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Spatio-temporal distribution characteristics of meso-micro soil fauna in typical

cultivated blacksoil in the Song-nen plain area

YANG Xu, LIN Lin*, ZHANG Xueping, ZHANG Limin, SHA Di
College of Geographical Science, Harbin Normal University, Key Laboratory of Remote Sensing Monitoring of Geographic Environment , College of Heilongjiang
Province, Harbin 150025, China

Abstract: Soil fauna is an important part in the soil ecosystem and plays important roles in material cycling. Furthermore
soil fauna, which is affected by tillage of the soil, is a good indicator species for the soil environment. The Song-nen plain is
an important area for food production in China. To investigate the spatio-temporal distribution characteristics of meso-micro
soil fauna in cultivated blacksoil in the Song-nen plain area, five typical areas, including Hulan, Suihua, Hailun, Yian,
and Nenjiang, were chosen from southeast to northwest in the Song-nen plain. The study was conducted in May, August,
and October 2009. Our study will provide a fundamental theory and method for biodiversity conservation and land
management in the cultivated blacksoil area. Samples of meso-micro soil fauna were collected from soil layers at depths of
0—5, 5—10, 10—15 and 15—20 c¢cm. We extracted and identified 15,058 individuals, belonging to 54 groups. Among
them, Oribatida, Prostigmata, and Isotomidae were the dominant taxa, amounting for 69.94% of the total individuals in the
soil fauna. The eight common groups were Mesostigmata, Hypogastridae, Entomobryidae, Chironomidae, Onychiuridae,

Sminthuridae, Nematoda, and Staphylinidae larvae, totaling 25.20% of all individuals. The results derived from this
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research are as follows: (1) Differences in soil faunal characteristics were observed in different sampling areas (P < 0.01).
The density of meso-micro soil fauna was highest in Hailun, whereas it was lowest in Nenjiang. The group number and
richness index of meso-micro soil fauna were highest in Suihua, and were lowest in Nenjiang. The Shannon-Weiner and
Evenness indices for meso-micro soil fauna were highest in Hailun, and lowest in Yian. The Simpson Dominance index was
highest in Hailun, and lowest in Hulan. (2) Seasonal variation exerted a significant influence on community structure of
soil fauna in the cultivated blacksoil area. The number and density of meso-micro soil fauna were significantly higher in
October than in other months (P < 0.01). The Evenness and Richness indices of meso-micro soil fauna were significantly
higher in August than in other months (P < 0.05). The Simpson Dominance index was significantly lower in August than in
other months (P < 0.05). (3) Number of individuals and groups of soil fauna gradually decreased with depth. In addition,
in different areas there were differences in the stability of the vertical distribution of soil fauna among seasons. There were
not distinct differences in the number of individuals of meso-micro soil fauna in different soil layers in May, but there were
significant differences in August and October. The number of individuals was much greater in the 0—5 c¢m layer than in
other layers, and an obvious aggregation on the surface occurred in August and October. (4) Concerning the relationship of
soil fauna and the soil environment, the values of pH, total nitrogen, and total phosphorus in cultivated black soil were
strongly correlated with the community structure of soil fauna ( P< 0.05). The number of individuals, Evenness index,
Richness index, and density of soil fauna were closely related to soil physicochemical properties (P < 0.05) , whereas the
numbers of dominant and common groups were closely associated with total phosphorus, the carbon-nitrogen ratio, and total

organic carbon in the soil.

Key Words: cultivated blacksoil area; song-nen plain; meso-micro soil fauna; spatial and temporal distribution
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B 21008 ( Elementar Vario-EL, Germany ) #lll &2 , 1 3 4= %R FIB IR — SR /K I & — L2 e ZE I E |, +
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Table 1 Soil properties in the different sites( Mean+SE)

oM/ TOC/ TN/ TP/ TK/
FEIG Sites bl (/) (&/ke) (/ke) (/ke) (/ke) /N
HulLan 7.00+0.07 29.33+0.8 17.01+0.05 1.18+0.42 5462.43+48.54 774.66+18.47 15.32+5.39
SuiHuai 5.95+0.00 41.38+0.5 24.00+0.44 1.78+0.08 8741.41+999.98 779.32+2.89 13.49+0.38
HailLun 6.69+0.02 34.84+1.9 20.21+0.69 1.87+0.13 9022.54+982.14 754.74+43.53 10.84+1.11
YiAn 6.73+0.389 35.00+0.63 20.30+0.37 1.99+0.21 7583.59+2381.11 703.46+0.04 10.27+1.29
NenJiang 7.05+0.06 41.58+1.67 24.12+0.97 2.86+1.28 7199.84+144.75 743.14+12.03 9.29+3.82

