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Comparative mor phological study on the thorax
structure of beetlesin two flight modes
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Abstract [Aim] Most beetles fly with their elytra open and their hind wings spread. However, most rose chafer and some
dung beetle species fly by closing their elytra, elevating their side edges, and spreading their hind wings. From an aerodynamic
perspective, flying with a closed elytra reduces air drag and is more efficient. Recent studies have established that the
well-devel oped muscles and wings of the thorax are crucial for improving the flight ability of beetles, and the axillary joints of
the hind wings play a key role in the flight of scarab beetles. However, research into the factors influencing this efficient flight
mode and how the thoracic structure impacts flight modes remain limited. [Methods] To explore the relationship between
thoracic structure and flight mode, a comparative analysis was carried out on the morphology of the pronotum, mesonotum,

metanotum, mesopleuron, metapleuron, elytra, mesosternum, and metasternum of nine beetle species from two families that
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utilize different flight modes. [Results] In beetle species that fly with closed elytra, several distinct features were observed.

The pronotum and elytra have lower arches, while the elytra are characterized by concaved edges and convex shoulders. The

mesonotum is strongly sclerotized and the epimeron well-developed. The pleural wing process of the metapleuron is short, and

the axillary segments of the base of the elytratend to be integrated. In contrast, beetles that fly with open elytra, have strongly

arched pronotum and elytra. The elytra are oval and the mesonotum is less sclerotized. The epimeron is undeveloped, the

pleural wing process is longer, and the base axillary segments of the elytra are clearly structured. The thorax structure of

beetles in related groups is similar. [Conclusion] Beetles that fly with closed elytra have lower pronotum and elytra arches

that may be have better aerodynamic effect compared to beetles that fly with open elytra. The significant sclerotization of the

mesonotum, along with the protruding elytra shoulder, and developed epimeron all limit the expansion of the elytra from

structural side. In summary, the two flight modes of beetles have distinct differences in the thoracic morphology and may

influenced by both flight selection pressures and phylogenetic status.

Key words Coleoptera; flight mode; thorax structure; comparative morphology
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Tablel Sampleinformation
RELEE AT B
. - KPR
*4‘ ﬂ*q‘ ﬁ% ﬂj ﬂé% Hh ){—i El ytra open\ = %:J? .
) . . . S i Selection
Family Subfamily Tribe Species Collection site closed during
: reason
flight
ZHE \ \ AR L AU T ] e S ] HH AR
Dryophthoridae Rhynchophorus Lung Kwu Tan, Tuen Closed Outgroup of
ferrugineus Mun, Hong Kong beetles, fly with
closed elytra
ZHFR \ \ LRl g s T BIHAS IF M, KT
Dryophthoridae Hypomeces Shap Long Kau Open B3R /AT
squamosus Tsuen, Hong Kong The outgroup of
beetles,  flying
with open elytra
S EfRTR  FIamR  RE&SEmaf MR Vik e TR,
Scarabaeidae  Rutelinae Anomalini Anomala Chengguan, Open TR /AT
virens Chun’an, Fujian Close relative of
rose chafers, fly
with open elytra
Sk R ek FEMEER mFRTALE M ] tafa, MEYH
Scarabaeidae  Cetoniinae  Cetoniini Protaetia Cangzhou, Hebei Closed AT
brevitarsis Rose chafers, fly
with closed elytra
Sk e ek INEEE )TTUEMCE LAY 4] teafa, MEYH
Scarabaeidae  Cetoniinae  Cetoniini Oxycetonia Laoshan Forest Farm, Closed AT
jucunda Tianlin, Guangxi Rose chafers, fly
with closed elytra
SRR amWR Pk MEWeR  Ju = vis fEaxfa, SKITHH
Scarabaeidae  Cetoniinae  Trichiini Lasiotrichius ~ Sanbao, Beijing Open AT
succinctus Rose chafers, fly
with open elytra
SRR I 4 fu AR \ eI 45, U FAETLE 7251l Vis W MBI 2 2R,
Scarabaeidae  Aphodiinae Aphodius Jianzi Wan Mountain, Open TRIT AT
elegans Yajiang, Sichuan Close relative of
dung beetles, fly
with open elytra
SRR WEMpEARE  HREERR MR ZF4ETEEER Zi| WEME, DA
Scarabaeidae  Scarabaeinae Gymnopleurini Gymnopleurus  Pantian Weixi, Yunnan Closed ®AT
mopsus Dung beetles, fly
with closed elytra
SRR Ul B ST T WE A A ENE  ZE BRI RE L IF BEME, SKITHTH
Scarabaeidae  Scarabaeinae Coprini Catharsius Pingbian Dawei Open ®AT
molossus Mountain, Yunnan Dung beetles, fly
with open elytra
Fels JURR R , B fe ALl . FIBE R B itk
12 REHE -

