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Oribatida are actively involved in organic matter decomposition, nutrient cycling, and soil formation.
However, the effect of their activities on the fruit yield of Chinese star anise (Illicium verum) is unknown.
Here, Oribatida in the topsoils of low- and high-yielding plantations of star anise were extracted with
Berlese–Tullgren funnels from soil samples collected in September, 2012, and their abundances,
diversities, and compositions were compared. Fruit yield exerted a negligible effect on abundance and
diversity of Oribatida. However, the Oribatida community compositions in the two plantation types were
distinct. Multivariate analysis indicated that the combined effects of yield difference and environmental
factors, including soil physicochemical properties, soil microbes, and free-living nematodes, accounted
for the differences in Oribatida community compositions. Indicator species analysis suggested that
Tectocepheus,Rostrozetes, Hypochthonius, and Microzetes were typically found in the high-yielding
plantation. The results demonstrated that soil physicochemical properties and trophic interactions
among components in the soil food web were important factors affecting the community compositions of
the Oribatida mites.
ã 2015 Elsevier B.V. All rights reserved.
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1. Introduction
Illicium verum Hook (Magnoliaceae), also called star anise, star
aniseed, or Chinese star anise, is the fruit of an important,
essential-oil, evergreen, arbor tree that is intensively cultivated in
the Southern China, especially in Guangdong, Guangxi, and
Yunnan provinces. Star anise has been widely used in the food
and drink industries. As a well-known spice, it is an ingredient in
the traditional ﬁve-spice powder of Chinese cooking. Star anise is
also added to fruit compotes and jams and to anise-ﬂavored
liqueurs. This natural nutrient is also used in traditional Chinese
medicine. A recent study revealed that star anise is the industrial
source of shikimic acid, a primary ingredient used to create the
antiviral drug Tamiﬂu (oseltamivir phosphate), which is regarded
as a remedy for the bird ﬂu H5N1 strain of virus (Song et al., 2007).
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With the increasingly demand from home and abroad, the further
development and use of star anise has attracted considerable
attention.
Guangxi is the original and main production region of star anise
in China. Star anise crops in Guangxi accounted for more than 85%
of the total acreage in China and 60,000–80,000 tons of the dried
fruits annually (Ma et al., 2011). However, the fruit yield of star
anise ﬂuctuates greatly among microhabitats in this region for
unknown reasons. Therefore, determining what factors affect the
fruit yield of star anise is crucial to better development and use of
star anise.
Biological activity of the soil is very important for nutrient
cycling and energy ﬂow in terrestrial ecosystems, so soil affects the
production potential (Slawska, 2007). Oribatida mites (Acari,
Oribatida) are a major group of wingless microarthropods in the
forest soil of many temperate forest ecosystems (Osier and Beattie,
1999; Maraun et al., 2007). Meanwhile, Oribatidas are sensitive to
natural disturbance and human activity because of their slow
growth, low reproductive potential, iteroparity, and long adult life
span (Behan-Pelletier, 1999). Previous studies demonstrated that
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divided into two parts; one part was used to determine soil
physicochemical properties and the other was used for soil
microbial community analysis. The former were kept at normal
temperature, while the latter were stored in a cooler at 18  C
when possible. Separate soil samples were collected for nematodes
and mites to accommodate the differing extraction methods used
for the two taxa; these samples were stored in sealed plastic bags
at 4  C until the next day, when extraction of soil fauna was
initiated.
For determination of physicochemical characteristics, soil was air
dried and passed through a 2-mm sieve; remaining roots and stones
were removed by hand. Then, soil samples were ground to pass
through a 0.25-mm sieve. Total nitrogen (TN) concentration was
measured after micro-Kjeldahl digestion using a ﬂow injection autoanalyzer (FIA; Lachat Instruments, Milwaukee, WI, USA). Soil organic
carbon (SOC) was measured with the Walkley–Black method. Soil
C/N values were calculated as the ratio of SOC to TN. Soil pH was
determined using a 1:2.5 (wt:vol) ratio of soil to deionized water. Soil
water content (SWC, g of water per 100 g dry soil) was examined
gravimetrically by drying fresh soil at 105  C to constant weight.
Dissolved organic carbon (DOC) in ﬁltered 0.5 M K2SO4-extracts of
fresh soil sample was measured with a TOC analyzer (TOC-VCPH
Shimadzu Corp., Kyoto, Japan). NH4+-N and NO3-N in ﬁltered 2-M
KCL-extracts of fresh soil sample were measured with the FIA. The
concentrations of P, B, and Mo were detected with an auto-elemental
analyzer (Vario EL III, Elementar, Germany).
Oribatida mites were extracted from soil using modiﬁed
Tullgren funnels (Crossley and Blair, 1991) with heat applied over
the course of a week (Lussenhop, 1971) and collected into 70%
ethanol before determination. All adult Oribatidas were identiﬁed
to species with the keys of Balogh and Balogh (1992a,b) under
stereo and compound microscopes. Juvenile Oribatidas were
counted and treated as one group.
Soil nematodes were extracted from 100 g of fresh soil using a
modiﬁed cotton-wool ﬁlter method (Liang et al., 2009). Nematode
populations were expressed as the number of individuals per 100 g
of dry soil, and at least 100 specimens per sample were randomly
selected and identiﬁed to the genus level using an inverted
compound microscope according to Bongers (1994) and Ahmad
and Jairjpuri (2010). Soil nematodes were assigned to the following
trophic groups based on feeding habits: bacterivores (BF),
fungivores (FF), plant parasites (PP), and omnivores–predators
(OP) (Yeates et al., 1993). The soil microbial community was
characterized using phospholipid fatty acid (PLFA) analysis as
described by Bossio and Scow (1998) and Briar et al. (2011). The
representative PLFAs for bacteria and fungi were assigned
according to Wu et al. (2011).