Hulan : 2% ; Suihuai: 224k ; Hailun: #12; Yian:{K% ; Nenjiang: #7T.; OM .4 HL Organic matter; TOC : & HLE% Total organic carbon; TN 4>
A Total nitrogen; TP . S8 Total phosphorus; TK: 424 Total potassium; C/N:fkZ [t Carbon-nitrogen ratio
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Table 2  Group composition and quantitative distribution of soil fauna community in the different sites
Hulan Suihua Hailun Yian Nenjiang &1 Total
Taxa Density/ Density/ Density/ Density/ Density/ Density/ %
(H/m*) (H/m?) (H/m*) (H/m*) (H/m?) (H/m?)
5. H Oribatida 7733.33 16650.00 15216.67 11125.00 3116.67 10768.33 42.91
0TI H Mesostigmata 2966.67 1200.00 3825.00 391.67 425.00 1761.67 7.02
FI T B Prostigmata 3200.00 1541.67 3541.67 4408.30 975.00 2733.33 10.89
7 Bk LB Tsotomidae 658.33 2208.33 7941.67 766.67 8675.00 4050.00 16.14
i Bk BB} Hypogastridae 466.67 1783.33 1991.67 66.67 483.33 958.33 3.82
28k 1Bl Entomobryidae 41.67 375.00 1583.33 58.33 75.00 426.67 1.70
FEWRL Chironomidae 25.00 75.00 1125.00 8.33 58.33 258.33 1.03
BBk AR Onychiuridae 583.33 2066.67 1858.33 233.33 491.67 1046.67 4.17
5Bk HUBE Tomocetidae 0.00 0.00 8.33 8.33 0.00 3.33 0.01
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Hulan Suihua Hailun Yian Nenjiang A1t Total

