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Species diversity, pollination application and strategy for conservation of
the bumblebees of China

Jiaxing Huang, Jiandong An”

Institute of Apicultural Research, Chinese Academy of Agricultural Sciences, Key Laboratory for Insect-Pollinator Biol-
ogy of the Ministry of Agriculture, Beijing 100093

Abstract: Bumblebees are important pollinators of many wild flowers and crops and play a significant role
in maintaining natural and agricultural ecosystems. The varied geomorphology and vegetation of China
makes it the greatest hotspot of bumblebee diversity in the world. However, the bumblebee fauna of China
has been insufficiently studied. Here, we report the results of systematic field surveys and the application of
bumblebees to pollination over the last two decades in China. The results showed the following: (1) More
than 50,000 bumblebee specimens were collected during 2002—-2017. The taxonomic status of some difficult
taxa was revealed by integrating morphology with DNA barcoding. A total of 125 bumblebee species have
been identified, which represents 50% of the total number of bumblebee species worldwide. (2) We report the
first compiled list of the bumblebee species of China, which includes 22 species that are endemic to China.
The transitional zone from the eastern Qinghai-Tibetan Plateau to the Loess Plateau, the Qinling Mountains,
and the Sichuan Basin is the centre of bumblebee diversity worldwide. (3) Six native bumblebee species, in-
cluding Bombus lucorum, B. patagiatus, B. ignitus, B. pyrosoma, B. picipes and B. lantschouensis from
Northern China, were selected for rearing between 1998-2017. Furthermore, B. patagiatus and B.
lantschouensis, which had traits that favoured domestication, are now used as pollinators of crops in green-
houses within China. We propose a multi-pronged strategy to conserve the native bumblebees of China,
which includes protecting their habitats and food resources and controlling invasive alien species and pesti-
cide use. We hope that this study will help inform the conservation and the sustainable use of wild pollinators
across the globe, but especially bumblebees of China.
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RE G 2 A 22 B AL FE RN AR A ) 1) B AL
TEYEFF AR AES R P RIEE T &
TRIER . BEMER)E T B H %R g R
(Bombus), H15/NEJ& 4 s (Williams et al, 2008). i
KEEX . G IXEH B ARAh, RE 20
MTARFEX. HAEX . Frdt XA X, H2 e
JEA% LA RE88 kmirydth it or A, AP b BRiE
iy FH FE I ML X A8 0 43 A 42 3 & (Heinrich, 1979;
Williams, 1996) . H #i, 4Bk O\ %0 AE ¢ £ 250 Ff
(Cameron et al, 2007). HEHIE 24, HEHEFE, &
AR RE W) Bl BT YR e = 1 B &K (Williams,  1998;
Williams et al, 2009).

FHEETFRRIM, o L RE I 1 X R BT FE 55 Mk, T
Hidk—HEh= KA/ L. 20120 704EAK A
AT, A E A ok H R E . 5
[ 5 76 5 22 2 B R A i S - il 201H 20 20-404E4,
% [H #4125 David Crockett Graham{# 1 7£P0 1| F
R ) 7Rh BB M (W IE 4B, 2008); 1927-19304F, 7
Sven Hedin{# IS0 Ping-changZ4% K 40 ~, i #i—
[ R 22 2 g2 BATE P P AL X AT T — IR
PEAEWD R IR 5%, AT 256 1 A AR A T S5 TR ek
ik, il 7 [E AR JE 11 W % 38 (Bischoff,
1936). HP Wil 2K . B. MandunosfE i A LAtk
Byt 1 E A X (H AR -5 SR LT
AN =0 A PN Uy R T S| A N |
FISE G X ) P BE 06 2 AT RE A, FE TS P 2 A Bk A
g B i T I B R (R RV R, 1957) 0 {HZ I BE3f
T8 KR 7 REME P A D PG ) A0 A4S B 201
AT0FEA LK, FERFEBE T — RHKBEE
HEES), KRB Z MREEARA. BEfE, T EEY
Bt 2 9 it 5 SR 1) B SR 4R HGE T A R 4y
X ) RE YA 44 s, AN, TE B XA 42 (F I

