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Effect of CO-treatment on Qviposition and Colony Development of the

Bumblebee, Bombus ignitus
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Department of Sericulture & Entomology, The National Institute of Agricultural Science & Technology, RDA,

Suwon 441-100, Republic of Korea

ABSTRACT : The effect of CO,-treatment on interrupting diapause of Bombus ignitus was examined
to provide a means for year-round rearing of the bumblebee. When mated young queens were exposed
to 65% or 99% CO; for 30 min daily during two consecutive days, oviposition rate increased to 75%
and 77%, respectively, comparing 50% in COs-untreated queens. At the same time, the days needed to
first oviposition shortened to 17-18 days in COx-treated queens, comparing to 30 days in CO»-
untreated queens. CO»-treatment at the second day after mating was appropriate to the oviposition and
colony development. CO;-treatment showed a positive effect on the oviposition and colony
development, but less than them of overwintered queen in numbers of produced progeny. It can be
concluded that CO;-treatment to B. ignitus is insufficient to produce commercial grade bumblebee
colony in spite of its capability for promoting oviposition, because the treatment failed to form a big
colony.

KEY WORDS : Bumblebee, Bombus ignitus, Carbon dioxide, Oviopositon rate, Colony development

E & : 39PU(Bombus ignitus)ol HE etAlsAe] FHelst aae 7 =89tk 65%, 99% -
=9 g7 ] A3, AFg T3] 50%9 Biske) 65%38) 99% 2] BFAL7EAo) A EA)7)
Aol A Zrzd 75%<F T1%2 Z718kgan, AAgka e ds w3 FxjgLoA] 3090 ZAy
vlgted 65%F 99%9] APFelME 47t 1843 1742 D&He] e ehibrkA Hgasr)
vepdt) 28y 65%9 99%2] AP T Zhelle Afo|7b HolA] ¢ko} 65-99% WY M o] =
=9 BRIVIAE AMgdl e & oz A4ET =3 ehibvta HA A= Are 1] 9
3ted, wu| F 1YHE 4UA7RA] &7 A3 A Albdst Eabde] wn) F 2947}
71} $43te] A A7|2 BgE e 2y subdel) Ok ehAskA AEls ARkl Bt
2ol AL ARE BYRAEL Y 7t 45 iR o] sbkA Hete g
AEA e 3 328 95 Ak wble s BAGE Aoz AdEgd

O] : Roda, b, Sabsls, Aleh, 342D
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Fodel Agabe 1ol IH9E AXed o
2 7hEel] mu|g & YF3te] o] FS E Wl 4
Gohm S, EA B Anw FoldnE e
o 28 Ao ‘Q@"] E33ly ofshE2 wslg
52 FEa Abdel A@3siH, $-313 dHe] &of
2 2937] ARtslEA wE £x2 3471 FAE
of 2-37HY el A7l 23 7o FHEHA
I} Al gt o] Z3sled AA7]e] Hol =, o]
A& AFste] AU S E3ste] 4, $Ho]
2 Fa1, wn)E B Alejshdute] whdre] 2hg]
3t Fell Eo7ks AABARE 7HA 2 YlvK(Heinrich,
1979). 1 el 149l Q]l Z¥PH(Bombus ignitus)S A4
oM dFH oz AYAEEr] siME AKF =2
FHE s Fe do] 28 EUHAEse 53 9"
$7F 7 RolAl = B2 HAT]E A el
AMe g AgFH o5} AL A subH | 3R
i) 7E Bogk Al7]E 27HERE o)EsSl RETA| ¢
o)Ay <kxlztol| = Al7]|H o= 9HA 3] of i #A}ol
ot} wpelr] subE-E AF A3 A
= 39l FHE A9 'r"]i elatsie uhge 7
Fatedof Fho) TE0] FHE EA d8A7]e AHY
g ex %, 4% Y & 13—7]' ez e &
24 slel] Hiedd oz M 7H*]51°1(Man5igh, 1971), 4
Zlell Bo]Ael Al FHzt W-8(daipause de-
velopment)2 5o 24 ZFa ¥ v(Andrewartha,
1952). 3uby-g x&sl= 5 o8 &(Genus Bombus)2
AEA 716 FHEe EAS 2, RE ASFH 2
o] &3l5o] o] 717t Floll: dAe] o] A
A2 QA Pk 239 FHE J9AF o= Eluls)
e g 71R] glovt I FllA 'Rk mtE
22 elulsl= 7]4-8 Roselers) Roseler (1984)0]]
s FogHel M= AF "1551‘3133‘:} e 7 el |
2 Fds eEsie e Fede dF AW A9t
%2 7hsA ST, ePIME FoEE HEes A
st FEuiNgoz FEjss 71ge] ©HAEHA F
= #1717} =g)vkvan den Eijnde et al., 1991). 22}
eabrkag AE)g of9hd Bl YHe] fFE
) ¥2]x= 5] HAEA K Pomeroy and Plowright,
1979), WA AlgtollA 8ol Z¥s=(Roseler,
1985) 5, BAldgo AlAe Hzhg-o] vehir| = 3