K WP HCTHIBR A S 2 80 °C YK R
[T, I8k Se Um HEA T AR TR B A it .

W miE . RN EEIT, RIE/NC K 3
Xt SERE IO o K W5 5 b /NS R 5 R
L5895y T, TEARCR 5% ( Zeiss Discovery V.12)
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Fig. 1 Sample preparation and data acquisition

A, FBBERE ( SRAOHT AL ERERZ] ), PATEBENS, MRS 3gEARIR; B. MBS S HNEIR
fil; C. K&FSui AR W G R, dis: #IX; Ipc: RIEMA; nss: HFHE4%; 9. BUMIEN; cs: BRIEAR.
A. Display of a3D model of Gymnopleurus mopsus (the green arrow marks the elytra concave), Catharsius molossus,
Lasiotrichius succinctus; B. Examples of measurement of related structures of Protaetia brevitarsis; C. Prothorax of
Anomala virens dorsal and ventral view. dis: Disc; Ipc: Lateral pronotal carinae;
nss. Notosternal suture; sl: Prosternum; cs: Cerytosternum.
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Table2 Thedifferencein beetle thorax morphology between the two flight modes

F S E 2

The thorax structure of
beetles

VA 3 AT S
Closed elytraflight groups

TRTF R AT
Open elytraflight groups

Hilk Prothorax

REHEAR AR (K1 2. A) Slightly arched (Fig. 2: A)

PEHtRERE R (1K 2: B)
Strongly arched (Fig. 2: B)
AR INIATE (151 4)
Oval (Fig. 4)

HAFEEMR (K 5)
Weakly sclerotized (Fig.5)

Akik (E2: E)
Undeveloped (Fig. 2: E)

#5# Elytra SNG AR, JATAMNY, FEER A Rl — R A (
The outer edge has a concave, the shoulder is convex, and the base
axillary segment has atrend of integration (Fig. 4)

P Al BT (B 5) Strongly sclerotized (Fig.5)

Mesonotum

rh i fE ) &k (K 2. F) Well developed (Fig. 2: F)

Epimeron

s € % (K 2. D) Short (Fig.2: D)

Pleural wing process

K (F2: C)
Long (Fig. 2: C)
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B2 RMEEXEHESITEEG
Fig. 2 Thorax-related structure difference contrast

A. FREH YR B, SRS H SRR C. MR T WEME S MO ; D. A ONARE S i 00 ;
E. Rzttt FoH 2L AR,
A. Rhynchophorus ferrugineus 3D model; B. Hypomeces squamosus 3D model; C. Catharsius molossus

metapleuron; D. Gymnopleurus mopsus metapleuron; E. Anomala virens mesopl euron;
F. Protaetia brevitarsis mesopleuron.

