IR 2013, 22(4): 675-684
Ecology and Environmental Sciences

http://www.jeesci.com
E-mail: editor@jeesci.com

Community Structure of Mites in PAH-contaminated Field
Soils in Eastern China

LIU Manping', YU Xiongsheng®, PING Lifeng’, QIN Jiayi*, SONG Jing®,
XU Jianming®, LUO Yongming’, KE Xin®*

1. Shanghai Science and Technology Museum, Shanghai 200127, China;
2. College of Environmental & Natural Resources Science, Zhejiang University, Hangzhou 310029, China;
3. Institute of Quality and Standard for Agricultural Products, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021, China;
4. Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China;
5. Yantai Institute of Coastal Zone Research, Chinese Academy of Sciences, Yantai 264003, China;

6. Institute of Plant Physiology and Ecology, Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences, Shanghai 200032, China

Abstract: Soil mites are good indicators for soil quality assessment, but they rarely have been used to indicate pollution levels of soil
polycyclic aromatic hydrocarbons (PAHs). In former studies, mite community structure parameters (usually at group level) such as
density, group richness, diversity index and evenness were mainly used as indicators. Since these indicators were established on
coarse taxonomic resolution, the assessment effects have usually been found to be variable and unstable. The present study aims at
finding more sensitive parameters of soil mite communities to PAHs among individual species, sex ratio and life history traits. Ef-
fects of PAH contamination on mite community structure were investigated in vegetable fields in Eastern China December, 2008, by
contrasting the effects observed in the polluted soil with the reference study sites. Soil properties and heavy metals were examined as
well as the PAH concentrations and mite community structure parameters. Total concentration of PAHs in polluted sites was ca. 18.7
to 26.8 mg kg™ dw soil, being 5.3 to 7.6 times of that in reference study site. Density and species richness of Macropylina, (Ori-
batida), in polluted sites were 3.2 to 8.5 and 1.0 to 2.2 times more than those in reference site, respectively. Oppositely, 17-species
density, male density and sex ratio of Mesostigmata were higher in reference site than in polluted sites by 0.9 to 1.1, 2.2 to 3.3 and
1.0 to 2.6, respectively, and negatively correlated with total PAH concentration. The results suggest that Macropylina and 17-species,
male individuals and sex ratio of Mesostigmata may be sensitive to soil PAH pollution directly or indirectly and can be further de-
veloped as indicators for assessment of soil pollution.
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Polycyclic aromatic hydrocarbons (PAHs) are
substances potentially genotoxic and carcinogenic,
usually resulting from coke production, petroleum

combustion and other

high-temperature industrial processes', they are

refining, fossil  fuel

widespread in the environment, and their contamina-

tion is a serious problem on a large number of sites
worldwide 2. PAHs can be produced from incomplete
combustion. They are highly lipophilic semi-volatile
organic compounds partitioning between the atmos-
pheric gas-phase and particle-phase ! and the PAHs

entering the airshed can be deposited directly onto
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soils or first absorbed by vegetation and then incorpo-
rated into the soil when vegetation enters the ground
at the end of the growing season and decays ! Soil
PAH pollution is also serious in China. In Eastern
China, the average concentrations of PAHs can be
over 1000 ng g in soils around Shanghai city ! and
Xiamen city of Fujian province!® and ca. 800 ng g in
[7-81 However, how PAHs affect soil

ecosystems is still not very well understood.

Jiangsu province

Soil organisms may be useful in identifying
clean-up priorities and monitoring environmental
change because they provide objective metrics that
integrate physical, chemical, and biological parameters
1. Soil invertebrates are popular candidates as biolog-
ical indicators because of their role in essential eco-
logical processes of soils including nutrient cycling
and decomposition "' The relative abundance and
ubiquitous nature of soil invertebrates contribute to
their usefulness in comparing their community struc-
ture among ecosystem types and land management

(1131 Soil mites are among the soil inverte-

practices
brates having potential as biological indicators of soil
health or conditions. Previous studies have shown that
soil predatory mites belonging to Mesostigmata are
sensitive to changes in management practices and type

[12, 14-17

of land use 1. Oribatida and Gamasina mites

have also been evaluated as potential indicators of

18-19
) [ ]

polluted soils by pentachlorophenol (PCP and

heavy metals %221,

Only a few studies have involved the effects of
PAHs on soil mites. These studies have mainly fo-
cused on total populations of soil mites and the effects
usually been found to be variable, and it is difficult to
identify the mechanisms involved ' %! This is be-
cause of the coarse taxonomic resolution used in these
studies, since different species within one family or
order may have contrasting responses to PAH stress
21 Therefore, more sensitive parameters of soil mite
communities are required to provide better utility of
mite communities as biological indicators.