Oribatida mites performed important functions during litter
decomposition (Scheu et al., 2005) via direct litter comminution,
litter fragmentation or dispersal of microbial propagules via
physical movement, and selective grazing on microbial communities (Lussenhop, 1992). Because of their great sensitivity to
environmental change and their prominent roles in increasing
soil fertility through organic decomposition, Oribatida mites are
useful biological indicators of changes in the soil habitat (BehanPelletier, 1999). Their abundance, diversity, and community
structure have been commonly used to indicate ecosystem
changes resulting from stresses (e.g., Minor and Cianciolo, 2007;
Zhao et al., 2013; Zaitev et al., 2014).
The main objectives of the present study were: (1) to record the
Oribatida mite fauna and the relative abundance of Oribatidas
inhabiting the topsoils of two comparable star anise ﬁelds that
differ primarily in their fruit yields; (2) to compare population
density, species richness, and diversity of Oribatida mites; and (3)
to explore the correlation between multiple abiotic and biotic
factors and Oribatida mite faunas. Meeting these objectives was
intended to answer the following questions: (1) Are differences in
yield of star anise forests related to differences in their integrated
soil physicochemical properties and soil organisms? Which
variables contribute most to this differentiation? (2) Do Oribatida
community parameters differ between the two plantations and, if
so, how do they relate to the soil physicochemical properties?
2. Materials and methods
2.1. Study areas
This study was performed in Guangxi Province, China at the
Liuwan Forestry Center, the Aisha sub-Forestry Center, and the
Jiepai sub-Forestry Center of the Gaofeng Forestry center. Liuwan
Forestry Center (22 340 N, 109 510 E) is located in Xinye county of
Yulin city. The average elevation of this site is about 420 m. This site
has a southern subtropical monsoon climate with an annual
average temperature of 19–20  C and an annual average precipitation of 1892 mm. Aisha sub-Forestry Center (22 580 N, 108 200 E)
and Jiepai sub-Forestry Center (22 580 N, 108 200 E) are located in
Xinning zone, Nanning city. The average elevations are 259 m and
486 m, respectively. This site has a southern subtropical monsoon
climate with an annual average temperature of 21.6  C and an
annual average precipitation of 1300.6 mm. The soils of all three
sites are classiﬁed as ferralsol according to the international
classiﬁcation system.
2.2. Soil sampling and Oribatida identiﬁcation
Three 20 m  40 m sized quadrats each for high-yielding and
low-yielding star anise forests were selected from the Jiepai,
Liuwan, and Aisha plantations on September 8 and 10, 2012
(Table 1). In each quadrat, nine sampling sites were randomly
arranged, all litter was collected, and litter thicknesses were
measured. Samples of the top 10 cm of soil were collected and

