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Abstract; Using morphological characteristics and mitochondrial 16S rDNA barcoding, we identified bumblebee
(Bombus spp.) samples collected from 20 counties of eastern Qinghai Province, Qinghai-Tibet Plateau (QTP).
We also investigated the species composition of bumblebees in each sampling site and analyzed the relationship
between species diversity and related environmental factors. A total of 3 195 specimens was collected from 20
sampling sites, of which 23 species belonging to 10 subgenera were identified. The total Shannon-Wiener diver-
sity was 2.67 and Pielou evenness index was 0.85, showing a high level of species diversity. Five species (B. la-

ntschouensis, B. patagiatus, B. lucorum, B. pyrosoma, and B. melanurus) possibly have the potential for

:2017-10-18 :2018-02-03
: (2015-2018) (2017-72]-Y23)
(19915, s s . E-mail. wanglei02017 @ outlook.com
(1972-), . . . . E-mail; zhangtz@nwipb.cas.cn
(1983-), . , y . E-mail. lingonghua@nwipb.cas.cn

http://cykx.lzu.edu.cn



1540 35

economic development, comprising 17.9% of the total sample. The results of Pearson correlation and multiple
linear regression analysis showed that the annual temperature was the key factor influencing species diversity,
and as the temperature decreased, species richness, Shannon-Wiener diversity, and Pielou evenness all signifi-
cantly decreased (P<C0.05). Our research provides fundamental information for the understanding, utilization,
and conservation of bumblebee diversity in the QTP.
Key words: bumblebee; species diversity; Qinghai-Tibet Plateau; annual temperature
Corresponding author: Zhang Tong-zuo E-mail:zhangtz@nwipb.cas.cn

Lin Gong-hua E-mail:lingonghua@nwipb.cas.cn
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Table 1 Geographical distribution and sample size of bumblebees
(G
Site County Longitude Latitude Altitude/m AT/°C AP/mm  ANPP/(g+m %)
1 Datong 101°32'19" E 37°12'00" N 2 822 1.8 323 3 884
2 Gangcha 100°12'12" E 37°15'53" N 3229 0.1 302 2 531
3 Gonghe 100°35'34" E 36°23'29" N 3319 1.0 364 1867
4 Guide 101°35'31" E 35°45'54" N 3300 1.1 447 3 059
5 Guinan 101°06'36" E 35°46'55" N 3 280 1.0 426 1639
6 Haiyan 100°59'48" E 37°00'35" N 3112 1.1 334 2 946
7 Henan 101°23'01" E 34°37'45" N 3479 0.5 539 3 268
8 Huzhu 102°09'42" E 36°52'17" N 3 030 1.5 355 3 366
9 Hualong 101°57'19" E 36°16'14" N 3152 1.3 408 3210
10 Huangyuan 101°07'08" E 36°28'25" N 3330 0.7 377 2 756
11 Huangzhong 101°27'53" E 36°22"04" N 3530 —0.4 404 2 490
12 Jianzha 101°56'47" E 35°51'05" N 3081 1.6 444 3 240
13 Ledu 102°13'43" E 36°20'20" N 2 840 2.5 396 2903
14 Menyuan 101°15'08" E 37°36'45" N 3148 0.4 303 3426
15 Qilian 100°11'40" E 38°05'28" N 3 286 —1.3 268 3 465
16 Tongde 100°26'08" E 35°12'00" N 3316 0.6 434 2 047
17 Tongren 101°51'28" E 35°21'57" N 2 930 1.9 484 2 965
18 Xining 101°45'11" E 36°34'02" N 2 450 4.9 352 3215
19 Xinghai 99°49'11" E 35°39'16" N 3505 0.1 379 2102
20 Zeku 101°27'56" E 34°58'43" N 3 749 —1.6 527 3196

