT T
B BBAREOERIIZLOTCEETH L, BEUEOHE
WEDOEEMREIL. %  OFEN 5% TR & IEVETH - 720

Wiz, HERPAE R REOERENL., BESHE B
WIBE L7 [HREA] & &FEIEFICEHFE L [
FEMHEB], LT [ROEHA] ©30D% 1 7125048
TEDLIEPH 57z TNF CORRPEMMEF RE O
BT, BN E D ICHRBBHEAEIL L b0l
—HELTEMBE L T o Tw7 (eg Thicle 1977 ;
Yamashita et al. 2006 ; Jelaska and Durbesié 2009 ; Kotze et
al. 2011) 25, R#lD & EHA~NOH#LOBRELFS 2T
59 2Tid, ZORBEIFFEICEETHY, Pl d
FED3IZA TREBRNSNEREESL S, HHEO
BRUEOTEMREIT, BARME ZEL D, £510%~ 20%
EEELDENKREDPo T,

RBI. B ZRTH LD, INFET, BEHEM
HHREOBEEIIIIE ACHEINTELT, $/4-8
TENCELTIE., HHEEZELL-EANRET SR
AAHRE ST W2 (e.g. Den Boer 1970 ; Aukema 1990,
1995 Yamashita et al. 2006) o = FLiZ3 U TARFZE TiE. 1)
EOEA.2) HOEH.3) BHEROERSED LI,
AFYTFHTIAVIBELRHE SR TH]
O, [RODEA] PUBA LIz, 2T TES LY
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Table 3. Hind wing traits and flying capabilities in five subfamilies of ground beetles.
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Hind wing traits Flying traits
Subfamily (in . o Length ratio No. with flight Number of infiividuals
Japanese) Species Species in Japanese wing/body Wing morph* mus.cles/no. of caught 'by aerial versus
dissected pitfall traps
¢ & Aerial Pitfall
Carabinae (4 & 2 HEHRL)
Calosoma maximowiczi (MORAWITZ) rsunyattay - 0.84 M Not dissected 0 0
Carabus insulicola kantoensis ISHIKAWA et UJIIE AYENITFITLY 0.33 - B(D 0/10 0 1,023
Leptocarabus procerulus procerulus (CHAUDOIR) VAT E o Ik N 0.29 047 B 0/10 0 173
Damaster blaptoides oxuroides SCHAUM XA ALHTY 0.19 - B (In) Not dissected 0 6
Hemicarabus tuberculosus (DEJEAN et BOISDUVAL) 2T AT LY 0.14 0.18 B (1) Not dissected 0 0
Pterostichinae (4 T3 & T HHR})
Colpodes japonicus (MOTSCHULSKY) NG THAEIJLTTITILY 1.06 - M Not dissected 3 0
Cosmodiscus platynotus (BATES) LT FTNTIALY - 1.06 M Not dissected 1 4
Platynus magnus (BATES) FACIFITILY 0.96 - M 111 1 0
Colpodes elainus BATES YYEEVRT I TIALY 0.95 - M Not dissected 1 0
Pterostichus planicollis (MOTSCHULSKY) FrFHTTILY 0.84 - M Not dissected 0 1
Dolichus halensis (SCHALLER) CTHhHESGT I TIAY 0.83 0.84 M Not dissected 0 4
Trigonognatha coreana (TSCHITSCHERINE) ATGHFFFTINY - 0.82 M Not dissected 0 0
Trigonotoma lewisii BATES WARFTFTILY 0.80 0.80 M 0/1 0 10
Prerostichus fortis MORAWITZ FAFHITILY 0.77 - M Not dissected 0 0
Synuchus cycloderus (BATES) rayyYesyIInY 0.74 0.76 M 0/142 0 1,272
Symuchus dulcigradus (BATES) LAY T ITIALY 0.73 0.78 M 0/10 0 38
Lesticus magnus (MOTSCHULSKY) FFITILY 0.70 0.71 M 1/41 0 172
Synuchus nitidus (MOTSCHULSKY) FAIOYYES I TIAY 0.64 0.65 M 0/10 0 269
Pterostichus microcephalus (MOTSCHULSKY) ** AT TFHTI LY ** Refer to Table 1 B (1), B (1), M 0/10 0 75
Synuchus arcuaticollis (MOTSCHULSKY) ** RNVHE XY eFHTI ALY ¥ Referto Table 1 Ms, B (1) 0/10 0 22
Prerostichus sulcitarsis MORAWITZ TYIVFETTIAY - 0.30 B (1I1) Not dissected 0 1
Pierostichus prolongatus MORAWITZ Ao FHITILY 0.19 0.23 B (In) Not dissected 0 0
Trigonognatha cuprescens MOTSCHULSKY FTATIRAFTI LY 0.17 0.17 B (ID) Not dissected 0 19
Pterostichus yoritomus BATES ) NEFHITILY 0.10 0.10 B (1) Not dissected 0 23
Zabrinae (R AH Y T3 A THEER)
Amara gigantea (MOTSCHULSKY) TAINE S TI LY 0.93 0.91 M 0.5/3 3 2
Amara congrua MORAWITZ =V H T TILY 0.90 0.88 M 1 0 70
Amara chalcites DEJEAN INTTTILY 0.90 0.91 M 173 5 6
Amara simplicidens MORAWITZ IINTIITIALY 0.86 0.91 M Not dissected 3 3
Amara macronota ovalipennis JEDLICKA FHINT S TI LY 0.71 0.75 M 0/1 2 8
Harpalinae (€727 & S HH)
Bradycellus subditus (LEWIS) JyaeAITET LY - 1.18 M Not dissected 5 0
Acupalpus inornatus BATES FAOFEITEI LY 1.12 - M Not dissected 4 0
Stenolophus quinquepustulatus (WIEDEMANN) AVERYTRATET LY - 1.11 M Not dissected 0 0
Harpalus chalcentus BATES VNTATET LY - 1.04 M Not dissected 0 1
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®3 hed