2.3. Data analysis
Community structure and composition within each sample was
recorded as the abundance of adult Oribatida mites (number of
individuals per m2) and relative abundance (% contribution to the
total community). The relative dominance of each species was

Table 1
Descriptors characterizing experimental quadrats.
Quadrat
ASH
LWH1
LWH2
JPL
LWL1
LWL2

Longitude (E)


0

00

108 30 13
109 5105900
109 510 2100
108 200 2300
109 520 4100
109 520 3000

Latitude (N)


0

00

23 07 15
22 340 2000
22 340 0900
22 580 0200
22 350 2800
23 340 5200

Altitude
486
440
540
259
334
364

Exposure


NW 14
NE 86
NW 8
SW14
NW52
SW 22

Slope

DBH (cm)

Height

Yield (kg)

Density

5
34
41
24
36
31

20.99
18.28
21.43
20.13
19.78
20.76

7.96
7.19
7.62
7.88
7.80
7.79

750.00
720.00
500.00
417.50
165.00
150.00

50
50
39
31
54
50

Note: DBH represented diameter at breast height. ASH, LWH, JPL and LWL represented Aisha high-yielding forestry station, Liuwan high-yielding forestry station, respectively.
NBW, NBE, SBW represented North by West, North by East and South by West, respectively. Density: the number of trees/hectare.
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Table 2
t- and p-values for parameters describing oribatids taxonomic group in Chinese star anise high- and low-yielding plantations of Guangxi.

t-value
p-value

Total

Adult

Juvenile

Dominant

Sub-dominant

Minor

Rare

Ratio

1.2205
0.2893

1.4626
0.2174

0.0741
0.9445

1.3965
0.2351

0.6126
0.5733

1.0623
0.3479

1.3585
0.2459

0.8762
0.4007

classiﬁed according to Engelmann (1978): (A) eudominant: species
comprising over 30% of the total number of individuals, (B)
dominant: 30–10% of individuals, (C) sub-dominant: 10–5% of
individuals, (D) minor: 5–1% of individuals and (E) rare: less than
1% of the total number.
The total numbers of taxa present in each sample (taxonomic
richness) was based on adult Oribatidas. Community structures
were studied by calculating the Shannon–Weaver diversity index
(H0 ), Pielow evenness index (J0 ), Simpson dominance index (l), and
Margalef richness index (SR) (Zhao et al., 2014a). The correlation
between fruit yield (high versus low) and the abundance, taxon
richness, and diversity indices of adult Oribatida were evaluated by
two-sample t-tests (signiﬁcance level of a = 0.05). Homogeneity of
variances was tested using the Levene test. Normality of residuals
was checked visually and using the Shapiro–Wilk W test. When
necessary, data were log (x + 50) transformed prior to analysis to
achieve normality. If data did not fulﬁll our requirements for a twosample t-test, differences between variables within the two types
of plantation were analyzed with a nonparametric Mann–Whitney
U test. Subsequently, a redundancy analysis (RDA) was performed
to test which environmental factor explained most of the variation
in the original community composition (rather than a dissimilarity
matrix as in the Mantel test) using Canoco 4.5 (ter Braak and
Šmilauer, 2002). RDA was used instead of canonical corresponding
analysis because of the relatively small environmental gradient in
our study.
Finally, differences in Oribatida taxonomic composition (log
(x + 1) transformed mite abundance data) between the two
plantations were investigated with non-metric multidimensional
scaling (nMDS). Prior to nMDS, the raw abundance and incidence
matrices were each converted to a relative abundance matrix by
ﬁrst dividing by the site sum and then taking the square root as the
Hellinger transformation (Legendre and Gallagher, 2001). We did
not transform the presence/absence matrix before nMDS. Differences between the two plantations were tested with a multiresponse permutation procedure (MRPP) to evaluate whether