At
2 Aol M 39PH(Bombus ignitus)yg& QZ A

Argsh7) SsiAl AdelA ALEE s e 24

F—v-" A3

Y‘

F“ (i °{>"

42(2), June 2003
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317] S8l IEDAE Feol FU Ao Ul
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2 &AM ARSI o, el 50mte] o)A &3k
2EEdE Y8 37 S48 F$olAAH24.0x27.0x
18.0cm)ell &AM A3t =-

B2y 0% AerEs spats T
FE-e A FE-E 50%0 AuER £33t @A
2 9Eo] FolslT, TEE ZF Fo]7I3x14cm,
6oml g3 4T BeAE olgste] F 33 Fol
lodch AFS3 AL 27+1°C, 65+5% RH 2 3t=A
oz Assgs

e o] wu|= Wu]LARRKH55 X 65 x40 cm)e]] S
3 5UA9] b 1vtElg o 2-3nlEE ¥ w

o g AZe Zo ARl s Sheskael ARES T
U A & FA A2 T Dl
dshie] ¢& 4 9l AFelew, 1547 @w] 7]
3E F F Alge] A3l
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ojspzubde)] g Tz HH sEXASE 7
gal7] flsted 12 Al A &bk &3r) 3k
30% %-%(Yoon, H.J., unpublished)= A 2]3}3, 65%
9} 99%9] B} AE 2447 7HA o= 3084 23]
(Roseler, 1985), Aol A} Al AE-3E 24 2} 44
wm| ojshiel] B3 F, ARgEhEA A B B
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AR2A £3 F 10209 ] A3 dHE wibs
AEsled 2vte]d AR Yol ARRIA AR
& AAEtA e U, SIS, 4F5Eds 58 =
AFsled ek (Yoon and Kim, 2002). AA2tA 4= A}
SINA] F o] A AltE W7kA| A8 @R
2 ARSI, ARSAIE F 60U 0] A Al AbrsE A
2 AR AT A Bl Az vl
(Yoon, H.J., personal communication), AFgHA ZA}F T
Aol A 2E] A A A, S P Aleepde] &
P4 dpe AdoEe ARdE 7|32 Iy
oI, o gl Alejgpio] A FHG w7pR| e d4=2
AR st} B2 &8 ddol 50vle] oAt £HT
22e WEEE AAsloh '’abks XE 21§
oJ9pd FAFS AlRTT 35mbe]y 3uEoe = gl

o},

EMIIIA X2|A7|H Sutgel Mty 3 SAge

o Jaubdel tiat Rarts HA AziAle 79
a7 flebed @A) F 19 AR o] F 4QA7AA
4708 AlE Tl 65%2] "AZFAR 2447 HH o2
3084 23 AYHIUL TAFE AR ALY 2
sAHe) melE e AYPT smleld duges
AR A R 2SRk e 9
T bl AR B BAEEs FYsieh