Hind wing traits

Flying traits

No. with flight Number of individuals

?;;:2:;1))’ (in Species Species in Japanese I;::f;bgg;o Wing morph? muscles/no. of - caught by aerial versus
dissected pitfall traps
£ d Aerial Pitfall

Harpalus jureceki (JELICKA) VAT TET LY 0.98 0.99 M 0.5/1 9 7
Trichotichnus lucidus (MORAWITZ) NARTTIYXTET LY 0.98 - M Not dissected 0 3
Harpalus griseus (PANZER) TURAITERT LY 0.97 1.00 M 21.5/28 19 6
Stenolophus fulvicornis BATES RATET LY - 0.95 M Not dissected 0 1
Anisodactylus signatus (PANZER) TINY 0.94 0.94 M Not dissected 2 0
Harpalus eous TSCHITSCHERINE FARX TR AT 0.93 0.96 M 18.5/26 13 5
Harpalus sinicus HOPE GATAIZOTET LY 0.93 0.96 M Not dissected 2 0
Anisodactylus punctatipennis MORAWITZ FTYRYTIAY 0.90 0.93 M Not dissected 0 9
Harpalus tridens MORAWITZ aTEy LY 0.87 0.88 M 12.5/43 4 21
Harpalus niigatanus SCHAUBERGER JUTET LY 0.87 0.87 M 212 5 4
Trichotichnus longitarsis MORAWITZ JETAYXYITETZ LY 0.86 - M Not dissected 0 0
Harpalus capito MORAWITZ TAITET LY 0.86 0.90 M Not dissected 3 3
Trichotichnus congruus (MOTSCHULSKY) LAY TET LY 0.84 - M Not dissected 0 3
Harpalus bungii CHAUDOIR RNV TR LY 0.82 - M 0.5/1 0 0
Anisodactylus sadoensis SCHAUBERGER FAEFRYRLTI LY 0.82 0.83 M Not dissected 0 30
Trichotichnus nipponicus HABU FAA7EIVY TR LY - 0.79 M Not dissected 0 1
Harpalus discrepans MORAWITZ NAFTFTET LY 0.76 0.78 M 0/10 0 264
Harpalus tinctulus BATES TFTATIRNVHY TR LY 0.76 0.75 M Not dissected 0 3
Anisodactylus tricuspidatus MORAWITZ EATIANY 0.74 - M Not dissected 0 1
Oxycentrus argutoroides (BATES)** JEFHTET LY ** Refer to Table 1 B (1D, B (II) 0/1 0 35

