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Abstract Soil fauna decompose litter, whereas land use
changes may significantly alter the composition and
structure of soil fauna assemblages. However, little is
known of the effects of land-use on the contribution of soil
fauna to litter decomposition. We studied the impacts of
soil fauna on the decomposition of litter from poplar trees
under three different land uses (i.e. poplar-crop integrated
system, poplar plantation, and cropland), from December
2013 to December 2014, in a coastal area of Northern
Jiangsu Province. We collected litter samples in litterbags
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with three mesh sizes (5, 1 and 0. 01 mm, respectively) to
quantify the contribution of various soil fauna to the
decomposition of poplar leaf litter. Litter decomposition
rates differed significantly by land use and were highest in
the cropland, intermediate in the poplar-crop integrated
system, and lowest in the poplar plantation. Soil fauna in
the poplar-crop integrated system was characterized by the
highest numbers of taxa and individuals, and highest
Margalef’s diversity, which suggested that agro-forestry
ecosystems may support a greater quantity, distribution,
and biodiversity of soil fauna than can single-species
agriculture or plantation forestry. The individuals and
groups of soil fauna in the macro-mesh litterbags were
higher than in the meso-mesh litterbags under -
the same land use types. The average contribution rate of
meso- and micro-fauna to litter decomposition was
18.46%, which was higher than the contribution rate of
macro-fauna (3.31%). The percentage of remaining litter
mass was inversely related to the density of the soil fauna
(P < 0.05) in poplar plantations; however, was unrelated in
the poplar-crop integrated system and cropland. This may
have been the result of anthropogenic interference in
poplar-crop integrated systems and croplands. Our study
suggested that when land-use change alters vegetation
types, it can affect species composition and the structure of
soil fauna assemblages, which, in turn, affects litter
decomposition.
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Introduction

Soil fauna decompose litter (Yin et al. 2002; Yang and Zou
2006; Li et al. 2009; Wood et al. 2012; Liu et al. 2013; Wu
2013; Wang et al. 2015), may influence litter decomposi-
tion rates, nutrient cycling, primary productivity, and
subsequently impact the nutrient cycling of bulk soils and
the health of the entire soil ecosystem (Seastedt 1984;
Chauvel et al. 1999; Lavelle 2002; Xuluc-Tolosa et al.
2003; Moore et al. 2004). This occurs directly through the
physical breakdown and digestion of litter, and indirectly,
by altering the structure and function of microbe popula-
tions(Maraun and Scheu 1996; De Deyn et al. 2003; Lin
et al. 2004; Ekschmitta et al. 2005; Wang et al. 2010; He
et al. 2015b).

The composition and activity of soil fauna may be
altered via changes in environmental factors (Read and
Perez-Moreno 2003; Joo et al. 2006; Yang and Chen 2009;
Yin et al. 2010; Wang et al. 2011; He et al. 2015a, b). The
dynamics of soil fauna community diversity can change
with elevation (Wang et al. 2009, 2010; Illig et al. 2010),
climate (Wall et al. 2008), and vegetation type (Franklin
et al. 2005). Further, soil fauna are influenced by land-use
(Emmerling 1995; Wu et al. 2006, 2009). Soil fauna
research under different land-uses has concentrated on
urban ecosystems (Zhang et al. 2011; Wu et al. 2006; Liu
et al. 2011), tropical rain forests (Deng et al. 2003), wet-
lands (Wang et al. 2005), and grasslands (Lin et al. 2012).
To date, research has been limited on soil fauna under
different land-uses in plantation forestry. Change in land-
use often results in modifications of the physical and
chemical properties of soils, such as changes in bulk den-
sity, fertility, or moisture. These changes in soil properties
are the primary factors that influence soil fauna populations
(Deng et al. 2003). The abundance and taxa representation
of soil fauna will vary contingent on the land usage (Wu
et al. 2006; Emmerling C 1995) as well as the degree of
human disturbance (Wang et al. 2005). Land-use man-
agement may be conducive to the improvement of habitats
for soil microorganisms (Geissen et al. 2009) and can
enrich the diversity of soil fauna (Ammer et al. 2006).