sample units could be assigned to discrete groups. The MRPP test
statistic is given as a p-value along with the chance corrected
within-group agreement (A), which describes within group
homogeneity compared to random expectation as well as relative
effect size, independent of sample size. Values for A equal 1 when
there is perfect within-group agreement, equal 0 when heterogeneity is as expected by chance, and less than 0 when there is more
heterogeneity than expected by chance (Mielke, 1991). In addition,
statistical differences in community composition within a highyielding and low-yielding plantation were assessed by permutational multi-variate analysis of variance (PerMANOVA). The
program PC-ORD 5.0 (Multivariate Analysis of Ecological Data,
Version 5.0, MjM Software, Gleneden Beach, OR, USA) was used for
the MRPP, PerMANOVA, and indicator species analyses.
3. Results
3.1. Oribatida abundance was not signiﬁcantly correlated to fruit yield
of star anise
Overall, 732,600 individuals of Oribatida belonging to 42 groups
were found in plantations of star anise. Of them, 57.11% occurred in
the high-yielding plantation and 42.88% in the low-yielding
plantation. When all Oribatidas in both plantations were pooled,
Oribatida juveniles and Nothrus were the dominant groups;
Suctobelbella, Perxylobates, Rostrozetes, Epilohmannoidaes, and
Ceratozetes were sub-dominant taxa; Rhysotritia, Oppia, Ramusella,
Cryptoppia, Xylobates, Cultroribula, Tectocepheus, Epilohmannia,
Eohypochthonius, Allonothrus, Scheloribates, Papillacarus, Annectacarus, Vepracarus and Odontocepheus were minor groups; and
others were rare. The dominant groups in the high-yielding
plantation were Oribatida juveniles and Nothrus and in the lowyielding plantation were Oribatida juveniles and Rostrozetes.
Fruit yield of star anise exerted no effect on the densities of
adults, juveniles, and the total abundance of Oribatida mites,
namely the sum of adults and juveniles (Table 2; Fig. 1a).

Fig. 1. Mean abundances (mean nstandard error, n = 3) of Oribatida classiﬁed by phenotype (A) and relative abundance (B) in high-yielding and low-yielding star anise
plantations in Guangxi Province, China. Different letters above error bars indicate signiﬁcant differences (p < 0.05) by the two-sample t-test.
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Meanwhile, fruit yield had a negligible effect on the abundances of
dominant, sub-dominant, minor, and rare species (Table 2; Fig. 1b).
In addition, fruit yield did not inﬂuence the ratio of abundance of
juveniles to total abundance (Table 2).
The density of Oribatidas was not signiﬁcantly related to
variables characterizing soil and litter quality, while it positively
correlated to the abundance of fungivorous nematodes
(r2 = 0.0854, p = 0.0320) and the spore density of arbuscular
mycorrhiza (r2 = 0.2377, p = 0.0491). When all environmental
factors, including substrate quality and biotic fauna co-occurring
with Oribatidas were measured, Oribatida mite density was
positively correlated with the abundance of fungivorous nematodes (r2 = 0.0854, p = 0.0320), the biomass of total PLFAs
(r2 = 0.3288, p = 0.0484), and the biomass of bacteria PLFAs
(r2 = 0.2591, p = 0.0400).
3.2. Fruit yield of star anise did not affect diversity indices for
Oribatidas
The taxonomic richness (S) and diversity indices examined (H0 ,
J0 , and l), were not sensitive to fruit yield of star anise (Table 3).
3.3. Environmental factors in the plantations accounted for
community differences in Oribatida mites
The nMDS analysis indicated that Oribatida in the high-yielding
plantation of star anise were distinct from those in the lowyielding plantation (Figs. 2a–c; ﬁnal stress = 16.68704, ﬁnal
instability = 0.00000, p = 0.0040). Per-MANOV analysis suggested
that the components of variation in Oribatidas could be interpreted
by yield difference (F = 2.1413, df = 1, p = 0.018600). MRRP analysis
further revealed that the heterogeneity of Oribatidas between the
two was higher than expected by chance (t = 2.4719904,
A = 0.01039196, p = 0.02126256).
The taxonomic groups identiﬁed as indicators were Tectocepheus, Rostrozetes, Hypochthonius, and Microzetes; they were more
abundant in the high-yielding that in the low-yielding plantation
of star anise (p < 0.05, Table 4).
3.4. Weak correlations between environmental factors and Oribatida
fauna
RDA analysis indicated that the difference in fruit yield alone
accounted for merely 2.9% of the variance in the Oribatida
communities (F = 1.539, p = 0.0500, Fig. 3a). Soil physicochemical
properties and trophic interactions in the soil food web explained
37.8% and 22.6% of the total variation in mite communities,
respectively (Fig. 2). However, neither were statistically signiﬁcant
(p > 0.05). When combined effects of physicochemical properties
and trophic interactions of the soil food web were considered, they
accounted for another 61.5% of the variance in community
dissimilarity of oribatida mites (F = 1.170, p = 0.0520, Fig. 3d).