The aim of the present study was to screen for
more sensitive parameters of soil mite communities to
PAHs in field condition in terms of species level, sex
ratio and life history traits. Mites in PAH polluted and
reference study sites were sampled and the community
structures parameters between the polluted and refer-

ence sites were compared. We expected that: (1) mite

community composition parameters at species level,
such as density, species richness, diversity index and
evenness, will be higher in the reference than in pol-
luted sites, i.e. community parameters at species level
will be sensitive to soil PAH pollution; (2) biological
parameters of life history features, such as » or K se-
lected species, and sex features, such as male individ-
uals and sex ratio, will be sensitive to the PAHs.

1 Materials and methods

1.1 Study sites and sampling design

The study sites are located in vegetable fields
close to Wuxi city, Jiangsu province, Eastern China
(31°36°08”-14” N, 120°28°38-53” E). The PAH pol-
lution source is a forge that has been producing small
iron wares with soft coal since 1992 and the coal con-
sumption is ca. 1 to 2 tons per day. Two PAH polluted
and one reference study sites were investigated. The
two polluted sites are 20 (Poll) and 80 (Pol2) meters
south of the forge and the reference site (Ref) is 500
meters east of the forge. In each study site, four plots
each of ca. 5 m* were set up as four replicates with
their centers 10 to 15 meters from each other. Seed-
lings of Chinese mustard (Brassica chinensis) were
growing in the plots.

Sampling was conducted in December 2008.
Three soil cores, each 20 cm® in area X 5 cm deep,
were randomly sampled in each plot and then mixed
together to give one composite sample for analysis of
soil physicochemical properties and PAH compounds,
giving a total of 12 samples for the three study sites,
each with 4 plots (replicates). Three additional soil
cores (20 cm’ in area X 10 cm deep) were sampled
from each plot adjacent to the previous cores and
combined to give a second composite sample per plot
for examination of soil mites.

1.2 Soil physical and chemical properties

The soil was a sandy loam (Typic Endoaquepts)
(23] Soil texture was determined by the hydrometer
method **!, organic carbon content by dichromic oxi-
dation followed by titration of excess K,Cr,O; with
FeSO, (ISO 14235-1998), nitrogen by the Kjeldahl
method ¥ (BUCHI KjelFlex K-360), pH by electrode
in a 1:5 (m/V) suspension of soil in deionized water,
and electrical conductivity by potentiometry in a 1:5
(m/V) suspension of the dissolved salts of the soil
(METTLER TOLEDO Inlab Expert). Water content,
water holding capacity and cation exchange capacity
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were also determined **,

Because the forge was producing iron wares,
heavy metals in the soil were also determined by
atomic absorption spectrophotometry ( Varian Spectra
AAS-220) P,

Extraction of PAHs from the soil samples fol-
lowed EPA methodology (3550C) with slight modifi-
cations. The soil samples were sieved through a 1 mm
mesh and then lyophilized. 2 g of lyophilized soil was
added to 10 ml of a mixture of re-distilled hexane and
acetone solvent (1:1 v/v), extracted on an ultrasonic
machine (KQ-400DB) at 40 kHz for 30 min, and cen-
trifuged at 3000 rpm for 5 min. The procedure was
repeated three times and the three extracts were com-
bined and concentrated to 1 ml on a rotary evaporator
under 350 mbr at 40 °C. The concentrated extract was
passed through an SPE C18 column. The effluent was
nitrogen dried, mixed with 2 ml of hexane and ana-
lyzed by GC-MS (Agilent 6890GC-5973NMS). An
HP5-MS capillary column was used with helium as
carrier gas. The oven temperature was programmed
from an initial temperature of 60 to 120 °C at a rate of
30 °C/min, and then to 270 °C at rate of 5 °C /min. The
injection was operated in splitless mode and the de-
tector temperature maintained at 280 °C. MS detection
was based on the selected ion monitoring (SIM) sys-
tem (EPA method 8270). External and internal meth-
ods were used with standards of 16 PAHs and phe-
nanthrene-D10 (Sigma-Aldrich), respectively.

