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Analysis of differences in the flight ability of Bombus terrestris

( Hymenoptera: Apidae) based on division of labor
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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. terrestris 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.

Key words: Bombus terrestris; flight ability; body weight; caste structure; division of labor
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Fig. 1 Differences in the flight abilities of three castes of Bombus terrestris
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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 J5ERE FEGE . The body weight loss was measured at 24 h after tethered flight. TIal, The same below.
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R1 ARFEMBEERNIEES CTEADBXED T

Table 1 Correlation analysis between the body weight and the flight abilities of different castes of Bombus terrestris
g Gt SR ST RATHEES (km) F3RATASE (h) S RATHEAE (km/h)
Castes Statistical parameters Cumulative flight distance Cumulative flight duration Average flight velocity

Pearson fH¢ %L )
. .. 0.222° 0.200 " 0.120
[CEH Pearson correlation coefficient
Queen B3P Significance 0.017 0.032 0.200
N 115 115 115
Pearson H5¢ R %L
. e 0.450 ™ 0.341" 0.231
T Pearson correlation coefficient
Worker I Significance 0.003 0.027 0.142
N 42 42 42
Pearson FHHHL
camon N 0.243 0.200 0.163
T Pearson correlation coefficient
Drone I E M Significance 0.160 0.250 0.351
N 35 35 35

BEEMWE SRR RENBEIELE 0. 05 F10.01 KFEA B EMHXEH, F#EIE, 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.

x2 AEREHEE VITREETRES CTRANBEXES
Table 2 Correlation analysis between the post-flight body weight loss and the flight abilities

of different castes of Bombus terrestris

Al Gt S5 FAT RATEEES (km) FIT CATIE (h) PH AT (km/h)
Castes Statistical parameters Cumulative flight distance Cumulative flight duration Average flight velocity
Pearson fH5C R %
c‘"m*_%%ﬁ, , 0.026 0.131 ~0.040
T Pearson correlation coefficient
Queen EM Significance 0.784 0.163 0.674
N 115 115 115
Pe: AR R
earson fICARAL 0.038 0.072 0.134
T Pearson correlation coefficient
Worker BEPE Significance 0.813 0.650 0.396
N 42 42 42
Pearson 3¢ 2%} - *
. . 0.728 ™ 0.749 ** 0.408 "
e Pearson correlation coefficient
Drone B3P Significance 0.000 0.000 0.015
N 35 35 35
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TRFEEF(P>0.05)(F3: A-F),
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(P<0.05) (4. A),

FELLCAT 24 b JEIREE TR i 2 0 2 7 O i
F,FREREN 0,17 mg/ Sk KRB H £, CATE1K
RO, 11 mg/ Sk ®AT/EAE T R D 1 o 4b
7 F(0.08 mg/3k), = H CITRAETHEZES R
#(F,,,=20.110, P<0.001) (Kl 4: B),
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Fig. 3 Differences in the flight abilities of Bombus terrestris queens at different physiological stages
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Fig. 4 Differences in the body weight (A) and post-flight body weight loss (B) of Bombus terrestris queens
at different physiological stages

B (r=0.336, P <0.05) Fl &t KFraf[a] (r = 0.082; F#BiE. r=-0.017, P =0.925) FIF4 &
0.347, P<0.05) 2 IEM G, 5 KITHE (r= ITHEE(WEE: r=-0.077,P =0.615; /B0 £,
0.104, P =0.534) JC i F A i & £ A= 00 r=0.077, P=0.676) L EHHEM(FE3),

THRATHARES Bt ©ITHE (WE . r= AR AR B T /AT ISR E R R S RATHE
0.201, P =0. 186; B8 £. r = - 0. 048, P = FIBYAE A Hr 4 B R Ab 4 FRAT IR IR E T R
0.795) Rt “ATH A (W F £: r=0.262,P = 5 2 WITIER (r=0. 136, P=0.415) A& &
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] (r =0.275, P =0.095) FIEX) “ATHE (r =
-0.115, P =0.491) Jo & & 0 AH G M i & £ R™
DU E RAT/E R E TR S Bt RATHE R (WA £
r=0.371, P <0.05; /80 E. r =0.386, P <