77, 1982), Hram R LLFE/R IR X 2150 (£il5, 1985),

ZE2TM (R M4, 1988), KL = Ik (X 1650 (k
AP HE, 1997), WiTL15Rh (A SCREE, 2003; Bk
FEAI WU, 2005), Zeil G B 33F (ki A E T,
2005). F#kiE, G5 A BEEIFN(Starr, 1992), |
JATHBIX 5 56 Fh (11 IE4E, 2008; Williams et al, 2009) .
E, o R R e P 8 U R FL A AR IE AN T
BeAk,  Hp AL AR X R X G i Ry, BRI
REME IR A2 R, SRR Z, IR Z Yl
Iy AT AT 1% (AN et al, 2014). 201HZ0904EALR,

A M Ao} 272 (e B G TT 0 T 2 Sk T e 1 [ R %
VAR, RN PR R IR A T YIFR AL A A
R AT AT 1

AR T AT 204 Rk T [ R BRI A R
NI RA IR T, I3 o 1 o [ AR 5
(ORI M o

1 hEREEE IR

WA it A MU AT RE T A AL R R, ARV
PGES 1 Wit SR = B FH RE e A% 7 () il (Velthuis &
van Doorn, 2006). ' [E 19954 1F 3 37 U 7T AE i
R EA, 19984 A R dg N T E R k15T,
b J5 T 46 S T 0t SRS AL by R VR b5, 1999) . H
FER R, R ] AR - i B R R AN,
IR Z WP e e, —LeREieypp 2 a1 5 H
ZHITEL, AT R AR A R T i 2 N (%
784 2007, 2010; Williams et al, 2012a). Kl , i
b RO R 7 e B 5T A Sk, L v Ol R}
Beld 2o HR B TRt T, Bk BAR
B #ramde /R HiR X R O, 7 B R T
FREARIG S PR TG RTAR TIT iMb AR 3 M AR T
B TAERG . P E I R B PR
Be. | HRE BRI, mra LR # R RE
WERTRT. 2B LAY . B R T B R B
TR BT LB Bt PHL 73 B
TR EEIRR . 2R RO A PR
T TWIRRHR AR YLPE 48 FRIER ST Wil 4
Heri AR RHARE T T P8 AR B T R A T T A
W B A F R EE I E A 2 0, A8 4 [ B T
J& T E ARG R R AR RA A A . 2002-20174F, B
VEL 5 B T Hp R o0 3t X (R B AN 2, LR SERE
WEFRARS JT AT, W ML, T80 RAE £ (L), AR, SR
AL RIS RFEIDNAZK DA 45 A 1 20 KT B,
Jefa s 1 /N IERE % S A7 M (Bombus hypocrita
cryptic species) (Williams et al, 2012a). Bz feis
4 F1(B. lucorum complex) (X3E4%, 2014). =4k REl%
2 & Fh(B. trifasciatus complex) (Huang et al,
2015a). HHfEEAE MR 1 2 &5 1% (B. koreanus
colour-pattern polymorphism) (Huang et al, 2015b)%
— RPNV GEAMERTER > AL, R T h R TR
(Subterraneobombus) (Williams et al, 2011). RE#&i
J&(Bombus) (Williams et al, 2012b). EAEI&ETV )&
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Fig. 1 Map of China showing the distribution sites of the bumblebees of China used the records of the collection of Institute of
Apicultural Research of Chinese Academy of Agricultural Sciences between 2002-2017.

(Megabombus) (Huang et al, 2015a). i HE 14 J&
(Mendacibombus) (Williams et al, 2016)%55# K14
PR RSk B R F&, W T E b T7 (i
ZR4%, 2008, 2010; An et al, 2011, 2014)F17 i = )i
(Williams et al, 2015)% Hh [X [¥) fE i P Fih 22 #1301
Ko #E BT, TR AL P E )RR AT 1255
(R1), ARk C AR R B H50%, KT IE
e R M BRI E E K. 746, A —
LR AP MRS e 2 H . Tivh, o E ek RS AL
¥ 2= 130F (Williams et al, 2017).