Fig. 2. Non-metric multi-dimensional scaling ordination for oribatid mites
collected in soil from high- and low-yielding star anise plantations in Guangxi
Province, China. Data were log-transformed (x0 = log (x + 1)) prior to analysis, and
the ordination was based on three pooled samples (9 transects each) per treatment
and 47 species (axis 1: r2 = 0.166; axis 2: r2 = 0.254; axis 3: r2 = 0.376; ﬁnal
stress = 16.68704). LWL, low-yielding plot in Liuwan; LWH, high-yielding plot in
Liuwan; JPL, low-yielding plot in Jiepai; ASH, high-yielding plot in Aisha.

4. Discussion
The fruit yield of star anise in Guangxi Provinces varies greatly
among regions, even at local scale. Oribatida mites are the
predominant soil microarthropods and play an important role in

increasing soil fertility through organic decomposition (Singh and
Ray 2015). Therefore, we hypothesized that the abundance, species
richness, diversity, and community composition of Oribatida mites
would be directly and indirectly correlated with the fruit yield of

Table 3
The indices (mean  Standard error, n = 3) summarizing diversity of oribatid communities in Chinese star anise high- and low-yielding plantations of Guangxi.
Gap size

S

SR

H0

l

J

High-yielding plantation
Low-yielding plantation

13  1
12  1

2.5494  0.1781
2.4732  0.1165

2.0925  0.1284
2.1034  0.0611

0.1798  0.028
0.1684  0.0084

0.8389  0.0148
0.8755  0.0196

Note: S, taxa richness; SR, Margalef richness index; H0 , Shannon–Weaver diversity index; l, Simpson dominance index; J, Pielou evenness index.
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Fig. 3. Species–environment bioplots from redundancy analysis summarizing differences in Oribatida communities within the two yield levels (A) and species–environment
bioplots summarizing the effects of litter and soil quality (B), co-occurring soil fauna belowground (C), and interactions among litter, soil, and soil fauna belowground (D) upon
Oribatida communities in Chinese star anise plantations, after removing of the effect of yield difference. Rhysotritia: Rhy; Suctobelbella: Suc1; Suctobelba: Suc2; Oppia: Opp;
Ramusella: Ram; Microppia: Mic1; Cryptoppia: Cry; Multioppia: Mut; Perxylobates: Per1; Xylobates: Xyl; Cultroribula: Cut; Tectocepheus: Tec; Galumna: Gal; Rostrozetes: Ros;
Nothrus: Not; Epilohmannoidaes: Epi1; Epilohmannia: Epi2; Ceratozetes: Cet; Neoribates: Neo; Cosmohermannia: Cos; Nippohermannia: Nip; Eohypochthonius: Eoh;
Hypochthonius: Hyo; Microzetes: Mic2; Unguizetes: Ung; Hypovertex: Hyp; Zygoribatula: Zyg; Perlohmannnia: Per2; Trhypochthonius: Trh; Malaconothrus: Mal; Allonothrus: All;
Scheloribates: Sch; Protokalumna: Pro; Papillacarus: Pap; Annectacarus: Ann; Mixacarus: Mix; Javacarus: Jav; Vepracarus: Vep; Platynothrus: Pla; Microzetorchestes: Mic3;
Odontocepheus: Odo; and Nmphy: Nmp. Lw: litter weight, TN: total nitrogen in the soil; TC: total carbon in the soil; LTN: total nitrogen in the litter; LTC: total carbon in the
litter; SCN: ratio of total carbon to total nitrogen in the soil; LCN: ratio of total carbon to total nitrogen in the litter; MBC: microbial biomass carbon; MBN: microbial biomass
nitrogen; MBCN: ratio of carbon to nitrogen in microbes; SP: soil phosphorus; LP: litter phosphorus; SCP: ratio of carbon to phosphorus in the soil; SNP: ratio of nitrogen to
phosphorus in the soil; LCP: ratio of carbon to phosphorus in the litter; LNP: ratio of nitrogen to phosphorus in the litter; SB: content of soil B; SM: content of soil Mo; NemaT:
total number of nematodes; NBF: number of bacterivorous nematodes; NFF: number of fungivorous nematodes; NOF: number of omnivorous and predatory nematodes; NPP:
number of phytophagous nematodes; TPLFA: total biomass of phospholipid fatty acid (PLFA) biomarkers; Bacteria: biomass of PLFA biomarkers for bacteria; Fungi: biomass of
PLFA biomarkers for fungi; Actinomycete: biomass of PLFA biomarkers for Actinomycetes; AM fungi: biomass of PLFA biomarkers for arbuscular mycorrhizae; Spore: spore
density; Hyphae: hyphae length.

