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Abstract. Spatial patterns of above- and belowground soil animal communities and their spatial correlations with
environmental factors are an important basisfor revealing the spatial patterns and processes of above-andbelowground
ecosystems, and mechanisms for maintainingbiodiversity. However, the spatial relationships between soil animal

communities and environmental factors in above- and belowground ecosystems are still not clear, especially onsmall scales.
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This study investigated the spatial distribution patterns of above- and belowground soil mite communities, to elucidate the
spatial relationships between soil mite communities and environmental factors in farmland planted with soybeans. The
experimental site was locatedon the Sanjiang Plain inNortheast China. Above-andbelowground soil mite communities were
sampled at 100 uniformly distributed points in a 50 x 50 m’plot, and environmental factor analyses were performed at each
point in August and October2011. Spatial distribution patterns and relationships were analyzed using geostatistical tools with
semivariogram, crossvariogram, and ordinary kriging. The simple Mantel test was usedto evaluate thespatial correlations
between soil mite communities and environmental factors, and to determine whether the spatial relationships were true or
spurious. According to the results of the semivariograms, above- and belowground soil mite communities in August, the
belowground soil mite community in October, and most of the soil mite species from either communityexhibited clumped
distributions from 5—40 m scales, revealing exponential, spherical, or Gaussian models. Moreover, based on the analysis
of ordinary kriging, obviously spatial structures were detected, and spatial heterogeneitywas acommon characteristic of those
communities, as well asthe soil mite species inthecommunities mentioned above. The values of (C,/C,+C) demonstrated
that the spatial differentiations of those soil mite communities and soil mite species were mainly controlled by structured
factors, or by both structured and random factors. Meanwhile, nugget effects were detected for the aboveground soil mite
community and most mite species observed in October, which might be the resultofsampling errors or spatial variability
occurring within the minimum distance interval.In addition to the soil mite communities and soil mite species, environmental
factors also exhibited structuredspatial patterns, which were determined by structured factors. Nonetheless, the spatial
distribution patterns of the environmental factors were not consistent with those of either the soil mite communities or the soil
mite species. Thespatial distribution patterns of the above- and belowground soil mite communities and the environmental
factorsinfluencing them were dynamic from August to October. The results of the crossvariograms showed spatial cross-
correlations ofdifferent types ( either negative or positive) between various soil mite communities and environmental factors,
and between soil mite species and environmental factors in above-and belowground ecosystems, respectively. The simple
Mantel test confirmed the presence of a positive spatial relationship between Mesostigmata unidentified sp. 1 in the
aboveground ecosystemand the average height of soybeansin August. No true spatial relationships were identified between the
above-or belowground soil mite communities, or other soil mite species and environmental factors. The results of this study
provide essential data for future research of thespatial patterns and processes in above-and belowground ecosystems, and
showed that belowground soil mite communities in summer and autumn and aboveground soil mite community in summer
exhibitedobviously spatial heterogeneousstructures, while the spatial relationships between above-and belowground soil mite
communities , most soil mite species from those communities, and environmental factors were not significant. However, the
spatial analyses carried out during this study only provideinformation about the spatial distribution patterns and spatial
relationships at one point, duringtwo sampling periods,and at a specific small spatial scale (50 m X 50 m). Thus, further
manipulative experiments are necessary to reveal the processes underlying this phenomenon, andto manage the spatial

patterns and relationships observed in this study.