2 hEREMEHIFh

21 $FER

Har, sPECHMAEE1250, RIET140)E, 7
b33 1 22 3K OCh K R % T J& (Thoracobombus)
20Ff, <k A&V J& (Pyrobombus) 19Ff, LAE ISV &
(Psithyrus) 18%h, E RE#%E IV & (Megabombus) 167f,
AE 1% U J& (Melanobombus) 11 Fh, A& & 1V J&
(Bombus) 10F#, fE A& 1% J& (Mendacibombus). Hifg
14 . J& (Subterraneobombus) A1 fif fE 14 V. J& (Alpig-
enobombus) %7, 75 AL T J& (Sibiricobombus) 474,
X fig % IV J& (Orientalibombus) 37, [ & % IV &
(Bombias). ZLAEH IV J& (Kallobombus) 1K R i IV )&

(Cullumanobombus)#-1Ff . 1255 AEdEH, K 2T AEd%
(Bombus pyrosoma). 475 fEI&(B. convexus). H:fE
1%(B. validus). /& fEi%(B. longipes). % A& (B.
picipes). =ZkAEI%(B. trifasciatus). {/jAEI&(B. imi-
tator). F1HEREIE(B. chinensis)&s 227 Ay o [ 454
(K1), BT IS HHY ALK (B. monozonus).
AT AE % (B. sonani) A% Wi Ak i (B. angustus) 374k
(Starr, 1992), HAR122F0HEIE (57T R 5 ) K RUERR A
BIRAF T B ML R B B e i LT
22 YMEEE

] it 1t T R 240 56 T 5 EELRIRRM, H RE 144 ol
e 2N EERSME . BRINAIL54%(Williams et al,
2010, 2014), s&4=EKREMEYFR o3I i =F & B 2K
WEERER, BT HENEE e TR /R
I RV DL R N 5 1 PR ARV A, e
FE R R 73 0 X H A A (1) . 46230 x 3°T7
¥ N B Rh=E & B AT s, TR E A6 TR X RE
WY FR LA T, T I BT X A
Fo e R AR AR S B R . 20 1 A DY )1 7
b Y AR Y R ] RE e b B R IR R X
Horp oG e 08 Ko L 0 M A Bl R B s (1A 45
Pl (K12), 1X—H0IX 2 4Bk RE W 1) 2 B 1 23 A v
Lr(Williams, 1998; Williams et al, 2009). H[E &\l
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Table 1 List of the bumblebee species of the genus Bombus in China. * Species endemic to China.

Y%k Species

Y% Species

jE Ak Bombus (Alpigenobombus) angustus *
%3k &% Bombus (Alpigenobombus) breviceps
HRERE Bombus (Alpigenobombus) genalis

JKAEH% Bombus (Alpigenobombus) grahami

T KK fE % Bombus (Alpigenobombus) kashmirensis
i fiE#% Bombus (Alpigenobombus) nobilis

H:fE% Bombus (Alpigenobombus) validus

VR fEl% Bombus (Bombias) confusus

Fa &R Bombus (Bombus) cryptarum

/NI&REI% Bombus (Bombus) hypocrita

41t AEH%E Bombus (Bombus) ignitus

22 fE#% Bombus (Bombus) lantschouensis
Ki#AER Bombus (Bombus) longipennis

= fEi% Bombus (Bombus) lucorum

Ui L A 4% Bombus (Bombus) minshanensis ™
FRAERE Bombus (Bombus) patagiatus

BLRE% Bombus (Bombus) sporadicus

HifiE#% Bombus (Bombus) terrestris

+ [CAEE Bombus (Cullumanobombus) cullumanus
K fE% Bombus (Kallobombus) soroeensis

il 4 5&4% Bombus (Megabombus) albopleuralis
Xt AEIE Bombus (Megabombus) bicoloratus
SEREIE Bombus (Megabombus) consobrinus

P K fEI% Bombus (Megabombus) czerskii
K¥iged& Bombus (Megabombus) hortorum

it fEd% Bombus (Megabombus) koreanus

K2 AEl% Bombus (Megabombus) longipes ™

¥ G REd% Bombus (Megabombus) malaisei

114 fE1% Bombus (Megabombus) montivagus
&% Bombus (Megabombus) religiosus *

% &% Bombus (Megabombus) securus

i AEd% Bombus (Megabombus) supremus

[CHER% Bombus (Megabombus) sushkini s. I.
[GAERE Bombus (Megabombus) tichenkoi s. 1.

