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The survey of bumblebee species diversity in the Sichuan Gongga

Mountain National Nature Reserve

ZHENG Xiao-Ao'", Al Xiao-Hui’**, RUAN Guang-Fa', JIANG Yong!, WILLIAMS Paul’, GU
Lei?, SUN Cheng?*™ (1. Sichuan Gongga Mountain National Nature Reserve Administration,
Kangding 626001, Sichuan Province, China; 2. College of Life Sciences, Capital Normal
University, Beijing 100048, China; 3. Department of Life Sciences, Natural History Museum,
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Abstract: Bumblebees (Hymenoptera: Apidae) are a group of pollinators in the genus Bombus,
which play important roles in maintaining the balance of natural ecosystem and in promoting
agricultural production. We conducted this survey to understand bumblebee species that are
currently residing in the Sichuan Gongga Mountain National Nature Reserve and identify species
that are under threaten. During the year of 2022-2023, we collected bumblebee samples from the
Nature Reserve by sweeping nets for three times and recorded their food plants at the same time.
A total of 919 bumblebee specimens were collected and DNA barcoding results indicated that
they were from 21 species; the Shannon-Wiener index of bumblebees in the Nature Reserve was
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2.2093. Of these 21 bumblebee species, three of them were abundant species and eight of them
were rare species. In addition, four of the rare species (Bombus graham, B. wolongensis, B.
ladakhensis, B. waltoni) were not only rare in number but had a very narrow geographic
distribution in the Reserve, indicating their endangered status. The largest numbers of bumblebee
individuals and species were founded at elevations between 3000-4000 m. Bumblebees provided
pollination services for at least 43 wild and economic plants in the Reserve. Compared with the
40-year-ago survey results of the same region, two bumblebee species in subgenus Psithyrus (B.
bohemicus and B. expolitus), which had shown up in the last survey but were absent in this survey.
Moreover, no species from subgenus Psithyrus was collected during this survey. Our results
suggested that, as proposed, bumblebees in subgenus Psithyrus, which exhibit socially parasitic
behavior, were more vulnerable to population decline or even extinction than other bumblebees.
Taken together, we had identified the currently available bumblebee species in the Reserve and
provided a list of endangered species, which could be invaluable for the protection of bumblebees
in the Reserve.

Key words: Bumblebee; Gongga Mountain; Psithyrus; rare species; endangered
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15 N AEIETEJ® (Cameron et al., 2007; Williams et al., 2008) . A& & B B (L8 B .
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2) Shannon-Wiener Z ¥ PEFE%L (Diversity index, H") :
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Fig. 1 Sampling sites and bumblebee specimens collected in the Gongga Mountain Reserve
e (a) P EP TR L E YRR XA BRI (b)) SRR A YR . IR T E SN 4
AR S SRRt AR 25 W93t R BT SOl GS (20160 2923 S ARiEL I, KIS . Notes: (a)
The location of the Gongga Mountain Reserve in Sichuan, China, and (b) the locations of sampling sites. This map
was based on the standard map with the review number GS (2016) 2923 downloaded from the Standard Map

Service website of the National Bureau of Surveying and Mapping Geographic Information. The base map had not
been modified.
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Fig.2 Ecological photos of bumblebees
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Table 1 Bumblebee species, collection quantity and abundance classification
. . - TAK e g
3 BT %4 i ) R e PR
. . Individual . Abundance
Species Scientific name Subgenus Sites presented . .
numbers classification
IKREWE Bombus grahami Alpigenobombus 1 pisd A i Fh (Rare species)
Fif Jp; A& i Bombus wolongensis Pyrobombus 1 e i Fh (Rare species)
FIATLRERE  Bombus ladakhensis Melanobombus 2 FHERE O FiFF (Rare species)
rRgeg Bombus waltoni Mendacibombus 3 FHEIE FifiFl (Rare species)
e EZRAT K
Ji 3k e i Bombus breviceps Alpigenobombus 7 e it F (Rare species)
: Wl B &
o g g Bombus impetuosus Thoracobombus 8 - *; B it F (Rare species)
]
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Al RE M Bombus lemniscatus Pyrobombus 9 FHE O, ERVG  FiB M (Rare species)
FISAT . TSR
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I T R WP (C
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species)
RN 3 5
- ; N ; LEP WA (Common
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DAL .
,m N , e W AN (Common
I RE Bombus remotus Thoracobombus 24 WL VDA A s
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AN ’
- IRV HET WL (Common
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TWFURIE S RS WA (C
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HETI species)
RENIT . R
B Al FHERE .
I~ ) N . 5 WP (Common
AW Bombus rufofasciatus Melanobombus 40 H. Zhik, £ ies)
species
T, AT % P
]
AREYN TR
7N U N .
" e A5 (Abundant
PSSl Bombus longipennis Bombus 47 TEFRBE, #eT . s
species
it EMAR, P
BN A
REE WL AR FREF (Abundant
UL B A Bombus minshanensis Bombus 62 ) undan
i species)
AR PN TIRRLH
M U LA
5@? AN 32N
e A Fh (Dominant
Shegias Bombus festivus Melanobombus 116 VIBHRAL T s
species
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i BB Bombus friseanus Melanobombus 266
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MEAELE (Williams et al., 2009; Streinzer et al., 2019; Sponsler et al., 2022) .