Callistinae (74 =3 & L HH)
Chlaenius circumdatus BRULLE aAFAN)TAITIALY 0.91 0.86 M Not dissected 0 0
Chlaenius virgulifer CHAUDOIR TrITHITIAY 0.89 0.87 M 1/6 0 6
Chlaenius micans (FABRICIUS) AT IR TAITILY 0.88 0.94 M 1/4 1 7
Chlaenius tetragonoderus CHAUDOIR AFOT7 PRI T7FITILY 0.87 0.87 M Not dissected 0 6
Chlaenius variicornis MORAWITZ AFTGTAITILY 0.86 0.88 M 1711 0 1
Haplochlaenius costiger (CHAUDOIR) ATVTAITIALY 0.76 0.75 M 0/12 0 13
Chlaenius deliciolus BATES LAY ATAITIALY 0.76 - M Not dissected 0
Chlaenius pallipes GEBLER TAITILY 0.73 0.82 M Not dissected 0 3
Chlaenius posticalis MOTSCHULSKY FRYTAITIALY 0.70 0.70 M 2.5/6 3 10
Chlaenius naeviger MORAWITZ** T IR TAITI LY ** 0.59 0.61 M 2.5/26 1 88

Total number of catches 90 3,732

*Wing morphology : M - &#. Ms - HOE#H, B() - HREH. BA) - HEEHER, BAN) - BEOEH

PR - ZRIOME
*Wing morphology: M - Macropterous, Ms: Macropterous (shortened type), B (I) - Brachypterous (stick-shaped type), B (II) - Brachypterous (shrunken type), B (III) - Brachypterous (elongated type)
**wing di- or polymorphic species

B QBT dh F A 2E T
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. [HEEFEE] & [ROEH] CRBIGHIAL 22
o 7275, Habu (1978) 12X B &, TNIIFELLZERN
HETL, 2hohb, AN SIS FFTITIAVEH
FRIZ3DOBPERT DL EEZ LND, TN
VXS FITIAVIE, [HOoREH] & [HWEERHTHE]
PIERD B N7, RO RBEEOBIRITE S D { Kk
L TRHEBETRERE AL (J3-1) . JREL-EH]
FZ1HEIFEDON P o7z B, TR TAHITX
LAV, BHTH o705, FOBEHBICEEDIRD S
Nizo BAEME TR, BRICER 722200547, T
bt [HEEHER] LEZELALEANRET 2
BAERE SN TV 525, AR TIEZOHRBMEIHIL.
BB R T TRSGBEOMBO R TE 2, TR
ZROBAROEENRIIL. #10%~ 20% L ERIBEHK
ELARRETH o720

SEOFEETIL, B2R - SRR O o - HEIZ 478
Th o705 SHBEBEEOH IS I 5
LEZLND, EBE, APIETIEZIEFTNITES AV
2005 A T OBRBIERENFTRD 57255 Habu (1978)
WX NIZEREARD TNICHBRTZOT, aFy s 0
TILVRAMOBEE TH B, T/t THE T AIE[H
SEEED] OAMB LY, B4 7T H BRI
Td 5 (Yamashita et al. 2006) o

B CIRBEER

R & BN OV T A BB IR U 22 R T
THE, EHROMEL, BB T20%. BT 4%, E
HMT12% &%, BRBTEEIEL-7. —. E#
B OfE L, BB T69%, BT T74%., EHT79% &
7 0 VEH THERDE Do 2. A T H B TSR TR,
FREIOFEIL 16% T, EBANL 73% TH 720 BELR
EECIZEAR OB, FMEELRETCEIRBMOES
% MBI 275 % (e.g. Wagner and Liebherr 1992) o
itk & B A KT 5 &, ETMORESB L Uik
SEOLEEI. BRI R CEBRETIIREY
(e.g. Shibuya et al. 2008) o 7z, HEHIIFHTELET L=
ROBHEANEDLY, BRI YA FTABLK
ELEFT L. FHRTRESETIHAOERL NI 4~
ABOEADG D B0, BRI EREE L
BELWZ D,

