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Oviposition Behavior of Bumblebee (Bombus terrestris) Workers
in Queenless Colonies and the Reproductive Traits of
Worker-produced Males

Ji Hyun Woot, Min Su Park*, Hyung Joo Yoon*, Kwang Sik Lee and Byung Rae Jin*

College of Natural Resources and Life Science, Dong-A University, Busan 49315, Republic of Korea

M In bees, workers are capable of reproduction in the event of the queen’s death or at a certain
stage of colony development. In this case, workers lay haploid eggs, which produce only males.
However, little is known about the oviposition characteristics of bumblebee (Bombus terrestris)
workers under different rearing temperatures and colony sizes, as well as the reproductive
traits of worker-produced males. In this study, we investigated the oviposition behavior of B.
terrestris workers in queenless laboratory colonies under different temperature (27°C or
32°C] and population (15 or 30 workers in a rearing box) conditions. Additionally, we examined
the reproductive traits of worker-produced males. We observed oviposition by one worker in
the treatments with 15 workers and by two workers in the treatments with 30 workers at both
27°C and 32°C. Compared to treatments with 15 workers, treatments with 30 workers at both
27°C and 32°C were associated with a higher number of oviposition events and more eggs per
egg cell. Workers at 32°C exhibited a higher number of egg cells, whereas workers at 27°C
exhibited a higher number of eggs per egg cell. The mating duration of worker-produced males
with queens was shorter for males from the treatment at 32°C with 30 workers compared to
those from the treatment at 27°C. The number of sperm within the seminal vesicles of worker-
produced males was higher in the 27°C treatment than in the 32°C treatment, resulting in
a higher number of sperm within the spermathecae of queens after mating. These findings
indicate that in queenless colonies, worker reproduction in B. terrestris is influenced by
temperature and population conditions, and that worker-produced males mated with queens
and transferred sperm into the spermathecae of queens.
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H72 o]Zojz B FASH} (Duchateau and Velthuis,
1988; Free, 1993). L&t HYE2 113 1A= 74
of ¥} wrlE 2 Aojgdnto] kol o171 6~7
ZNG7t FrshH, o] 5ol ol B A A Ao Atets she
AGAFE 7H- T} (Heinrich, 1979; Duchateau and Velthuis,
1988). X FHIET B Z-2 SFEUALFS AT &
Foll ot AR oot FEER HoF AR 2 7]
3t o= F oI AT HAF FAask Qe
© & YEHTH(Goulson et al., 2008; Dolezal et al., 2016;
Martinet et al., 2021b).

X FHDE (Bombus terrestris) A 2 G AXH,
FlgH o] B ol A oA Aua) Abeke fefe
22 (Juvenile hormone) 2] &4 &St UHsHA A
%o} Tk (Bloch et al., 2000; Shpigler et al., 2014). &
EFA| (Corpora allata)ollA] EH|E= GoFg 2.0 A4
22 22 (Gonadotropic hormone) 2.2 2}-8-51] 7]
Al (Fat body)°ll A H= a2 (Vitellogenin) 2] 232
FQl dRAzo] S ZXI9to 24 o] A
Z7d3th (Riddiford, 2008, 2012). F1gH o] ol
ol ] (Mandibular glands)olA A E = HZ2E2S
off o] deteAE Ao RN - At =
2| gt (Roseler et al., 1981; Bloch et al., 1996; Cnaani et
al., 2000). Ttef AHo] A5 ol ool FF=d
(Dufour’s glands)Ol| A &H| 5= AR FHY == o<
22 (Queen pheromone)= S0l o4 ¢ g o] oo
TEo] ofeh i} o] HeiHor o] Aktet &
L2 HHE Sl A7t (Ayasse er al., 1999; Ayasse and
Jarau, 2014). SRR ojFdo] Lo AfE|o] B0 FEH of
SHAAU oW AR Lpol7} W Ao daTvt i
Sho] Atgtstr] AJZFSHth (Ayasse et al., 1995; Bloch and
Hefetz, 1999; Bloch et al., 2000; Alaux et al., 2007; Lopez-
Vaamonde et al., 2007; Boomsma, 2009). ©]|Z2 7] A=
oJsf Abete %_*8 FAEA] -2 WA o (Haploid egg)
2 $Ho] Tt (Lopez-Vaamonde et al., 2004).