RE bR A KL H B PR AL et 5L RN H BB B
Distribution of specimen number by elevation ranges Distribution of species number by elevation ranges
&, 800 r 16 ¢
2 700 D 14
= £
SE 600 | g £ 12
<& 500 | 20|
= oo
z 3 400 =8 8|
= L 2 B
25 300 %8 6
2,200 ¢ a4t
“ 100 | 2
0 ) i . ; . .
<1000  1000-2000 2000-3000 3000-4000 = 4000 <1000  1000-2000 2000-3000 3000-4000  >4000
##4kJEH (m) Elevation range #4JiE (m) Elevation range

3 ARMELE ORA DX R A LR
Fig. 3  Altitude distribution feature of bumblebees in the Gongga Mountain Reserve
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Appendix Table 1 The summary of bumblebee collection and identification

Reps o i ik ) X FROTE e
Collection site Collection Coordinates Elevation Species Chinese name Subgenus Number
date collected
AREPN GIREEE N
i 2022/8/17 N29°50'39"; E102°2'35" 3150 Bombus infrequens i fE M4 Pyrobombus 82
Bombus festivus H e Melanobombus 2
Bombus infirmus 55 fig g Pyrobombus 8
Bombus longipennis KM RE g Bombus 2
A kAT 2022/8/17 N29°34'60"; E102°10'45" 1150 Bombus bicoloratus T pENE Megabombus 6
e 2 2022/8/18 N29°57'19"; E101°34'50" 3400 Bombus friseanus I B e i Melanobombus 52
DT 1) 2022/8/18 N29°27'8"; E101°26'56" 3400 Bombus friseanus LN Melanobombus 5
Bombus festivus H e Melanobombus 1
Bombus remotus i g IG Thoracobombus 1
IRV 2022/8/16 N29°34'28"; E101°59'35" 3 040 Bombus religiosus g Megabombus 15
Bombus nobilis RS RE 14 Alpigenobombus 3
Bombus festivus kg Melanobombus 4
Bombus grahami K HE I Alpigenobombus 1
Bombus trifasciatus =2k REE Megabombus 1



REENI7

[Epzal]|

.
s

%
=

E¥r

BIRH

2022/8/20

2022/8/19

2022/8/18

2022/8/19

2022/8/17

N30°7'40"; E101°45'16"

N29°7'21"; E101°31'1"

N29°33'40"; E101°21'13"

N29°20'6"; E101°35"24"

N29°32'7"; E102°8'33"

4250

3270

3070

4050

1300

Bombus infirmus
Bombus infrequens
Bombus minshanensis
Bombus rufofasciatus
Bombus friseanus
Bombus festivus
Bombus longipennis
Bombus friseanus
Bombus impetuosus
Bombus religiosus
Bombus remotus
Bombus festivus
Bombus longipennis
Bombus friseanus
Bombus remotus
Bombus impetuosus
Bombus friseanus
Bombus lepidus

Bombus bicoloratus

U Ll fiE g
AR
3 e
S

I L RR
/INHE AR

Pyrobombus
Pyrobombus
Bombus
Melanobombus
Melanobombus
Melanobombus
Bombus
Melanobombus
Thoracobombus
Megabombus
Thoracobombus
Melanobombus
Bombus
Melanobombus
Thoracobombus
Thoracobombus
Melanobombus
Pyrobombus

Megabombus

116

39

13

12

12

11

22

15

11



A

UEZE

ol

2022/8/17

2022/8/15

2022/8/18

2022/8/19

N29°54'17"; E101°59'60"

N29°41'31"; E101°5917"

N29°59'49; E101°52'44"

N29°9'48"; E101°28'51"

3970

2670

3330

3370

Bombus breviceps
Bombus festivus
Bombus longipennis
Bombus friseanus
Bombus rufofasciatus
Bombus festivus
Bombus nobilis
Bombus trifasciatus
Bombus infirmus
Bombus longipennis
Bombus infrequens
Bombus wolongensis
Bombus religiosus
Bombus friseanus
Bombus convexus
Bombus longipennis
Bombus friseanus
Bombus rufofasciatus

Bombus festivus

9k HLAR G
AR i<
H R

I L RR
AR i<
F e

Alpigenobombus
Melanobombus
Bombus
Melanobombus
Melanobombus
Melanobombus
Alpigenobombus
Megabombus
Pyrobombus
Bombus
Pyrobombus
Pyrobombus
Megabombus
Melanobombus
Mendacibombus
Bombus
Melanobombus
Melanobombus

Melanobombus



TR

FHHE I

EIEIN

K

A

2022/8/18

2022/8/18

2022/8/17

2022/7/13

2023/7/21

N29°31'45"; E101°45'9"

N29°312"; E101°43'13"

N29°57'48"; E101°58'6"

N29°44'7"; E101°44'26"

N30°2'50"; E101°43'57"

3500

4550

3100

4190

3820

Bombus nobilis
Bombus convexus
Bombus rufofasciatus
Bombus lemniscatus
Bombus waltoni
Bombus ladakhensis
Bombus friseanus
Bombus remotus
Bombus festivus
Bombus rufofasciatus
Bombus impetuosus
Bombus friseanus
Bombus lepidus
Bombus longipennis
Bombus remotus
Bombus rufofasciatus
Bombus lemniscatus
Bombus minshanensis

Bombus rufofasciatus

I L RR
/N R

Alpigenobombus
Mendacibombus
Melanobombus
Pyrobombus
Mendacibombus
Melanobombus
Melanobombus
Thoracobombus
Melanobombus
Melanobombus
Thoracobombus
Melanobombus
Pyrobombus
Bombus
Thoracobombus
Melanobombus
Pyrobombus
Bombus

Melanobombus

23

58

12

12

23



EpecyAs Lk

JUIACHE RS

A2 KER

Kb i

41t Total

2023/7/22

2023/7/23

2023/7/24

2023/7/25

N29°5'19"; E101°46'60"