2 Age) EAEAL 913} one-way ANOVA test
¢} Tukey’s pairwise comparison test (Minitab Inc.,

20005 AH-g-3kad=t

Az o 2%

BHATLA XS ofghdol 4y 3 SHYE

65%2} 9% =2 ¥Al7f2o]| HEA7] ofskant
el Alehg 9 AAtAedS4E AR Z7NFig.
D), AFhg-2 Zx)8) 2] 50.4%9) v]sled 65%%F 99%
A HE2ToA) 4T 74.5%% 77.2% 2 25-27%
Z7}ste] A7k Ml &t = orHF=8.58,
df=2, 6, p=0.017), 65%2} 99% BHAL7}2 HEF7te)
= zolst glekF=0.17, df =1, 4, p=0.705). A Akst
Aedsy wit FxEFrt 30290 HHd ¥|ste
65%%} 99%etA7LA AEFAE 7z 18343
17.0¢42 1.7-1.8v} &5 o] F813 shabvka X
97} eRgorkF=21.12, df =2, 191, p = 0.0001),

100 r ——1 Oviposition rate 40
—@—- Preoviposition period
80 b b A w0 =
17 2
z 3
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Fig. 1. Oviposition rate and preoviposition period of B. ignitus by
different CO; concentrations. For the statistical analysis, one-way
ANOVA and Tukey test were used: o =0.05 for oviposition rate;
.=0.001 for preoviposition period.

Table 1. Rate of colony foundation, progeny-queen production,
and male emerging rate at first brood of indoor-reared B. ignitus
by different CO; concentrations

Rate of .
COscongen- e ofclonyprigeny.  Male crging
tration (%) (%) queen produc- brood (%)
tion (%)?
65 89+29b 11.8+1.1b 30.0x11.7
99 54x0.3ab 84x1.7c 27.2+182
Untreated 1.8*+16a 44+1.1a 21.6x10.6

*The figures stand for means+SD. Means followed by different letters in
the same column are significantly different at o.=0.05 by Tukey’s pairwise
comparison test.

Apzte A FAAPE AAHA AdHF
=0.46, df =1, 146, p=0.496).

RA7bA A= 323 A &(Table 1) 42
o] uldke] 65% H 99% wHAZEA RSl A 3-4u)
I A PEEEETE QA B2 A= 18-
2.6W ol BAA FAAt AU ELIANE,
F=943,df=2, 6, p=0.014; AojPHE2HE7E, F=
23.08, df=2, 6, p=0.002). T2} BAFIA FEE A
7 79 32¥AE 3 AAPEERITEAINE
A 2 ool AMTHETIAE, F=247,
df=1, 4, p=0.191; Aej L2 HL78, F=8.82, df =
1,4, p=0.041).

Aol A o] EHst= wEE AN AR
(Table 1), BAH o2 42 AL HF=0.53, df=
2,6, p=0.615), =22} 21.6%Hc} 5.6-84% o @o
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Table 2. Durations up to adult emergence of indoor-reared 5.
ignitus by different CO; concentrations

CO, Durations up to adult emergence
concentration  wgrkera b Male* n®  Queen* nP
65 23.7+£52 20 449+175 56 75.7%15.8 13
99 243453 13 369+125 45 827382 9
Untreated  25.0%6.3 17 39.1+£153 39 65.6%£228 5

“The figures stand for means £ SD. There were no significant differences in
durations up to adult emergence.
bn means the number of colony surveyed.

Table 3. Number of adults produced from queen of indoor-reared
B. ignitus by different CO, concentrations

CO, Number of adults produced
concentration  yyoiers b Males n® Queen® nb
65 9394246 7 349.0x1493 7 23.4%245 11
99 86.0+20.7 5 350.2%+154.7 5 29.0%x53.6 9
Untreated 82.0+283 2 339.0+424 2 185+247 5

“The figures stand for means &+ SD. There were no significant differences in
number of adult emergence.
n means the number of colony surveyed.