AT, annual temperature; AP, annual precipitation; ANPP, annual net prionary production of the vegetation; similarly for the following table 1.
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Table 2 Species identification results and distributions of bumblebee
Number Identification result Subgenus Reference Identical/Total Amount Site amount
SPo1 Bombus filchnerae Th. DQ788008 532/532 284 11
SP02 B. consobrinus Mg. EF032354 532/532 34 2
SP03 B. melanurus St. KX791771 463/463 307 12
SP04 B. rufofasciatus Mi. DQ788098 526/526 380 16
SP05 B. pyrosoma Mi. FJ159114 478/478 87 9
SP06 B. kashmirensis Ag. DQ788040 531/531 338 17
SP07 B. ladakhensis Mi. DQ788043 528/528 15 5
SP08 B. lantschouensis Bo. KX791784 464/464 37 6
SP09 B. patagiatus Bo. DQ788078 536/536 122 14
SP10 B. lucorum Bo. DQ788050 535/535 20 3
SP11 B. bohemicus Ps. DQ787980 529/529 3 1
SP12 B. skorikovi Ps. DQ788106 530/530 16 8
SP13 B. sichelii M. DQ788103 524/528 126 11
SP14 B. sushkini Mg. DQ788113 533/533 277 13
SP15 B. convexus Md. DQ787993 529/529 47 5
SP16 B. personatus St. KX791773 463/463 129 6
SP17 B. waltoni Md. DQ788134 529/529 226 12
SP18 B. sibiricus Sb. EF032348 526/526 95 9
SP19 B. lepidus Pr. DQ788048 529/529 38 6
SP20 B. impetuosus Th. DQ788034 532/532 214 8
SP21 B. hedini Th. DQ788023 529/532 1 1
SP22 B. asiaticus Sbh. DQ787970 521/528 395 16
SP23 B. supremus Mg. DQ788112 529/529 4 3
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Fig. 2 Frequency of the bumblebee speciesty
3
Table 3 Diversity of bumblebees
D
County Sample size S H' E Es/%
Datong 160 7 1.58 0.81 8.13
Gangcha 152 7 1.28 0.66 13.16
Gonghe 195 10 1.65 0.72 19.49
Guide 205 14 2.22 0.84 17.56
Guinan 186 7 1.02 0.53 16.13
Haiyan 106 9 1.40 0.64 18.87
Henan 196 12 1.78 0.71 4.59
Huzhu 167 14 1.78 0.67 7.78
Hualong 160 9 1.79 0.82 9.38
Huangyuan 159 11 1.54 0.64 1.89
Huangzhong 126 3 0.74 0.67 0.00
Jianzha 187 20 2.20 0.73 17.11
Ledu 157 16 2.28 0.82 34.39
Menyuan 130 7 1.37 0.70 2.31
Qilian 129 4 1.05 0.76 0.00
Tongde 154 6 1.37 0.77 52.60
Tongren 181 13 2.19 0.86 11.60
Xining 169 8 1.58 0.76 67.46
Xinghai 162 11 1.86 0.78 3.09
Zeku 114 6 0.99 0.55 57.89
Total 3195 23 2.67 0.85 17.93
S. ;H', Shannon-Wiener ; E.Pielou ;Es,

. . . P . . . I - . . . .
S, species richness; H', Shannon-Wiener diversity; E, Pielou evenness; Es, percentage of economic species; similarly for the following tables.

,Shannon-Wiener

Pielou

(P>0.05),

Pearson

, , Shannon-
, Wiener Pielou
3 s
, (P>0.05)C 4),
; , , (n=20),
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Table 4 Pearson correlation between bumblebee species diversity and environmental factors

Pearson

n=20 n=19
Variable S H’ E S H’ E
r=0.481%, r=0.425, r=0.189, r=0.507%, r=0.431, r=0.175,
Longitude P =0.032 P=0.062 P=0.424 P=0.027 P=0.065 P=0.473
r=—0.298, r=-—0.261, r=0.016, r=-—0.293, r=—0.261, r=0.009,
Latitude P=0.203 P=0.267 P=0.945 P=0.224 P=0.280 P=0.971
r=-—0.272, r=-—0.419, r=—0.453", r=-—0.413, r=—0.524", r=—0.491%,
Altitude P=0.246 P=0.066 P=0.045 P=0.079 P=0.021 P=0.033
r=0.425, r=0.541%, r=0.406, r=0.667**, r=0.735"", r=0.458%,
AT P=0.062 P=0.014 P=0.076 P =0.002 P<0.001 P =0.049
r=0.321, r=0.246, r=—0.043, r=0.313, r=0.249, r=—0.030,
AP P=0.168 P=0.295 P=0.857 P=0.193 P=0.305 P=0.904
r=0.144, r=0.207, r=0.312, r=0.159, r=0.209, r=0.303,
ANPP P=0.545 P =0.380 P=0.180 P=0.517 P =0.390 P =0.208
%, P<C0.05; * %, P<C0.01.
5

Table 5 Best fit models of multiple linear regression between bumblebee species diversity and

environmental factors in eastern Qinghai

Site amount

Independent variable

Dependent variable

Statistical result

Longitude S r’=0.232; F=5.424, P=0.032"%
20 Annual temperature H' r*=0.293; F=7.460, P=0.014*
Altitude E r?=0.205; F=4,650, P=0.045%
Longitude S r?=0.445; F=13.612, P=0.002"*
19 Annual temperature H' r?=0.540; F=19.955, P<{0.001**
Altitude E r*=0.210; F=4.510, P=0.049"
. Shannon-Wiener . Pielou ; 3 , 5
o (n=19), . (B. keriensis)
3 e
5. 3, 7 bp (5 SNP 2 INDEL),
3 (No. DQ788041) 48 bp
(482/530), (B. pascuo-
rum) . (B. schrencki) . (B. tricornis)
o , 20 (B. atripes)
GenBank . Lo, 3
, o 3 ( bp(1 SNP 2 INDEL) ,
N ) . (No. DQ788077) (No. AF364828) ,
73, 3 (No. DQ788121) (No. DQ787971)

27 bp(505/532) .14 bp (489/

503) .57bp(475/532) 54bp(478/532) o
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Fig. 3 Linear regression between annual temperature and bumblebee species diversity
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