0.05) B3t “ATH[H (Wi E £. r=0.418, P <
0.05; B3, r=0.412, P<0.05) 2 F BEH K,
SR (E L. r=0.119, P=0.437; =
GIE . r=0.302,P =0.093) LR FEMENME(FK4),

R3 AREEMEMEEETHN VTN SEENBEXES R

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

at different physiological stages

W it S4 ST RATHEES (km) S RATATE (h) - RATHEEE (km/h)
Queens Statistical parameters Cumulative flight distance Cumulative flight duration Average flight velocity
Pearson *ﬁﬂé%ﬁ( . 0.336" 0.347" 0.104
bt Pearson correlation coefficient
Virgin queen I Significance 0.039 0.033 0.534
N 38 38 38
Pearson $H9é¥§5z _ 0.201 0.262 ~0.077
W E Pearson correlation coefficient
Post-diapause queen T3 Significance 0.186 0.082 0.615
N 45 45 45
Pearson *ﬂ%ﬁ& , ~0.048 ~0.017 0.077
i LES Pearson correlation coefficient
Egg-laying queen B3 Significance 0.795 0.925 0.676
N 32 32 32

x4 FREEMRMBEBEETINVTERENS UTRENEETHRENEX LS
Table 4 Correlation analysis between the flight abilities and the post-flight body weight loss of Bombus terrestris

queens at different physiological stages

e it S4 B3 RATHEES (km) S RATATE (h) - RATHEEE (km/h)
Queens Statistical parameters Cumulative flight distance Cumulative flight duration Average flight velocity
Pears KRE
carson ﬁﬁgﬁ, , 0.136 0.275 ~0.115
bt Pearson correlation coefficient
Virgin queen 1M Significance 0.415 0.095 0.491
N 38 38 38
Pearson FH& 2%k
. .. 0.371° 0.418 ™ 0.119
W E Pearson correlation coefficient
Post-diapause queen M Significance 0.012 0.004 0.437
N 45 45 45
Pearson fH5¢ %k . .
. - 0.386" 0.412" 0.302
P E Pearson correlation coefficient
Egg-laying queen BEYE Significance 0.029 0.019 0.093
N 32 32 32
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3 TE
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Hh RE WA it Sk B AT B 2R A AR 2 R
WA A 23 0 T JE LR AEAN R R 2 ) 43 T B f
BEAh TRl — R R & Jr it e vp th 25 % AR HRUBE 1Y
FeAE fIhnige T, ASHIESE B OO H AR I 3 b g A AN
e 3 ASEEAEF B B CATRE SR AT T E , b
REIE 3 AN 2 ) Fige 1 AN ) A BRI BEAY TR ATRE

BN, X R 2 5 5 RAE oy T el i An

i~ Hi

EYIHIC(E 1 H13) .