N28°45'50"; E101°47'51"

N29°24'14"; E102°7'24"

N29°25'10"; E102°13'57"

Bombus friseanus

3 600 Bombus friseanus
Bombus rufofasciatus
Bombus longipennis

Bombus festivus

2490 Bombus festivus
Bombus friseanus
1400 Bombus festivus

Bombus bicoloratus
Bombus trifasciatus
960 Bombus bicoloratus

Bombus breviceps

9k HLAR G
I L RR I
AR i<

AR
J Sk redg

Melanobombus
Melanobombus
Melanobombus
Bombus
Melanobombus
Melanobombus
Melanobombus
Melanobombus
Megabombus
Megabombus
Megabombus

Alpigenobombus

43

919
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Appendix Table 2 Barcoding sequences and their best hit in database for 21 bumblebee species identified in this study

AHT SRR 2K TS 5

Barcoding sequences obtained in this study

BOLD A\ A%t

& R AR LA
Best hit in BOLD
or private
database

FEXE AR (%) BR
LSy
Similarity (%)
or identification
method

HC4
REIEFN 4% .
X Chinese
Species
name
Bombus bicoloratus —EREIE
Bombus breviceps Sk REE

ATTTTTTATTTTTCGCTATATGATCAGGAATAATTGGATCAGCAATAAGATTAATAATTCGAATAG

AATTAAGAAATCCTGGAATATGAATTAATAATGATCAAATTTATAATTCTTTAGTAACTAATCAT
GCATTTTTAATAATTTTTTTTATAGTTATACCTTTCATAATTGGAGGTTTTGGAAATTATTTAATTC
CTTTAATAATTGGTTCACCAGATATAGCTTTTCCACGAATAAATAATATTAGATTTTGAATCTTAC
CCCCTTCTCTATTTTTATTATTAATTAGAAATTTATTCACCCCAAATGTTGGAACAGGATGAACTA
TTTATCCTCCATTATCTTCTTATATATTTCATTCTTCTCCAGCTGTAGATATTTCTATTTTTTCTTTA
CATTTAGCTGGAATTTCTTCTATTATTGGATCTTTAAATTTTATTGTTACTATTATAATAATAAAA
AATTTTTCAATAAACTACGATCAAATTAATTTATTTTCATGATCTGTATGTATTACAGTAATTTTA
TTACTTTTTTCTCTTCCAGTTTTAGCTGGAGCTATTACAATATTATTTTTCGATCGAAATTTCAATA

CATCTTTTTTCGATCCAATAGGAGGTGGAGATCCTATCCTTTATCAACATTTATTTTGATTTTTTGG

CCCAAAAAACCTAAAAT

TTACCTTTATTTTTGCTATATGATCAGGAATAATTGGATCTTCTATAAGTTTATTAATTCGTATAG
AATTAAGACACCCAGGAATATGAATTAATAATGATCAAATTTATAACTCCTTAGTTACTAGTCAT
GCATTCTTAATAATTTTTTTTATAGTTATACCATTTATAATTGGAGGTTTTGGTAATTATTTAATCC
CTATAATAATAGGTTCACCTGATATAGCTTTCCCACGAATAAATAATATTAGATTCTGACTTCTTC
CTCCATCTTTATTATTATTAATAATAAGAAATTTATTCTCTCCAAATGTAGGAACCGGTTGAACTG
TATACCCCCCTTTATCATCTTATCTTTATCATTCATCTCCTTCTATTGATATAGCAATTTTTTCTTTA
CATATAACAGGAATCTCTTCCATTATTGGATCTTTAAATTTTATTGTTACTATTATATACATAAAA
AATATTTCATTAAACTATGATCAAATTAATCTATTTTCTTGATCTGTTTGTATTACAGTAATTTTAT
TAATTCTATCATTACCAGTATTAACTGGAGCTATCACTATACTTTTATTTGACCGAAATTTTAATA

CATCTTTTTTTGATCCAATAGGAGGAGGAGACCCTATTCTTTATCAACATCTATTTTGATTTTTTG

GCACCGAAAAATTAAGTGACCCAAC

GBMNA21927-1
9

GBAH18190-19

99.38

98.29



AATTTTATTTTTGCTATATGATCAGGTATAATTGGCTCATCAATAAGACTATTAATTCGAATAGAA
CTTAGTCACCCAGGAATATGAATTAACAACGATCAAATTTATAATTCTTTAGTTACAAGACATGC
TTTCTTAATAATTTTTTTCATAGTAATACCATTTATAATTGGAGGATTTGGAAATTATTTAATCCC
ACTAATACTTGGATCTCCTGATATAGCATTTCCCCGAATAAATAATATTAAATTTTGATTACTCCC

B ACCATCTTTATTTATACTATTATTAAGAACTTTATTTTACCCAAATGCAGGAACTGGTTGAACAGT Bombus convexus
Bombus convexus "y R IG TTATCCCCCCTTATCTTCATATATATTCCATTCATCTCCATCCATTGATATCGCAATTTTCTCACTT (BOLD private) 99.37
CACATAACAGGAATTTCCTCAATTATTGGATCATTAAATTTTATTGTTACTATTTTATTAATAAAA
AACTTCTCATTAAACTATGATCAAATTAATTTATTTTCATGATCTGTATGCATCACAGTAATTTTA

