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Abstract:  Objective Soil fauna are an important indicator for quality assessment and monitoring of contaminated soils.
However, few studies have been reported in the literature in China on community structure of Collembola and variation
characteristics of certain specific species in soils contaminated with heavy metals in mining areas. In order to explore relationship

between heavy metal pollution in soil and community structure of Collembola, toxic effects of the pollution on collembolan and

* ERHRBEISTE (41271264 ) %2 Bh Supported by the National Natural Science Foundation of China ( No. 41271264 )
+ WIR/E#E Corresponding author, E-mail: kaili@bio.ecnu.edu.cn

EZ R 2 2F (1994—), B, WA, Wit, EEAELEHYIIR TAE. E-mail: 1395064711@qq.com

Wk B 2020-04-02; WeHIMEEOR H Y. 2020-07-31; M4 % H (www.cnkinet): 2020-09-10

http://pedologica.issas.ac.cn



31 . 733

law of the response of collembolan to the pollution, in an attempt to provide a scientific basis for assessing and monitoring soil
quality. Method In this paper, on the farmlands around the Lanping lead-zinc mining in Yunnan Province, four sample belts, A,
B, C and D were laid out, varying in distance from the mining. Among them, A, B and C were belts of contaminated farmlands
and D the one free of contamination as CK. And in each belt, 3 sampling points were arranged at the same intervals along a line
vertical to the river running through the belts. Point 1 was the closest to and Point 3 the farthest away from the river. So a total of
12 sampling points were specified for soil sampling, and three soil samples were collected quantitatively from each sampling
point for identification and count of collembolan and analysis of soil heavy metals, physicochemical properties and heavy metals
in collembolan, separately, and each soil sample was divided into 5 portions as replicate for the analysis of species diversity and
community structure of collembolans, heavy metal content in their bodies and heavy metal content and physicochemical
properties of the soils. ~ Result A total of 1 445 collembolan individuals of 26 species were acquired, belonging to 2 orders, 6
families and 15 genera and reaching 12 042 ind'-m’ in average population density. The Collembola community was characterized
by apparent dominancy with specific groups and relative deficiency in diveristy. The farther the sample points from the mining or
the river, the lower the content of Cd, Pb and Zn in the soil, the lower the content of heavy metals in the collembolan body, and
the higher the species richness(number of species), richness index and abundance of collembolans(density). And responses of the
animals were greater to the content of available heavy metals than to the total heavy metals, especially in species richness and
heavy metal content of collembolans. Onychiurus sp. was negatively related to the content of available Pb in population density.
The three species of Isotoma were all negatively related to both total and available Cd. and Isotoma sp. 3 was negatively related to
total and available Zn. Lepidocyrtus sp. was positively related to total Cd, Pb and Zn. Besides, Onychiurus sp. and Onychiurus
folsomi were positively related to soil organic matter. Hypogastrura yosii was positively related to soil pH. Isotoma sp.1 was
positively related to soil pH and soil bulk density. ~ Conclusion  Structure of the Collembola community and distribution of
certain species in the farmland system around the lead-zinc mining area were significantly affected by heavy metal pollution: The
collembolan community responded greatly to heavy metals in species richness, richness index and abundance, and was more
sensitive to available heavy metals than to total ones. So the contents of available heavy metals are good indicators reflecting
change in Collembola community. Onychiurus sp., the three species of Isotoma and Lepidocyrtus sp. possess the potential to act
as indicator for assessment of heavy metal pollution and so do Onychiurus sp., Onychiurus folsomi and Isotoma sp.1 for
assessment of soil quality.