1.3 Soil mites and data collected

Soil mites were extracted from the soil samples
using modified Tullgren extractors with temperature
increasing from 20 to 50 °C at a rate of 5 °C per day
for 6 days (26] The mites extracted were identified and
counted. All soil mites (total Acari) were identified to
species level in the 4 suborders Oribatida, Mesostig-
mata, Prostigmata and Astigmata using taxonomic
keys 7341

The following parameters or indices of soil mite
communities were computed and compared between
the reference and the polluted sites: 1) general mite
community structure: density, species richness, Shan-
non diversity index and evenness "' of the 4 subor-
ders Mesostigmata, Prostigmata, Astigmata and Ori-
batida as well as total Acari; 2) MGP groups of Ori-
batida: species in the three Oribatida groups Macropy-
lina (M), Gymnonota (G) and Poronata (P) were sort-

ed and then MGP I index (proportion of species num-
ber of each group to that of the three groups together)
and MGP 1II index (proportion of density of each
group to that of the three groups together) were calcu-
lated ™); 3) life history classes of Mesostigmata: fre-
quency of each class species (K- and r-selected spe-
cies), and the maturity index (MI): weighted propor-
tion of K-selected species in whole Mesostigmata
community, with weights for -values of 1, 2, 4, 1, 1
for r-selected species in families Ascidae, Digamasel-
lidae, Eviphididae, Laeclapidac and Ologamasidae,
respectively and weighing factorsfor K-values 2 and 2
for K-selected
Rhodacaridae, respectively ' 4) sex ratio of Meso-

species in Parholaspididae and

stigmata: male density and species number of
male-dependent species and male to female sex ratio
of Mesostigmata. Species whose males and females
were both found in the same study site were used for
the analysis so that the sex ratio for each species could
be calculated. Correlations between the soil environ-
mental factors (soil properties, heavy metals and
PAHSs) and the mite community parameters that were
significantly different among the three study sites
were analyzed.
1.4 Statistical analysis

Data between the study sites were compared
generally by one-way ANOVA and significant differ-
ences among the mean values were detected using the
Tukey HSD test. Density of the life history classes, the
male density and the male to female sex ratio were
analyzed by repeated ANOVA (using the species in the
same class or the male-dependent species as multiple
factors). Correlations between the environmental fac-
tors and the mite community parameters were ana-
lyzed with the data for plot by multiple regression
analysis and Monte Carlo test. Statistical analyses
were implemented using programs Statistica v. 7
(StatSoft, Tulsa, OK) and Canoco for Windows v. 4.5.
2 Results
2.1 Soil environmental factors

General soil properties of pH, electrical conduc-
tivity, cation exchange capacity, water content and
water holding capacity were not significantly different
among the three study sites (Table 1). Soil texture and
nutrients were significantly different among the sites.
Content of 2-0.02 in the reference site (Ref) exceeded
that in the 80 meter polluted site (Pol2) by 23.0%, but
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content of 0.2-0.002 mm particles in Ref was less than
that in the 20 meter polluted site (Poll) and Pol2 by
17.7% and 14.5%, respectively. Concentration of soil
organic carbon in Ref exceeded that in Pol2 by 21.2%,
but total nitrogen in Poll exceeded that in Pol2 by
23.3%.

Three heavy metals (Cu, Pb and Zn) were de-
tected and the concentrations were low (Table 1); Cu
and Pb concentrations were just over the criterion (35
mg/kg) of the lightest pollution and Zn below the
lightest criterion (100 mg/kg) for crop soil in the Chi-
nese National Standard. Cu and Pb were significantly

different among the three sites; Cu concentration in
Pol2 exceeded that in Ref and Poll by 26.1% and
39.8%, respectively, while Pb in Poll was less than
that in Ref and Pol2 by 46.2% and 36.1%, respective-
ly.

13 of the 16 PAH compounds selected to be first
controlled by the US EPA were detected in the soil
samples; Naphthalenes of 2-ring and two 3-ring com-
pounds acenaphthylene and acenaphethene were not
detected (Table 1). 3-, 4-, 5- and 6-ring compounds
accounted for 5.1%, 36.3%, 44.2% and 14.3% of the
total PAH concentration, respectively. Total concen-