sge) AR Folq ol 5
Sk g o]th(Yoon et al., 2016). AFFFH] wnm
S} 5~104 9] o 98} 5~20 Ato]o] ¥
W5 dojubH (Roseler, 1985), 34 oAl 7]+
o] A9 9351 6~8Y, 782 5L 6~102 0] B E|GL
T}H(Yoon et al., 2016). S8 (Bombus ignitus)2] 73
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E‘r(Yoon et al., 2018).
E(Lee et al., 2002), &
ZAE] %*E}(Yoon et al., 1999). ©
el AAet 93t g
Bropx um 9%lof 4445t 7|2 WAZ
A9tk B 118 TH(Yoon
et al.,2018). F1F9E2 wH] *1 G0 A2 5 10% vt
o o] G E o] Fl A H T (Roseler, 1973;
Duchateau and Marién, 1995; Baer and Schmid-Hempel,
2000). THEZ A 2520 BH (Apis melliferaye T
o2 wu|E B AAE A= eF 4705 2 &2 4
7515].1—_ Eﬂ JJJ_,(}_G]- 7\41]-_'_ 100~160%F 7HE\“4— _.OJH\] D_]-.Q s
173t (Page and Metcalf, 1982; Laidlaw and Page,
1984; Page, 1986; Haberl and Tautz, 1998; Franck et al.,
1999; Baer, 2005).

FT 715 HetR QIR 7|2 s %
H 2 WHsle] 535 Rt oA 4
T} (Deutsch et al., 2008; Kingsolver et al., 2013). H
2 sk A%t ol thesh] il Wl R
T2 Yol A5 ste, LTt £35S W) BN
Sh= G o] Hl&o] F7FoFITH (Sepilveda et al., 2024).
SHAIRE FH G- Aol F7H] CTmax (97
2I)o] 2] WHol|7F §l 9™ (Oyen et al., 2016; Oyen and
Dillon, 2018; Pimsler et al., 2020; Christman et al., 2022;
Gonzales ef al., 2022), ZH¥ 22 32of tiet 4 WA
T 25 s3] FEsith= 2ol B Hth(Oyen and
Dillon, 2018; Quinlan et al., 2023; Septilveda and Goulson,
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Sh= A2 2 LEFHTH(Martinet er al., 2021a; Campion et
al., 2023; White and Dilon, 2023). |4 g o]H
o] Ateh, wn] £4 9 ofspdo] Attt o] HApaot
wa] A7) Foll Higt A7t wol Fof AR, 7|5 1St

=
E,q]zo
=
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19719] DAU 2AIH ojhdS wm] Aol A
gotrh oyt £l 119 HER Wolg ARt
(50 x50 % 60 cm)°ll Bol WrE AlZh 2R 23°C,
65% R. H., 14 L, 1,000 lux °]’F 22 5}t (Yoon et al.,
2003). WHFA} Qo= SRRt 40% HEES 350
poie PTASI PR P == o P BES oi1 FG A d o Bt L B o
| AZH10.5% 14.5%6.5cm)E A4 Au|A7HS 246}
At ZAREE 27°C¢t 32°Cc+H 242 gute], 7utE] 2 sf
Aot W] A o] G2 ZAF EQL 93} 5~74R O] U
o] Y2 LG ALgSITt o] R B4 A
3 (Seminal vesicle)S w25t AZE =3 5H T (Yoon
et al., 2014). THH A2 = 1.5 mLe| FE (Eppendorf
tube) 4] PBS 2H5-<H (Phosphate buffered saline) 100 pL

165



XY, w4, 2HF, 0|4, Zyay
of £gstaict. o] £t FollA 10 uLE HH o= 9| U, dio] W2 =1 0] 24 H| W= one-way ANOVA
LLAFO] E U] E] (Hemocytometer)©ll E o3 4008) 8f& test (%] BAFEA) 2 B9 o0 §-o]4o] HolH
2 JAu]7 (Optinity 4K HD Camera KCX-80LA, Olympus =0 sl AFEH A2 Tuckey’s HSDZ ST
Corporation, Tokyo, Japan) StollA] =8 g af2|o 5| A}
o|Eu|E 5~77t8] AR5 TAFSIIH. wn] HAF-o]