TTAATTTTATCATTACCAGTTTTAGCCGGAGCTATTACTATACTTTTATTTGATCGAAATTTTAATA

CTTCTTTTTTTGATCCCATAGGAGGAGGTGATCCTATTCTTTACCAACACTTATTCTGATTTTTTGG
CACCAAAAAAAATTAAAAC

TACTTTATTTATGCATATGATCAGGATAATTGGATCATCAATAAGTCTTTTAATTCGTATAGAACT
TAGTCATCCTGGAATATGAATTAATAATGACCAAATTTACAATTGATTAGTTACAAGTCATGCAT
TCCTAATAATTTTTTTTATAGTTATACCATTTATAATTGGAGGATTTGGAAATTATTTAATTCCATT
AATACTAGGATCTCCAGATATAGCTTTCCCACGAATAAATAATATTAGATTTTGACTTCTTCCCCC
TTCATTAATTATATTATTACTAAGAAATATATTTTCTCCTAATGTCGGTACAGGATGAACTGTTTA GBMNCA4008-2
Bombus festivus Shpic TCCCCCTTTATCATCCTATTTATTCCATTCATCCCCATCAATCGATATTGCAATTTTTTCCCTTCAT 0 99.84
ATAACAGGAATCTCTTCTATTATTGGTTCTTTAAATTTTATTGTAACTATTTTTTTTATAAAAAATA
TTTCATTAAATTATGATCAAATCAATTTATTTTCTTGATCCGTATGTATTACAGTAATCCTTCTAAT
TTTATCTTTACCCGTACTTGCAGGAGCAATTACCATACTTTTATTTGATCGAAATTTTAATACATC
CTTTTTTGATCCAATAGGAGGAGGAGATCCAATTCTTTATCAACACTTATTTTGATTTTTTGGCTA
CAAAAAAAATTAAAA

TATGTACTTTATTTTTGCTATATGATCCGGAATAATTGGATCGTCAATAAGATTACTAATTCGAAT
AGAACTTAGTCATCCTGGAATATGGATTAGAAATGACCAAATTTATAATTCTCTTGTTACAAGAC
ATGCTTTTTTAATAATTTTTTTTATAGTTATACCATTTATAATTGGAGGATTTGGAAATTATTTAAT
TCCTTTAATACTTGGGTCTCCTGACATAGCTTTTCCTCGAATAAATAATATTAGATTTTGACTATT
. . ACCTCCGTCATTATTTATATTACTTTTAAGAAACTTATTTTCCCCAAACGCAGGAACAGGATGAA  GBMNC44006-2
Bombus friseanus 95 H RE g 99.84
CTGTATACCCACCTTTATCATCATACTTATTTCACCCCTCACCGTCAGTTGATATTGCAATTTTCTC 0
ACTTCATATAACAGGAATTTCTTCTATTATTGGATCTTTAAACTTTATTGTAACTATTATATTCATA
AAAAATTTCTCATTAAATTATGACCAAATTAATTTATTTTCTTGATCCGTATGTATTACAGTAATT
CTATTAATTTTATCTTTACCAGTATTAGCAGGAGCAATTACAATACTTCTTTTTGATCGAAATTTT
AATACATCTTTTTTTGACCCAATAGGAGGAGGTGATCCAATCCTTTACCAACATTTATTTTGATTT



TTTGGCCCCAAAAAAATTAAAA

AAGAATTTTATTTTCGCTATATGATCAGGAATAATTGGATCTTCTATAAGATTACTAATTCGTATA
GAATTAAGACATCCAGGAATATGAATCAATAATGATCAAATTTATAATTCTTTAGTTACCAGTCA
TGCATTTTTATAATTTTCTTTATAGTAATACCATTTATAATTGGAGGGTTTGGGAATTATTTAATC

CCTATTATATTAAGGTCACCTGATATAGCTTTTCCACCAATAAATAATATTAAAATTTGACTTCTT

TN
CCCCCCTCCTTAATAATAATATTAATAAAAAACTTAATCTCTCCCAATGGAAGAACTGGGTGAAC K o
Bombus grahami KEEW  TGGATATTCCCCCTTAACATCCTAACCTTTTCATTCCCCCCCCTCCAATGATATTGGAAATTTTTCC _
TTACCAATAAAAGGAATTTCCTCTATTATTGGATCTTTAAATTTTATTGGTACTATTATAAGTATA ~ Llvate database  Analysis based on
AAAAATTTTTCATTAAATTATGAACAAATTAATTTATTTTTCTGATCTGTTTGTATTACAGTAATTT phylogenetic tree

ATTTATCTTATCATACCAGTCTTAGCTGAGCTAAACTATACTTTTATTGACCGAAATTTATACATC
TTTTTTGTCCATAGGAGGAGAATCCTTTTTTATCAACATTTATTCTGATTTTTGATCCAAAAATTTA
AA

AATAATTTTATTTTTGCTATATGATCAGGAATAATTGGATCTTCAATAAGATTAGTTAATTCGAAT
AGGAATTAAGACATCCTGGAATATGAATTAATAATGATCAAATTTATAATTCTTTAGTTACTAGG
CATGCATTTTTAATAATTTTTTTTATAGTTATACCGTTTTTAATTGGTGGGTTTGGAAATTATTTAG
TTCCTTTAATATTAGGTTCACCAGATATAGCATTTCCTCGAATAAATAATATTAGGTTTTGAATTT
TACCTCCTTCATTAATAATATTGTTATTAAGAAATTTATTTACACCTAATGTTGGGACAGGATGAA GBMNCA44001-2
Bombus impetuosus P CAGTTTATCCTCCATTATCTTTATATTTATTTCATTCATCACCGTCTGTTGATATTGCAATTTTTTC 0 98.28
ACTTCATATAACTGGTATTTCTTCAATTATTGGTTCTTTAAATTTTATTGTTACTATTATAATAATA
AAAAATTGTTCATTAAATTATGATCAGATTAATTTATTTTCGTGATCAGTATGTATTACTGTGATT
TTATTAATTTTATCTTTACCTGTTTTAGCAGGAGCAATTACAATATTATTATTTGATCGAAATTTTA
ATACATCTTTTTTTGATCCTATAGGAGGAGGTGATCCAATTCTTTATCAACATTTATTTTGATTTTT
GGGGACTAAAAAAAAATTTAAA