Table 1 F-values of one-way ANOVA and measurements (meanzse, n=4) of soil environmental factors (the soil properties, heavy metals and PAHs)
for the reference (Ref) and the two polluted (Poll and Pol2) study sites
Ref Poll Pol2
Fao Mean Se Mean Se Mean Se
General properties
pH value 0.41 5.57 0.07 5.47 0.20 5.77 0.36
Electrical conductivity/(us-cm™) 2.38 101.95 22.07 177.83 68.60 49.48 7.09
Cation exchange capacity/(cmol-kg™) 2.45 14.79 0.56 8.52 2.86 13.80 2.32
Water content/% 1.36 16.45 131 17.48 0.60 15.49 0.32
Water holding capacity/% 0.87 52.12 1.20 53.75 1.45 54.06 0.45
Texture/%
2-0.02 mm 6.64" 35.41° 1.90 30.82% 0.47 28.78" 1.18
0.02-0.002 mm 442" 41.23° 2.14 48.54* 2.24 47.21° 0.84
<0.002 mm 2.02 23.36 0.38 20.64 2.12 24.01 0.34
Nutrients/ (mg-kg ™ -dry soil)
Organic carbon 5017 14.16* 0.77 1331 0.06 11.68° 0.59
Total nitrogen 7.76" 1679.08™ 34.23 1789.92° 91.94 1451.76" 43.18
Metals/ (mg-kg - dry soil)
Cu 17.18™ 40.39° 2.64 36.41° 0.73 50.91° 1.52
Pb 14.10™ 48.25a 2.53 33.00° 0.58 45.00° 2.65
Zn 1.48 161.09 55.81 80.40 4.58 111.30 14.99
PAHs (mg kg dry soil) 23.80"" 3.52° 0.27 18.69° 2.72 26.81° 3.18
Three rings 8.94™ 0.46° 0.10 0.94* 0.09 1.12° 0.15
Fluorene 11.917 0.00° 0.00 0.02° 0.00 0.02° 0.00
Phenanthene 8.74" 0.32° 0.11 0.78% 0.08 0.95" 0.13
Anthracene 0.12 0.14 0.03 0.14 0.00 0.15 0.01
Four rings 2065 1.26° 0.01 6.35° 0.95 10.19° 1.42
Fluoranthene 19.517 0.26° 0.01 237 0.41 3.62° 0.52
Pyrene 22.00"" 0.17° 0.00 0.79° 0.12 1.80° 0.28
Benz[a]anthracene 1631 0.49° 0.00 1.42° 0.19 2.08" 0.29
Chrysene 19.65™ 0.34° 0.00 1.78* 0.28 2.69° 0.37
Five rings 19.04™ 1.12° 0.04 8.54° 132 12.03° 1.77
Benz[b]fluoranthene 19.15™ 0.60° 0.01 4.41° 0.76 6.77" 0.97
Benz[k]fluoranthene 19.48"" 0.26 0.01 2.15° 0.37 331° 0.48
Benz[a]pyrene 8.17" 0.26" 0.02 1.98" 0.50 1.95° 0.32
Six rings 10.80" 0.68" 0.28 2.86 0.41 3.47° 0.60
Indeno[1,2,3-cd]pyrene 495" 0.13° 0.13 1.41° 0.26 1.42° 0.50
Dibenz[a,h]anthracene 0.38 0.31 0.18 0.44 0.15 0.51 0.18
Benz[g.h,iJperylene 20.97"" 0.24° 0.00 1.00° 0.16 1.54° 0.19

*P <0.05, **P <0.01, ***P < 0.001

Values with same small letters denote no significant difference among the three sites
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trations of PAHs in Poll and Pol2 were 5.3 and 7.6
times of that in Ref, respectively. Except for anthra-
cene and dibenz[a,h]anthracene, all the PAH com-
pounds had significantly higher concentrations in Poll
and Pol2 than in Ref, from 2 to 10 times for the dif-
ferent compounds.
2.2 General mite community structure

More than 600 soil mites of Acari were collected
representing 54 species, of which 27 belonged to Ori-
batida, 14 to Mesostigmata, 11 to Prostigmata and 2 to
Astigmata suborder, but 32 could not be assigned with
certainty to described species (Table 2). Species over
5% of the total abundance were Scheloribates oryzae
(17.3%), Tectocepheus velatus (10.5%), Oppiella nova
(9.8%), Rostrozetes foveolatus (8.3%), Rhodacarus sp.
(6.8%), Rhizoglyphus callae (6.7%) and Epilohman-
nia pallida pacifica (6.3%). Two Oribatida species
Epilohmannia pacifica (Fb9 - 11.43, P < 0.01) and
Hypochthonius rufulus (Fae - 4.61, P < 0.05) were

significantly different among the three study sites,
with densities of the two species in Pol2 being much
higher than that in Ref and Poll. Species richness of
Oribatida was significantly different among the three
study sites (F29-9.61, P < 0.01); the species richness
in Pol2 (8.50 £ 0.87) exceeded that in Ref (5.25 + 0.63)
and Poll (4.25 £ 0.63 species number per plot) by
61% and 100%, respectively.
2.3 MGP groups of Oribatida