Jep¥ i3l W R W B R
Taxa Density/ Density/ Density/ Density/ Density/ Density/ %

(H/m?) (H/m*) (H/m?) (H/m?) (H/m?) (H/m?)
5 Bk s A} Sminthuridae 33.33 900.00 983.33 33.33 125.00 415.00 1.65
PEBE BB Neanuridae 208.33 41.67 25.00 41.67 0.00 63.33 0.25
1Rl Pseudachorutidae 125.00 108.33 566.67 75.00 108.33 196.67 0.78
2205\ R} Enchytraeidae 183.33 450.00 0.00 16.67 8.33 131.67 0.52
£ 1t Nematoda 1383.33 1033.33 1125.00 983.33 1333.33 1171.67 4.67
£ L8 Dolichopodadae 8.33 50.00 8.33 25.00 75.00 33.33 0.13
WY} Formicidae 666.67 16.67 0.00 0.00 0.00 136.67 0.54
Wk A Araneida 0.00 25.00 8.33 100.00 0.00 26.67 0.11
fURHA B Lithobiomorpha 16.67 0.00 0.00 0.00 0.00 3.33 0.01
A HBAR Carabidae 0.00 25.00 16.67 16.67 0.00 11.67 0.05
£ H B4 Carabidae larvae 108.33 158.33 333.33 133.33 8.33 148.33 0.59
I Cicadidae 0.00 0. .00 16.67 0. .00 0. .00 3.33 0.01
SNi-Al Therevidae 0. .00 0.00 8.33 0.00 0.00 1.67 0.01
HiR A H Geophilomorpha 8.33 0.00 16.67 0.00 0.00 5.00 0.02
[ H A HL Staphylinidae 266.67 108.33 150.00 50.00 91.67 133.33 0.53
Fe i BH4) B Staphylinidae larvae 83.33 283.33 883.33 141.67 41.67 286.67 1.14
B IEAE Noctuidae 8.33 8.33 33.33 0.00 0.00 10.00 0.04
KAE Tipulidae 16.67 0.00 8.33 0.00 0.00 5.00 0.02
#] AL Thripidae 58.33 116.67 41.67 0.00 8.33 45.00 0.18
& B4 Scarabaeoidae larvae 8.33 33.33 0.00 0.00 0.00 8.33 0.03
4t AR Scarabaeidae 16.67 8.33 8.33 8.33 0.00 8.33 0.03
W HUH Corrodentia 0.00 33.33 8.33 8.33 0.00 10.00 0.04
13 FL Polycentropodidae 8.33 0.00 0.00 0.00 0.00 1.67 0.01
HIFARLZ) B Elateridae 0.00 8.33 8.33 16.67 0.00 6.67 0.03
HREFFL Scaphidiidae 0.00 0.00 8.33 0.00 0.00 1.67 0.01
FEHRL4I A Cicindelidae 0.00 8.33 0.00 0.00 0.00 1.67 0.01
WAL Muscidae 50 16.67 16.67 8.33 0.00 18.33 0.07
A TR 4, Silvanidae 0.00 0.00 16.67 0.00 0.00 3.33 0.01
PR B A} Sciaidae 8.33 16.67 8.33 0.00 0.00 6.67 0.03
2 geophilellidae 116.67 83.33 0.00 16.67 0.00 43.33 0.17
ZH% R} Encocephalidae 8.33 8.33 0.00 0.00 0.00 3.33 0.01
W B A} Aphidoidea 258.33 116.67 175.00 8.33 0.00 111.67 0.44
E# H R} Dipyhllidae 0.00 8.33 0.00 0.00 0.00 1.67 0.01
% A} Nabidae 0.00 8.33 0.00 0.00 0.00 1.67 0.01
/NEER] Chalcidae 0.00 8.33 0.00 0.00 0.00 1.67 0.01
IR} Simuliidae 0.00 8.33 0.00 0.00 0.00 1.67 0.01
W HRL Pselaphidae 0.00 0.00 8.33 0.00 0.00 1.67 0.01
HHF} Scydmaenidae 0.00 0.00 8.33 0.00 0.00 1.67 0.01
WE R} Tetrigoidae 0.00 0.00 16.67 8.33 0.00 5.00 0.02
A} Coccinellidae 0.00 8.33 0.00 0.00 0.00 1.67 0.01
i H &} Chrysomelidae 8.33 16.67 0.00 0.00 0.00 5.00 0.02
AL R Anthocoridae 8.33 0. .00 0.00 0.00 0.00 1.67 0.01
K/NEER) Platypodidae 0.00 8.33 8.33 0.00 0.00 3.33 0.01
SAMA%L Individual number 2321 3555 4994 2256 1932 15058
JSIEBFEL Group number 33 38 38 28 17 54

W% 3 Fios , ANFERFE X, th /N A s W R 25 5 B 38 (298 P<0.01) 380 LSD £ FL AR L i4e
X3 ) - S B B AR B B T H S AR ( P<0.01) 5 5 AR Hu AR L1, 148 X I8 1 2 5 Wy ) 3 s
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Table 3 Characteristics of soil fauna in the different sites ( Mean+SE)

TiH Ttem Hulan Suihua Hailun Yian Nenjiang
Density/ ( H/m?) 19341.67+3234.04a  29625.00+2405.77b  41208.33+1636.21c  18800.00+1709.38a 16100.00+3523.04a
Group number 13.58+1.12 ac 16.25+1.42023b 15.67+0.26ab 11.75+0.52dc 10.5+0.5d

H' 1.8644x0.11ab 1.67+0.16a 2.1420.07b 1.15+0.07¢ 1.62+0.12a

E 0.72+0.03a 0.60+0.04b 0.78+0.03a 0.47+0.03¢ 0.69+0.05ab

D 2.52+0.24ab 2.72+0.28a 2.44+0.04ab 2.08+0.12b 2.00£0.12b

C 0.22+0.02a 0.35+0.05ab 0.51+0.10b 0.50+0.03b 0.30+0.05a

Iﬂ*ﬁﬁlﬂ%%%ﬂ?%lﬁﬁi&lﬂﬂ’)%ﬁﬂ%( P<0.05) ;H': Shannnon-Wiene g#lﬁ*‘aﬁﬁ, E. ﬂj’ﬂfﬁ?ﬁ'ﬁl, D. 45?%73_?5%&,(] 3 EE T8 %K
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X, H A4k %t + 358 sh ) A g e W S, 38 5 S AS 6] H 0 s A fE (. 1LSD 22 1 Hh R R B . Bkt 10 H 4
TSR G HEEREST 6 158 H(P<0.01),8 Ay HEssr: R EREST6 510 A(P
<0.05) ,8 A% S HE BT 6 H5 10 A (P<0.05), LI EAMrsR ISR XA, A 45738 A5t /]
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H %2 (336,475 1) ,5 H &/ (80,344 4>) RGN 5 H 2 (262 4~) ,10 H A (125 1) | A0 5 il
TLO 10 H 5% (398,326 4~) , /b0 8 H (206,67 4>) . [AlFE, s /AL - S8 W2 5 A 1 X R AP G R AL
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Fig.1 Individuals and group number of meso-micro soil fauna in the different sites

