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The impact path and intensity of mutualism and plant diversity on different

trophic levels of arthropod community
WANG Qing, LU Zhixing, ZHAO Jingwen, CHEN Youqing”
Research Institute of Resources Insects, Chinese Academy of Forestry, Kunming 650024, China

Abstract: The bottom-up and top-down effects in the food web have a significant impact on community dynamics and
ecosystem functions. This study aims to explore the effects of mutualism relationships and plant diversity on different trophic
levels of food webs in arthropod communities. Three levels of ant-lac insects mutualism treatments ( presence, absence of
mutualism , and natural control) and three kinds of plant diversity treatments ( monoculture, two species planting, and three
species planting) were set up by randomized split-plot experiment design. We collected all arthropods on the host plants
under by using hand-collection, shake-down, and sweeping method in August and September 2016. Then we identified all
arthropods on the basis of different trophic levels. Structural equation modeling was used to compare the path and intensity of
the interactions among different trophic levels. The results showed that: 1) Mutualism relationship had a significant top-
down effect on predators and consumers. The path strength of mutualism ants to predators was stronger than that of natural
control treatment. Mutualism relationship had a greater impact on predators than consumers. 2) Plant diversity had a
significant bottom-up effect on consumers and predators by affecting plant biomass, and this effect was significantly reduced

as the trophic level increased. 3) Consumers were mainly affected by the bottom-up effects of plant diversity, while
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predators were mainly affected by the top-down effects of mutualism ants. The food web structure with mutualism relationship
was more complex, and the interaction between trophic levels was more significant. This study not only explored the effect of
mutualism and plant diversity on different trophic levels in arthropod food webs in a lac plantation ecosystem, but also
revealed the pathways and strengths of top-down and bottom-up effects to each trophic level. The results have certain

theoretical reference value.

Key Words: Food web; bottom-up effect; top-down effect; mutualism; plant diversity; structural equation model
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Fig.3  Path analysis of bottom-up and top-down effects of mutualism relationship and plant diversity on the trophic level of
arthropod community
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Table 1 Analysis of structural equation models for the bottom-up and top-down effects of three plots

LA B R LA LN NT
Path of bottom-up and top-
down effect B C.R. P B C.R. P B C.R. P

THP) A Wy i — A 2P

Plant biomass«<—Plant diversity

THPH 2 BRI E Y

Consumer abundance«—Plant biomass

W& 2 YAy

Predator abundance<—Plant biomass

W Y 2 g e A

Ant abundance<«—Plant biomass

HEEZEHNELZE

Predator abundance«— 0.496 4.076 <0.001 0.616 4.622 <0.001 0.864 3.045 <0.001
Consumer abundance

o 2 i Il B 2

Ant abundance<«— 0.091 0.422 0.656 0.112 0.162 0.545
Predator abundance

Y 2 i < S 22 S

Ant abundance<«— 0.267 1.348 0.178 0.261 1.127 0.321
Consumer abundance

N AR UV E A

Predator abundance<«— -0.928 -2.099 0.036 -0.357 -2.264 0.024
Ant abundance

HREZEEE L

Consumer abundance<— -0.566 -4.628 <0.001 -0.331 -1.363 0.173 -0.487 =3.775 <0.001
Predator abundance

IEEAE A STV E A5

Consumer abundance<— -0.329 -2.560 0.01 -0.359 -2.785 0.005

Ant abundance

C.RAGF LAY, #FZE ML XHER T 1.96 BEWIFE 0.05 /KF L AR RN EA B E 25 LA A B E R A PEE R Lac insects without
ants; LN JCH F| 3¢ R AL PREEHD Lac insects with ants; NT; H ZR X AL Natural control

0.46 3.157 0.002 0.51 8.652 0.039 0.60 4.114 0.027

0.638 4.903 <0.001 0.745 5.923 <0.001 0.701 5.461 <0.001

0.423 3.476 <0.001 -0.332 -0.814 0.416 0.271 0.319 0.750

0.201 1.218 0.223 0.196 1.103 0.270
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Table 2 C.R. values of different path affected by top—down effects in different mutualism treatment plots (only significant paths)

R Xf LL g AR ZHE SIS E
Plot type Contrast path C.R.

LA HEZE—WREZE WEEZE YW -4.621
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LA WEHLZE WL M H 28 I L 1.72
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NT HHEZE—HEEZL HHEZ I T -3.474

NT HEH WL HH 2T 2.205

R3 3WMEMNXARFEM EITHNBRENSHERIGRILE
Table 3 C.R. values of different path affected by bottom-up effects in different mutualism treatment plots

R A Xof LL g AR SR SIS (E
Plot type Contrast path C.R.

LA THOE L — Y EY R WEEZEHNEZE 3.319
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Table 4 C.R. values of the same path in different plots (only common and significant paths)

¥ He AR ZBEZH LA Multi-group comparison
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A A EL A > ) -
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- -

HRESEANENR 1.045 0.826 0.818
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Consumer abundance<— Predator abundance 0.357 0.596 0.378

iR R C1VE Sy 9 236

Predator abundance<— Ant abundance ’

TH P H 2 I 0.454

Consumer abundance<— Ant abundance '

i 7y 4 oAl

HAFZEMAEEE 0.176 0.143 1.201

Consumer abundance<— Predator abundance
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