Soil fauna of different body sizes contribute variably to
litter decomposition (Yin et al. 2002; Lin et al. 2005; Li
et al. 2011; Xia et al. 2012; Fan et al. 2014; Bao et al.
2015). For this reason, litterbags of different mesh sizes
have been employed to study the effects of soil fauna body
size on litter decomposition (Irmler 2000; Hunter et al.
2003; Wang et al. 2009, 2010; Bao et al. 2015).

Plantation foresters in China face challenges that are
caused by single-species strategies, reduced tree resistance
to disease, and instability (Chen et al. 2014; Liu et al.
2010). These challenges bring into question the
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sustainability of plantation forestry, and can degrade the
integrity of ecological environments. Strategies for the
transformation of land-use in plantation forests are essen-
tial toward the resolution of these issues. Dongtai Forest
Farm is a protected coastal forest in Jiangsu Province,
comprising one of several excellent poplar plantation dis-
tribution areas in China. Poplar plantations, poplar-crop
integrated systems, and croplands are the primary land-use
types in the coastal area of Northern Jiangsu Province,
China. Changes in land-use types, land management
methods, the use of pesticides and fertilizers, soil proper-
ties, and litter have led to soil habitat changes that may
initiate structural changes in soil fauna communities. To
quantify the effects of land-use and fauna on the decom-
position of litter, we studied litter decomposition dynamics
under three land-use models. We studied the role of
decomposers (macro-, meso-, and micro-fauna) in the mass
loss of litter. Our objective was to determine the effects of,
and the interactions between, land-use and faunal decom-
posers. We addressed two questions: (1) How are the
changes in soil fauna communities and litter decomposition
associated with land-use? (2) What are the differences in
the contribution rates of soil fauna of different sizes on
decomposition under various land-uses?

Materials and methods
Study sites and experimental design

Three sampling sites under different land-uses, viz. poplar-
crop integrated system, poplar plantation, and cropland,
were established at a Dongtai Forest Farm in Northern
Jiangsu Province, China (120°49'E, 32°52'N). The Dongtai
Forest Farm is a key protected coastal forest in Jiangsu
Province, which is located in a maritime transitional zone
monsoon climate, with an annual average temperature of
14.6 °C, annual average relative humidity of 88.3%, a
frost-free period of 220 d, with a yearly average rainfall of
1050 mm. The primary soil type in the Dongtai Forest
Farm is desalting meadow soil, with the texture of sandy
loam; the pH of the soil is alkaline, and the soil salinity is
1.1-2.1 gkg~'. The Dongtai Forest Farm is dominated by
poplar trees (Populus deltoids), which cover an area
of ~ 3000 ha; the coverage rate of the forests has attained
85%, timber reserves are ~ 5 X 10* m3, and it comprises
one of several excellent poplar plantation distribution areas
in China (Table 1).

(1) Poplar-crop integrated system (PC). For our exper-
iment we selected a poplar plantation compound manage-
ment pattern sample area of poplar forest (Populus
deltoides CV. 35); corn, peanuts, and cotton were cyclically
grown during the summer, while wheat was grown in
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Table 1 Physical-chemical characteristics of soils under different land uses

pH

MBN (mg/kg)

TMN (mg/kg) MBC (mg/kg)

NO;3; -N (mg/kg)

NH,"-N (mg/kg)

C/N

Soil moisture (%)

Soil layer (cm)