WIZH—E - ZRUZOWTERT L, BTRIRPLANT,
HERBREOREHIIHNIET 5201, BEREOEBEE
L EFRIOEREERLEAIIEY HTEREEEZ b,

INnE T, MERMEERRBEOHBICE L Tk, H8
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BEEMR, 2L TCEOWMERLEL CHET AR
DEE SN TV % (e.g. Den Boer 1970 ; Aukema 1990,
1995)c Thbb, BRIIEMERELRHAD2OD
AL THRRBETHELTVS (M4k), ZHITHLTE
BTk, TROE#A] * [HRER] [FOREH] R
woh (B4h). ZhE THEMEMERREOBAIC
BT 5052, FLLTREDOER (e.g. Den Boer et al.
1980) T H5b DT, BEIETAHRI 2V, H
RIZBWTDH, bEPIct o v EROBBORERE
WHLEETHL (FE 1966), UL, 44T ER
FEBENL 0, BRI - S8 T 5 1F
MOELN Tz, Tz, R TIEIBEBEHEEL TH
METCRELWZE LAY, RIECHELBAIE. &
Bx RS TWEESE V. S5, FHIRHELSHD
BETIToZ EI2X Y (727 2,925 1K) . BEE CH
BYLBBIATHERTCELEEZONE, FIZIE,
D LHZ. aFYIFFHTI AL, BEIGENLE
ENTWAEEER (LFiTh 1985), RMTAHEE S
TWBEENH S (Fujita et al. 2008). Lo L. EHFZED
R, BESHEICEIL L [EEREE] Oy
Znboo, BELLZE#ER [ROOEH] bHEREIN
Toted, REIBLHMBETHDLIEBHELPIZG 57,
EH1Z. BELLRBERE L TWEFIIBNTSD,
RMGIIEETE L P o 2OTRIBIZL TRV EE L
bhb, WEREELELEH & T 5 MFESHHET HED
B, DI VEFEHEINTI dolzds, KIFEICLD
SFSFLWERERBTHAEIEEL. BBOELDB
BAEWAL S 2 RBEATRIE S N7z,

WIT, BRERIC L o TERARMMSEEL XIT W
REBTDH, ZLOBMERHALREO RKUTITHE
OPRFBICZEENERZT TR BEERFNEE 2 %E
#3729 (Roff 1986 ; #El& 1996 : Zera and Denno 1997),
BRI > TEBLEEROLENFEET L2 56IE, #T
RIRZREIIRERERL LTAMDP D L%V, Den
Boer (1970) i, BB ¢ M TREAEMA & FHEMSE
OHEXRE LR, 6 Eh SBIIMAERE D v
M TIREBBEEROLLED 25 ~95% T, 25 FLL A
L7 H Tl 0.06 ~ 2% & L, 1 BORP—FED
HBELRETHo 7, 2FH, MR 5FEIZDOWTIL,
EEBEICL - TERLEBOEIKEIBL. &
ELEBHOBEEEEITEREEIEZ L R o7 (Den
Boer 1970) o

AIFFED4TFEIZBNT, EERBEICL > THRBHEOK
PR ELLHET L7259 H Habu (1978) &, v uH
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FIXLFTITIAYVEIVFHITEY AVIZDOWTIE,
KFgE L FEOEMEZRE L TV b, aHTTFHITI
AV [HEEFEBI L FNCERELL-RBLTE
DEB] BB SN, BT, (1985) dEAEOBZH
WEIEE L TWwE oL i), BASSEETHLI LN
IDBED, TRRYTFTIAYDBRBEHOEBREIZ
DWTIRER RV, SO L H I, 4FEFIEIZBWT,
HEF T, BEERZEC D AR & R0 RATHRE &
NTHEH, LEFFETHIEEORERZELIELVDLD
Lz, {HL, IHFVIFHTIALOREBREED,
EWICOARB LA 2E RS E, SHEMPERERETO
FEIELZ LICX D, REFEEOEIHEZ 55
B b

\ERE{EAOTOER

RAOERIIBRICE o THEIEWRDOKRELERTH
b0 L2L, MIFICRIICIERELZANE IR R
BHIEI DR MEE LTI bR T b v, 2
DEIRANZTA M2 205, BROFEHALE D
HENNDOFELBEREEZ ONTWE, DF ), EBRE
PEEL, BEIOBLEPSELEHEICENLT S (e.g. Roff
1986 ; Roff and Fairbairn 1991 ; B&I& 1994a, 1996) o

R R L HITE L OBICA LN S E# 2 IEE CTHAL
WE L BB B EEZLZONTYE (eg BEFIZ
2 2014) o TRTOEAEEALE T RAR D BHT 5
—ONEHE L TERBRENEE L T Th ki Tt
T, HLHBETRETLZLOFPECENSE 50
LiZEEZLNTWS (eg BEWE 199%4a),

Den Boer et al. (1980) iZHiRBHMMER R OB O
b BRI A HEERE LT, REMWIZERTICESL T
Oz, FTBER, 2L CH_RE2BEHTLIEARL
TWwb (F57/K)e THICKL T, SRIOHERE,SE N/
BT 5 5 TH Do HEH AL Den Boer et al. (1980) [A
BIcEARMEE 272 (H5H). AUIFETIHEAR O
83% &£, EHITTRTOHERNIHBELTEY, %<
DEFRBEOREICEEFoTnb vz LH, FA1t
AOBETIE, BoMRPR LR HET 2 EB AR, [E
DER | PERPEHEFICREL: [WEEREHR] 0L
T [BIRER] BB L 2o, LiFoT [HESE
RER | BRI LR LI R T A AT REEAS
HY, FLEBETH> THEROAME {Fo B
EARNIATHTH YV IR EE 272 (RISH)e 2O
[HEREH ] AELT 220 (W Mo T7AATAaL, 7
OFHAYLY) 3ATFLVERZOMIEEL, 2hd
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DEFARTHEN L EBIZITHEL TV LEER SN,