AR B R R (Rl — A A5 AN [R) R M (8] 19 2% 55 48 3 ( P<0.05)

3.3 TIEESYE A AR

A2 4 ATLUE L, HHEsh P i AR EORSERR R 1 2 Bl - S R B 1 i g i D R AT SR 5T X
BN T LA T, 0—5 em HER LSS 5—10 cm 10—15 em [ 15—20 em Y25 5 0 3%
(P<0.01),5—10 cm + )25 10—15 em 12 BB, 15—20 em 125 5—10 em J2 10—15¢m £
2 s 25 SRR (P>0.05) , 45 T2 RIESh Y AR 3 (P>0.05)

http ; //www.ecologica.cn



6 S % 36 &

F4 PUNBTERNMEE S (PEAREDR)

Table 4 Vertical structure of soil meso-micro soil fauna( Mean+SE)

e e Kes N ] . . Density/
Soil layer Individuals Group number (H/m?)
0—5cm 83.05+5.76 18.33+3.97 2.13+0.30 0.75+0.04 1.80+0.10 0.35+0.03 7246.71+£627.82
5—10 cm 60.83+4.75 15.38+3.09 2.29+0.32 0.82+0.04 1.88+0.11 0.32+£0.02 5326.70+497.34
10—5 e¢m 60.57+7.26 14.80+3.40 2.21+0.32 0.79+0.04 1.87+0.09 0.34+0.02 5333.37+721.84

15—20 cm 46.00+4.77 11.8+1.88 2.21+£0.33 0.81+0.04 1.85+0.10 0.36+0.02 4148.36+498.60

H': Shannnon-Wiene ZFVEFGEL; E: B EHRE D 58 EHEGC MR ERLK

WE 2 FiR , BHER - XORHE 2 SIS A AN E A 45 SR, s A ESARE M8 H5 10
A AR 27 (P<0.05) ,0—5 cm H 24 HIESYHE L FHE L2, 5050 84.45 5 106.25, £ i
BRI A2 RS ISR AR A Oy R B B e i A I 22 S (P >0.05) .
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Fig.2 variation of vertical structure of meso-micro soil fauna

3.4 HHESHYIRETE X - HERREE K A4 I R AE

W3 5 P, RSP B E S 0 pH 2 2R E 1A OC (P<0.01) 1 -5 4 35 1EAHC (P<
0.01), TIESWERE S LB R FAE(P<0.05), TSI EZAES HIESRE T E EME(P <
0.01), THIESYHEINES W W IEME(P<0.05) , IR A SIME S AT A PR B E AL (P <
0.05), HHENYFEES P pH 2R B TAHE(P <0.05) , SIA B3 EH X (P<0.01)
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Table 5 Correlation Coefficient between meso-micro soil fauna commmnnity and soil environmental factors

TR AR pH TN TP oM TOC C/N
AMEEL Individuals -0.282** -0.0186** 0.211** -0.030 -0.030 0.033
ZEBEEL Group number -0.057 -0.036 0.152 = -0.088 -0.088 -0.089
H' 0.003 -0.048 0.208 ** -0.115 -0.115 -0.085
E 0.119 -0.011 0.135 * -0.128 = -0.128 = -0.072
D -0.180*" -0.144 = 0.090 0.086 0.086 0.207 **
Density -0.268 ** -0.178** 0.136 * 0.024 0.024 0.097

