Acta Entomologica Sinica May 2018 61(5) © 620 —626 doi: 10. 16380/]. kexb. 2018. 05. 012

( 100097)

: Bombus terrestris 14:1;

: Q965 A : 0454-6296( 2018) 05-0620-07

Research progress in bumblebee nutrition and feed

WANG Huan XU Xi-Lian® ( Institute of Plant and Environment Protection Beijing Academy of
Agriculture and Forestry Sciences Beijing 100097 China)

Abstract: Bumblebees are one group of the most important commercial pollinators. Domestication and
utilization of bumblebee would make up for the decline of natural bee—pollinators and meet the demands of
modern agriculture pollination. Nutrition and feed is one of the key issues to realize the domestication and
industrial production of bumblebees. In this article we reviewed how natural pollen artificial diet with
single or mixed pollen gathered by honeybee feed with different ratios of protein and fat feed with
different amino acid levels and feed with nutrient elements or royal jelly added affect the bumblebee
development. The mixed pollen has promoting functions on larval weight as compared to the single
pollen. The optimal ratio of protein to fat ingested by Bombus terrestris is 14: 1. High amino acid level can
promote the oviposition of queens and maturity of larvae. Carbohydrates with nutrient elements added can
promote the oviposition of queens and foundation of colonies. The royal jelly added in feed can enhance
the survival and spawning rate of queens. We proposed that the future research should focus on the feed
meeting the nutrient needs of different developmental stages of the local bumblebees and the intestinal
symbiotic bacteria which may affect the metabolism and development of bumblebees.

Key words: Bumblebee; nutrition; feed; carbohydrates; protein; fat; development

( neonicotinoid

( Goulson et al. 2015) insecticides)

(Z151100001015003 D171100001617002)
1986 11 E-mail: wanghuanl11986@ 163. com

Corresponding author E-mail: xuxilian@ aliyun. com

Received: 201740-20; Accepted: 2018-02-07



5 621
( Tasei and Aupinel 2008a;
( Amsalem et al. 2015)
2014) . ( Roulston and Cane 2000; Brodschneider and
Crailsheim 2010) .
. ( Rasmont 2005) .
. ( Simpson and Raubenheimer 1993;
Behmer 2009) . N N
( Keller et o
al. 2005; Brodschneider and Crailsheim 2010; Regali  Rasmont( 1995)
Khoury et al. 2013) . . 3~5
( Friend 1958) . .
Tasei  Aupinel( 2008b) 3
( Roulston and Cane 2000) .
( o
2011) o Génissel  (2002)
N Bombus
( Cnaani et al. 2006; Somme et terrestris
al. 2015) ( Hanley et al.
2008: Cardoza et al. 2012; Konzmann and Lunau o 6 9
2014) ( Somme et al. 14. 4%
2015) o 24. 9% 12. 9%
o 17. 6%
N 110 ~150 mg
. o 20 ~ 50 mg ( Tasei and Aupinel 2008b)
N (240 mg) o
1
. (2015) .
{3 3}
( Dornhaus 7
and Chittka 2005) . ( Pereboom . . . .
2000; Pereboom et al. 2003) 5



622 Acta Entomologica Sinica 61

1:1.5:1.5

~

. ( Génissel et al. 2002;
2007; Tasei and Aupinel 2008a;
Alaux et al. 2010; Cardoza et al. 2012; Li et al.
2012; Di Pasquale et al. 2013) .

Human et al.

( Simpson and Raubenheimer 2012) .

~

( Canavoso et al. 2001; Toth et al. 2005;
Fliszkiewicz and Wilkaniec 2007) .
2% ~60% 2% ~
20% ( Roulston and Cane 2000) .
( Toth et al. 2005) . . .

( Muth et al. 2016) .

o

( geometric framework for

nutrition)
( Simpson

and Raubenheimer 2012) .

( Brooks et

al. 1995) . Vaudo (2016)
(P:L) 10:1 ;
5:1
P: L
25:1~5:1 14:1
Bombus impatiens
12:1; P: L

( Vaudo et al. 2016) .

