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Effects of grazing in growing seasons on pollination networks in alpine meadow

based on data of three consecutive years
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Abstract; Plant-pollinator interactions are threatened by human activities. In the Tibetan Plateau, grazing is one of the
main anthropic disturbances, and overgrazing has led to degradation of alpine meadow. However, it is still unclear how
grazing affects plant-pollinator interaction network of alpine meadows. Here we collected data from two locations in the
eastern Tibetan Plateau to evaluate the effects of grazing on the pollination networks in alpine meadow. Each location
comprised one ungrazed plot ( fenced during growing season) and one grazed plot ( grazed all year). We conducted surveys
during growing seasons ( July and August) in three consecutive years (2016—2018 ), and constructed 16 pollination
networks in total. The plants-pollinators interactions were surveyed using timed observation method by cameras. We found
that the pollinator communities of alpine meadow were dominated by Diptera species. The richness of Diptera, Lepidoptera
and Coleoptera pollinators were decreased after grazing, while the richness of Hymenoptera pollinators was unaffected by
grazing. Grazing reduced the diversity of plants, pollinators and their interactions. The generalism of plants was also

decreased by grazing, but the nestedness and specialization (H,") of networks were similar between treatments, indicated
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that the stability and resilience of pollination networks are unaffected by grazing. Furthermore, the network metrics were
similar between different months, and grazing had similar impacts on pollination networks in July and August. Our study
firstly investigated the effect of the grazing on the pollination networks of alpine meadows in the Tibetan Plateau. The results
highlighted that the grazing intensity of study area is exceeded the optimum intensity as it decreased the diversity of
pollinators and pollination networks. Further studies should focus on how pollination networks response to grazing intensity

in alpine meadow to find a reasonable grazing regime.
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Table 1 List of plant species and corresponding code

4“5 Number Y44 Species A} Subject
1 T8 53k Aconitum gymnandrum Ranunculaceae
2 LU EE Allium sikkimense Alliaceae
3 SR TEAE Anemone coelestina Ranunculaceae
4 /INFE B E A Anemone flore-minore Ranunculaceae
5 FliZ44RFELE Anemone obtusiloba D. Don. Ranunculaceae
6 Lk B ER5E Aster souliei Asteraceae
7 LA HE Astragalus polycladus Fabaceae
8 M EAE Comastoma pulmonarium Gentianaceae
9 JEEAREE Delphinium kamaoense Ranunculaceae
10 S/ NKR L Euphrasia regelii Scrophulariaceae
11 H T H Gentiana aristata Gentianaceae
12 LM IBAR Gentiana spathulifolia Gentianaceae
13 SR ERE Gentiana stipitata Gentianaceae
14 FRAETL Gentiana straminea Gentianaceae
15 A7 Gentianopsis paludosa Gentianaceae
16 H BB Geranium pylzowianum Geraniaceae
17 RRE Lancea tibetica Scrophulariaceae
18 Th—nk Lamiophlomis rotata Lamiaceae
19 A Ligularia virgaurea Asteraceae
20 FALRG Oxytropis ochrocephala Fabaceae
21 [ D 58 Pedicularis chinensis Orobanchaceae
22 Hl 555 E Pedicularis kansuensis Orobanchaceae
23 VU B 528 Pedicularis szetschuanica Orobanchaceae
24 FEMZEB 3R Potentilla fragarioides 1. Rosaceae
25 R ZE 0% 3 Potentilla anserina Rosaceae
26 EREEE Ranunculus tanguticus Ranunculaceae
27 Bl T Saussurea nigrescens Asteraceae
28 A Scutellaria baicalensis Lamiaceae
29 B AU Taraxacum sikkimense Asteraceae
30 WA Taraxacum mongolicum Asteraceae
31 PrEF | EE e Thernopsis lanceolata Fabaceae
32 5 LU Tibetia himalaica Fabaceae
33 SRATEAE Trollius farreri Ranunculaceae

2.2 JRCHOH R T e A I 285 Y S T
XU ZET5 22 0T A5 AR I, ORI 3% 53 [ AR T 2000 0 285 19 18 2 K5 (2540 31. 375 1. 8805 JlUH 19. 625+
1.179) MHEAEZHEE(E 1) LUAEYIRZ ACRREE TGN 1 2% 00 2 B GUBR 35 ) XHREE 2 (H LU
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Fig.1 Bipartite plant-pollination networks of ungrazed ( grey) and grazed (white) communities summed across months
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Fig.2 Bipartite plant-pollination networks of ungrazed and grazed communities summed across sites, years and months
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P=0.082 P<0.05 NS P<0.05

I H #h 2%, Diptera richness

538 B fh 2% Coleoptera richness
58 B A 2:%L Hymenoptera richness
w
T
%38 B Fh 2% Lepidoptera richness
o
T

T T

[ [
[ | [

[ [

4= 0 ' '
[ [ [
0~ —_ 1 - —_ 0 — ——

.+ ¢ 0 1 1

Ungrazed Grazed Ungrazed Grazed Ungrazed Grazed Ungrazed Grazed

3 EWERAEMEEE ICEE REE R B ERE TR ELE
Fig.3 The boxplots of species richness of Coleoptera, Diptera, Hymenoptera and Lepidoptera in ungrazed and grazed communities

IRARIREE P (U) M2, FORR U (G) M4 I8 EARTE T 5 2250 T4 SR 1Y P H NS SRR 2R A 3%

®2 WNBEAGREXEEAMEMMENZMNEZRFTESTER
Table 2 The results of Two-Way ANOVA to test the effects of treatment and month and their interaction on the pollination networks

i i A5 F Dependent variable A Factor Df F P
JEFE%C Number of links AbHR 1 25.7359 <0.001 *
A 1 0.1049 0.752
Kb 7y 1 0.7456 0.405
AHE AR 2 osL] 1 5.3408 0.039 "
Interaction diversity A1y 1 1.1724 0.300
Kb H 7y 1 1.8048 0.204
JERERE Connectance AbHR 1 3.5515 0.084
Ay 1 0.2619 0.618
Qb X Ay 1 1.3095 0.275
fREE Z. score of NODF oSzl 1 0.2693 0.613
A 1 0.7893 0.392
Kb H 7y 1 0.3198 0.582
L FEALTREE H,' s 1 0.0198 0.891
At 1 0. 1484 0.707
Kb H 7y 1 0.0281 0.870
ta Yz AR oSzl 1 6.3689 0.027 "
Generalism of plants Ay 1 0.3175 0.584
Qb X H Y 1 0.2709 0.612
PAR AR/ E Ry Ve osL] 1 5.1702 0.042*
Plant richness Ay 1 3.1277 0.102
Kb 7y 1 0.5745 0.463
TRy BT 2AL fb 3 1 21.6587 <0.001*
Pollinator richness H1y 1 1.6110 0.228
Sz ISR 1 0.0072 0.934

b PR IH 2 A AN K (SRS HOBO) A R E AR (7 A58 H) 5 = P<0.05

3.2 RO 45 1 22 R RIARE P ) R
ST — 2, TORREAR T A 265 9 2R AR PP R Ak B A ISR A -0k 35 AR LA T RSSO
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Fig.4 The boxplots of network metrics in ungrazed and grazed communities
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