w5 7E 0.01 ZKF-(RUI) F B EAHIE; * 7E 0.05 KT OB | i & AH G

Wik 3 B, i CCA Z3#ral AR AU H PRI H A5 TOC BA MR A G R , g H 5
C/N B IEA GG R,, Widk R FRICRE R Bk RS TP BB EACOC R, Gl 5 3 pH BAy — 5 IEAHC
KA, TERHBHS TN BA— @ IEAHRC R, Gk Rt DBk iR ol R4 B TP B — 2 9 IEAH G R
o RN TR T 66. 8% 1 e S RIS MM AR L OC & HEFF Bl TR I SRR T 6.5% 19 AR S M Sh W)
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PR B N A AR DI I, i SRS B LAE g . Oribatida W70 H : Prostigmata 178k 11 : Isotomidae 175
1R 22 TR IR I TR, 3 6 W R 9 X - S sh Wy g 5 JFe 11 9 H e Mesostigmata 6 Bk st F4: Hypogaswidae %8 B 1 Fh,
VLR 0 T 7 e BORE Hb 26 3 2 e DA T S A Entomobryidae 7457} ; Chironomidae B Ht 5} ; Onychiuridae [R Bk
9 ST - S IK R R AR AL TR A 2T #}: Sminthuridae 21 ; Nematoda [E3# i R}4) # . Staphylinidae
Xt PR BT AR S R AR, A R B AR R A R AR AT, TR R R AR A B — 2 B R B Y I 3T
FATRCOT R R b DR FREE 9 A S B9 6 TR R I PP B 0 L, [RIE, X T AR 5 DXk
YR 5 5 DWLSHE B 2 A W] LI A T IR PR 1 IX AR 2 5 T M X Y LIRS itk 47 53 B
g,
4.2 /NSRS YA Rl B A o AR IR

ARIELA Gy BRI R e DL R (0 22 S R R i SRS i BB R ARG, 4
WIAEL 501 R BRI S B R R H A AR R 3K, HIE S YA S 2R ER B R e, 8
A0 s e 5 e B A Oy R, thT7E 8 H SRS ME B, KIS R4y, TERIF IR X IR 22
MY OB e, B HEAEY IR R K i - e sh W ) RAE SR AL T & v U8, T L) 8 A 38
B PERRECS F w BE AR O, B I R R BRI, TR SR LB A 2 LY
AMEETE 7 A Ecb AL TR, AR AR 5 R AR BRI ) BE e B s . SASCHFR S5 A T
AT 33t — 2 B AN [l X 22 53 %6+ 358 0 ) s 25 R i B R AN TR 9
4.3 N S Y A AR

A IFALBR R R A R, RIS R G s S 7E R 2 LB A IR K B 2 IR, 1
AL BB /), 2 LB BT RE SR AL A SR T A S 1) R R A R IR BEARIESE D, B
KF, LIS RO RS A T B E R 2 TR RS i b, X 5 EAREG SERER ASE IR AR —
P AR Z AR B REE A O b, R3S B A RSO S B RO Bt - SR It 2 TR B S/ D | SRS 14 i ik
KRy - e sh W %5 5 Z AN TR Z g m 2 | i FAREARE I A R SR, 2 5 80 S P i & B T

Nematoda
AN
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8 S % 36 &

B, TR B 2 B3 A B R AR A AR WF SR R BE L8, Rk R 2 NS I AR )2 &
SRR D o WA RIREREAS [ B A 3ok A, h T8k, AN TR 3 r b 445 B2 AN [, - 338 AR 55 A7 Fir A T]
AR RE AN ] 2 e S o0 A 16 DU AT A [
4.4 PU/NBIRI SRS FIERREOC R

TSRS S TIEE R IR KR, HIEE R FUR LIRS AR B E, H, HIESh Y
HEVE B0 A0 5 PR B DIARSE > Pearson UK 56 26 1 . AT, FIERIER pH 2R 5 &
TIESWIREIE O YT, IS SRR R E AR R RS I B R D), X
2R AT X = R AR AR + S BT IR O R ISR S IR T2 5 0 L U I TE AR T b ek - 4
PRAEE AN W] LSS RO AR 22 5% . SR CCA A K - e sh W e S5 8 R 2R BE R0 5 058
W T Z A OGR4 Rt — 20 R W BARREAS 1- 3 2l W) 2R X AN ] - 3 PR I8 P - A ] 3 b %) -3 5
Y5 LHERR SR SC R IETE , AT LAY B il A 1 S sl Wy 2R e A B R 3, 30 T - S S Wy 10 47 - 4
SR LY BE PA ob /R T B R L

g5 LTk Gt LRSS %%?i%%m%ﬁf SOP AL, AT DAVE AT RO R - XA A= ) Z R
PrAr b BT PPN 5 7 B AR
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