233 A B¢, Roseler (1985)= &7k~
x]o] Hatgoz Fuje] YT ol G
we} BA7E e Aok Barsksloh
la AEle sl AFERALAYSLE AN
77K Table 2), F-xe]9] dHEZHLQIPE 2592,
2T 2498} 3% A E3G et BAH A
ol Sg)5UF=0.25, df=2, 47, p=0.783), ¥ 2 x==7}
dlx £ox1= ggtHF=0.11, df =1, 31, p=0.747).
SHERL IS, =3k T2 399 vt A
P 374592 HAIAAY o33 8 Ao FED
o a7t AAFA dUHRAEAA 2], F=1.62,
df=3, 137, p=0.187; 2%, F=032, df=1, 111, p
=0.572). i ZHAS AL A9 66Ul ¥
3le, 65%, 99%2] WAFgEel HEFAZ] FlrE 76
A7 8342 10-17¢ =A EH3R AN FAA 2
i}-l‘— S eHF=0.67, df =2, 24, p=0.519). 27 A
F2Y5e] Hem AW, 5, P BF sHES
el 77} FHe B 2847t v 2] skl ovt
EAA foAe ddoen(dE4s, F=0.18, df =2, 12,
p=0.836; £ 2 F=0.68, df =2, 12, p=0.526, oJ -4
4, F=0.06, df =2, 22, p=0.943), =3t =x¥ A|gF
Zt= BAA FARE Ho|A] o3, ¥ 82-94nie],
=¥ 340-350v}e], <28 19-29u}z] ¢ cH(Table 3).
o] balbzia X AlFZA S, el #52 Feit

42(2), June 2003

A4 g AdALE] SlolA B 24l ey
T AE285UT A9 4538 S9do] AAarst A
234U, 189+ 187}te); 4, 691+ 159u}z]; o
¥ 108+48%}E], Yoon et al., 1999)Rr} Holx]|=
& el g Ed(Table 3), o] ¥A7kA A2
, o]l 4" 2@Foza Avizies dwlsprt
oA FAH7E el A= Aoz Hlrh
A9 AfEz & o, FANAAS] S Wk
E‘r/\]—7}/\iiall—— AFHg- AT ARk 48
T 45E I 5 AR EEAE R Al
0:1 SPHEHELE F %*ﬂ dede]] dfsfiAe AR
S H3oy A E3 5l dsliM= £ &Y
£ 9z E-fs}gac}. w3 ek A % 65%2F 99%7)
o] AR, AL U B BN E 5 AT
Dol Ao]E HolA] gol, FHARAE H8 %45
hde] BRI M)A 65%01]*1 9%7HA] = F
=9 BRAPIAE MMl E £8 Aoz AgEd.

ol o of 4 o

u

BHZEA HEIAIZ|Y of2Eef At W BAE

Agzupdel dat Barkae] H2 A ArlE T
Hal7] A me) F 1R 4QA7AA 49 A
A7ol A RS Y AUV ISE 2AD A

HFig. 2), AHHE-2 mwm| F 24471 80.5%= 7H3
100 —— Oviposition rate 7 30
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Fig. 2. Oviposition rate and preoviposition period of B. ignitus by
the time of CO; treatment after mating. For the statistical analysis,
one-way ANOVA and Tukey test were used: significant differenc-
es at 0.=0.05 for oviposition rate; no significant differences at o=
0.05 for preoviposition period.
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Table 4. Colony development of indoor-reared B. ignitus by the
time of CO; treatment after mating

Table 5. Durations up to adult emergence of indoor-reared B.
ignitus by the time of CO, treatment after mating

Time of CO;  Rate of colony Per 1;)ds of Rate Of_
treatment after foundation colony b progeny
mating (day) (%) foundation queen pro-
(days)? duction (%)?
st 58kt1.1a 60078 3 57x1.1a
2nd 134+04b 63.5+60 4 119+18b
3rd 72+£0.6ac 694%+83 5 2.8%+06a
4th 72x07ac 70.0£69 5 2.8+06a

aThe figures stand for means+SD. Means followed by different letters in
the same column are significantly different at o= 0.05 by Tukey’s pairwise
comparison test.

n means the number of colony surveyed.

FUA, I vl mH F 19AS) 3942 A
75.3%, wr] F 498 60.8%2 7} FQITKE =

Time of CO,

Durations up to adult emergence
treatment after

mating (day) Worker* n® Male? n®*  Queen? nb
1st 269+52 14 51.2x144 26 106.3+148 5
2nd 266+39 16 52.7+194 29 112.8+17.6 8
3rd 295+6.6 11 53.0+23.1 23 107.5+134 3
4th 30.8+6.7 10 498+17.0 23 92.5+46.0 3

The figures stand for means + SD. There were no significant differences in
durations up to adult emergence.
®n means the number of colony surveyed.