Key words: Heavy metal pollution; Collembola diversity; Community structure; Indicator species
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Table 2 Two-way ANOVA (Transects, Gradients) of environmental factors at the sampling points (F value)
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Fig. 2 Regression analysis of Pb content in collembolan with total (a) and available (b ) contents of Pb in soil
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Table 4 Structural index of the collembola communities relative to 4 transects
g MR AL B o) ERE PR AL F R AR A T s
Transect Shannon-Wiener index Pielou index Simpson index ~ Margalef index ~ Number of species Density/ ( indm™)
A 1.68 0.68 0.26 1.94 12 28 900
B 1.65 0.62 0.27 2.10 14 48 300
C 1.15 0.40 0.54 2.72 18 52100
D 2.28 0.79 0.14 3.38 18 15200
x5 INBERBRRBELGREE
Table 5 Structural index of the2 collembola communities relative to 3 gradients
T ZHEIEE B o AR E BT 5L TR T % ¥ Density
Gradient Shannon-Wiener index Pielou index Simpson index =~ Margalef index Number of species / (ind-m?)
1 1.72 0.61 0.31 2.77 17 32100
2 1.67 0.57 0.29 2.74 19 71 100
3 1.74 0.58 0.28 3.15 20 41300
S @)
= A3
Ca-Zn
Ig;lCa -Cd Ca Pb
Pzongy UWClght, Al
C CIOFZHQ 4:’/ o o
M xIckis DI
BZO <3- l,i_’:? . ".’",'/'
R o N
C2 . T3 !
p
A2 D3
O
2
H
3 sP. D
!
-1.5 1.0
TE: number, Bkl (%), sp, F, D, FEER 1.0s
W, SREVEISEC, J. WSRO USRS CaCa, ) )
AR, Ca-Pb, HUALH, Ca-Zn, HRASS:, Pzong, %46 1, HIBk Onychiurus folsomi, 2, FBkJE Onychiurus sp.,

G R4, TCd, &8, TPb, &4, TZn, & &%E, weight,
+ 37 F . Note: number: Individuals ( density ) of collembolans,
sp: Number of species, D: Margalef index, H’: Shannon-Wiener
index, J: Pielou index, C: Simpson index, Ca-Cd: Available Cd,
Ca-Pb: Available Pb, Ca-Zn: Available Zn, Pzong: Comprehensive
Pollution Index, TCd: Total Cd, TPb: Total Pb, TZn: Total Zn,
Weight: Soil bulk density.

K3 BT - R S A4 L RDA M HE Y

Fig. 3 RDA ordination of environmental factor-community
structure index

FHIFRER A Bk Hypogastrura yosii, 4, 35 Bk)E Isotoma sp.1,
5, ZABKIE Isotoma sp2, 6, FEViBk)E Isotoma sp.3, 7,
Anurophorus sp., 8, ANk Sinellia sp.1, 9, KBk Sinellia
sp.3, 10, @§BkJE Lepidocyrtus sp.
Bl 4 BT F+3 WA RDA 04 HE Y

Fig. 4 RDA ordination of environmental factor-dominant +common

species
DA AR B 4 14 S AL B S A P78 R o R AL
R T7 20000 (R . BREE ) h, AREE& e+
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RYCRAETE 9 Aoy, dhsm ki 6 B 15 )8
26 N SN 12 042 ind'm 2, FE [ 2T AR
BB, WBCE B KT & 7R
30 000 ind'-m 1, ATRE Sk E RA S, WATfES
PR EE SR IT YA G BN ERE, 2K
TR UV XA 22 KK, 8 I I T b
F4P0, WEkE g in A, 5 IR BT
SR, = AR U A A R R
PR, RR R EAEZ, SENSNES
J& 5 Yt X+ S s A A A R — B, R
R T 4 RS Y B — 2 AR S R A AR ) Bk 2D 5T
g%, MBS T 5 4 S 0 T 2 o i 2 3
AR E IR M T =0T, SRR
s YNGR, 5 HIRERA Bk Hypogastrura yosii
WA (14.43%), A SR, XA
PA A I — A F B A
33 BIHRBELEHRYMEESETEMXE

AR SR S0 & B, 7 X AR H &
5 v 11 Bk SRR T 5 R R 43 0 Rl 14 3 A i S 2 Y
SO o MBS IX 5 A A A B T R ORT o AR
BOAL, X S5LEG 15 R BuE AN JF BBk ik
WA RS PR T ERLRENIEMEE, +5
SR N B EE 4 T AR R A A R LR Y
HEARESFED, USSR EE D, +
WM ESE SRS T RESE S EE N
BIEMISE, WS FE, RS B A SR e Y