B e KT R b 2 AN R A B R R
Wi, 7EORIEPREE S5 F— BTS00 T B A B R
RATRE N Z R SN FE N R, TEA SR
H SR AR LI RATRE I i e B BN R
— B OLT  MEVE R dUry AT RE DR T MENE . it
SEH W Apolygus lucorum FMEEEWE Osmia excavata
MEFHL B AT RE ) B R T E AL AL (L et al.,
2007; THEAE, 2013)  (HALAFAEA—ELRIE5 R,
EFE AWk Hyphantria cunea VINFIEERE MK Lymantria
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dispar FIl —. 5 BRIk Athetis lepigone TE ¥ HL EG HE BY,
HURg RAT RE 1 BEBR (ISR, 20125 FRAE U AE,
2014 ; ZEAE B4, 2023) , 75 B4 5T Bk Spodoptera
frugiperda . 5 M & [ Agrotis segetum AL /)N 52
Bactrocera dorsalis BIWFFE R ME A R KATRE G
s B (FEEEESE, 20165 SRV R4, 2016, Bt
USEE, 2019) , B RATRE ST 7E AN [R) A4 B H rp 5 e e
ARG AN S8 22— 2L, W] RE 2B AR R B A2 1k
FIREA Y KR A A B, AR5 i 1y SRt
RATEERS R AT ] oK AT R R A KR AT
s [ S 3 v T (e E R T ) A (B 1), SR
WFFEHY MR RATRE & T e I A — 2, AT RE S A
WFTER A B 8 Ry P A I OC . A RIFTE R
A WG e P AR 5 S Y LA S 0 SR AR X ((drone
congregation areas, DCAs) , ## 5 DCAs #7275
BE A CATEE (i 30 min) ( Koeniger et al.,
2005 ; Rangel and Fisher, 2019) , B4k, it 7 Fldsg
FASHL 2 1 75 B AE DCAs X3k 5 550 F Sk b e 5
(Heinze, 2016) , HAEFIHEE 2 ~4 km 25
LG CIT (Ayup et al., 2021) &Mk, 5E AL
SEHE (Reyes et al., 2019) , X Al BEJE M A i) 1l fE
IR RATRE ) B TOMEE ) R
S PERGAR IS TE W AT R TR EREE S,
T 4b 2 E RS F B 1 DCAs XU 58 58
BC(JAREHE , 2016) , 3k ] BE b g AT RS | RATHY
(i) d 2 v T AT R O o 25
Z—o BRTER R A R e AT R B — A
B A B R R, — AR BRI B AT
AE 1308 (XITHAE, 2018) , 76 Hb RE e Ml P e v A7 7
— B EE R b RE B 1 i TR AL T T HURATRE
N F T T,

B mpy A4 Kk F SR R AU TRE I B A
WA, — B OUT RS BB P O i S
HRATRE &7 A A Ak, Bl n, A AL AL B 8
Euzophera pyriella F1SE/NE T Agrilus mali 55 B HUHE
AL R AT RE ) W AR TR S HE Y (R S
a5 20205 DB 2020) , A 45 5 3 0 Hb AE
PR A2 T RATIN ] AT R B AR AT R )
o T A O A (K 3) , RIS IE 5 M AR e e
FERYCATRESIBEAR T, X 5 FaR % FAl—2L, S K m]
ABJEAL 2 AR A IE 5 i B R w ZR R |
Yy, AR N I8 SRR D5 CRAE IR i B B 2% 330
A T 1) RAT RE 1A B R 23K (Tatar and Yin,
2001 #RELAE, 2019) 1 H RE MW B £ A O

TE RATRE) LIC W 22 5% (18 3) , T REE IR D i &
fbRA B G, R RTTR T RSOREE WA, HA
WHYOB ST A E TG = BRSO o, (AT RE
NRFERTAL T, MWW ETLREES, BT
PRER IS JUHGE SR — L T B | e R RREE Ay
LU DN SRR LR AT RE BRI AT N ()
A TGS (HERRRE, RV G M™%
S b R M ) RATRE T, X 5 T AAIE ST AY S BC A
DN 2 52 M B2 AL Bl ) K AT BE ) (Hanski et al.,
2006; Azizi et al., 2009; W%, 2013; T f5 5%,
Autographa nigrisigna 1 6 B W 78 35 T Agrilus
planipennis W1, 22 T J5 A9 ME B AL TR AT HE 7 B 5
(Hashiyama et al., 2013; E#, 2014) , XAl e 5 E
BRI E BT 5, AL, R — B R R A ] AR B
WrBOHRATREIBR 13248 KR & M ST RS20,
AIRES HARE A AR A AR AR S