Table 6. Number of adults produced from queen of indoor-reared
B. ignitus by the time of CO» treatment after mating

Time of CO;
treatment after

Number of adults produced

7.65, df =3, 4, p=0.039). 22} AL QA4
151414 1694 Ato]l2 EAA {Fx17} QA=A
okokor K (F=0.63, df =3, 176, p=0.599), wn] & 29
A2} 4dRAY 7 72 AgFel et ,

Bk A A7 B34 & -2(Table 4), 27]
= 2487} 13.4%= VA =43, 1
399} 4dA 2 77} 7.2%, 3] F 1YAE 5.8%F
vehfiel £A4 Felde e AvkF=7.65, df=3,
4, p=0.003). 22} FFIHLedeE ] F
o, 2dA 7} 60-644 Q1 WEle] ww] F 3-4UA 7}
6-10d A= Zeox& Zdke]glcHTable 4). 214
2838 9 722 Askez, wu] F 2447} 12
P2 7V FSkom, wr] F 144, mu] F 39, 4Y
A £o2 YePdon {25 RYeiF=30.44, df=
3,4, p=0.003).

BAbZtA A AAEEdAYSE =AM
A3 (Table 5), PHEH L2 YPE= 2731, 8L
50-539, oj k-2 93-113Y Apojo]] 23 s}e] 224
7l w2 AFEHRL YN BAF FAT o
A Y Ed L U2 F=1.63, df =3, 47, p=0.196;
FHEEL 294 F=0.05, df =3, 97, p=0.986, o<}
WEys 094 F=0.53,df=3, 12, p=0.673). 22
15204 =3 2L Ago = AW 62-76v12], 4
99-166nte], oy 1-13nfE] EHsled A2|A|7]e] u}
BAA foAde JAFHA dskerl g, F=
0.79, df =3, 15, p=0.520; £, F=0.93, df =3, 15, p
=0.452, oJ9pd4, F=2.05, df =3, 15, p=0.160), 527
F 4] Al 284 ADE] AL Agkels]
“HTable 6). oje}zte] AFMA 2 BApdde] A=
B o, g7t HFAE A7)l o] F 2dA <

>

clu

mating (day) ~ Worker* n® Male? n®  Queen® n®
Ist 67.0£85 3 159.0+705 3 125+114 4
2nd 615102 6 117.7£29.7 6 4.6£3.1 8
3rd 7224226 5 1664+1228 5 50+14 2
4th 758+18.1 5 98.6%x384 5 1.0x£00 2

“The figures stand for means = SD. There were no significant differences in
number of adult produced.
®n means the number of colony surveyed.

nez A=Y, AubAel AAE 3B, wn &
39 o7 = shbiAE AHFsx slsd Hes
HebElo) Roseler (1985)= wn] 3 15 o] Aokz o
o] of shHol| ghAbEAE 2)2] 31l 32, Tasei (1994)%
e F 5-304 W9 HelA s kAE AEsid At
A Qo] F3FE Fx ogrvm slgct. ¥ B
35, ' EA A F A4
2-4Y o)gt 1 3} vHOno, 1997).

hypocrita®} B. ignitus®] 7

71 A ¥

ojAe] AFE F3tslnd, FHAAE 93 A}
2 AYA 65%A 99%7HA] o= =e] whbria
= A}J&sﬂi 5 Aoz A4, shbAE] 7=
wr] F 24dAQ] Aoz A dubdo s 1A
ow of - 7hSol wo|g F YFdle] ojEs B

ol A Vg w71R] Holx 5-6714 o)Are] WE7]

m] 2FFEd Waje, s oAz FEE A
A W2 w7t By oJshHo] Yo Eoirt
7 Aol SAkag Aelsel FEE rgenn,
dg7Izke] Baglel 1de)] 1A HPdSs dF
Aol 713t =S RHEglv) o) Wol] uis Roseler
¢} Roseler (1984) 9 A oJehd L elalrirzg w)
AN Ade) 2do) dAEn tekebie] =)
7 ARBA fobaa o) wol AAH oM A
o] 4}o] Aoz Faol sopacke Aple
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BET 2 AFelA AR AT 32
Hes AdizatTe 5 PTIINE 27
M9 £7E Mol o714 Rehg Lbgsl sk
oA 2 E3r} me)x) ghob BHbrkie] o)
FHAX Aoz FEA b o 2Pe
A% Al PE Aoz DAt G b
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