Similar to Oribatida, both density (F,9-15.40, P
< 0.01) and species richness (F,9-8.31, P < 0.01) of
Macropylina of Oribatida in Pol2 (density 3167 + 518,
species richness 4.00 = 0.71) exceeded those for den-
sity in Ref (750 = 323) and Poll (333 % 118 ind./m?)
by 322% and 851%, respectively and those for species
richness in Ref (2.00 + 0.41) and Poll (1.25 £+ 0.25
species number per plot) by 100% and 220%, respec-
tively.
2.4 Life history classes of Mesostigmata

Table 2 Species, group (M: Macropylina, G: Gymnonota, P: Poronata, K: K-selected, r: r-selected) and density (ind.'m'z, mean * se, n = 4) of

Oribatida, Mesostigmata, Prostigmata and Astigmata of soil Acarina in the reference (Ref) and the two polluted (Poll and Pol2) study sites

No. Species Group Ref, Se Poll Se Pol2 Se No. Species Group Ref, Se Poll Se Pol2 Se
Oribatida 3500 1404 3792 2626 9292 1596 28 Euparholaspulus primoris 2K 500 500 42 42 0 0
1 Brachychochthonius elsosneadensis M 42 42 0 0 250 160 29 Proparholaspulus suzukii 2K 125 80 125 125 83 83
2 Cyrthermannia parallela M 0 0 42 42 0 0 30 Rhodacarus sp. 2K 167 118 375 172 1167 844
3 Epilohmannia pallida pacifica M 42 42 0 1542 448 31 Cheiroseius sp. Ir 125 125 0 0 0 O
4 Epilohmannoides sp. M 542 284 0 500 245 32 Gamasellus sp. Ir 458 229 83 83 333 152
5 Haplochthonius sp. M 0 0 0 0 42 42 33 Gamasellus tianmuensis Ir 250 160 250 198 0 0
6  Heminothrus yamasakii M 167 167 0 0 34 Hypoaspis queerlandicus Ir 292 197 250 160 208 158
7 Hypochthonius rufilus M 0 0 42 42 583 259 35 Ascasp. Ir 42 42 0 0 0 0
8  Lohmannia sp. M 42 42 0 0 0 0 36 Cheiroseius nepalensis Ir 8 8 0 0 0 O
9 Malaconothrus spl. M 0 0 0 0 208 208 37 Gamasiphis pulchellus Ir 42 42 42 42 83 83
10 Malaconothrus sp2. M 0 0 83 48 0 0 38 Gamasiphis sp. Ir 0 0 0 0 42 42
11 Palaeacarus sp. M 0 0 0 42 42 39 Digamasellus perpusillus 2r 42 42 0 0 0 0
12 Pseudocryptacarus sp. M 42 4 0 0 0 0 40 Evimirus sp 1. 4 42 42 0 0 42 42
13 Sellnicknochthonius sp. M 42 4 0 0 0 0 41 Evimirus sp 2 4r 0 0 42 42 83 48
14 Eremobelba japonica G 0 0 0 0 83 48 Prostigmata 250 48 250 108 625 343
15  Eremobodes sp. G 42 42 o0 0 0 0 42 Alicorhagiidae 42 42 0 0 42 42
16 Karenella sp. G 42 42 o 0 0 0 43 Bdella sp. 0 0 0 0 42 42
17 Oppiella nova G 0 0 333 226 2125 1375 44 Calyptostomidae sp. 42 42 0 0 0 O
18 Tectocepheus velatus G 167 118 11251017 1333 649 45 Eustigmacus sp. 0 0 0 0 42 42
19  Ceratozetella sp. P 0 0 42 42 0 0 46 Mahunlania secunda 42 42 42 42 0 O
20 Ceratozetes sp. P 42 42 0 0 0 0 47 Pulaeus sp. 0 0 0 0 42 42
21 Fissurobates sp. P 0 0 42 42 0 0 48 Robustocheles sp. 0 0 0 0 83 83
22 Lamellobates sp. P 167 167 0 0 0 0 49 Scirula sp. 0 0 42 42 0 O
23 Pergalumna sp. P 42 42 0 0 0 0 50 Scutacarus sp. 0 0 125125 0 O
24  Rostrozetes foveolatus P 208 208 292 172 1583 1148 51 Spinibdella sp. 42 42 0 0 125 80
25 Scheloribates latipes P 0 0 292 292 0 0 52 Tarsonemus granarus 83 83 42 42 250 250
26 Scheloribates oryzae P 2000 1502 1333 1074 1000 514 Astigmata 1542 1487 125 80 250 250
27 Sphaerozetes sp. P 42 42 0 0 0 0 53 Rhizoglyphus callae 1500 1445 83 83 83 83

