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Abstract The community characteristics of soil ciliates in Lead—zinc—contaminated agricultural areas of Huixian County, Gansu Province in
winter were studied from October 2006 to May 2008.The farmlands of Xinsicun and Mubacun villages around a Lead—zinc smelter in Shuiyangx—
iang township were selected as the sampling sites while the farmland and hillslopes which are distant from pollution sources but have a similar
soil environment were selected as the control sampling sites. The methods and results based on the study were summarized as follows Sampling
sites introduction (DControl site 1 lies in a hillslope major crops there wheat, maize and soybean which is about 4 kilometers away from the
smelter.2)Control Site 2 is a scenic spot located on a hill about 3 kilometers far from the county town.3Xiancheng site is a farmland—based hill—
slope located on the banks of the Shuiyangjiang River to the southwest of the county town. @Changqu site, a core Lead—zinc—contaminated area
lies in a farmland major crops there wheat, maize, soybean and vegetables next to the Lead-zinc smelter about 2 kilometers far from the county
town.(®Muba site is located in a farmland major crops wheat, maize and soybean about 3 kilometers away from the core Lead—zinc—contami—
nated area. The quincunx—sampling method was adopted in an area about 400 m?% 30 mL stainless steel cylinders were used to collect 20 soil
samples which were about 3 000 g after blending and then were divided into 2 shares used respectively for the cultivation of ciliates and determi—
nation of the content of heavy metals Pb, Zn in the soil. The soil temperature, humidity and pH were also measured while sampling. Research
method The “non—flooded petri dish method” was used for the continuous cultivation of soil ciliates, after which the species identification was
conducted with an optical microscope and the respective abundances were recorded as well on the 2™, 4" 7" 11" 20" and 28" day. The identifica—
tion techniques include in vivo observation and fixation—staining as well as species identification and taxonomy references|[21]-[32]. The deter—
mination of the concentrations of lead and zinc in the various samples was measured using an atomic absorption spectrophotometer AAnalyHt
400 made by a shanghai branch of American TE Company by the Upstream Yellow River Water Environment Monitoring Center.Research
results The study results were summarized as follows 75 species were totally identified in 5 sampling sites, including 9 unnamed species and
3 new records of soil ciliates in China, belonging to 3 classes, 11 orders, 30 families and 41 genera. There were 42, 39 species respectively dis—

tributed in soil sites of Controls 1 and 2, and 17, 16, 28 species respectively distributed in pollution soil sites of Changqu, Xiancheng and Muba.
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The soil ciliate communities in the control sites and pollution sites were quite dissimilar ¢=0.14, 0.22, 0.27 . The species diversity index was

respectively 4.76, 4.28, 2.15, 2.05 and 3.28 in sampling sites of Controls 1 and 2, Changqu, Xiancheng and Muba. Their lead concentrations

were respectively 211, 182, 490, 427 and 434 mg-kg™ in the 5 sampling sites and the zinc concentrations were respectively 48.4, 46.8, 1 194,

166 and 392 mg-kg™. The results show that community structure of soil ciliates have been influenced greatly by lead and zinc pollution, which

indicates in the simplification of community structure and significant decline in species diversity.