Land uses

7.86 £ 0.14B

343 £ 2.12AB
15.96 £+ 3.34A

1661.66 + 88.86A
1644.54 + 147.5A
1298.47 £+ 64.58B
1106.71 £+ 61.87B
1387.66 £+ 200.0B
1097.15 £+ 188.0B

11.95 + 0.95B 14.85 £+ 1.03C

2.9 £+ 0.08C
2.74 £ 0.23C

10.38 £+ 0.62B

25.74 £ 0.42A
24.80 £ 6.7A

0-10
10-25
0-10
10-25
0-10
10-25

7.98 + 0.20B

9.39 £ 1.26C
3543 £ 0.93A

6.65 + 1.46B
29.67 £ 0.26A

15.79 £ 2.51A

8.31 £ 0.12A
8.45 £ 0.02A
8.18 £ 0.19A
8.41 £ 0.23A

30.86 £ 3.54B

5.76 £ 0.73B

11.87 £ 1.01A

23.62 £ 0.14A
2243 £ 1.1A
20.74 £ 8.3A
16.18 + 2.4B

17.86 £ 3.40A

24.6 £ 2.56A
23.07 £ 2.73B

19.19 £ 3.71A

5.42 + 1.68B

13.14 £+ 1.33B

38.45 £ 10.76A

10.6 £ 247A 12.47 £+ 0.44B

9.00 £ 0.86A

10.26 £+ 0.16B

PC

18.23 £ 0.15A

14.96 £+ 0.84B

5.96 £ 1.43B

11.37 £+ 0.60B

The same letters within a column at the same depth of soil indicate no significant difference between sites

P Poplar plantation, C cropland, PC poplar-crop integrated system

winter, at the center of the poplar plantation. The average
tree height was 23.45 m, while the average DBH was
21.21 cm. The shrub layers included Morus Alba, while the
herb layers included Humulus scandens, Erigeron annuus,
Carpesium abrotanoides, Achyranthes bidentata, Conyza
Canadensis, and Trichosanthes kirilowii. (2) Poplar plan-
tation (P). We selected a poplar plantation, which consisted
of poplar trees (Populus deltoides CV. 35), with
afforestation density of 5 m x 8 m, and a forest canopy
cover of 0.7. The average tree height was 22.78 m and the
average DBH was 24.63 cm. The shrub layers included
Morus Alba, while the herb layers included Oplismenus
undulatifolius, Cayratia japonica, Roegneria kamoji Ohwi,
Erigeron annuus, Conyza Canadensis, Myosoton aqua-
ticum, and Achyranthes bidentata. (3) Cropland (C). Corn,
peanuts, and cotton were cyclically grown during the
summer, while wheat was grown in the winter.

Experimental decomposition design

For this study, the pure poplar plantations, poplar-crop
integrated systems, and croplands with similar site condi-
tions were sampled and replicated in quadruplicate, with a
spatial interspersion distance of approximately 600-800 m
for the same land use. We established an experimental plot
(20 x 30 m) within each land use sample, and a quadrat
(3 m x 3 m) was set up within the central area of each
plot. The different land uses in this region possessed the
same basalt parent materials, and similar altitudes (less
than 5 m altitude difference), respectively. The decompo-
sition experiment was initiated in December, 2013, and
continued until December, 2014. We collected recently
senesced poplar leaves at the peak of fall in November,
2013, and placed approximatelyl0 g of oven-dried litter in
nylon litterbags (15 cm x 20 cm). The leaf litter samples
were oven-dried at 60 °C to establish the relationship
between air-dry and oven-dry mass. According to the
classification standard of soil fauna body size (Swift et al.
1979); three types of litterbags were selected: (1) micro-
mesh litterbags (0.01 mm, permitting the entry of
microorganisms only), (2) meso-mesh litterbags (1 mm,
permitting the entry of micro- and meso-fauna) and (3)
macro-mesh litterbags (5 mm, permitting the entry of
micro-, meso-, and macro-fauna). In order to minimize the
loss of leaf litter, the 5 mm and 1 mm litterbags had
0.01 mm diameter mesh patches sewn to the bottom.

A total of 144 litterbags were placed at the three land
use sites (PC, P, and C), where 48 litterbags were used for
each land use site, and 12 litterbags were randomly placed
into each quadrat (3 m x 3 m) in December, 2013. Every
3 months, 12 litterbags were collected at random from each
land use site. The roots, soil, and weeds that had entered
the litterbags were carefully removed in the laboratory. We
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initially transferred the macro-fauna by hand, after which a
Tullgren funnel was employed to separate the soil fauna.
All isolated soil fauna specimens were preserved in a 75%
ethanol solution. Most of the soil fauna were identified by
orders (Yin et al.1998), and imago and larva were classified
in the same category. Following the separation of the soil
fauna, all collected litterbags were cleaned, oven-dried at
60 °C and weighed to determine the remaining litter mass.