Mesostigmata

2167 785 1208 229 2042 1163 54

Tyrophagus putrescentiae 42 42 42 42 167 167
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Majority of Mesostigmata species were classified
as 2K- (3 species) and 17- (8 species) selected species,
2r and 4r were only 1 and 2 species, respectively,
while 1K and 3K species were not found (Table 2).
17-species number in Ref (7 species) was almost twice
those in the two polluted sites (4 species in both sites).
2r-species were only found in Ref. By repeated
ANOVA, density of 1r-species (using the 8 species as
multiple factors) was significantly different among the
three study sites (Fi25-6.22, P < 0.01); the density in
Ref exceeded that in Poll and Pol2 by 107% and 94%,
respectively. Values of the maturity index were varia-
ble among Ref (0.30), Poll (0.43) and Pol2 (0.25).

2.5 Sex ratio of Mesostigmata

7 species of Mesostigmata whose male and fe-
male individuals were found simultaneously at least in
one study site were used for the analysis (Table 3). Of
the 7 species, males of 5 species were found in Ref
but males of only 2 and 3 species in Poll and Pol2,
respectively. Similar to the lr-species, by repeated
ANOVA, male density (Fia6 - 4.66, P < 0.05) and
male to female sex ratio (Fia6-28.27, P < 0.01) (both
using the 7 species as multiple factors) were signifi-
cantly different among the three study sites; the den-
sity of single species on average in Ref exceeded that
in Poll and Pol2 by 221% and 328%, respectively and
the relevant values for the sex ratio were 97% and
255%.

2.6 Correlation between mite community parame-
ters and soil environmental factors

Correlations of the 6 mite community structure
parameters (Oribatida species richness, Macropylina
density, Macropylina species richness, the 17-species
density, the male density and the sex ratio) and the 7
soil environmental factors (2-0.02 and 0.02-0.002 mm

content of soil texture, organic carbon, total nitrogen,
Cu, Pb and total PAHs) were analyzed. These mite
parameters and the environmental factors were chosen
because they were significantly different among the
study sites. Multiple regression analysis was applied
and the 7 environmental factors were used as multiple
variables. Oribatida species richness, Macropylina
density and Macropylina species richness were signif-
icantly positively correlated with Cu concentration
(Table 4), that is, they generally increased with Cu
increasing in range of the occurred concentration (ca.
30-55 Cu mg kg' dw soil). The coefficient (R) of
Macropylina density with Cu was highest among the 3
parameters and the effect of Cu explained (14) ac-
counted for majority of the total effect of all the 7 en-
vironmental factors together explained (0.92). Oppo-
sitely, the 1r-species density, male density and sex
ratio were significantly negatively correlated with the
concentration of total PAHs (Table 4). Among the 3
parameters, the male density had the highest negative
coefficient and the A4 value, while 1r-species density
had the second highest negative coefficient but its 14
was lower than that of the sex ratio.
3 Discussion
3.1 Soil environmental factors

The general soil properties of pH, electrical con-
ductivity, cation exchange capacity, water content and
water holding capacity were not significantly different
between the reference and polluted study sites, sug-
gesting that the difference of the mite community
structure among the study sites were not caused by
these properties. Soil texture (2-0.02 and 0.02-0.002
mm) and soil nutrients (organic C and total N) were
significantly different between the study sites, but the
differences were not very strong and were not corre-

Table 3 Density (ind. m™, mean = se, n = 4) of males (M) and male to female ratio (M/F) of the 7 species of Mesostigmata and the average analyzed by

repeated ANONA (using the 7 species as multiple factors) among the reference (Ref) and the two polluted (Poll and Pol2) study sites

Ref Poll Pol2
Species
M Se M/F Se M Se M/F Se M Se M/F Se
Euparholaspulus primoris 125 125 0.5 0.5 0 - 0 - 0 - - -
Proparholaspulus suzukii 0 - 0 - 42 42 1.0 1.0 42 42 1.0 1.0
Rhodacarus sp. 0 - 0 - 0 - 0 - 42 42 0.04 0.04
Cheiroseius sp. 42 42 0.5 0.5 0 - - - 0 - - -
Gamasellus sp. 208 158 2.5 2,5 0 - 0 - 42 42 0.33 0.33
Gamasellus tianmuensis 83 83 0.5 0.5 125 80 1.5 1.5 0 - - -
Hypoaspis queerlandicus 83 83 1.0 1.0 0 - 0 - 0 - 0 -
Average 77 74 0.71*  0.71 247 17 036™ 036 18° 18 020 0.0