3
ATP.
( Groot 1953; Nation 2002) .
(Lee 2007; Altaye et al.
2010)
( Abisgold and Simpson
1998) .

( Inouye

and Waller 1984; Roubik et al. 1995; Carter et al.



623

2006; Simcock et al. 2014; Hendriksma et al.

2014)
( Groot 1953; Nation 2002) .
( Boisen et al.
2000) ( Nicolson 2011) .

( Sanahuja and
Harper 1963; Peters and Harper 1985; Morrison et
al. 2012; Solonbiet et al. 2014)

( Simpson and Simpson 1992)

( Solonbiet et al. 2014) ;

( Zanotto et al. 1996; Abisgold
and Simpson 1998) o

( Génissel et al.

2002) .

( Moerman

et al. 2016) ,

( Nation 2002)
( Schiifer et al.

2006)
10
1:250 ~1:
25 1:149 ((w/w)
1:560( w/w)
( Stabler

et al. 2015) ,

o Heinrich( 2004)

( Goulson 2003) .

o 60% ~60% +EM
<60% + 60% + + EM
4 EM
( 2008) -
Bombus hypocrita 160 2
60% + 60%
( ) +
(P<0.05)
(t=51)
( 2013) »

( Pendrel and Plowright 1981)
( )

( Pereboom 2000) .

(Ivan et al. 2014) .

45 +4 mg



624 Acta Entomologica Sinica 61

47 2 BtRJPL

mg 1:250  1:500 MRJPs N .

36 +3 mg 1:
250 2 (752 o
mg)

( Stabler et al. 2015) ,

( Kupke
o et al. 2012; Albert et al. 2014)
5
A) 6
( Wang et al. 2014)
3 — N
4 Bombus patagiatus o
Bombus ignitus N
3d Bombus lantschouensis
52% o
40%
28% 20%;
16% o
( AY
2013) .
( Pereboom 2000) o
MRJPs 60

( Kamakura 2011) .



625

( References)

Abisgold JD  Simpson S] 1998. The effect of dietary protein levels and
haemolymph composition on the sensitivity of the maxillary palp
chemoreceptors of locusts. J. Exp. Biol. 135(1): 215 -229.

Alaux C Ducloz F Crauser D Le Conte Y 2010. Diet effects on
honeybee immunocompetence. Biol. Lett. 6(4): 562 —565.

Albert § Spaethe J Griibel K Rossler W 2014. Royal jellydike
protein localization reveals differences in hypopharyngeal glands
buildup and conserved expression pattern in brains of bumblebees
and honeybees. Biol. Open 3(4): 281 -288.

Altaye SZ Pirk CWW Crewe RM  Nicolson SW 2010. Convergence of
carbohydrate-biased intake targets in caged worker honeybees fed
different protein sources. J. Exp. Biol. 213(19): 3311 -3318.

Amsalem E  Grozinger CM  Padilla M Hefetz A 2015. Bumble bee
sociobiology: the physiological and genomic bases of bumble bee
social behaviour. Adv. Insect Physiol. 48: 37 -93.

Behmer ST 2009. Animal behaviour: feeding the superorganism. Curr.
Biol. 19(9) : 366 —368.

Boisen S Hvelplund T Weisbjer MR 2000. Ideal amino acid profiles
as a basis for feed protein evaluation. Livest. Prod. Sci. 64(2):
239 -251.

Brodschneider R Crailsheim K 2010. Nutrition and health in honey
bees. Apidologie 41(3): 278 —294.

Brooks SPJ Lampi BJ Sarwar G Botting HG  1995. A comparison of
methods for determining total body protein. Anal. Biochem. 226
(1):26-30.

Canavoso LE  Jouni ZE Karnas KJ Pennington JE Wells MA 2001.
Fat metabolism in insects. Annu. Rev. Nutr. 21(1): 23 —46.
Cardoza YJ Harris GK  Grozinger CM 2012 Effects of soil quality
enhancement on pollinator-plant interactions. Psyche 2012: Article

ID 581458.