TAATTTTTTATCTTTTGCTATATGATCAGGAATAATTGGATCATCAATAAGATTATTAATTCGAAT
AGAATTAAGTCATCCTGGAATATGAATTAATAATGATCAAATTTATAATTCATTAGTTACAAGAC

ATGCATTTTTAATAATTTTTTTCATAGTAATACCATTTATAATTGGAGGATTTGGAAATTATTTAA T 2R GLiE A b 4y
Bombus infirmus B TTCCATTAATATTAGGATCACCTGATATAGCATTCCCACGAATAAATAATATTAGATTTTGATTAC AN E 2 Br

TTCCTCCATCTTTATTTATATTACTATTAAGAAATTTATTTACACCAAATGTTGGAACAGGATGAA  Private database Analysis based on

CTGTATACCCCCCTTTATCATCATATATATTTCATTCATCACCTTCAGTAGATATTGCAATTTTTTC phylogenetic tree

TTTACATATAACAGGAATTTCTTCAATTATTGGATCTTTAAACTTTATCGTAACTATTATATTAAT
AAAAAATTTTTCATTAAATTATGATCAAATTAATTTATTTTCTTGATCAGTATGTATTACAGTAAT



Bombus infrequens

Bombus ladakhensis

Bombus lemniscatus

EORENNL S

i

e

ATTATTAATATTATCATTACCAGTTTTAGCAGGAGCTATTACAATACTTCTTTTTGATCGAAATTT
TAATACATCATTTTTTGATCCAATAGGAGGTGGTGATCCAATTCTTTACCAACATTTATTTTGATT
TTTTGGCTACAAAAAAAATTATAAA

AATATTTTTTTATTTTTGCATATGATCAGGAATAATTGGTTCATCAATAAGATTATTAATTCGAAT
AGAATTAAGACATCCAGGAATATGAATTAATAATGATCAAATTTACAATTCATTAGTAACAAGA

CATGCTTTCTTAATAATCTTCTTTATAGTCATACCATTCATAATCGGAGGATTTGGAAATTATTTA
ATTCCAATAATATTAGGATCACCTGATATAGCTTTTCCACGAATAAATAATATTAGATTTTGATTA
CTACCACCATCTCTTTTTTTATTATTATTAAGAAATCTATTCACACCAAACTTAGGAACAGGATGA
ACTGTATATCCTCCTTTATCATCTTATATATTTCATTCATCTCCATCTGTAGATATCGCAATCTTTT

CATTACATATAACAGGAATTTCCTCAATTATCGGATCATTAAATTTTATTGTAACTATTATATTAA
TAAAAAATTTTTCTTTAAATTATGATCAAATCAATTTATTTTCATGATCAGTTTGTATTACTGTTAT
ATTATTAATTTTATCACTACCAGTTTTAGCAGGAGCAATTACAATACTTATTTTTGATCGAAATTT

TAATACATCTTTTTTTGATCCAATAGGAGGAGGTGATCCTATTCTATACCAACATTTATTTTGATT

TTTTGGCTACAAAAAAAATTTTATAAA

TATTTTCTCTTCGCATATGATCAGGAATAATTGGATCATCAATAAGTTTATTAATTCGAATAGAAC
TTAGTCATCCTGGAATATGAATTAACAATGATCAAATTTATAATTCACTTGTCACAAGACATGCA
ITTTTTAATAATTTTTTTCATAGTTATACCATTCATAATTGGAGGATTTGGTAATTATTTAATTCCAT
TAATATTAGGATCTCCTGATATAGCTTTCCCTCGAATAAATAATATTAGATTCTGACTTCTTCCTC
CATCATTATTCTTACTACTATTAAGAAATTTATTTTCCCCAAATGTAGGTACAGGTTGAACTGTTT
ATCCACCTTTATCATCATACTTATTTCATTCCTCACCATCAATTGATATTGCAATCTTTTCCTTACA
TATAACTGGAATTTCCTCTATTATTGGATCTTTAAATTTTATTGTAACCATTATATTTATAAAAAA
TTTTTCTCTAAATTATGATCAAATCAATCTATTTTCCTGATCTGTTTGCATTACTGTAATTTTATTA
ATTTTATCTTTACCAGTATTAGCAGGAGCAATTACAATACTTCTATTTGATCGAAATTTCAATACA
TCTTTTTTTGATCCAATAGGAGGAGGTGATCCAATTCTTTATCAACATCTTTTTTGATTTTTTGGCT
ACAAAAAAATTATAAAA

AATTATTTCTTTTTGCTATATGATCAGGAATAATTGGATCATCAATAAGACTATTAATCCGAATAG
AATTAAGTCATCCTGGTATATGAATCAACAATGATCAAATTTATAATTCATTAGTTACAAGACAT
GCATTTTTAATAATTTTTTTTATAGTTATACCATTTATAATTGGAGGATTTGGAAATTATTTAATTC
CACTAATATTAGGATCACCTGATATAGCTTTTCCACGAATAAATAATATTAGATTTTGATTACTTC
CTCCATCTTTATTTATATTACTTTTAAGAAATCTATTTACACCAAACGTAGGAACAGGGTGAACTG
TATATCCTCCTTTATCATCTTATATATTTCATTCATCACCTTCAGTAGATATTGCAATTTTTTCATT