Key Words: spatial relationship; aboveground and belowground soil mite communities; farmland; Sanjiang Plain
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Fig. 1 Semivariograms of soil mite communities
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Table 1 Theoretical models and corresponding parameters for semivariograms of different soil mite species in August
e EAMHE Pedrft/ B2 HE REL
fii/3 Y e Nugget  Structural HEMHE AR Residual Coefficient of
Community Species Model variance  variance Proportion Range sum of determination
(Cy)  sill(Cu+C) [Cy/(Cy+C) %] squares (RSS) (R?)
A = i
LG EF‘%E. Exponential 67.00 810.00 8.27 5.88 3265.00 0.19
Aboveground  ( Punctoribates sp. )
ite J L
mite J\E e P30 Linear 375.46  375.46 - 26.48 3395.00 0.77
community (Suctobelbella sp.)
22 [k
ol Linear 0482 9482 - 26.48 306.00 0.29
( Tectocepheus sp.)
o) 5 gl
T e 4 Linear 80.37 80.37 - 26.48 65.10 0.08
(Areozetes sp.)
Ly
il Linear 10435 10435 -- 26.48 282.00 0.03
(Laelapidae sp.)
(2R
= Wipr Exponential 7.70 39.71 19.39 7.02 15.60 0.21
(Sejidae sp.)
I m
A imﬁ}% Spherical 0.80 8.99 8.90 8.77 3.32 0.23
( Kampinodromus sp. )
f= oy
Fﬁmlﬂﬁﬁﬁlnzﬁl 1_ . Spherical 3.10 6.20 49.99 16.00 0.72 0.66
( Mesostigmataunidentified sp. 1)
= P
EFWHEEE*KEW 2_ . Exponential 5.50 45.02 12.22 6.87 9.71 0.39
( Mesostigmataunidentified sp. 2)
e
WU ERER Linear 9.57 9.57 -- 26.48 14.30 0.19
( Prostigmataunidentified sp. )
A = 4
Yo FERER i) ﬂHME Spherical 0.01 21.39 4.68 7.75 14.40 0.12
Belowground  ( Punctoribates sp.)
mite /MRS Spherical 0.10 37.63 0.27 5.98 22.20 <0.001
community (Suctobelbella sp.)
2t o
5 7SR Spherical 0.10 69.75 0.14 8.33 34.10 0.57
( Tectocepheus sp.)
[ 15 1 il )
T 4 Spherical 3.7 43.37 8.53 9.47 8.96 0.82
(Areozetes sp.)
A = g
PRI Spherical 0.04 0.29 12.65 5.98 <0.001 <0.001
(Acrotritiasinensis )
L{%[Pmﬁ}% . Gaussian 0.07 0.19 36.14 5.74 <0.001 0.61
( Epilohmannia sp.)
R
TSRt . Spherical 0.11 20.42 0.54 10.03 3.96 0.79
(Laelapidae sp.)
A 7S
= Wﬂ’ Spherical 0.01 0.32 3.12 5.98 0.21 <0.001
(Sejidae sp.)
P I
S H I%E Spherical 0.001 0.45 22.42 6.77 <0.001 0.20
( Kampinodromus sp.)
=3 =z 1
P BAGE R Spherical 0.31 5.05 6.14 7.58 0.27 0.21

( Mesostigmataunidentified sp. 1)

10 A3 A7 1 32 6 2 Wy Fp 32 5 B2 A BE AL R B S 2 PR A 10 3 H T 5 3 9 P i SR HE )R
( Punctoribates sp.) W& 35 &8 ( Areozetes sp.) F1JT %L ( Laelapidae sp.) BYFRISAE A I A28 PEAR AT HAYIE S

P -f A A AR SRR AT A

7INJE i 05 R ( Suctobelbella sp.) I (Co/ (Co+C) ) i 38.53% , s [H]

AR S e FEALTE R R A Mt E R R IRl e . 35 W 5 )R ( Tectocepheus sp.) A3 — W W (Acrotritiasinensis ) 2% 4§
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Bl (Sejidae sp.) FH T H AR EFH 1 ( Mesostigmataunidentified sp. 1) [ ( Cy/ (Co+C) ) FBI/NF 25% , F B th 45
PER R SRS HERIILE (£ 2) .

x2 10 ARARBEFEEFFERYERRERAXSY

Table 2 Theoretical models and corresponding parameters for semivariograms of different soil mite species in October

i EA g fE/ 5% PeiE RBL
TE% Yy Fp Fe 7R Nugget  Structural Sl AR Residual Coefficient of
Community  Species Model varlance  variance Proportion Range sum of determination
(Cyp)  sill(Cy+C) [Cy/(Cy+C) %] squares (RSS) (R?)
HRMEE Ml Linear 0 0 - 71.00 2229.00 0.41
Aboveground M2 Linear 0 0 - 71.00 1516.00 0.49
mite M4 Linear 0 0 - 71.00 1077.00 0.65
community M7 Linear 0 0 - 71.00 2731.00 0.94
M10 Linear 0 0 - 71.00 146548.00 <0.001
R MR M1 Linear 0 0 - 71.00 293.00 0.57
Belowground M2 Exponential ~ 4.82 12.51 38.53 36.51 1.09 0.82
mite M3 Exponential ~ 2.48 16.78 14.78 12.57 1.77 0.81
community M4 Linear 5.31 5.31 - 26.48 1.71 0.17
M5 Exponential 0 0.01 0.18 10.05 <0.001 0.55
M7 Linear 4.67 4.67 - 26.48 0.51 0.01
M8 Exponential ~ 0.13 0.84 14.86 13.50 <0.001 0.86
M10 Exponential ~ 0.02 0.50 3.62 8.52 <0.001 0.59

M 1- 554 Y il ) ( Punctoribates sp. ) s M2-/)N i i Y 195 )& ( Suctobelbella sp.) sM3-T H Uit ( Tectocepheus sp.) s M4- i B 195 )8 ( Areozetes sp.) ; M5-
A3 = W U (Acrotritiasinensis) ; M7-J7 8%} ( Laelapidae sp.) ; M8-ZZUl ] ( Sejidae sp.) ; M10-FF* [T H AR EFF 1 ( Mesostigmataunidentified sp. 1).