Carter C  Shafir S Yehonatan L. Palmer RG  Thornburg R 2006. A
novel role for proline in plant floral nectars. Naturwissenschafien 93
(2): 72-79.

Cnaani J Thomson JD Papaj DR 2006. Flower choice and learning in
foraging bumblebees: effects of variation in nectar volume and
concentration. Ethology 112(3): 278 —285.

Di Pasquale G Salignon M Le Conte Y Belzunces LP  Decourtye A
Kretzschmar A Suchail S Brunet JL. Alaux C 2013. Influence of
pollen nutrition on honey bee health: do pollen quality and diversity
matter? PLoS ONE 8(8): €72016.

Dornhaus A Chittka L. 2005. Bumblebees ( Bombus terrestris) store
both food and information in honeypots. Behav. Ecol. 16 ( 3):
661 - 666.

Fliszkiewicz M Wilkaniec Z 2007. Fatty acids and amino acids in the
fat body of bumblebee Bombus terrestris ( L.) in diapausing and non—
diapusing queens. J. Apic. Sci. 55(1): 55 -63.

Friend WG 1958. Nutritional requirements of phytophagous insects.
Annu. Rev. Entomol. 3(3): 57 -74.

Gai QB Zhou ZY Zhang H Huang JX An JD 2015. Optimizing

supplementary pollen mixtures for bumblebee Bombus terrestris
colonies based on colony reproductive variables. Chin. J. Appl.
Entomol. 52(2): 333 —342.
2015.
. 52(2): 333 -342

Génissel A Aupinel P Bressac C Tasei JN Chevrier C  2002.
Influence of pollen origin on performance of Bombus terrestris micro—
colonies. Entomol. Exp. Appl. 104: 329 -336.

Goulson D 2003. Bumblebees: Their Behaviour and Ecology. Oxford
University Press New York.

Goulson D Nicholls E  Botias C Rotheray EL  2015. Bee declines
driven by combined stress from parasites pesticides and lack of
flowers. Science 347(6229) : 1255957.

Groot APD  1953. Protein and amino acid requirements of the honeybee
( Apis mellifica L.) . Physiol. Comp. Oecol. 3: 197 —285.

Hanley ME  Franco M Pichon S Darvill B Goulson D 2008.
Breeding system pollinator choice and variation in pollen quality in
British herbaceous plants. Funct. Ecol. 22(4): 592 -598.

Heinrich B 2004. Bumblebee Economics. Harvard University Press
Cambridge.

Hendriksma HP  Oxman KL  Shafir S 2014. Amino acid and
carbohydrate tradeoffs by honey bee nectar foragers and their
implications for plant-pollinator interactions. J. Insect Physiol. 69:
56 - 64.

Human H Nicolson SW = Strauss K Pirk CW  Dietemann V. 2007.
Influence of pollen quality on ovarian development in honeybee
workers ( Apis mellifera scutellata) . J. Insect Physiol. 53 (7):
649 - 655.

Inouye DW  Waller GD 1984. Responses of honey bees ( Apis
mellifera) to amino acid solutions mimicking floral nectars. Ecology
65(2): 618 —625.

Kamakura M 2011. Royalactin induces queen differentiation in
honeybees. Nature 473(7348): 478 —483.

Keller T Fluri P Imdorf A  2005. Pollen nutrition and colony
development in honey bees: part I[. Bee World 86: 2.

Khoury DS Barron AB  Myerscough MR 2013. Modelling food and
population dynamics in honey bee colonies. PLoS ONE 8 (5):
€59084.

Konzmann S Lunau K 2014. Divergent rules for pollen and nectar
foraging bumblebees — a laboratory study with artificial flowers
offering diluted nectar substitute and pollen surrogate. PLoS ONE 9
(3): €91900.

Kupke J Spaethe J Mueller M] Rassler W Albert S 2012. Molecular
and biochemical characterization of the major royal jelly protein in
bumblebees suggest a non-nutritive function. Insect Biochem. Molec.
Biol. 42(9) : 647 —654.