TEREE RS SRR F RO TUAR AT, Rl
WA R RN R, AR
B Y. FERSEMEOR DI N . RS
BRSHETEREOR M ERN, ARSI SH
WA ER, HELZ T, B8R aEgEATs
P B 5 XSRS HR BOCIREEAR K, B 7R 52 BR H
] -, EARAEYARERIL, HEeEs
JEASRE S FLSE A AU Y, 1 4 R A A A A R
Al B2 e Bkt BE VR 0978 4k . Lock 2505075 8 £ 4 4
AT S5 AR )k R 5 52 e B R B S
Sk g, B SRR R, H
S5 GAMR KB ;1 BAB A S
5 kR P B R A R A DG IR U B 4
B SR T 2R FRERNAS KK . A0

TR, PR . FEEREUR . KT REm
A B, ZRESRIGY, BURYANLE
5T IR, 3 T gy i A 2 o 6 O R B
AR A EAL, BT DA R B 286 S Rl sz 2
WERW, % ESFEEERARZEmCY, x5
DAAE S sh i oy — 80 Hak, AHLREERE
Wi 285 85 1 = PR, A Sy Bk e A R R A
AT, X Bk B R P A 8 A A N
JREAARFCY, ZREERR R, B RS R R
BoUs R s, — R R AR HAER RS Bk
EYZHERAL, SREURBEAR SRS, %
JEAESR bR, A LA S MR I g Y,
I3 — 7 T AT e 2 PR Dy ik o 5 At - 498 2y ) 0T B
HE @I, WERTE L, 5 EkdRF A LT
A IR YRR IR A AL A SR A B

BB YR AE AN [F] 75 Y i B 4 Ja AR HH 4% B AR AE
WKW 2SS, — R FEZHE RIS
T, XY R G R TS YR s A s )
— 7 SRR YA A IR A E A R, 31X
LG AE R TR TR AR RIS T o TED R ALK
(LT WAD ) SR FRICRAHr, "L
F il Onychiurus sp S H & B ARSI EY), HEH
JETEA BESARMRE SR, RS T e DXl i) 4
JEAEIA RN FEE Isotoma 1 3 M54
H—E WA, LI Isotoma sp.3 545615 Y448
B an MASGSE . By BRI 2 OB rE AL
X H 4 ) QIS B I v T AR, 7ELRE
BTG Y B = R M P 2 D T AR A T Y dR R
RAFEL , 3 A BUIRTS P IR e m f, g RS
Lock 21y Isotoma viridis MR, ; Lepidocyrtus
sp.FIEE SLRG T YRS . . 8. BOCHEY)
HIRIEMSE, TELE 15 e Aa B i b b 3%
Z LA T Qe BB AR R AE L, 38 A Al e 7 e X sk
B FE R F, 45 RS Winkler!" 8 Lepidocyrtus
cyaneus M5 Lepidocyrtus tomosvaryi #1{L, i
BT Bk e I AN R e 2 AL O R A ], XS
ey e o7 A AR R 2250, A 438k L A O O e AR
B3 s W R AR A B B A, O FRh Bk
Onychiurus folsomi FIFEANLTFH . 59RME 15
WA, 5 RS AR AR PRI 5t F A HLAE S Bk
Onychiurus % B B3 K A S5 L AR, i B FBk
M52 H 4 Ja , P rT ITE R PR A ML+ & 1 4 )8
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A H R A F AR, TR D DI B B 5 I FQER A Bk
Hypogastrura yosii /2 &R T PER, PIASEHF
IR B AF N GRS s YR, BB IEE N
PR 38 i 3R 7R F o Isotoma sp.1 5 pH Fl 133
RHERXREY, WHBIEMFEITH LR TE R

4 4w

BVRE DR 1A 2R Gt v it ek RV 25 AL S
SRR oA W S B e m TS YL . YA
RO, MERZE (B ), B R
oA OO T 4 AR o SR, LN 4 S AT S 1Y i)
PR T Ea R A, 55 R A S T R S ik HUf
BRI A AL s BRBKE B Onychiurus sp.. 10 &
Isotoma W=AFh . Lepidocyrtus sp. 75 1E R 0N T 42
JE TG YV F8 AR P 1 o Onychiurus sp. A1 BREk
Onychiurus folsomi . Isotoma sp.1 4 VEk 3 i 45
NPT T
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