1.2 - mm fgfEi F/H i MiFR Epimeron length/Mesopleuron lengtth
m iSRS/ 98 Pronotum thickness/width
1oL M35/ J5 MR Pleural wing process length/Metapleuron length
’ —o— WH3H)E/9% Elytra thickness/width

MHRAERAE L AE Test feature ratio

MY Fh 2 FR Test species name &

3 MEEXEMNELERNSEITE
Fig. 3 Satistical map of the results of measurement of thorax related structures

HEH#E Wiriefa( HREEeR NFAeE) A PRSI FE (0.550) & T 5K IH#H
8 J AR TR B AR R B8 B U (B T okOTH S RAT RO R T BERE (0.364 ),

W RATH A ORGSR MRS ET M O FfrHY s MIH 52 /)5 M A LU (B, 5KIT
Pt ), MIEHE WITRYSMBRBERA Pl s 8553 AT i Y OO 5% /) e 0 A ) B (ELAL T
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Je B AR /) e (AL F 0.178-0.304 Z [1] (& 3),
FERH T e (AREESRAVNS S
) FMUER 5/ 5 A < B A LU ARG T 5k T4
AT A (KR mefa ., MgsafEE
B4R )y PGS I RAT A 25 DU R R 05 174 0] 68 5/
Je AR I B B FE A (0.304) IR ik T &
AR IS EME (0.323); MIAHYH KATHUZT K
S H RIS 51 B AR B Y LB (0.178)
RF kIS AT &5 (0.293 ),

sk HF AT 4 FE AR Y LA A T
0.532-0.976 Z[i], A& AT H T ia)s,
FE AL T 0.417-0.940 2 [8] (&l 3), KITHY
M RATHY B4 0.532) HERE 4 #8.( 0.560 ).
KepSrmi4fa (0554 ), ML BEEs (0.574) /i
Jib JEE JRE 1 5 5 1) LU AR XS R T M5 B3 R AT A&
4 (0441), /INERA (0.417), HEMEE
IR (0.466 ); SKITHHM RAT ISR 5 H ik 2
JERE /SRR LA (0.976) KT A8 E ®ITHY
k% (0.940),

SR I AT Y HY R ST B AL T
0.260-0.406 Z[i], PG €47 HT H b J5/
FE AL T 0.248-0.383 2 JA] (8] 3), KIT4Y
WRATH RS Il 4 f (0.260 ), JHER 4
(0.260). HERE4:fa, (0.273) (%Y R0 S/ 58 )
BHERKTFHAERE® ITMWA RS @
(0.248), /NEIE4f (0.253); skIFHHM ©IT
I RAR TS WEME (1 0.406 ) 1) i 30 JBE 3 /9 1) LU
KT HG B AT SR IERE (0.383); 7kIT
Y RATIOSREE 2 W (0.377 ) S48 L1158 FE 1Y
OB R T & i R AT 2iAs 4 (10.300),

MR AT R (K 4: B, E, H, 1),
HEsMhg (K 4. BL@FE kb ) BAa B,
AT (K 4: B&EFTLA ) SNy, H#E
TS TR IR AL SR — 1, Tk TS AT R
(Kl 4. A, C, D, F, G) Fy# 4R L GiEE,
30 R A5 2 ) T B Y A

HA R AT R (& 5: E-H) i
AT, SRR sKRIFEE ATR
(El5: A-D, |) s b i (6% , AL FEEEAIR
R e 4 N R 0 kTR T K

RATRHT AL (&1 5: B), {HAH LM G 8 AT Y
KREPIATE

B4 HA=4RRUREHBEBRES
Fig. 4 3D model of elytra and display of elytra base
A. Regruidfa; B, AEESA (SEF L
A ERAMY , LL O AL S R B );
C. JHEHAf; D. MiF4M; E NEAESE;
FoagBER I G PRI WS ;
H. SROUARIENS; 1 ZDFRR ;3 K&
PR K. PR AL L
A. Anomala virens; B. Protaetia brevitarsis (the
green arrows mark the protruding shoulders of the elytra,
the red arrows mark the elytra concave); C.
Lasiotrichius succinctus; D. Aphodius elegans;
E. Oxycetonia jucunda; F. Hypomeces squamosus,
G. Catharsius molossus; H. Gymnopl eurus mopsus,