Lee KP 2007. The interactive effects of protein quality and
macronutrient imbalance on nutrient balancing in an insect
herbivore. J. Exp. Biol. 210( 18): 3236 —3244.

LiC XuB WangY FengQ Yang W 2012. Effects of dietary crude
protein levels on development antioxidant status and total midgut
protease activity of honey bee ( Apis mellifera ligustica) . Apidologie
43(5): 576 -586.

Liao SM Zhou Z] Geng JH Xu XL Wang FH 2008. The effect of
effective microorganisms on the ovarian development and oogenesis of
bumblebee queens in preoviposition period. Chin. Bull. Entomol.
45(5) : 785 -1790.

2008. EM
45(5): 785 -790



626 Acta Entomologica Sinica 61

Lin ZG Meng F Zheng HQ Zhou T Hu FL 2014. Effects of
neonicotinoid insecticides on honeybee health. Acta Entomol. Sin.

57(5): 607 - 615.

2014. . 57(5):
607 -615
Ma WH Guo Y Shao YQ 2013. The influence on different feed for

Bombus patagiatus breeding. Apicult. China 64(7Z4): 17 - 19.
2013.
64(74): 17 -19

Moerman R Vanderplanck M Roger N Decleves S Wathelet B
Rasmont P 2016. Growth rate of bumblebee larvae is related to
pollen amino acids. J. Econ. Eniomol. 109(1): 1 -6.

Morrison CD  Reed SD  Henagan TM 2012. Homeostatic regulation of
protein intake: in search of a mechanism. Am. J. Physiol. Regul.
Integr. Comp. Physiol. 302(8): R917 — R928.

Muth F Francis JS Leonard AS 2016. Bees use the taste of pollen to
determine which flowers to visit. Biol. Lett. 12(7) : 20160356.

Nation JL 2002. Insect Physiology and Biochemistry. CRC Press LLC
Boca Raton.

Nicolson SW  2011. Bee food: the chemistry and nutritional value of
nectar pollen and mixtures of the two. Afr. Zool. 46(2): 197 —204.

Pendrel BA  Plowright RC  1981. Larval feeding by adult bumble bee
workers ( Hymenoptera: Apidae) . Behav. Ecol. Sociobiol. 8(2):
71 -76.

Pereboom JJM 2000. The composition of larval food and the significance
of exocrine secretions in the bumblebee Bombus terresiris. Insect.
Soc. 47(1): 11 -20.

Pereboom JJM  Velthuis HHW Duchateau MJ 2003. The organisation
of larval feeding in bumblebees ( Hymenoptera Apidae) and its
significance to caste differentiation. Insect. Soc. 50(2): 127 -
133.

Peters JC Harper AE  1985. Adaptation of rats to diets containing
different levels of protein: effects on food intake plasma and brain
amino acid concentrations and brain neurotransmitter metabolism. J.
Nutrit. 115(3): 382 —398.

Rasmont P Regali A Ings TC Lognay G Baudart E Marlier M
2005. Analysis of pollen and nectar of Arbutus unedo as a food
source for Bombus terrestris ( Hymenoptera: Apidae). J. Econ.
Entomol. 98(3) : 656 —663.

Regali A Rasmont P 1995. Nouvelles méthodes de test pour
1” évaluation du régime alimentaire chez des colonies orphelines de
Bombus terresiris ( Hymenoptera Apidae) . Apidologie 26 (4):
273 -281.

Rehot I Machatkova L Budankova A Mat&jkova S Cema K Straka
J 2014. Measuring the sugar consumption of larvae in bumblebee
micro-colonies: a promising new method for tracking food economics
in bees. Apidologie 45(1): 116 —128.

Roubik DW  Yanega DM Buchmann SL  Inouye DW 1995. On
optimal nectar foraging by some tropical bees ( Hymenoptera:
Apidae) . Apidologie 26(3): 197 -211.