K 2 LA 7>
AWNFGHR Hr
Private database Analysis based on

phylogenetic tree

BBWP691-18 99.83
Bombus
lemniscatus 99.37
(BOLD private)



Bombus lepidus

Bombus longipennis

Bombus nobilis

/e RE B

KR

ok
Re

Led

ACATATAACAGGTATTTCTTCAATTATTGGTTCTTTAAACTTTATTGTAACTATTATATTAATAAA
AAATTTTTCATTAAATTATGATCAAATTAACTTATTTTCTTGATCAGTTTGTATTACAGTAATATT
ATTAATATTATCTTTACCAGTTTTAGCTGGAGCTATTACAATACTTCTTTTTGATCGTAATTTTAAT
ACATCTTTTTTTGACCCAATAGGAGGAGGTGATCCAATTCTTTATCAACACTTATTTTGATTTTTT
GGCTAAAAAAAAATTTTAAA

AATATTTTTTATTTTTGCTATATGATCAGGAATGATTGGATCATCAATAAGATTATTAATTCGAAT
AGAATTAAGTCATCCTGGTATATGAATTAGTAATGATCAAATTTATAATTCATTAGTTACAAGAC
ATGCATTTTTAATAATTTTTTTCATAGTTATACCATTTATAATTGGAGGATTTGGAAATTATTTAG
TTCCATTAATATTAGGATCACCTGATATAGCTTTTCCACGAATAAATAATATTAGATTTTGATTAC
TACCTCCATCTTTATTTTTATTACTTTTAAGAAATTTATTTACACCAAATGTAGGAACAGGATGAA
CTGTATATCCTCCTTTATCATCTTATATATTTCATTCATCACCATCTGTTGATATTGCAATTTTTTC
ATTACATATAACAGGTATTTCTTCAATTATTGGATCTTTAAATTTTATTGTAACTATTATATTAAT
AAAAAATTTTTCATTAAATTATGATCAAATTAATTTATTTTCTTGATCAGTTTGTATTACAGTAGT
ATTATTAATATTATCTTTACCAGTTTTAGCTGGAGCTATTACAATACTTCTTTTTGATCGTAATTTT
AATACATCTTTTTTTGATCCTATAGGAGGAGGTGATCCAATTTTATATCAACATTTATTTTGATTT
TTTGATAAAAAAAAAAAATATAAAAAA

GGTTCATCAATAAGTTTATTAATTCGAATAGAATTAAGTCATCCAGGAATATGAATTAATAATGA
TCAAATTTATAATTCTTTAGTAACTAGACATGCATTTTTAATAATTTTTTTTATAGTAATACCATTT
ATAATTGGAGGATTTGGTAATTATTTAATTCCATTAATACTTGGATCACCAGATATAGCTTTCCCT
CGAATAAATAATATTAGATTTTGACTTTTACCTCCATCATTATTTATATTATTATTAAGAAATATA
TTTACACCTAATGTAGGAACAGGATGAACTGTATATCCTCCTTTATCTTCTTATTTATTTCATTCAT
CCCCATCAATTGATATTGCAATTTTCTCTTTACATATATCAGGAATTTCTTCAATTATTGGATCATT
AAATTTTATTGTTACTATTTTAATAATAAAAAATTTTTCATTAAATTATGATCAAATTAATTTATTT
TCATGATCAGTATGTATTACTGTAATTTTATTAATTTTATCTTTACCAGTATTAGCTGGAGCAATT
ACAATATTACTTTTTGATCGAAATTTTAATACCTCATTTTTTGATCCTATAGGAGGAGGAGACCCT
ATTTTATATCAACATTTATTTTGATTTTTTGGACT

AATATTTTCTCTTTGCTATATGATCAGGAATAATTGGATCTTCAATAAGATTATTAATTCGAATAG
AATTAAGACATCCAGGAATATGAATTAATAATGATCAAATTTATAATTCTTTAGTTACAAGACAT
GCATTTTTAATAATTTTTTTTATAGTTATACCATTTATAATTGGTGGATTTGGAAATTACTTAATTC
CTATTATATTAGGATCTCCTGATATAGCTTTCCCACGAATAAATAATATTAGATTCTGACTTCTTC
CTCCATCTTTAATAATACTCTTATTAAGAAATTTATTTTCACCAAATGTAGGAACTGGTTGAACTG

GBMIN72044-17

GBMIN72045-17

AN K e

Private database

99.67

100

WA R G 73
Hr
Analysis based on
phylogenetic tree



Bombus religiosus

Bombus remotus

Bombus rufofasciatus

B

21 R

TATATCCACCTTTATCCTCATATTTATTCCATTCATCACCTTCTATTGATATTGCAATTTTTTCTTTG
CATATAACAGGAATTTCTTCTATTATTGGATCATTAAATTTTATTGTTACTATTATATTTATAAAA
AATTATTCATTAAATTATGACCAAATTAATTTATTTTCTTGATCCGTATGTATTACAGTAATTTTAT
TAATTTTATCCTTACCAGTTTTAGCTGGAGCTATTACTATACTTTTATTTGATCGAAATTTTAATAC
TTCTTTTTTTGATCCAATAGGAGGAGGTGATCCAATTCTTTACCAACATTTATTTTGATTTTTTGGC
TACAAAAAAAATATATTAAA