s

@

=4kfEl% Bombus (Megabombus) trifasciatus ~
13,75 B e % Bombus (Megabombus) ussurensis
# HEI% Bombus (Melanobombus) eximius

S

# L AE#% Bombus (Melanobombus) friseanus

E - H&% Bombus (Melanobombus) keriensis
A vE RS Bombus (Melanobombus) ladakhensis
#HREkRERE Bombus (Melanobombus) miniatus

K41 fE% Bombus (Melanobombus) pyrosoma

fiel% Bombus (Melanobombus) festivus

72 fE1% Bombus (Melanobombus) richardsiellus

41 HAkE Bombus (Melanobombus) rufofasciatus

PG [KAki% Bombus (Melanobombus) sichelii

e l% Bombus (Melanobombus) tanguticus

"hy5 AEd% Bombus (Mendacibombus) convexus
FARERE Bombus (Mendacibombus) defector

T4 f&d% Bombus (Mendacibombus) makarjini

% HEdS Bombus (Mendacibombus) margreiteri

1L el Bombus (Mendacibombus) superbus *
+HH A& Bombus (Mendacibombus) turkestanicus
Fagrel% Bombus (Mendacibombus) waltoni

I &% Bombus (Orientalibombus) braccatus

1 eI Bombus (Orientalibombus) funerarius

41 R A% Bombus (Orientalibombus) haemorrhoidalis
[ AE#% Bombus (Psithyrus) barbutellus

I ffEd% Bombus (Psithyrus) bellardii

“EREdE Bombus (Psithyrus) bohemicus

i [GHES% Bombus (Psithyrus) branickii

H¥FAEd% Bombus (Psithyrus) campestris

HhfEfEI% Bombus (Psithyrus) chinensis ™ X
whfEl% Bombus (Psithyrus) coreanus ﬂi‘

fREHE Bombus (Psithyrus) cornutus

1 fEl% Bombus (Psithyrus) expolitus ™

P AEHE Bombus (Psithyrus) ferganicus
FLiFAEE Bombus (Psithyrus) monozonus
TG AEIE Bombus (Psithyrus) morawitzianus
il e % Bombus (Psithyrus) norvegicus
FEREHE Bombus (Psithyrus) rupestris

iRl fEi% Bombus (Psithyrus) skorikovi

HE M AERE Bombus (Psithyrus) sylvestris
PER Ak S Bombus (Psithyrus) tibetanus *
K AEd% Bombus (Psithyrus) turneri

i fel% Bombus (Pyrobombus) avanus

BE I AEM% Bombus (Pyrobombus) biroi
#fEl% Bombus (Pyrobombus) flavescens
fikAE#% Bombus (Pyrobombus) hypnorum
Fifi&% Bombus (Pyrobombus) infrequens
A% Bombus (Pyrobombus) infirmus

$i ¥ e Bombus (Pyrobombus) lapponicus

=

fii s fE#% Bombus (Pyrobombus) lemniscatus
/NFERERE Bombus (Pyrobombus) lepidus

# /L AE% Bombus (Pyrobombus) luteipes
g% Bombus (Pyrobombus) modestus

7 fE#% Bombus (Pyrobombus) partheniusss. I.
HEHfEI Bombus (Pyrobombus) picipes *
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=1 () Table 1 (continued)

Y%k Species

Y%l Species

FLgd% Bombus (Pyrobombus) pratorum

% €% Bombus (Pyrobombus) pressus

[ 3L fE#% Bombus (Pyrobombus) rotundiceps
#EgfEl% Bombus (Pyrobombus) sonani

A EAEE Bombus (Pyrobombus) subtypicus

F KAEH Bombus (Pyrobombus) wangae

T PHAERE Bombus (Sibiricobombus) asiaticus

2R ICAESE Bombus (Sibiricobombus) morawitzi

WG AE% Bombus (Sibiricobombus) semenovi

{1 Ed% Bombus (Sibiricobombus) sibiricus

[ 2 /K BE#% Bombus (Subterraneobombus) amurensis
Jfif&% Bombus (Subterraneobombus) difficillimus
HAERE Bombus (Subterraneobombus) distinguendus
F5Z HEf% Bombus (Subterraneobombus) fragrans
HEHEME Bombus (Subterraneobombus) melanurus
%% AE % Bombus (Subterraneobombus) personatus
45 EHEME Bombus (Subterraneobombus) subterraneus
#ZHEM% Bombus (Thoracobombus) anachoreta