Table 4
Indicator species analysis for Oribatida mites in high- and low-yielding plantations of Chinese star anise in September of 2012 in Guangxi.
Species

Value (IV)

P*-value

Tectocepheus
Rostrozetes
Hypochthonius
Microzetes

53.0
55.2
53.1
53.1

0.0454
0.0038
0.0442
0.0452

Relative abundance (%)

Relative frequency (%)

High-yield

Low-yield

High-yield

Low-yield

53
45
54
52

47
55
46
48

100
100
100
100

100
100
100
100

Note: Indicator values are given for species showing a signiﬁcant p -value (Monte Carlo test, P < 0.005). The relative abundances and frequencies of species in two plantations
(high-yielding plus low-yielding) are shown.
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star anise. The current study found that values for the abundance,
species richness, and diversity of Oribatidas in high- and lowyielding plantations were comparable (Tables 1 and 2, Fig. 1),
whereas community composition differed (Fig. 2). The evidence for
this conclusion is as follows:
4.1. Oribatidas densities accounted for little difference in fruit yield of
star anise
Oribatida mites play an important role in forming the structure
of soil and in decomposition (Behan-Pelletier, 1999; Singh and Ray,
2015). Therefore, Oribatida was assumed to be more abundant in
high-yielding plantations than in low-yielding plantations. Contrary to our expectation, the densities of Oribatida mites in the two
types of plantation were not signiﬁcantly different. This ﬁnding
suggests that the density of Oribatida mites and the fruit yield of
star anise may be only weakly linked.
Another important ﬁnding is that the abundance of Oribatida
mites was positively correlated to available food (the abundance of
fungivorous nematodes and the biomass of the soil microbial
community) rather than to the physicochemical properties of litter
and soil. This result contrasted with those of previous studies,
which suggested that Oribatida abundance was positively correlated with litter mass and the concentration of C in soil (Erdmann
et al., 2012) and negatively correlated with soil pH (Haagvar and
Amundsen, 1981; Erdmann et al., 2012) and the concentration of N
in litter and ﬁne roots (Erdmann et al., 2012).
Regarding litter, a strong positive correlation between litter
mass and oribatid abundance has been reported in the literature
(e.g., Erdmann et al., 2012), but we found no signiﬁcant correlation
in the current study. Because there was also no signiﬁcant
difference in litter depth between the low- and high-yielding
plantations (Table A1), we cannot explain this ﬁnding Table 4.
Prior studies stated that Oribatida abundance was negatively
correlated with soil pH (Erdmann et al., 2012). Soil pH is generally
accepted to regulate Oribatida density indirectly rather than
directly, since most Oribatida species tolerate even very acidic
conditions (Hågvar, 1990). Soil pH can inﬂuence Oribatida mites
through bottom-up effects by affecting soil microorganisms (Bååth
and Anderson, 2003; Dequiedt et al., 2011), the prey of oribatid
mites. Soil acidity also indirectly affects oribatid mite densities by
controlling the density of macro-decomposers, in particular
earthworms, which are likely to affect oribatids via bioturbation,
for example, by reducing the thickness of organic layers (Erdmann
et al., 2012) and mixing litter and mineral soil (e.g., Maraun et al.,
1999). In our study, soil pH did not differ signiﬁcantly between the
two plantations (Table A1). In addition, the biomasses of earthworms were comparable (Table A1). Thus, soil pH may exert a
negligible effect on Oribatida density.
There was no evident causal relationship between Oribatida
density and the concentration of N in litter and ﬁne roots or the
concentration of C in soil. Interestingly, the density of Oribatida
mites was correlated with the abundance of fungivorous nematodes and the number of arbuscular mycorrhiza spores. This ﬁnding,
while preliminary, suggested that trophic groups are more closely
linked than are the biota and environmental factors.

