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Abstract: [ Aim] Bumblebees, as social insects, have divisions of labor in different castes and even
different physiological stages of the same caste. Flight ability is one of the key factors affecting their
multiple behaviors including foraging and copulation, at different physiological stages. This study aims to
explore the influences of division of labor and body weight on the flight ability of Bombus terrestris, so as

to provide a theoretical basis for the efficient production and utilization of B. terrestris. [ Methods] The
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flight ability of B. terrestris involving flight distance, flight velocity, and flight duration within 24 h, was
measured by a flight mill on three castes ( queens, workers and drones), and queens at different
physiological stages (i.e. virgin queens, post-diapause queens and egg-laying queens ), and the
correlations between the flight ability and the caste, body weight and post-flight body weight loss were
analyzed. [ Results] The cumulative flight distance, cumulative flight duration, maximum flight distance
and maximum fight duration of drones of B. terresiris were significantly longer than those of workers and
queens within 24-h tethered flight. The average flight velocity and maximum flight velocity of drones and
queens were significantly higher than those of workers, i. e. the flight ability of workers was the worst
under the same conditions. There were significant differences in the flight ability of queens at different
physiological stages. The cumulative flight distance, cumulative flight duration, maximum flight distance,
maximum fight duration, average flight velocity and maximum flight velocity of the virgin queens were
significantly higher than those of the post-diapause and egg-laying queens. There was no significant
difference in the flight distance and flight velocity between the latter two queens. The cumulative flight
distance and duration of queens and workers were significantly positively correlated with the body weight,
but there was no significant correlation between their average flight velocity and body weight. In addition,
no significant correlation was observed between the flight ability of drones and their body weight, but the
cumulative flight distance and duration of drones were significantly positively correlated with the post-
flight body weight loss. The cumulative flight distance and duration of virgin queens were positively
correlated with the body weight, while the cumulative flight distance and duration of post-diapause and
egg-laying queens were positively correlated with their post-flight body weight loss. [ Conclusion ] The
difference in the flight ability of B. terrestris is closely related to the changes in staged functions, and the
flight abilities of B. terrestris at different castes and physiological stages are somewhat correlated with their
body weight and post-flight body weight loss, respectively. These results may provide the theoretical basis
for optimizing the breeding of B. terrestris in production applications.
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Fig. 1 Differences in the flight abilities of three castes of Bombus terrestris

A B RATHEES Cumulative flight distance; B: 231 €47} [a] Cumulative flight duration; C; -3 Kf7# & Average flight velocity; D f Kk KA7HE
B Maximum flight distance; E: f & Kf 7/} [A] Maximum fight duration; F; fx & K73 & Maximum flight velocity. & FpEE N FEE + brifiie ; £
FAREVNG TR R R A EIH A 25 53 B 3E (P <0.05, 3R KX 22087, Duncan [REZE L), FE[E, Data in the figure are mean + SE. Different

lowercase letters above bars indicate significant difference among groups (P <0. 05, one-way ANOVA, Duncan’s multiple range test). The same for the

following figures.
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Fig. 2 Differences in the body weight (A) and post-flight body weight loss (B) of three castes of Bombus terrestris

K24 h JGERE TR, The body weight loss was measured at 24 h after tethered flight. T[], The same below.
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F1 AERBEMEENEES TR AIHEXES T
Table 1 Correlation analysis between the body weight and the flight abilities of different castes of Bombus terrestris
e N2 FAT RATHE S (km) ZFeATIE (h) P RATESE (km/h)
Castes Statistical parameters Cumulative flight distance Cumulative flight duration Average flight velocity
Pearson fH5C R ¥
edrbon*,%‘?%{, . 0.222* 0.200 " 0.120
e Pearson correlation coefficient
Queen EME Significance 0.017 0.032 0.200
N 115 115 115
Pearson FH& R%
S 1‘3%‘?3& 4 0.450 ** 0.341* 0.231
T Pearson correlation coefficient
Worker .M Significance 0.003 0.027 0.142
N 42 42 42
Pears xR
cammon *Eﬁ?ﬁ . 0.243 0.200 0.163
I Pearson correlation coefficient
Drone I 1 Significance 0.160 0.250 0.351
N 35 35 35

BESMMES /5 RREERKITE 0.05 F10. 01 /K BA B EFMEM, FFEF., The asterisk and double asterisks indicate significant
correlations at the 0.05 and 0.01 levels, respectively, by two-tailed test. The same for the following tables.