Keywords Huixian County in Gansu Province; lead—zinc pollution; agricultural areas; soil ciliates; community characteristics
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Figure 1 Sampling sites of soil ciliates
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Table 2 Species list and relative abundance of soil ciliates in the different sampling sites
Colpoda steini ++ ++ +++ ++
Colpoda inflate + + ++
Colpoda henneguyi ++ +++ +
Colpoda edaphoni +
Colpoda aspera + +
Colpoda patella +
Colpoda cucullus + ++
Tillina magna +
Platyophrya vorax ++ +++ +
Platyophrya angusta ++ ++
Platyophrya spumacola + +
Cyrtolophosis major + + + +
Enchelys gasterosteus ++
Spathidium lucidum +
Spathidium musicola + + +
Spathidium spathula +
Spathidium caudatum +
Spathidium sp. ® +
Dileptus americanus +
Pseudoholophrya terricola +
Holophrya sp. ® +
Litonotus lamella +
Trachelophyllum sigmoides +
Trachelophyllum chilense + +
Chilodonella capucina + +
Chilodonella bavariensis + +
Plagiocampa difficilis ++ + + +
Cinetichilum margaritaceum +
Pseudomicrothorax agilis A +
Cohnilembus fusiformis ++ ++
Cohnilembus vexillarius +
Leptopharynx sphagnetorum +++ +++ + ++
Leptopharynx eurystoma ++ ++ ++
Nassula gutturata A ++
Nassula picta ++ +
Frontonia depressa. +
Tetrahymena rostrata +
Cyclidium glaucoma 4+
Cyclidium versatile ++ +++ +
Cyclidium terricola +
Cyclidium muscicola +
Drepanomonas sphagni +
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2
Drepanomonas revoluta +
Loxocephalus ellipticus A + + +
Sathrophilus oviformis +
Sathrophilus muscorum + +
Homalogastra setosa +++ +++ ++ ++ ++
Halteria grandinella + ++ 4+ . 4+
Phacodinium metchnicoffi +
Blepharisma steini +
1 Blepharisma spl. # +
2 Blepharisma sp2. ® +
Vorticella cupifera +
Vorticella microstoma +
Engelmanniella sp. ¥ +
Urostyla viridis + +
Uroleptus lepisma ++
Uroleptus caudatus + +
Holosticha sigmoidea + + +4 4
Parakahliella haideri +
Oxytich muscorum + ++ ++
Oxytich fallax +
Oxytich setigera + +
Oxytich minor +
1 Oxytich spl. @ +
2 Oxytich sp2. ® ++
Histriculus similes + Tt
Histriculus muscorum +++ +
Urosoma macrostyla ++
Urosoma acuminata +
Urosoma sp. + +
Urosomoida sp. ® + +
Steinia candens +
Gonostomum affine +++ ++ ++ ++
Euplotes muscicola ++ ++ ++
Total 42 39 16 28 17
+ ottt 10 .100 .1 000 N
* A @ Unnamed species A New record species of soil ciliates in China
33
1. 2. N
4.76. R’=0.820 P=0.034 Zn R*=
4.28.2.05.3.28 2.15 0.394 P=0.257 R*=0.405 P=0.248
2, pH  R*=0.545 P=0.154 o
Pb Zn pH 3.4
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Table 3 Community structure of soil ciliates
1%
Ciliophora Kinetofragminophorea Prostomatida 6 7 12 16.00
Pleurostomatida 1 1 1 1.33
Colpodida 3 4 12 16.00
Nassulida 2 4 7 9.33
Cyrtophorida 1 1 2 2.67
Oligohymenophorea Hymenostomatida 2 2 2 2.67
Scuticociliatida 5 6 11 14.67
Peritrichida 1 1 2 2.67
Polyhymenophorea Heterotrichida 2 2 4 5.33
Oligotrichida 1 1 1 1.33
Hypotrichida 6 12 21 28.00
1 3 11 30 41 75 100.00
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Table 4 Community structure of soil ciliates in the different sampling sites
1 2
1% 1% 1% 1% 1%
19 45.24 20 51.28 6 37.50 17 60.72 8 47.07
5 11.91 6 15.39 3 18.75 5 17.86 2 11.77
— — 1 2.56 — — — — — —
10 23.81 8 20.51 2 12.50 8 28.57 2 11.77
3 7.14 4 10.26 — — 3 10.72 3 17.65
1 2.38 1 2.56 1 6.25 1 3.57 1 5.88
12 28.57 7 17.95 1 6.25 2 7.14 3 17.65
4776 — — — — — — — —
21.43 6 15.39 1 6.25 2 7.14 3 17.65
1 2.38 1 2.56 — — — — — —
11 26.19 12 30.77 9 56.25 9 32.14 6 35.28
2 4.76 2 5.13 — — — — — —
1 2.38 1 2.56 1 6.25 1 3.57 1 5.88
8 19.05 9 23.08 8 50 8 28.57 5 29.40
42 100 39 100 16 100 28 100 17 100
3 1
Table 5 Similarity index among the ciliates communities in the 4 km
different sampling sites 2 km
: 2 km
1 1.00 0.33 0.14 0.27 0.16
2 1.00 0.22 0.31 0.22
1.00 0.29 0.32
1.00 0.25 1 km
1.00
R -
CRIREN R
e) . .
1. 2. N
476.428.2.05.328 215,
o
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