o] A 2AME fIste] 27°C A2 ellA aw] A 10mF 4 1
2], wr] & eute, 32°CollA ww| A 119te], we| & gup
9] S ARSIl o 8 U A 54 1. {2 22X FIEH S20IM AL 222t
517] 91sl 27°C 2} 32°C A 2|HollA wrlRt 93} 9~11 LA L JHH[0 W ol Mt
9 Oi%zé% AFe5tT), of g o] A | 7@1}4\;&_)—1 ofap BA A Qo] AEE S & (270C EL 32°C)
0] 19 & AL il pBS ¢ 20 Lol &85
of 910] 2110 MA}Ls ZAO} e HrHL0 2 AlglaholTt 2 A IS (S 157 B 30mte)of whE 54
& AT A 1594 AL Ak 27°C(C27) 7ol H]
4. E7 Hal afl 32°C(C32)FollA 22l ISDTE] (15W)T-Eth 3013}_3]
@Gow)TellA o B2 Gt EEQITh(Fig. 1A). B3
B Ao Avte P+ BEEAE YERQITH BE 27°C¢} 32°¢ 9] 249 3outE] Lol A antE] o]t A o]
SAEA-2 SPSS PASW 22.0 54| m7] %] (IBM, Chicago, Artsh= 22 3Hlskith(Fig. 19] €32-30W, C27-30W).
USA)E °l-8s3itt. UDJ 7], e S8, Y 2 2= 9 iAlE ddo] A5 2R Bt A7E X
71 (52, A, A%, Az, 2rARE 9 oehd o] 4 AFSH At (Fig. 1B)y= T3 4.74~4.79 mm, B73 5.24~541
W A= ttest2 oS AASIATE W4, dag mm, %°] 4.71~5.51 mm, 57 0.53~0.56 mmZ 27°C%}
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Fig. 1. Oviposition of workers under different temperature and population conditions. Observed for 30 days following treatment initiation. The
B. terrestris workers, in the absence of the queen, were reared at 27°C (C27) or 32°C (C32) with 15 workers (15W) or 30 workers (30W) in a
cage. (A) Representative images of egg-laying workers, photographed 15 days after treatment. Egg-laying workers and egg cells are indicated by
circles and arrows, respectively. Size bar, 1 cm. (B) Size of egg cells (n = 6~7).(C) Number of egg cells (n =4 for C27-15W and 5 for C27-30W,
C32-15W, and C32-30W; p =0.004). Different letters indicate significant differences among the treatments.
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32°C 7ol EAA G012 Holx] oottt A3 A 30 I} (Fig. 2A, B)&= C27-15WollAl B 487}, C27-30W+=
Bt 2E 9 A FiAE = GG 2ARE A (Fig. B+ 10370, €32-15W+ B+ 3.470, C32-30W+= B+
1C)= C27-15WOllA Bt 9.871, C27-30W+= Ht 22,071, 8572 BAA 52442 HATH(F;, 15=8.45, p=0.001).
C32-15WE= B 14470, C32-30WE Bt 244712, & 250 QloJA 27°CE 320CHT W4 A1 Wi
St =0 A AT BESE o] U E Al U= BIARE SAH S E = Zo|E HolA|= gttt
= UERITH(Fs, 15=6.86, p=0.004). T2 307H] ol (Fi20=1.77, p=0.198). &8 A5=2] 72, 300t 77F
HI s 2ERTH= ZjA|Sof] o] s W AoR 15k} oF 2uf o]} U7 W2 Ao TS
ERITHEE, Fy 17=0.63, p=0439; RA|55, Fi17=18.44,  THEF1.0=23.12, p=0.0001). ©]2|3t AT} & uf wa|s
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Fig. 2. Number of eggs per egg cell laid by workers under different temperature and population conditions. Observed for 30 days following
treatment initiation. The B. terrestris workers, in the absence of the queen, were reared at 27°C (C27) or 32°C (C32) with 15 workers (15W) or
30 workers (30W) in a cage. (A) Representative images of eggs within the egg cell. Size bar, 1 mm. (B) Number of eggs per egg cell (n =4 for
C27-15W, 7 for C27-30W, 5 for C32-15W, and 6 for C32-30W; p=0.006). Different letters indicate significant differences among the treat-
ments.
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Fig. 3. Emergence of males under different temperature conditions. Observed at 27°C (C27) or 32°C (C32) with 30 workers (30W) in a cage.
(A) Emergence day of males (n =3 for C27-30W and 4 for C32-30W). (B) Width of head, width of body, length of body, and weight of body of
worker-produced males (n =19 for C27-30W and 33 for C32-30W). Data are presented as the mean=+SD. *, p <0.05; ***, p<0.001.
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A)