R2 ARREMEEMITREETHRES CTRANMBEXES T
Table 2 Correlation analysis between the post-flight body weight loss and the flight abilities

of different castes of Bombus terrestris

H Gt S5 Fit ATIEE (km) it vATHE (h) -2 RATHEE (km/h)
Castes Statistical parameters Cumulative flight distance Cumulative flight duration Average flight velocity
Pears Y
carmon *H,k%&m . 0.026 0.131 ~0.040
W Pearson correlation coefficient
Queen I 2 Significance 0.784 0.163 0.674
N 115 115 115
Pearson K A%
cammon +E.9€$§&. , 0.038 0.072 0.134
T Pearson correlation coefficient
Worker ik Significance 0.813 0.650 0.396
N 42 42 42
Pearson 3¢ £ %
*ﬂ?@?’ﬁ?ﬂ( . 0.728 ** 0.749 ** 0.408 *
e Pearson correlation coefficient
Drone i 21k Significance 0.000 0.000 0.015
N 35 35 35

FT ATIHE] (F, 05 =7. 168, P =0.001) K&
RS (F, 05 =4.309, P =0.015) i K &ATH ]
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B3 AR S AN R A BE B B A ATRE N 25 5%

Fig. 3 Differences in the flight abilities of Bombus terrestris queens at different physiological stages
A, B AT HE B Cumulative flight distance; B 211 K47} [A] Cumulative flight duration; C; -3 KF7H & Average flight velocity; D e kK KATHE

R KATHE Maximum flight velocity.

A B
1.0~ a 0.20—
a
—_1—
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— T 015k
= £ b
o~ % 0.6 z
i = = 0.10F
= =
® 5 04 V:_'p
€ 005
0.2 =]
0.0 . — —— 0.00 " T — P—
bt F {UENEES LS ab i F WL FEOR
Virgin queen  Post-diapause Egg-laying Virgin queen  Post-diapause Egg-laying
queen queen queen queen
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B4 s RREEAN TR A BRI Bl £ AR (A) 5 /AT MR T ekt (B) 122 57

Fig. 4 Differences in the body weight (A) and post-flight body weight loss (B) of Bombus terrestris queens

0.201, P =0. 186; 7= 8§ . r

0.795) . B3t KATIF IR (W& F.

= —0.048, P =
r=0.262,P =

at different physiological stages

T (aE: r
r=0.077, P=0.676) LB FEMMFEME(E3),

AN A B B /AT R AR RS R TRE
JIBIAHSCHE T 45 R R, A 2 £ AT G IR TR RE
5 R TR (r=0.136, P=0.415) f1Rit &

0.082; /B F: r= -0.017, P =0.925) fIE# K

-0.077,P =0.615; ;=5 .
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FrisfE] (r=0.275, P =0.095) FP-2) RATHE (r =
-0.115, P =0.491) JC i 3 W AH S s i & £ A0
O£ ATJE AR T RS R AT R (A
r=0.371, P <0.05; 7§ E: r =0.38, P <

0.05) F il KATH ] (A& £: r=0.418, P <
0.05; P#BiFE: r=0.412, P<0.05) 2 FRFEME,
O AT E (M £ r=0.119, P=0.437; j*
BIE . r=0.302,P =0.093) JCIp B XPE(FE4) .,