- pedE Bombus (Thoracobombus) armeniacus

2 £ A% Bombus (Thoracobombus) atripes

#HEN% Bombus (Thoracobombus) deuteronymus

W ooy

THEI% Bombus (Thoracobombus) exil

<

¥ Aet% Bombus (Thoracobombus) filchnerae
41 REI% Bombus (Thoracobombus) hedini
WBLLHERE Bombus (Thoracobombus) humilis

1} &% Bombus (Thoracobombus) imitator *
MAEI% Bombus (Thoracobombus) impetuosus
1z &% Bombus (Thoracobombus) laesus
#REERE Bombus (Thoracobombus) muscorum
& WIAEHE Bombus (Thoracobombus) opulentus
Hr37fEd% Bombus (Thoracobombus) pascuorum
#LLEEEE Bombus (Thoracobombus) pseudobaicalensis
Fif&% Bombus (Thoracobombus) remotus *
ZL}ifik#% Bombus (Thoracobombus) ruderarius
Wik HEt% Bombus (Thoracobombus) schrencki
=ffiAEE% Bombus (Thoracobombus) tricornis

K:3kAEHE Bombus (Thoracobombus) veteranus

YR
Number of
species

0

1-5
6-10
11-15
16-20
21-25
26-30
31-35
3640
41-45

Ja

E2 FPEREAREENNEEETH( ETEEEI x 3 H BRI E S

Fig. 2 Map of China showing variation in bumblebee species richness across China measured as the number of species recorded

within each grid cell of 3° longitude x 3° latitude.
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E3 @dATIRFFESR6MPEAR LA (1)BRRRE,; (2) NAIRREE,; (3)4ILRREE; (4)Z /AR, (5)ERARE; (6)F%

PR

Fig. 3 Six Chinese bumblebee species that have been selected for rearing and pollination. Bumblebee colonies include: (1) Bombus
patagiatus, (2) B. pyrosoma, (3) B. ignitus, (4) B. lantschouensis, (5) B. picipes, (6) B. lucorum.

o2 B g TR R C S B, HAR AU %4
i REESTR, 2k E BRI A R FEE MBI,
FERE B, MR mit 48 i 245,200 m
(175 B = JE H A RE I AT, 1H50% DL b 43 A a5 )it
R A£900-2,500 m2 [ .

3 PERREATFIA

3.1 AIfi%

RE I FA MR AR AR, R Wt R e
SEHRAEYEAL ) by B . (H RE I N AR 5%
MEEER, Har RAM 2. LLEF], 3£ E%DHE K
HIEEERER BN E TR, 19984, EK
B 5 B B W A FT T R3S AR L B R R
(Bombus lucorum) N T 558 1 Th, Bl 5, % bRAE
1%(B. patagiatus). ZLJGRENE(B. ignitus). K ZLAENE .
HFE AEIG R 24 JH BEIE(B. lantschouensis)Z5 I i A
Ak 0k R (K13), iX6FhAEIE ST N ThF%, BA
WU R R R (R R B A, 1999; % iR AE,
2010). Hrbr, 22N BRI bR AR I N T FE IS A
FRAETO% LA b, 1T HAEHFRFFA R, T n 82004 K,
TR F 8 E 2 HACH D2 i, X 27 A i B hH

PRI R, 2 B S RIS A A 7= R by B FE (1) 2
FA R IR

AR TR 77 22 HH SR 1D 85 bR 0 R 22 1 RE i
W TtV E A py (K4), EILRGRES  TIE R
W T A AR T R 5 R ORI b R 8 (Bombuis
terrstris)fH ELANAEAE R I 22 FEC, T H., REREMIA

El4  FEPRRREEFN= N ARdg2fhch El A L RREE A TR AEE
PIEM RS . ()R REMEREE TS RAE, (2) B R=MAE
¥ T HE i) bk .