I. Rhynchophorus ferrugineus; J. Elytra base of
Anomala virens; K. Elytra base of Protaetia brevitarsis.

3 itig

X F A AT R BT RE R R
Tk IR AT BB R — A R
T AV R B iz gty , 78 RAT R 4 Ok
YER . MASSCI T 25 ok B (£ 2), milape
HEFR R i 1 A SR T R AT IR S,
Frantsevich (2012) i\, BT /D8BiI58, Tk
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1 mm

U s BEphl s 1s2

R A so2
JEA]IA sss2

I RTE A acs2

HRg/NE Foscl2

HFJE B osct2
/NG Foscl2

E5 FEEHR
Fig.5 Mesonotum

A. BBV B, MEEEEf; CoOMURIGHENS; D. SBERW; E AEESG: B /ANTAESR;

G BMERGERE; H. ZAFZEH; | LIRGS 4 i R IR 45 5B A1 4 FK o

phl: #—&i; 1s2: MG HH; acs2: HHIFTE A sct2: WG F; sss2: JEIHVY; scl2: /NG F .
A. Lasiotrichius succinctus; B. Aphodius elegans; C. Catharsius molossus; D. Hypomeces squamosus;
E. Protaetia brevitarsis; F. Oxycetonia jucunda; G. Gymnopleurus mopsus; H. Rhynchophorus ferrugineus;
I. The name of each part was shown with the example of Anomala virens.

phl: Phragmal; 1s2: Lateral scutellar arm; acs2: Antecostal suture; sct2: Scutum;
sss2: Scutoscutellar suture; scl2: Scutellum.

8 7 i A BE 275 T S 3T O 156 DAY 118 — 7o 5
BT, SR bt v 5 B ML 7 A < f 2 A o
SEAFEERY o P RATR b, i LA 4
A HE R AR, BRI A X 5K T $3K AT
Y R BT SR 2 Bl g o, e QAT T REA

T2y, B RATE O A, INRATHRE
T3 B, P AT Y A I 00 A )3 2
el F 0N, MH A a0 SR, R
AR AX3, CABTTE R RAT IR
TR A Ax3 Ralie, ARimliE (=7 r
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S, 2023 ), Ji/IN A 5 322 e e g 152 1 ) 420 ek
F Ax3 A REMH IS 2 N w0, i DA
7N 032 2 A 2 o PR 5 B R R AT PSSR R AT
RE ISR R [ 2 —

LY B /N E R RS gl EL AT B A 1
e (Passetal., 2015 ), i fif ) Al 3D AR 1)
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H ) F ) R R AN, e L L RR
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3 SR A5 40 A Rl — R A 3, 4 i e
Jr 2 g L AR A Sy — AR PR T 9 2 By
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A7 1) PR R R A L % 3 P L R B A 5 v B
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TSR e =4 i) F-BoARSS &, 7Em A3
fill b RGEPE IR T 8B Rt 25 5 o AR
SRR T PG AT NG Bl
AR RE o ok TP AT ROEHE, A B /AT
FEHERH AR A A UL AR B A A
2SR BN SR B, KSR AT LZE A AT S AR LR 4
KIEIRFEA (R ESE, 2014; Luetal., 2022)
W5 /NE R 7728 PR BE LA R HY HL A AR T 254
BB, DRI HOR A A
HEAR o AR SO Y HURTR] R AT 20 B4 8 B i)
XFEG, X DAR AR AR 2E N BT — e B L,
KA UGS G AR | 238 R 12255 58 S 2E R
AR EITRDIREIE A5 A 25T

Brigt: Bl b E R A B s B S R RS S

BB TEH A DTT IR B &5 L AFTEA R
LR S o b A R B I R K R
BRFRREMDTHAGRELTLREN
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