R3 TREEMRMAEEETNVTRENSEENEXESN

Table 3 Correlation analysis between the flight abilities and the body weight of Bombus terrestris queens

at different physiological stages

T iS4 T AT S (km) Bt RATRIE (h) - RATHEEE (km/h)
Queens Statistical parameters Cumulative flight distance Cumulative flight duration Average flight velocity
Pearson FH 6 2R %k
. . 0.336 " 0.347" 0.104
bt T Pearson correlation coefficient
Virgin queen 12 FE Significance 0.039 0.033 0.534
N 38 38 38
Pears v 2k
earson fARAEL 0.201 0.262 ~0.077
W E Pearson correlation coefficient
Post-diapause queen g E Pk Significance 0.186 0.082 0.615
N 45 45 45
Pears K RE
earson fARAREL ~0.048 ~0.017 0.077
P Pearson correlation coefficient
Egg-laying queen g 2k Significance 0.795 0.925 0.676
N 32 32 32

x4 AEEEHERMEREFN VTENS VTENEETRENEXES T
Table 4 Correlation analysis between the flight abilities and the post-flight body weight loss of Bombus terrestris

queens at different physiological stages

I G2 S AT (km) Bt ATHIE (h) S RATEEE (km/h)
Queens Statistical parameters Cumulative flight distance Cumulative flight duration Average flight velocity
Pears . = i
carson XA 0.136 0.275 0115
bt T Pearson correlation coefficient
Virgin queen I F Pk Significance 0.415 0.095 0.491
N 38 38 38
Pears v 2k
caron *H?é‘?@( . 0.371" 0.418 ™ 0.119
WHE Pearson correlation coefficient
Post-diapause queen 12 E Pk Significance 0.012 0.004 0.437
N 45 45 45
Pearson A5C R % .
on FIXAH 0.386 " 0.412° 0.302
PR E Pearson correlation coefficient
Egg-laying queen g E Wk Significance 0.029 0.019 0.093
N 32 32 32

3 tig

MRS oA 2R B R R IR S F A
AR AL 203 T JEHIEAEAN R 98 2 1) TP
BEAN, [l — R RAE R A A Jee i e v i 2 R AR HRRE Y
Bz lnig o ASBF ST OO AR B 3 Bl g U A
W 3 ANEHEE M BUY WATRE I REAT TINE ,
fiBME 3 NI 2 ] P A [R) A PR BEAY AT RE
FAFE—E R 22 S, X RR 22 S 5 HRRE 7 Ll A

i~ Hie

WU (E 1 F13)

BT AT b MR A A B R AR
M), PEPRUEEREE S5 A — B B0, R AL B SRR XS
CATRES) E RN RN R, SEA SRR
H R AR R B RATRE I B e IR R .
— M IE oL, MEVE R ) T RATRE 9 TREYE . i,
% H W% Apolygus lucorum FI Y JEBEME Osmia excavata
WE R R AT RE ) B R T E R LAY (Lu et al.,
2007 TH#4E, 2013)  [HW AR~ LR,
2 [H [k Hyphantria cunea VYN BI SRRk Lymantria
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dispar FN 5 VK WK Athetis lepigone HE B 1 H E %,
HUR RATRE ) SR (B WLSE, 20125 KBAE U 4E,
2014; 2R HU4E, 2023) , 78 5L 5T B K Spodoptera
frugiperda . TE #h % [ Agrotis segetum Fl A% /)N 52 b
Bactrocera dorsalis WIWE5EH , ME S HLURATRE S E
32 5 (R4, 20165 FRVLESE, 20165 B
&g, 2019) , F W] CATRE S ZEAN [ Y B H v 5 e
A AN T 42— B, AT RE S BE A A AR B 84k
FFEAR Y K RN A A e AE o AR g v, ke 1) SR 11
CATREE] R RATI ] oK AT B A K R AT
P ] ik 2 v T e (M RN ) A9 (IR 1), ST
WESE e RATRE ) = T HEsE I AN — B, T RE S A
IR I ME 88 Ry P A A G . AR R R B,
B WA e P LA T S RS S i SR AR X ((drone
congregation areas, DCAs) , 18 5 DCAs By 75 &
R AT R (B 3T 30 min) ( Koeniger et al.,
2005 ; Rangel and Fisher, 2019) , Ioh, BEWE7E F %
TFASHE 2 B 75 B 75 DCAs [X I8 55 $0 7 3k M i 5 4
(Heinze, 2016) , H7EEIEE 2 ~4 km B Z R
L XAEH ®AT (Ayup et al., 2021) , &R, 58 W
SEHE(Reyes et al., 2019) o 3% Al fEZ L M 1 1 B8
IEMERERY AT RE ) B T ) E RN it
Hb PR I TE AT R B ME R REE S,
T4k A FA% A S He B 1 DCAs X8I 58 58
Be (55, 2016) , i n] RE & Al dde AT RS . RATIY
() S 5 T, T AT O B 25 Y R
Z—o BRTPER KBRS CATRE ) 1) —
WY A B R BRI R B R AT
AE B (XI55, 2018 ) , 75 b AR B4 M 1 3 b A7 1
— LR, Hb AR I Y e RO T AT RE
PARURTE S R