Although the linkages between Oribatida community structure
and soil pH (e.g., Van Straalen et al., 1988; Lebrun and van Straalen,
1995), forest stand age (Zaitev et al., 2002), tree species (Migge
et al., 1998; Sylvain and Buddle, 2010), forest type and regional
factors (Erdmann et al., 2012), as well as forest type, log type, and
regional factors (Bluhm et al., 2015) have been comprehensively
studied, the deterministic factors are still poorly understood. In the
current study, no causal link between Oribatida assemblage and
fruit yield were found, a result that has not previously been
described. The Oribatida community was regulated by the soil food
web. This result supports the proposal that Oribatida mites are
fueled predominantly by belowground rather than aboveground
sources (Eissfeller et al., 2013). In addition, variation in Oribatida
mite community structure was more pronounced at the regional
scale among the three forestry stations than that at the local scale
between high- and low-yielding plantations in the same region
(Figs. 2a–c). This result supported the proposal that regional
factors have a stronger effect than local factors in structuring
Oribatida communities (Déchenê and Buddle, 2009; Erdmann
et al., 2012; Bluhm et al., 2015). From these perspectives, the
present ﬁndings are of signiﬁcant importance.
4.3. Implications for star anise production
As stated in the literature, soil moisture, temperature, and
organic matter content were the prime factors responsible for local
differences in the abundance and community structure of
Oribatida mites (Gergócs and Hufnagel, 2009). The litter layer is
the primary habitat and food resource of Oribatida mites (Ponge,
1991; Schneider et al., 2004) and an important factor regulating
their densities (Erdmann et al., 2012). Therefore, we can increase
the organic matter content, litter input, and microbial biomass in
low-yielding plantation with moderate nitrogen addition. Many
studies have conﬁrmed that N-enrich litters inﬂuence the
compositions of soil biota (e.g., Viketoft et al., 2005; Viketoft
et al., 2009; Wardle, 2006). In addition, we can enhance the
structure and complexity of the soil food web by growing legumes
in the understory layer of low-yielding plantations. Legumes can
increase soil fertility and enhance the structure and complexity of
soil food webs (Zhao et al., 2014b).
Acknowledgements
The work was ﬁnancially supported by the Innovation Program
of the Chinese Academy of Science (KSCX2-EW-Z-6). Assistance in
setting up the plots by Yunhu Shao and Shixiao Luo of the Key
Laboratory of Vegetation Restoration and Management of Degraded Ecosystems, South China Botanical Garden, Chinese Academy of
Sciences, and help in sampling by Li Su from Guangxi University are
gratefully acknowledged. We are also thankful to Marvin Harris
from Texas A&M University AgriLife Research, College Station, TX,
USA, for valuable comments and for language editing.
Appendix A

4.2. Trophic interactions in the soil food web accounted for dissimilar
Oribatida community compositions
Although different communities of Oribatida mites were found
within low- and high-yielding plantations, trophic interactions of
the soil food web rather than the fruit yield of star anise accounted
for this dissimilarity (Fig. 3). This ﬁnding may be disappointing to
forestry managers but is conducive to further understanding the
ecological factors affecting Oribatida mite communities.

Table A1
t- and p-value for soil pH, litter mass and earthworm biomass in Chinese star anise
high- and low-yielding plantations of Guangxi

t-value
p-value

pH

Litter mass

Earthworm

1.6285
0.0523

1.0625
0.2548

1.0741
0.3245
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