Queen

Mating duration (min)

Worker-produced male

C27-30W C32-30W

Fig. 4. Mating of worker-produced males. (A) Representative image of mating between the queen and a worker-produced male. (B) Mating
duration of worker-produced males with queens (n =28 for C27-30W and 10 for C32-30W. Data were recorded at a mating temperature of
23°C using worker-produced males from C27-30W or C32-30W. Data are presented as the mean+SD. *, p <0.05.
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Fig. 5. Transfer of sperm from worker-produced males to the spermathecae of queens through mating. (A) Number of sperm within seminal
vehicles of worker-produced males before (n =10 for C27-30W and 11 for C32-30W) and after (n =6 for C27-30W and 8 for C32-30W) mating.
(B) Number of sperm within spermathecae of queens after mating (n =8 for C27-30W and 7 for C32-30W). In (A, B), data were recorded at a
mating temperature of 23°C using worker-produced males from C27-30W or C32-30W. Different letters indicate significant differences among

the treatments. Data are presented as the mean £ SD. ***, p<0.001.
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QUgio] Azt ol Uo] W 2ol WA S

A gl 2 0] GApTE 320ce] o] WISl of &2 2I0] 32°C Aol FTt gobAle AE &
139 B2 20 2 WPt (Fs 230=44.26, p=0.0001). T QISIAT. wHapA] dl2o] ofshd B A MFH g dH
g, do] W2 ) woleh oo LA Ui A o AR B5E ST A E3F A AA
5 ZASFT (Fig. 5B). 27°C A2|FollM o] g2 HlaoAe 4 30uta] 7} 150k ET oF 26 =
ST wofek ool £ W QA oF 207247 E@2 S IS, ol 2ntE] o] I Al

=2 320C9] =97 W
1497770 Er} oF |

n|gh of P o] v f Y2k ek
A8 =7 YERITHp <0.0001).

Xt

L.

A FE G (B. rerrestris)O A oJYEo]
B i g oA Dol I e ARk o]n] dEA
Qltt(Bloch and Hefetz, 1999). T3t FHJHLS
I 29 5 7|5 Hstof| mkE 120 o] A4

oY Faol AHA JFL W

1:11-

N

o
81t} (Oyen and Dillon,
2018; Martinet et al., 2021b; Quinlan et al., 2023; Septilveda
and Goulson, 2023). ASFHAH] FHFLL L= 27~
28°CE H I E| Q)T (Wysocka-Owczarek, 2006; Roman
and Szczesna, 2008), 32°COll A= A FFHFE 2] P5ol 4
S Hh=rhyl B 189 EF(Kwon and Saeed, 2003). Tk

A 2 AoflAs 25 2 (H2 27°C BEE 12 32°0)
T A ARAla= (157 Ei= 30mte]) 204 ol K
A Al AeFFgE o) et EAJT dlo] W2 =1 o
wu| EAE AL

2 Aol ZARE AR FE Aol /g F| 9
A7) 2% 9 /RIS Zfol7t AL ¢l ¥hH FH)

H(B. ignitus)°ll A E1H JH O] W3] 27](Yoon et al.,
1999)°f| H]3l & A5-2] o] FATH Fol= T
7301]*1 1SHH 231, Eoli= 1.54] =3I 2 A A
FAAe Aol 77k 2] A7) H]
= AR FHIE Bloy 27+
HAAh o] & AFolA
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D‘ri 047474“’% o
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L
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s eI ol el 2
T Wil4= B3 (Gurel and
A 2 A9 A E
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7} 32°Cl Hl5f o Wk R G g
= Bl oA = 27°Cc} 32°C°ﬂ’\1 3013}31%% 157ke] o]
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Ao soute]ol A G S ST 049}
Holup sl ojghio] ThE W g0} vl o
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