B py A4 Kk FMEH R AU TR I R A
BFE RN, — RGO T, ME R ARSI AT S
HRATRE Sy & B A2 fb. i qn, 7 2400 3 4R
Euzophera pyriella F13E/N{ T Agrilus mali 25 B A0
B AE L 5 AT RE ) B K TR S E Y (SR
&, 2020; B dE, 2020) , AHE5E 44 R 3R W] L AE
B A2 T RATIN ] AT R B AR AT R B
e TR A OE R (& 3) , B SEIC 5 b A8 i e
TR RATRESFEIN T, X 5 FaRE5 AN —2, JE A ]
REAEAL 2o FAE AL I R0 7 1 7 2R AR R I &
Wy, AR N IEAF 8 R AR D5 DRAE A iy B 8 2¢ , 3 0f
b2 F AT BE A B 1 25K (Tatar and Yin,
20015 #RPL4, 2019) , 1 Hb BE MV & F F1 77 B0 £

T RATRES B 2 5 (8 3) , T RERE RO i £
Rl 7 e £ A ERSTRR T SURERYIAN, HHA
IR BTG K T, TG ™ B &, (o RATRE
NRFRTAL E, S ELEHER. BE
PEORE  JUHIR S —HE T ) e EHRRERE AL
LRI, A B, AT IR A AT I ) i
FATEGES H2EFARE RV E M2
SO ML AR ) RATRE T, X 55 BT WIS 1) 58 IE ™
YN R Wi L UM A LR AT BE ) (Hanski et al.,
2006; Azizi et al., 2009; %L, 2013; F1F 5%,

Autographa nigrisigna F1 46 #f W) 745 & T Agrilus
planipennis W, 22 Bt J5 1) ME B H K AT BB ) B 5
(Hashiyama et al., 2013 ; F#%, 2014) , X[ e 5 &
HsgBem R TT A G, R, ] — B B it A ) AR 3
W B RATREIBR 1 325 KR & AV EFEAY S0,
Al fE 5 HRRE Y A2 A AEAEAH A

EL I RATRE ) 2 SHE BERL DR B SR T N B AL
BLRRE  RER AT AR PR B AT RE
JIE YIRS (T4, 2013) o 1R R =T s,
e 10 I T e R LM M Y R
FE T LR (2. A), SR, TEABISE D, AR
R AR AT RE o T E A LR (181 1),
XAl e =AU A ST A AR B BOR R DG .
AHRRE =2 = O, R §L R &/ I, RS T
TIHNARAY P ) B A Sy BB AL, AR
HARATRE N TR B RALS MEAT T— LR
O R S T L, DRI TR, K
SR AR RN A 2 T iR L, AR AL T i
FAMERE T BEJE Y L BE ) By — o P SR (AR
AESE, 20155 JEARHE, 2016) . TEiE FIRARRE AR 1Y
AR BN E R UK 3 T AL B E R
(K 4: A), EEZP K™ 00 £ o0 L F 54, A
ARKERINAN AR S E S THE £
(P 4: A)JE R B E AR BRI & A0 5 ZEAEIRR
WEE(1 -4 C)HFE 3 MDA RN 80% HYfE
ATEX N I FE(Alford, 1969) , AT BOUH A%
AT AL E