TTAAATTTTATTTTTGCTATATGATCTGGAATAATTGGATCAGCAATAAGATTTTTAATTCGAATA
GAATTAAGACATCCTGGTATATGAATTAACAATGATCAAATTTATAATTCCTTAGTAACTAGTCA
TGCATTTTTAATAATTTTTTTTATAGTTATACCATTTATAATTGGAGGATTTGGAAATTACTTAATT
CCACTAATAATTGGAGCTCCAGATATAGCATTTCCACGAATAAATAATATCAGATTTTGAATTCT
ACCTCCCTCATTATTTATATTATTATTAAGAAATTTATTTTCTCCAAATGTTGGAACTGGATGAAC
TGTTTATCCTCCTCTATCTTCTTATCTATTTCATTCATCTCCATCTATTGATATTGCTATTTTTTCCT
TACATATAACAGGAATCTCCTCTATTATTGGATCTTTAAATTTTATTGTAACTATTATATTAATAA
AAAATTATTCATTAAATTATGATCAAATTAATCTATTTTCTTGATCAGTATGTATTACAGTAATTT
TATTATTATTATCTTTACCAGTTCTAGCAGGAGCTATTACAATATTACTTTTTGATCGAAATTTTA
ATACATCATTTTTTGACCCTATAGGAGGTGGTGATCCAATTCTTTATCAACATTTATTTTGATTTTT
TGATAACAAAAAAAATTAATAAAA

AAATTTTTTTATTTTTGCTATATGATCAGGAATAATTGGATCTTCAATAAGATTATTAATTCGAAT
AGAATTAAGACATCCTGGAATATGAATTAATAATGATCAAATTTATAATTCTTTAGTTACTAGAC
ATGCATTTTTAATAATTTTTTTTATAGTTATACCATTTTTAATTGGTGGATTTGGTAATTATTTAGT
TCCTTTAATATTAGGTTCACCAGATATAGCATTTCCTCGAATAAATAATATTAGATTTTGGATTTT
ACCTCCTTCATTAATGATATTGTTATTGAGAAATTTATTTACACCTAATGTTGGAACAGGATGGAC
AGTTTATCCTCCATTATCTTCATATTTATTTCATTCATCACCGTCTGTTGATATTGCAATTTTTTCA
CTTCATATAACTGGAATTTCATCAATTATTGGTTCTTTAAATTTTATTGTTACTATTATAATAATAA
AAAATTATTCATTGAATTATGATCAAATTAATTTATTTTCATGATCAGTATGTATTACTGTAATTT
TATTAATTTTATCTTTACCTGTTTTAGCAGGAGCAATTACAATATTATTATTTGATCGAAATTTTA
ATACATCTTTTTTTGATCCTATAGGGGGGGGTGATCCAATTCTTTATCAACATTTATTTTGATTTTT
GGGAAAAAAAAAAAAATAATAAAAA

AAACTTCTCTTTGCTATATGATCAGGAATAATTGGGTCATCAATAAGATTACTGATTCGAATAGA
ACTTAGTCATCCAGGAATATGAATTAGAAATGATCAAATTTATAATTCTCTTGTTACAAGACATG
CTTTTTTAATAATTTTTTTCATAGTTATACCTTTTATAATTGGAGGATTTGGAAATTATTTAATCCC
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ATTAATACTTGGATCCCCTGATATAGCTTTTCCTCGAATAAATAATATTAGATTTTGACTTTTGCC
CCCATCATTATTCATATTACTTTTAAGAAATTTATTTTCTCCAAACGCAGGGACAGGATGAACTGT
TTATCCTCCATTATCTTCATACTTATTTCATTCATCACCATCAATTGATATTGCAATTTTTTCTCTT
CATATAACAGGAATTTCTTCTATTATTGGCTCTTTAAACTTTATTGTAACTATCATATTTATAAAA
AATTTTTCATTAAATTATGACCAAATTAATTTATTTTCATGATCTGTATGTATTACAGTAATTTTAT
TGATTTTATCTTTACCGGTATTAGCAGGAGCAATTACTATACTTCTCTTTGATCGAAATTTCAATA
CATCTTTTTTTGATCCTATAGGAGGAGGTGACCCAATTCTTTATCAACATTTATTTTGATTTTTTGG
CTACAAAAAAAATTAAATAA

AAAATTTTTCTATTTGCTATATGAGCTGGAATAATTGGATCCTCAATAAGTCTTTTAATTCGAATA
GAATTAAGACATCCAGGAATATGAATTAATAATGACCAAATTTATAATTCATTAGTAACAAGAC
ATGCATTTTTAATAATTTTTTTCATAGTGATACCATTTATAATTGGAGGATTTGGAAATTATTTAG
TTCCCTTAATATTAGGAATTCCAGATATAGCATTTCCACGAATAAATAATATTAGATTTTGAATTT
TACCCCCTTCTTTAACAATATTATTATTAAGAAATCTATTTACTCCTAATATAGGAACAGGATGAA
CTGCATATCCTCCACTATCAAATTATATATTTCATTCATCTCCATCAGTTGATATTGCAATTCTTTC
ACTTCATATAACAGGAATTTCTTCTATTATTGGATCATTAAATTTTATTATTACAATTATTATAAT
AAAAAATTATTCATTAAATTTTGATCAAATTAATTTATTTTCATGATCAATTTGTATTACAGTAAT
TTTATTACTTATTTCCCTTCCAGTCTTAGCTGGATCAATTACTATACTTCTATTTGATCGAAATTTT
AATACCTCTTTCTTTGATCCAATAGGAGGTGGTGATCCTATTTTATATCAACATTTATTTTGATTTT
TTGGCTAAAAAAAAATTTTTAAA