Roulston TH Cane JH 2000. Pollen nutritional content and digestibility
for animals. Plant Syst. Evol. 222( 1 -4): 187 —209.

Sanahuja JC Harper AE  1963. Effect of dietary amino acid pattern on
plasma amino acid pattern and food intake. Am. J. Physiol. 204
(4): 686 -690.

Schifer MO  Dietemann V. Pitk CWW Neumann P Crewe RM
Hepburn HR  2006. Individual versus social pathway to honeybee
worker reproduction ( Apis mellifera) :
source for oogenesis? J. Comp. Physiol. A 192(7): 761 —768.

pollen or jelly as protein

Simcock NK Gray HE  Wright GA 2014. Single amino acids in sucrose
rewards modulate feeding and associative learning in the honeybee.
J. Insect Physiol. 69: 41 —48.

Simpson S]  Raubenheimer D 1993. A multilevel analysis of feeding
behaviour: the geometry of nutritional decisions. Philos. Trans. R
Soc. Lond. B Biol. Sci. 342(1302) : 381 —402.

Simpson SJ Raubenheimer D 2012. The Nature of Nutrition. Princeton
University Press Princeton.

Simpson S]  Simpson CL 1992. Mechanisms controlling modulation by
haemolymph amino acids of gustatory responsiveness in the locust.
J. Exp. Biol. 168(1): 269 —287.

Solonbiet SM' Mcmahon AC  Ballard JW  Ruohonen K Wu LE  Cogger
VC 2014. The ratio of macronutrients not caloric intake dictates
cardiometabolic health aging and longevity in ad libitum-fed mice.
Cell Metab. 19(3) : 418 —430.

Somme L Vanderplanck M Michez D Lombaerde I Moerman R
Wathelet B 2015. Pollen and nectar quality drive the major and
minor floral choices of bumble bees. Apidologie 46( 1) : 92 —106.

Stabler D Paoli PP Nicolson SW  Wright GA 2015. Nutrient
balancing of the adult worker bumblebee ( Bombus terrestris)
depends on the dietary source of essential amino acids. J. Exp.
Biol. 218(5): 793 —802.

Tasei JN  Aupinel P 2008a. Nutritive value of 15 single pollens and
pollen mixes tested on larvae produced by bumblebee workers
( Bombus terrestris  Hymenoptera: Apidae) . Apidologie 39 (4):
397 -409.

Tasei JN  Aupinel P 2008b. Validation of a method using queenless
Bombus terrestris micro—colonies for testing the nutritive value of
commercial pollen mixes by comparison with queenright colonies. J.
Econ. Entomol. 101(6): 1737 - 1742.

Toth AL Kantarovich S Meisel AF Robinson GE 2005. Nutritional
status influences socially regulated foraging ontogeny in honey bees.
J. Exp. Biol. 208(24): 4641 —4649.

Vaudo AD Stabler D Patch HM  Tooker JF  Grozinger CM  Wright
GA 2016. Bumble bees regulate their intake of essential protein
and lipid pollen macronutrients. J. Exp. Biol. 219(24): 3962.

Wang H Zhang SW Zeng Z] Yan WY 2014. Nutrition affects
longevity and gene expression in honey bee ( Apis mellifera)
workers. Apidologie 45(5): 618 —625.

Xu XL Wang FH Yang F 2013. The influence on two kind of liquid
feed for Bombus hypocrita colony development. Heilongjiang Anim.
Sci. Veter. Med. (23): 158 —161.

2013.
(23): 158 -161

Zanotto FP Raubenheimer D Simpson S] 1996. Haemolymph amino
acid and sugar levels in locusts fed nutritionally unbalanced diets.
J. Comp. Physiol. B 166(3): 223 -229.

Zhao YZ An JD Zhou ZY Dong J Xing YH Qin JJ 2011.
Pollination behavior of Apis mellifera ligustica and Bombus hypocrite
( Hymenoptera Apidia) and the influencing factors in peach
greenhouse. Acta Entomol. Sin. 54(1): 89 -96.

2011.
54(1):
89 -96