BT H SR, AT S R T R R T BE S
B B BOWAFTE— E IR G ARER IR,
Hb AE M AT AR T R S v TR A T e
Y B RAT R R R R B T LR, TR
PRE N RN 22 5 5 O 22 S Al — 2 (181 2) , Al i
B AR O, AT R P THAERE 2 (R RIS,
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2020) , MR NAEAERE T BE 2 I, B iR 7 45 H
) B3 AT RE I o — i B B AR O RE L HAh, T
W RRHAE AR RN R R F 897 80, & SR K
B E [R) R AL, T T S AE AT SR AN AE AR 2
(Kembro et al., 2019 JEU&4E, 2023) ,1F KiT 08
H AT RE S IR B HLRE Y A A0 B TLAERL
RORERSE, 2019) , AT T B AT 1914 RE T4 #6 5
Ao AR T E 2k v B WA RE R I AE LA SRR
WHEGMINERE SN CITRE) PR, 78 iTid
PG SEAN H A R AR RE T R0 L, PR, AT
EWETNEERER T EM (K 4: B), HifE
B4 7 O TR O S5 AR R AT RO SR BRI, HE
7B /Y RATRE B AL, A REAAF B T R LAY ]
1Ko MeAh, LAAEFE Sy 3 0 e A R AT LA A 2
R, P 10 A2 5E £ 48 (Hanski er al., 2006) ,
PRI B F AT SEIHABROR YR RE . b AE I KA T
AE) SR E A RAT S5 AR T R fE A AR GRS R 3R
WY, b e E A0 ) RATEE B AN AT ) 5 o KR
RE S IEADC (R 1R 3), 5 ATE IR E TR A
KA W (K2 F14) s Mkl & LA 00 E ATEE
BIARAT I [B] 5 TRAT S R R R A A IR AR OC (R
4), 5/ CEMAEACHEARE (K3), BHATEE
&, Ab L RN T MR D B SOR R MA, H R RE
JEREEMSERE, LARE AU 3, F S AR R B 1Y BE
i, I CATRE ) 5 M AT E A OGRS iR, W
EINGTENTIE Sig cY a2 ¢ Rtk Nl Pes
BN AR R EE T, AT EE
I o 1 AR A AR 5 $E A1 BB B (Arrese and Soulages,
2010; Suarez et al., 2015) , 5 K475/ E T B8
PR . M RE M A M Y AT IR B L RAT R[] R
TR ATE IR E TR 2 IEAR (£ 2), 5HF
HIEHTOEE -8R 4) , R =FH7E T
FErpRE SRR R4 n] BEAR ], T A 2o 0 T 4 U
PLEBIHAER N A7 1Y RE S ok 52 i KAT o

E HURATRE ) I ARATOE Bt i A A s () RN B
T A3 1R AU B AR R AR R F
PR T BRGEE W W e A R AR S B T
I, RATRE ST RYPPAL A A1) T AT BE 4 145 AR ]
B Hy, JEHE RATRE ) 2 A o) AR B (R L)
A R B SR R AN R A B SR . b AR AR Dy S %
HEAMWRES Tttt SRR EARESR
GEANAO AR 7 v R 5 A AR T, AR A B R
TRAT S X AN [R] 8 LA SA [ A B B ) e 1Y) /AT
REJJHEAT T I PPAL , TRl s B 1 RATRE ) 22 5%

S AR RATIRRE PR RR , N RATE
FIAAMN S A H R P R SRR IS %
WG o IEA  ASBI ST Xt A8 B 0 AN [R] A PR B
Bl T e ARV B 1) O B 2R LY BN RATRE S 67T
TIRE , T HAN AN [] A= B BEAY AT RE 1
Xt FREIE AL L & IR 2, A o Tt — 22 10
e
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