Data analyses

Diversity, Abundance, and Group Number were calculated
for fauna communities at the three sites. The abundances of
soil fauna were divided according to the percentage of the
total number of all the species of soil fauna acquired, which
accounted for more than 10% as the dominant groups, 1—
10% for the common groups, whereas < 1% were rare
taxa. The diversity of soil fauna is an excellent indicator as
relates to richness and evenness, which not only reflects
differences in composition, structure, function, and
dynamics of the communities, but may also reveal rela-
tionships between different natural geographical conditions
and soil fauna. The diversity of the soil fauna was analyzed
using the Simpson dominance index, Shannon—Wiener
index, Pielou’s evenness index, and Margalef index. The
Simpson dominance index (C, Simpson 1949), Shannon—
Wiener index (H', Shannon 1948), Pielou’s evenness index
(E, Pielou 1967) and Margalef index (D, Margalef 1958)
were calculated as follows: Simpson dominance index (C)

C =P} (1)
Shannon—Wiener index (H’):

H = —XP;InP; (2)
Pielou’s evenness index (E):

E=H'/InS (3)
Margalef index(D):

D=(S-1)/InN 4)

where S is the total number of species in the community,
and P; is the proportion of individual species in the
community.

The similarities of two communities were calculated
using Jaccard’s similarity index (J', Jaccard 1908):

J'=c/la+b—c) (5)

where a and b are the number of species present in com-
munity 1 and community 2, respectively, and c is the total
number of species present in both communities.

The relative mass loss contributed by the fauna was
calculated as (Seastedt 1984):

@ Springer

L = lfauna/Lmtal (6)

where Ly, is the litter mass loss contributed by the fauna
calculated by macro-mesh meso-mesh, and micro-mesh
litterbag mass loss, L,y is the macro-mesh litterbag mass
loss contributed by most biological, microbiological,
and abiotic factors of the soil fauna.

Repeated measures analysis of variance (ANOVA) was
applied to determine the differences in litter decomposition
among the different mesh sizes, and land uses. Pearson’s
correlation coefficients were employed to express the
relationships of the mass loss values with relative indi-
vidual and group soil fauna density. Simpson dominance
index, Shannon—Wiener index, Pielou’s evenness index,
and Margalef index statistical analyses were performed
using SPSS 20.0 software.

Results

Effects of mesh size on leaf litter decomposition
under different land uses

Mesh sizes significantly impacted the decomposi-
tion rate of the poplar litter (Fig. 1). The primary mass
remaining rates were 0.0l mm (56.80%) > 1 mm
(46.43%) > 5 mm (44.67%), and highly significant dif-
ferences existed among the micro-mesh, macro-mesh, and
meso-mesh litterbags (P < 0.01) under the same land use;
however, the primary mass remaining rates were similar at
the macro-mesh and meso-mesh litterbags(P = 0.053).
Under different land uses, the primary mass remaining
rates demonstrated extremely significant differences
(P <0.01) in the macro-mesh litterbags. There were

100.00 -
——P 5mm —&— PC 5Smm —&— C 5Smm
L -=-¢--P Imm --8--PC lmm ~-A=--C lmm
90.00 g.., ¢ P0.0lmm -4 PC0.0lmm  ----a-+ C0.0lmm

80.00

70.00

60.00

Percentage of mass remaining(%)

50.00

40.00 L .
Mar. Jun. Sep. Dec.

Decomposition times

Fig. 1 Mass remaining rate in the litterbags with three different mesh
sizes in the poplar-crop integrated system, poplar plantation, and
cropland
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considerable differences in the meso-mesh litterbags
among the poplar plantation, cropland (P < 0.01), and
poplar-crop integrated system (P < 0.05). However, there
was similarity between the cropland and poplar-crop inte-
grated system (P = 0.058). In the micro-mesh litterbags,
there were significant differences (P < 0.05) between the
cropland and poplar plantation.