B HU) RATRE 2 T ORERL DR B AE AT R A
BEORRE, REERN AT R R R b 1 AT RE
T (THEZE, 2013) , 7ML AE M = AU opr |
e T AR 5 o T M e R T S e ) K
Fe TR (K2 A) o SR, AEARWTSE b, M fRE
SR R AT TRAT RE D R T A TR (1),
XA e = AL A ST A AR B BOR TR A DG,
0N R SR N R -8 = 51 N N
TIHNPRAGAL P S R B A Sy BB A HLAA
HARATRE N TS L ST F— UK
O SO T L, TR SR K
SRR RIS 2 1 — & A, HoAR B/ T i
AR, T BE S 2 RE ) B — o I 1 SR (R
TS, 20155 JHARHE, 2016) . 7Ede TURRERL AR 1Y
AR I E AR B S T AL EAEEE
(K 4: A), FERPN I EINE LTS, AN
AR IPAH ; 4b L F A B & & T E £1Y
(K 4. A) SRR B EAEAR BRI & AT AR
HEE(1 -4 C) A 3N, IRNA# T 80% Y AE
BTN R I RE (Alford, 1969) , AT 5 i
LT AL E,

BT H SR AT S AR T R R T RE S
BT BB AR —E A G, ARER IR,
b R e B AT A AR S R T e A T
(e RAT R R R R 3 T LR, RATR
TR TR A 22 5 S R 22 S — B (BT 2) , T RE
B ARI O, AT R P IH AR RE 2 (R ER IS,
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2020) , HIRNAERR R RE T BE Z 1), B AR A i iy A5 I
%) 53 AT REIE o — i B B AR O RE L AN, T
WA A AR RUR I £ 255 83, &t S K
I p R Ak T8 T B AR AT SR W RN D 4B AR X
(Kembro et al., 2019; JEWE4E 2023) 7 K772
H AT RE S i IR B R HLRE Y A8 A0 B TAERL
ROFERE, 2019) , NI 2B AT RGETH FE A
A Hb AR T 2k W B A0 RE I AR LU SRR
WRGMINERE SHM CITRE S TR, 78 ®iTad
PR EAS A AR RE T RN L PR /AT
JERE MR RS TAL ER (K 4, B), HigE
B4 7 B AR B 5 AN L 6 RAT IO AT R BRAIG,
D=0 1) CATRE iR 1k, AT REANAF B T 6 BRAY K
TRk Wb, DU S 32 0 M ol e AT LA A 2
KBRS 1) 5 R S8 (Hanski et al., 2006) ,
PRI B F AT R ZEIHAB ORI RE . Hh AR ©AT
R SR A AT IS IR T M & A AR G 25 2R %
B, b A T 0 ) AT IE B R AT A S A R
RE S IEADC (R 1M 3), 5 TR E TR A
RPEAE (K2 M 4) ;M F LA™ 60 £ AT
BUFRATAS )5 RAT 5 AR E T B A R IR A OC (R
4), 5h RATAREACHEA R E (£ 3) ., HHTTHE
S A ERT A S O R R AR, H R AR
JERAETACHE, et AR o 3, T 2 AR R R e
i I ATEE ) S RETARE A DGR, AR
FAHR E IR ST R T, ZHEE 2 AR E LLTE
BN Y B E S TR, TR
FEW) ) A A B L BE & (Arrese and Soulages,
2010; Suarez et al., 2015) , 5 AT J5 /K #H T K5 AH
METE R, M BB A e 1 AT R B L RATE ] AR
TS AT A AR TR 2 EMAX(FR2), 5
FIaH- e B X4) RV =FH e Tt
FErhRE SR YRS n] BEAR [, T A 2 0 T 44 )
DL AR N A7 1 RE S0 ook 52 L KAT
B RATRE S AR AT B A AR A s TR R
AR E] THE O R R R R R AEAEE
PR T BERSE  2sse eA]E EA AE AR IR
I, RATRE S B PPAL A T AT EE A 1 A8 SRR
ELo, JE R RATRE ) S Bl T ) AR Y R L K
A PR B AR R R R A R AR, M AR M1 Sy B
HEAWAHBEES TRt SRR EARESR
AR A 7 b R 4% AR T AR A R B
AT XA [R1 0 Y D) K A [ A B B 1 0 1Y) /AT
REJTIEAT TR B PEAL, R B A T RATRE ) 22 5%

YA R AT RRE PR R ORI E
GRS R A H AR P M i RS S
WAl o A ASBIFGE BT T i B 06 e F A [m) A BBy
Bl % T e ARV B 1) O B 2 PR BEAY) RATRE S 2EA T
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