ATTAATTTTTATATTTGCATATGATCAGGTATAATTGGATCATCAATAAGTTTATTAATTCGAATA
GAACTTAGTCACCCAGGAATATGAATTAATAACGATCAAATTTATAATTCTTTAGTTACAAGACA
TGCCTTTTTAATAATTTTTTTCATAGTAATACCATTTATAATTGGAGGATTTGGTAATTATTTAATT
CCCCTAATACTTGGTTCTCCTGATATAGCATTTCCACGAATAAATAATATTAGATTTTGATTACTT
CCCCCATCTTTATTTATATTATTATTAAGAACTCTATTTTTTCCAAATGCAGGAACTGGATGAACA
GTATATCCTCCTTTATCTTCATATATATTTCATTCATCTCCCTCTATTGATATTGCAATTTTTTCATT
ACATATAACTGGAATTTCTTCAATTATTGGTTCATTAAATTTTATTGTTACAATTTTATTAATAAA
AAATTTCTCATTAAATTATGATCAAATTAATTTATTTTCATGATCTGTGTGTATTACAGTAATCCT
ATTAATTCTATCATTACCAGTTTTAGCTGGAGCTATTACTATACTTTTATTTGATCGAAATTTTAAT
ACCTCTTTTTTTGATCCAATAGGAGGTGGTGATCCTATTCTTTATCAACATTTATTTTGATTTTTTG
GCTACAAAAAAAAATTAAATAA

AATAATTTTTATTTTTTGCTATATGATCAGGAATAATTGGATCATCTATAAGATTATTAATTCGTA
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Bombus minshanensis
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TAGAATTAAGACATCCTGGAATATGAATTAATAATGATCAAATTTATAATTCTTTAGTAACAAGA
CATGCATTTTTAATAATTTTTTTTATAGTTATACCATTTATAATTGGAGGATTTGGAAATTATTTA
ATTCCTTTAATATTAGGATCTCCTGATATAGCTTTCCCACGAATAAATAATATTAGATTTTGACTT
CTTCCACCATCTTTATTAATACTTCTTTTAAGAAATCTATATACTCCAAATGTAGGTACAGGATGA
ACTGTATATCCACCTTTATCATCTTATATATTTCACTCATCACCTTCTATTGATATTGCTATTTTCT
CATTACACATAACTGGAATTTCTTCAATTATTGGTTCTCTAAATTTTATTGTTACTATTATATTAAT
AAAAAATTTTTCATTAAATTATGATCAAATTAATTTATTCTCTTGATCAGTATGTATTACAGTAAT
ATTACTAATTCTATCTTTACCAGTTTTAGCAGGAGCAATCACTATACTTCTCTTTGATCGAAATTT
CAATACATCTTTCTTTGATCCTATAGGAGGAGGTGATCCAATTCTTTACCAACATTTATTTTGATT
TTTTGGCTACAAAAAAAAATTATTTAA

ATTAATTCGAATAGAATTAAGTCATCCTGGAATATGAATTAATAATGATCAAATTTATAATTCTTT
AGTAACTAGACATGCATTCTTAATAATTTTTTITTATAGTAATACCATTTATAATTGGAGGATTCGG
AAATTATTTAATTCCATTAATACTTGGATCACCAGATATAGCTTTCCCTCGAATAAATAATATTAG
ATTTTGACTTTTACCTCCATCATTATTTATATTATTATTAAGAAATATATTTACACCTAATGTAGG
AACAGGATGAACTGTTTATCCTCCTTTATCTTCTTATTTATTTCATTCATCTCCATCAATTGACATT
GCAATTTTTTCTTTACATATATCGGAATTTCTTCTATTATCGGATCATTAAATTTTATTGTTACTAT
TTTAATAATAAAAAATTTTTCATTAAATTATGATCAAATTAATTTATTCTCATGATCAGTATGTAT
TACTGTAATTTTATTAATTTTATCCTTACCAGTATTAGCTGGAGCAATTACAATATTACTTTTTGAT
CGAAATTTTAATACTTCATTTTTTGATCCTATAGGAGGAGGAGATCCAATTTTATACCAACATTTA
TTT
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Appendix Table 3 Plant species foraged by bumblebees
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Plant species

NT#B

Scientific name
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Anaphalis aureopunctata
Astragalus laxmannii
Astragalus membranaceus
Berberis wilsonae
Capsicum annuum
Chamerion angustifolium
Chamerion conspersum
Cirsium monocephalum
Clinopodium gracile
Clinopodium repens
Commelina paludosa
Cosmos bipinnatus
Cucumis melo var. agrestis
Cucumis sativus
Cucurbita moschata
Cynoglossum amabile
Dipsacus asper
Dipsacus chinensis
Gentiana crassuloides
Gentiana trichotoma
Gypsophila vaccaria
Halenia elliptica
Heracleum souliei

Impatiens platychlaena
Impatiens tortisepala
Ligularia pleurocaulis
Luffa aegyptiaca
Microula sikkimensis
Momordica charantia
Nepeta laevigata
Phlomis ornata
Salvia castanea
Salvia przewalskii

Saussurea semilyrata



AEFHH Senecio muliensis

WAE A Sinacalia davidii
HeH Sinacalia tangutica
GHEEE Soroseris hookeriana
R Stellera chamaejasme
JI T A 5% Taraxacum chionophilum
H& A Taraxacum platypecidum
Lg = Vicia sepium

TN Vigna umbellata