Soil fauna community characteristics
under different land uses

Composition of soil fauna communities under different land
uses

Species composition, quantity distribution, and the biodi-
versity of soil fauna exhibited certain differences in poplar-
crop integrated systems, poplar plantations, and croplands
(Figs. 2, 3). A total of 13,272 individuals were collected,
belonging to four phyla, 12 classes, and 32 groups (in-
cluding suborders), including poplar-crop integrated sys-
tems (4859) > croplands (4517) > poplar plantations
(3896). The number of groups was as follows: poplar-crop
integrated systems (32) > poplar plantations (29) > crop-
lands (25). Acarina and Collembola were the dominant
genera in this area, and the combined population of the two
groups comprised 82.51% of the total number of individ-
uals, which constituted the body of the soil fauna com-
munity in a coastal area of Northern Jiangsu Province.
The common groups were as follows: Araneae,
Coleoptera, Isopoda, Diptera, Hymenoptera, Nematode,
Scolopendromorpha, and Lepidoptera, which accounted for
14.99% of the total number of individuals. The other

g oy \\\ N A | E
= 200 %\ \\ \\ 10 “

0

Land uses

NNYSmm SNImm —#-5mm —A—Ilmm

Fig. 2 Total abundance (individual and group number) of soil fauna
in litterbags during litter decomposition in the poplar-crop integrated
system, poplar plantation, and cropland (histogram: soil fauna
individuals, line graph: soil fauna groups)

100.00%

90.00%
80.00% | m Others

o Hymenoptera
70.00% [ mDiptera

@ Lepidoptera
60.00% @ Coleoptera

@ Scolopenpdomorpha
50.00%

OIsopoda
40.00% | mNematoda

M Araneida

Percentage of groups

30.00% r §Collembola
@ Prostigmata

20.00% f O Oribatida

10.00% f

0.00%

PC P Cc
Land uses

Fig. 3 Percentages of faunal group abundance in the poplar-crop
integrated system, poplar plantation, and cropland

accounted for only 2.50% of the total; however, the number
of groups accounted for 62.50% of the total number of
groups. The differences between common and rare taxa
were significantly greater than the dominant genera under
different land uses. The individuals and groups of soil
fauna in the macro-mesh litterbags were higher than in the
meso-mesh litterbags under the same land use types. Soil
fauna individuals in macro-and meso-mesh litterbags
were significantly different, whereas poplar-crop integrated
system (P < 0.01), poplar plantation and cropland
(P < 0.05), and soil fauna groups were significantly dif-
ferent (P < 0.01) under various land uses.

However, under different land use, soil fauna resident
individuals in macro-mesh litterbags exhibited significant
differences only between the poplar plantation and crop-
land (P < 0.05), whereas the others were similar between
poplar-crop integrated system and poplar planta-
tion(P = 0.404),and cropland (P = 0.060).In the meso-
mesh litterbags there were significant differences between
the poplar plantation and cropland (P < 0.05), and poplar-
crop integrated system (P < 0.01); however, the cropland
and poplar-crop integrated system were similar
(P = 0.177). The soil fauna groups in macro-mesh lit-
terbags were significantly different between the poplar-
crop integrated system, poplar plantation, and cropland
(P < 0.01); however, in the meso-mesh litterbags, there
were no significant differences (P > 0.05). This indicated
no significant differences in the meso- and micro- fauna
groups under different land usages.

Index of soil fauna communities under different land uses

Using the Simpson dominance index, Shannon—Wiener
index, Pielou’s evenness index, and Margalef index
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analyses of the diversity of soil fauna, the results indicated
that community diversity and the complexity of soil fauna
were different among the poplar-crop integrated system,
poplar plantation, and cropland (Fig. 4). The results
revealed that the Simpson dominance index was highest in
the cropland; the Pielou evenness index was the highest in
the poplar plantation; the Margalef abundance index,
Shannon diversity index were the highest in the poplar-
crop integrated system. Soil fauna in the poplar-crop
integrated system was characterized by the highest num-
bers of taxa and individuals, and highest Margalef’s
diversity, which suggested that agro-forestry ecosystems
may support a greater quantity, distribution of soil fauna
than single-species agriculture or plantation forestry.