Values with different small letters denote significant difference among the study sites. Statistical results refer to the text
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Table 4 Coefficients (R) of correlation between mite community parameters and soil environmental factors by Multiple regression analysis

and effect of each factor explained of total effect (A4) and F values by Monte Carlo test (permutation number 499)

Oribatida Macropylina Macropylina 1r-species Male-dependent Male to female

species richness density species richness density density sex ratio

R A4 F R 1A F R A4 F R 1A F R A F R 1A F
Texture
2-0.02 mm -0.31 021 448 -048 0 0.14 -027 0.0l 023 056 007 105 058 002 053 0.02 0 0.04
0.02-0.002mm  -0.06 0.13 3.66 0.17 0.05 3.03 -0.03 0 0.05 -0.49 - - -048 002 0.62 0.03 0.03 0.57
Nutrient
Organic carbon -03  0.04 068 -0.62 0.01 077 -038 0.08 237 046 001 021 0.28 - - -0.02 0.13 291
Total nitrogen -046 001 032 -0.77 005 229 -0.64 002 067 021 0.08 130 0.17 0.02 063 0.06 003 0.58
Heavy metal
Cu 0.61 037* 576 0.86 0.77** 3347 0.76 0.62** 16.15 -0.24 - - 0.02 0.06 148 -0.09 005 1.13
Pb 023 0.05 1.12 041 0.02 098 035 0.01 03 0.19 0.14 262 056 0.08 2.5 039 0 0.02
PAH
Total PAHs 051 0.02 029 0.63 002 1.09 049 006 192 -0.70 0.39** 643 -0.76 0.63** 16.79 -0.51 047* 89

*P <0.05, **P <0.01. - variables not to improve fit

lated with the mite community structure, suggesting
that these soil parameters could be factors causing the
difference of the mite community structure but might
not be main factors.

For heavy metals in the soils, Cu, Pb and Zn
were detected. Cu and Pb were significantly different
between the study sites and Cu significantly (but posi-
tively) correlated with the mite community structure,
suggesting that heavy metals, especially Cu, could be
factors associated with the mite community structure.
However, the concentrations of the metals were low,
Cu and Pb concentrations being just above and Zn
below the criterion of the lightest pollution category in
the Chinese National Standard, and therefore the con-
centrations would not be high enough to cause nega-
tive effects on the soil mite community structure.

The total PAH concentrations were in the range
of 2.93 to 33.17 mg/kg, which are comparable to the
concentrations of 5.28 to 80.64 mg/kg in another
study (221 PAHs can be produced from incomplete
combustion, which are highly lipophilic semi-volatile
organic compounds partitioning between the atmos-
pheric gas-phase and particle-phase ! and the PAHs
entering the airshed can be deposited directly onto
soils or first absorbed by vegetation and then incorpo-
rated into the soil when vegetation falls to the ground
at the end of the growing season and decays [*. The
concentrations of PAHs in the polluted sites were
much higher than those in the reference site and nega-
tively correlated with the mite community structure
parameters related to Mesostigmata, suggesting that

PAHs could be the main factor causing the differences
of the mite community structure parameters, directly

or indirectly ¢

, in the present study.

Therefore, in the present study, it seems that joint
effects of PAHs, heavy metals, soil nutrients and soil
texture caused the differences of the mite community
structure parameters between the reference and pol-
luted study sites, with the PAHs being the main factor.
3.2 General mite community structure and param-
eters of Oribatida

Densities of all species, Shannon diversity and
evenness indices of total mites (Acari) and the 4 sub-
orders (Oribatida, Prostigmata, Astigmata and Meso-
stigmata) were not significantly different but species
richness of Oribatida was significantly different be-
tween the reference and the polluted sites, suggesting
that the species richness is more sensitive than the
densitiy, Shannon diversity and evenness indices in
the present study "%,