Fig. 4 Two Chinese bumblebee species have been used for
pollination of crops in greenhouses. (1) shows a worker of
Bombus patagiatus visiting an eggplant flower, and (2) shows a
worker of B. lantschouensis visiting a peach flower.

O HEH (2016) PIEPYFP e Y ERFELLE. W22 AR,
EA AR, AL
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TEHL-NMEFRERARG LI, WRESR. WL
A, T2, il A, R,
JERRE S5 — RAEARIA T (55 5 5 5, 2015; Dong
et al, 2017). S Koppert. BioBeeZs Kk % kb 22 7
AHEE, REFEAR RN TEF T AE EE
BERBAR EFEAR S A AR ESEE
. HHT, A AR S E K TEA R LA
BRI TR 2, HEFRAR AR — 25w
3.2 fEMFIA

AElE R A MEAR . S YE. BGEsS. iy
IR 38 SAR' FEURT S 2 A% 0 S5 AR M T R A e it A
YIERAR AR Ry 3 (AR S, 1999) . REME R4k g 2
Ja N THFE &2 G R R, 2 ARFEA100
FIREUL B BB RAEDIAE K, Horh95% LA AT
BB A Ky, AU L4 Fiha, r={H 1212012
KX G (Velthuis & van Doorn, 2006). AEMEAL K 75 15 i
FAM A = ER E K.

rh [ & A Bk b 25— K, B AT, Witk
FKMAA L3302 fTha, = &E2.6744ME, 29558

7 5 134% (K REIX) 2, 2015). b B B BE L,

TR G LWE R, B, Ko R F
ot R A2 A A TR T R B 7 VA R A R, A R R
Teo SWERBHEAILL, ARIEA R AN RIS (R HEAR IR |
Pem . BOERIM. TSN AR
ASEIAE i E N A TTRE R L S L e S

FERB AL, PUFURE R, 7 BIELSR = (R 2R 4%,

2004), R E RN TEFHARKRM, A5k
PN IR A i B SRS T R
R(F4ESE, 2006; #2LH S, 2007; XH 54,
2008; Zhang et al, 2015). fEiR= P, A+ REIH)f£
W R T B KR % % (Apis mellifera), 5 8F 1)
R HhRE A 2, I AS - RE g T DL AR il
RN BRI R (MRS, 2011; HHAESE,
2011; BXTEAZE, 2011; A& B, 2015). dngpeik
S My B RTE ROl A3 MR G IR, 2k
RHE T+ Vit 5 SR ) i R N DR AME . R it
TEMIFRE Z, Jknr it — D1z 48 IR E 4= & (1 pe g
BEUR, EERANEEIRE B LR AR R, LA
RAEBEMGAEN A AR E, AR T4 A=

4 RRERIRIFSRES

RRIE AN Bt A I B B B L, SR AR

2 PP AR LA s SR LR — S
FEAED) 1) B ALKy (T LD FI 2R A5k, 1998; Sun et al,
2003; He & Liu, 2004; Zéffa4E55, 2007). Hihkid, &
JE L X 7750 AR AL A FIRE A1 B2 4913397 (An et al,
2014), z B RS JIAR H AR 25 3 0 v 2 0 F B 2 A
TR B R (A IER4E, 2017), Ui REIEAL R 78
e ¥r HORFLRNAE S RGP RIEE T EE
HIFE . (ERIT LK, 2Rk HIX H AR
Z R T B B — Lo THT Il A 2 K 2 )
(Potts et al, 2010; Cameron et al, 2011; Colla et al,
2012). fek R AN T R HRESRGMA
KaWsar=AfE R M, Ak, JEE(The Natio-
nal Pollinator Strategy: For Bees and Other Pollinators
in England, 2014). (National Strategy to Promote
the Health of Honeybees and Other Pollinators, 2015).
7% [E (France, Terre de Pollinisateurs, 2015)%% & i H
FHGR & T ORI Ak B d R S s . o
R e B 5T T W AL o e, L OO B A8 =
TRVE VLIS L RGP 2% . e Lep i i /b
(BrR o, 1999); i TsUH 3 B0 el e R 2R S b X
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