Under different land uses, the Simpson dominance index
in the macro-mesh litterbags had extremely significant
differences (P < 0.01) between the cropland and poplar-
crop integrated system, and poplar plantation, but no sig-
nificant difference between the poplar-crop integrated
system and cropland(P = 0.885). The Shannon—Wiener
index showed extremely significant differences among the
three sites (P < 0.01); Pielou’s evenness index had sig-
nificant differences between only the poplar plantation and
cropland (P < 0.01). The Margalef index had extremely
significant differences (P < 0.01) between the poplar-crop
integrated system and cropland, and poplar plantation, but
no significant difference between the poplar plantation and
cropland(P = 0.231). However, in the meso-mesh lit-
terbags, the Simpson dominance index, Shannon—Wiener
index, Pielou’s evenness index and Margalef index showed
no significant differences among the three sites.

For the same sites, only the Margalef index showed
significant differences between the macro-mesh and meso-
mesh litterbags (P < 0.01) in the poplar-crop integrated

4.00
350
3.00
2.50
2.00
1.50

Diversity of soil fauna

1.00
0.50

0.00

P PC
Land uses
m Simpson dominance index

& Pielou eveness index

Shannon diversity index mMargalef richness index

Fig. 4 The diversity of soil fauna in poplar-crop integrated system,
poplar plantation, and cropland
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system, poplar plantation, and cropland, respectively;
Simpson dominance index showed differences between the
macro-mesh and meso-mesh litterbags (P < 0.05) in the
poplar-crop integrated system; Shannon—-Wiener index
showed significant differences between the macro-mesh
and meso-mesh litterbags in the poplar-crop integrated
system (P < 0.01), and poplar plantation (P < 0.05); and
Pielou’s evenness index showed no major differences
between macro-mesh and meso-mesh litterbags in three
sites.

The similarity of two communities was calculated using
Jaccard’s similarity index. The highest similarity index was
0.9063, between the poplar-crop integrated system and the
poplar plantation, followed by the poplar-crop integrated
system and the cropland 0.7813, with the lowest being
0.6875, between the poplar plantation and cropland.

The contribution of soil fauna to decomposition

Following 1 year of incubation in the field, the contribution
of macro-fauna to litter decomposition was evident in the
poplar-crop integrated system (2.72%) <, cropland
(3.00%) <, and poplar plantation (4.20%), while the
contribution of meso-and micro- fauna to litter decompo-
sition was the poplar-crop integrated system (19.06%) > ,
poplar plantation (18.59%) >, and cropland (17.72%)
(Fig. 5). In general, the average contribution rate of soil
fauna to litter decomposition was 21.76%. The average
contribution rate of meso-and micro- fauna to litter
decomposition was 18.46%, which was much higher than
the contribution rate of macro-fauna to litter decomposition
(3.31%), which had extremely significant differences
(P < 0.01). This indicated that the role of meso- and
micro- fauna on litter decomposition was more significant
than the macro-fauna in the poplar-crop integrated system,
cropland, and poplar plantation.

Correlation between mass remaining rate and soil
fauna

There were negative relationships of the percentage of litter
mass remaining with the individual densities of soil fauna
(P < 0.05) in macro-mesh and meso-mesh litterbags in the
poplar plantation. However, there were negative relation-
ships of the mass remaining rate with the individual density
of soil fauna (P < 0.01) in the macro-mesh litterbags in
September and December, and in the meso-mesh litterbags
in June and December, in the poplar-crop integrated sys-
tem. Further, there was no significant correlation with the
soil fauna in the macro-mesh litterbags, or in the meso-
mesh litterbags, except for December, where there was a
significant negative correlation (P < 0.05) in cropland. The
soil fauna groups, Simpson dominance index, Shannon—
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Fig. 5 The contribution of soil fauna to litter decomposition

Wiener index, Pielou’s evenness index, and Margalefi n-
dex had no obvious correlations with the litter mass
remaining rate (Tables 2, 3).