Density and species richness of Macropylina
were also significantly different among the three study
sites. The Oribatida species richness being consistent
with Macropylina species richness may be due to
Macropylina accounting for majority (almost half)
species of Oribatida. In Pol2, Cu concentration was
highest but organic C and total N were lowest among
the three study sites and concentrations of PAHs were
much higher than those in the reference site, which
may simultaneously cause the increase of Oribatida.
Microcosm studies on another organic pollutant, PCP,
showed that different body form of oribatids had dif-
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ferent sensitivities. Numbers of small soft-bodied mite
species increased in the higher PCP concentration
treatment, while no change in numbers of large and
more sclerotized Oribatida mites were found [,
They explained the increase in these mites in the
higher PCP concentration by the efficient utilization of
the high bacterial production and/or lowered resource
competition from other microbivores. This is also
1 and ! that small

body size and short life-cycle were favoured in

consistent with the prediction of '

stressed soil. In the present study, most small
soft-bodied species of Oribatida were in Macropylina
and Majority of species of Macropylina were small
soft-bodied. Of 13 species of Macropylina, 8 species
(Brachychochthonius elsosneadensis, Epilohmannia
pacifica, Malaconothrus sp.l, Epilohmannoides sp.,
Haplochthonius sp., Malaconothrus sp.2, Pal-
aeacaroides sp. and Sellnicknochthonius sp.) were the
type of small (< 0.4 mm) and soft and 5 species (Hy-
pochthonius rufulus, Cyrthermannia parallela, Hemi-
nothrus yamasakii, Lohmannia sp. and Pseudocryp-
tacarus sp.) were large (> 0.4 mm) and sclerotic. Dif-

ferently, all 5 species of Gymnonota were sclerotic

and all 10 species of Poronata were large and sclerotic.

That the Oribatida parameters were highest in Pol2
and positively correlated with the Cu concentrations
(34.3-53.7 mg/kg™) in the present study might be also
due to the stimulation of Cu in low concentration to
the mites *). Skubala and Zaleski (2012) concluded
that small concentrations of heavy metals are posi-
tively correlated with the development of saproph-
agous oribatid mite communities, since the stimulation
of low concentration of heavy metals on the rate of
reproduc(tion is recognized and is called hormesis '],
3.3 Life history classes and sex ratio of Mesostig-
mata

All species of Mesostigmata are gamasides, i.e.
predatory mites in the present study. Density and spe-
cies richness of 1r-selected species, density and spe-
cies richness of male-dependant species and male to
female sex ratio of Mesostigmata were significantly
higher in the reference site than in the two polluted
sites, and the 1r-species density, male density and sex
ratio were negatively correlated with the concentra-
tions of PAHs, suggesting that 1r-species and male
individuals and their related parameters could be sen-
sitive to the PAHs. There are two possible explana-

tions for the effects of PAHs on mite community:
Firstly, PAHs are fungicides that contaminate and
eliminate the fungal and detrital food of microarthro-
pods, and secondly, increased bulk density from PAH
contamination reduces habitat space for microarthro-
pods P! The results of higher fine and lower coarse
content of soil texture in the PAH-contaminated soils
in the present study support the second explanation.
Studies on PCP showed that total numbers of preda-
tory mites were extremely low at high PCP concentra-

431 and studies on land use showed that there

tions
were marked differences in Gamasina fauna among
four different land use types and indicated that
Gamasina community structure changed significantly
with material and energy inputs and mechanical per-

116 which are consistent with the present

turbations
study, although the perturbation factors and mite
community parameters are different. So, the results in
the present study support the idea that predatory soil
mite fauna seem to be a good indicator when their life
history traits are taken into account and can be con-
sidered as one of the most sensitive groups in a hier-
archical multi-taxon classification system for the eco-

[14-16.441 'By the way, although

logical quality of soils
the parameters in the whole Mesostigmata community
were significantly different between the reference and
the polluted sites, those of each species were not. As
suggested by (431, specific assemblages but not the
same species dominating the community were associ-
ated with the specific environmental conditions.

In conclusion, results of the present study show
that PAH-contaminated soils in the field affect soil
mite community structure, but different parameters of
the mite community structure have differing sensitivi-
ty. Species richness of Oribatida and density and spe-
cies richness of Macropylina could be sensitive to the
PAH-contaminated soils, but might not be directly
influenced by PAHs in the current concentrations, in-
stead, by other soil environmental factors mediated by
PAHs such as soil texture, soil nutrients and heavy
metals. For Mesostigmata parameters, density of
Ir-speces, male density and male to female sex ratio
seem more sensitive to the PAH-contaminated soils
and may directly relate to PAHs as well as the
PAH-mediated effects of the other soil environmental
factors. Therefore, these parameters may be sensitive
to PAH-contaminated soil and can be further devel-
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oped to be indicators for soil environmental quality.

Because this is a field study, which may need labora-

tory or microcosm studies to prove the results later,

we cautiously draw the conclusions.
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