SERIOH

CZETIR. HEHEEFREOHZBMIIOVWTEDHE
DR EAR L TS ATE 2, LA L. BBl
REOHBEREIRHKIEKE T LI REVEE L
LNB7-0, BERHNC X B EERE L7,

AR 80% (54T HEBIIT, E#AT
BBy, ZORBEIIBEENRE (e.g. 8t 2005) 256
HWTHIENbhoTnb, FEBRD ) L 2 WAHRM)S
MR CGRELZ [BIRER] © 2081 Sty ay
BERHCORICIFIE LTz b LI [HIRER] HHEBE
fboE#ETHE (ATH) . +9 & HERNIITEAICHE
LTELOBRREAOEPIFET L L2 5, RROFY
EOHEIZ, T2 ERICBTAESRAT, $C
DESKETH D, KEFHI AR THBILELL TV S
EhL LAl d,
FHTIAVIER K 20% (19 FEd 45 A,
70% (1371&) HEHE, @R EZREREFRFNL1ET
DWW, THHAAFTIAVIE [WEEBEHR] Th
o2 h, BHMROERBENE (EROE S ICEHHFE
BDENTe EHICEIBICOWT b #E L EESELEL
THY, [ERER] ZHhoTWA RS B, VY
V5% T AYVIE Synuchus DATED S L, 3BIZEPR
THo7zhs, BIRITEKS » EEREECKRTFTEATD
o7 BODIEYAT Y IYY LT & T LVIBE
T, RPEEIZMRO 3 ERBRICKIERATHSH Z LT
ZTHENHILED T, 5E L EREEIIA SN E D
o720 MEMMERHEOM R E L THEIN TS
DX, FE L RBERE GABREFRESTESA4TT
& 5% (e.g. Den Boer 1970 ; Aukema 1990, 1995) . AF&T
EEE L - RBEPHEBEET, Mot HELLE
WA BB T 2 LMKV (Habu 1978)0 & 5121
VYT ITILAVEOIHEOBRBEATIIRARML L7
. BRITEKTETH o 72D TEBIL~EA TV BT EEM
HEZONS, RER TR, BEIFIEAETH 7255
Z0 BN ERESRKE VT 4 IR O T i
B FNRUANC D RAFH LD b N AEATFA L 7z,
BLEROZTEL VY S ¥ TIAVEORME 3 HIiZ
R TELCNTEREED S, ZOLHIZ, FHITILY
HRHIIZBHBRLRIAZIOWTEHLA LIy AT, Thbb
EATRAT 2, EATHPRAIFFAD LNV, %
Wy SHOE, “BofE, 2L CEBOEINFEL
M—Eohhhoil-0id. [BIREHA] Thb. KEIL
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Fig. 4. The new findings in our study

e.g. Den Boer 1970, Aukema 1990, 1995 TOEH] : EPEMER HEOH —ENL, HEEHETH L
WEINIIT L A EHE SN TRV,
A OARUIROKBRE  BEERIHLEBICNZ. ROEHPUEER, HOREIR

Hoh (O), BSEED

Bolze * 1 7 YFHITEYS LY Oxycentrus argutoroides DAL Habu (1978) LY,

Left: Although wing dimorphism (shrunken short wing and long wing) had been already reported (e.g. Den Boer 1970,

Aukemal990, 1995) ( @ ), there were few reports on the wing polymorphism of ground beetles.

Right: We have found elongated short wing, variations in the apical part of hind wings and the shortened long wing in

addition to shrunken short wing and long wing ( O ); we also documented the existence of wing polymorphic species. *:

Long wing individuals of Oxycentrus argutoroides from Habu (1978).
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Fig. 5. Hypothesis of evolutionary sequence of hind wing from macroptery to brachyptery

Left: Den Boer et al. (1980) hypothesized that macroptery can develop, via a wing polymorphic stage, into wing

dimorphic stage and eventually into brachyptery.

Right: None of the stick-shaped brachypterous individuals appeared in wing dimorphic and polymorphic species,

while the shrunken brachyptery appeared. Therefore, the shrunken one is considered on the way of wing

degeneration, but the stick-shaped one can represent the final stage.
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