These results demonstrated that there were negative
relationships between the mass remaining rate and the
individual density of the soil fauna in the poplar plantation.
However, no significant correlations between the litter
mass remaining and the individual density of soil fauna
were found in the poplar-crop integrated system, and
cropland. This may have been the result of human
anthropogenic interference in both the poplar-crop inte-
grated system, and cropland.

Discussion
Land use effects

In this study, the species composition, quantity distribution,
and biodiversity of soil fauna revealed certain differences
between the poplar-crop integrated system, poplar planta-
tion, and cropland. Due to their robust migration and
activity, soil fauna were more vulnerable to the influences
of environmental factors (Xu et al.2012). Different land
uses altered the quantity and quality of the litter input
(Ruan et al. 2005; Ge et al. 2012; David et al. 2012; Galizzi
et al. 2012), the physical and chemical properties of the soil
(Deng et al. 2003), and subsequently affected the
species composition and quantity distribution of the soil
fauna (Koehler and Born 1989). The groups, individuals,
and Margalef index of soil fauna in the poplar-crop inte-
grated system were the highest, which indicated that agro-
forestry ecosystems may improve the quantity distribution
and biodiversity of soil fauna to some extent. The cropland

Table 2 Correlation between mass remaining rate and soil fauna in macro-mesh litterbags

PC

Soil fauna

Dec.

Sep.

Jun.

Mar.

Dec.

Sep.

Jun.

Mar.

Dec.

Sep.

Jun.

Mar.

— 00911
— 034
— 024

— 0.947
— 0.721

— 091
— 094

— 0.931
— 0.811

—0.996"

— 0.945
— 0.566

—0.999™
- 092
—0.678

— 0.926

— 0.94
— 0475
— 048

—0.959"
—0.159

— 0.241

—0.977"
—0.224
— 041

—0.981"

— 0.986"

Individual density

0.558
— 0.564

0.274
— 0.171

0.267
—0.980"

Group

0.332
—0.483
—0.198

— 0.731

0.122
— 0.386
— 022
— 0.901

0.201
— 0.306

Simpson index

0.089

0.264
0.737
—0.939

0.679 0.391 0.559 0.777 0.797
0. 0.75
— 0.216

0.376
—0.123

0.839

Shannon—Wiener index

0.002
— 0.357

0.554
—0.824

0.395
0.53

08 0.371
— 0.267

0.155
— 0.266

0.818

Pielou index

0.149

0.536

0.457

Margalef index

* Correlation is significant at the 0.05 level; ** correlation is significant at the 0.01 level
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Table 3 Correlation between mass remaining rate and soil fauna in meso-mesh litterbags

PC

Soil fauna

Dec.

Jun.

Mar.

Sep.

Dec.

Mar.

Sep.

Jun.

Dec.

Sep.

Jun.

Mar.

— 0.876
— 0.794

— 0.975%
— 0.631

— 0.955%
— 0.953*
— 0.551
— 0.451

— 0.969*
— 0.741

— 0.997**
— 0.327
—0.724

— 0.908
— 0.928
— 0.987*

— 0.995%%*
— 0511
— 0.945

—0.937

— 0.364

— 0.960%* — 0.985%* — 0.965%* — 0.966*
— 0.388
— 0.937

— 0.839

Individual density

0.712

0.582
— 0.586

Group

0.017
— 0.127

0.824
- 0.772
— 0.604
— 0452

0.477
— 0.81
—0.948
— 0.766

0.771
—0.622
— 0.678
— 0.478

0.461
— 0342

0.563
- 0.773

— 0.793

Simpson index

0.866
0.539
— 0.221

0.963*
0.982*
- 093

0.615 0.957*
0.996*
- 043

0.552
—0.219

Shannon—Wiener index

0.161
—0.734

0.341
— 0.904

0.645
— 0.491

0.686
— 0.863

Pielou index

0.873

0.62

Margalef index

* Correlation is significant at the 0.05 level; ** correlation is significant at the 0.01 level

altered some of the physical and chemical properties of the
soil, as well as a proportion of important soil organic
matter (Mando et al. 2005; Wei et al. 2006; Hati et al.
2007), which thus impacted the community characteristics
of the soil fauna (Cutz-Pool et al. 2007; Liang et al. 2009),
and initiated decreases in the soil fauna diversity and the
higher Simpson dominance index.

For this study, Acarina, and Collembola were the
dominant genera, and the combined population of the two
groups attained 82.51% of the total number of individu-
als. This constituted the bulk of the soil fauna community
in a coastal area of Northern Jiangsu Province; however,
the Acarina composition was not consistent. The Orib-
atida population in the poplar plantation was higher than
in the poplar-crop integrated system and cropland, which
may have been associated with the environmental sensi-
tivity of Oribatida. Farmland comprised the most seri-
ously anthropogenically impacted ecosystem; cultivation,
crop rotation, and the use of pesticides eliminated some
of the more sensitive species, such as Oribatida (Cao
2007).

Mesh size effects

Different litterbag mesh-sizes may limit the entry of
specific soil fauna, segregate different sized soil fauna, and
have small differences in the microenvironment (Bokhorst
and Wardle 2013); hence, the use of different litterbag
mesh sizes to quantify the soil fauna involved with litter
decomposition is quite reliable(Swift et al. 1979). In this
study, the mass loss rates of leaf litter appeared consis-
tent with the taxa and individual relative density of the soil
fauna in litterbags with different mesh sizes. The primary
mass remaining rates were 0.0l mm (56.80%) > 1 mm
(46.43%) > 5 mm (44.67%), which indicated soil fauna
and microbes > meso- and micro- fauna and microbe-
s > only microbes. This result was consistent with the
conclusions of previous research (Yin et al. 2002; Yang
and Zou 2006; Wu et al. 2010; Xia et al. 2012; Fan et al.
2014; Yu et al.2015). The reason was that litterbags with
different mesh sizes limited the entry of soil fauna, and
influenced the composition and structure of the decompo-
sition food webs. Macro-meshed litterbags were conducive
to the ingress and egress of macro-fauna, thus it promoted
litter decomposition (Bradford et al. 2002), whereas
smaller meshed litterbags limited the soil fauna ingress and
egress, and thereby slowed the litter decomposition rate.
Litter was observed to decompose slowly in the micro-
mesh litterbags, due to the lack of soil fauna. These results
demonstrated that soil fauna played a critical role in litter
decomposition in the coastal areas of North Jiangsu
Province.
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Soil fauna promoted litter decomposition; however, the
contribution rate of soil fauna to litter decomposition was
different from that of other fauna. In this study, the average
contribution rate of meso- and micro- fauna to litter
decomposition was much higher than the contribution rate
of macro-fauna. This result was consistent with the con-
clusions of previous research (Wang et al. 2011; Fan et al.
2014; Bao et al. 2015), but inconsistent with Xia et al. (Xia
et al. 2012).However, due to the leakage of litter, the
contribution rate of soil fauna to litter decomposition may
have been somewhat overestimated (Yang and Zou 2006).
Also, under naturally ambient conditions, fresh litter would
constantly be added to the process of litter decomposition,
and there would be no limit to the soil fauna; hence,
changes in soil fauna and its effects on litter decomposition
were more complex.

In summary, our experiment demonstrated that soil
fauna under different land uses played a critical role in
litter decomposition; the contributions of soil fauna of
different sizes were different under varied land use in a
coastal area of Northern Jiangsu Province, China. How-
ever, under practical conditions, in addition to anthro-
pogenic interference, there are likely further potential
factors that influence litter decomposition via microor-
ganisms, climate (temperature, lighting, rainfall), site
conditions (soil fertility, elevation, slope aspect), and litter
properties. Therefore, these factors should be combined
with environmental gradient data for further analysis.
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