203 FIEAKEL pH (ORI S bk B2 ] S P G
8 J 0y A K 4 pH (RIS b 5 4 T FRIBRAR 0 55 R BRAR BB A5 £ 10 7 5 B Kk o
SE pHL (1055917 PR SR BRAR BRI & SEESFRBE I T,/ (Co+C) ) B/NT 25% , 0 Hozs ] s 5 4 52
LAY Z I (6 3) . W ST R 5 F I S SE PR I T 8 ORI 10 J1 01 LT 0 25 o] B
PERFGE,
R3 AEAREEFEHFERPIERERRHEXSE

Table 3 Theoretical models and corresponding parameters for semivariograms of environmental factors

W EA Hege At/ BRI YE RAL

A ¥ Fiz Nugget  Structural A AL Residual Coefficient of

Month Factor Model variance  variance Proportion Range sum of determination
(Cyp) sill(Cy+C) [Co/(Cy+C) %] squares (RSS) ( R2 )
8 Hin Soil water content Spherical 2.33 12.65 7.30 81.60 4.00 0.04
August Soil pH Gaussian 0.0042 0.04 5.26 88.60 <0.001 0.03
Average height of soybean Spherical 12.99 35.59 22.88 63.50 0.05 1.00
10 A4 Soil water content Exponential 0.01 4.12 0.81 9.48 0.58 0.25
October Soil pH Spherical 0 0.03 1.55 6.98 <0.001 0.08

22 HHERPEREEE S RIS KR IR pH EAOR SRR R 2 B DGR

221

TR R S A KR R pH (IR S e Y S ] S

8 H MR M 7% £ 5 B 5 LI B KGR 18 pH (B 20 BIFE 5.98—26.48 m N ZS ARG, 5 R Gk
FE5.98—21.13 m HIEMZS ARG, KT 21.13 m ZJ5 R I 2s IAHDC, 8 i N =5 5 8K
HETE 5.98—26.48 m HIF Ay =3 [A1AH G ; A1 1 pH {H . K GRS 7E 5.98—26.48 m 4 (123 (B AHOC (&1 3) . 10
A Oy R e vE £ w8 S R S KR 5.98—26.48 m A [ A, 5 -4 pH {HAE 5.98—26.48 m N =5 ]
IEARDG, 10 4y 3 R e d% £ 5 5 3 Sk R 3 pH {E 340 £2 RO A9 25 18] R G
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Fig. 3 The spatial relationships between aboveground and belowground soil mite abundances and soil water content, soil pH and soybean
height in August
(a)-HiFRWERETE , aboveground soil mite community (b) -3t T #55E7% , belowground soil mite community.

222 AT EEEEEYRN R S RIEEK S pH (E IR SR S [ DG

8 H 1y 4 1 & /K o A1 M 38 5 ) B 5 & ( Punctoribates sp.) | 5 5 J& ( Tectocepheus sp.) . W k% H i &
(Areozetes sp.) . 2% Wk B} ( Sejidae sp.) . T H & W J& ( Kampinodromus sp.) Fl v < 7 H K & 2
( Mesostigmataunidentified sp. 2) FE 5.98—26. 48 m ¥J 3 8k 75 [a] i A ¢, M AP ATT H R EF 1
( Mesostigmataunidentified sp. 1) 7E 5.98—26.48m & 3 25 [A] 1E AH 3¢, F1 /N I ik H 096 J& ( Suctobelbella sp.) 7
11.51 m A2 [ 5 R 56 HoAy RUBE 28 ] 1F AH G ; MG} ( Laelapidae sp. ) 76 5.98—11.51 m g2 [A] i AH G, K
F11.51m ZJ5 A2 IEA G, 38 pH (HALE B 858 ( Punctoribates sp.) . /1N & Wk H 55 J& ( Suctobelbella
sp.) i H W5 J& ( Tectocepheus sp.) . I3 W B} ( Laelapidae sp.) . 2% 1§ Bl ( Sejidae sp.) FIH AT H K & Fi 2
( Mesostigmataunidentified sp. 2) 7E 5.98—26.48 m 2] %5 [6] T A 3¢ ; F1IKH E W5 )& ( Kampinodromus sp.) (R
I"JAF. H & % # ( Prostigmataunidentified sp.) 7E 5.98—26.48 m 445 [8] 1EAH 5 ; R A HH i & (Areozetes sp.) 1E
21.13 m R s () 5ORH 5C , 78 LA RS by 23 (] TEAH 3G ; A1 AT B R EFP 1 ( Mesostigmataunidentified sp. 1) 7E
5.98 m 21.13 m s [a] 5RO 75 A RUBE Ry s [B] TE AR OG . Rk e R I FH i S (Areozetes sp.) (AT TR
H AR € 2( Mesostigmataunidentified sp. 2) , 5[] H A & #i ( Prostigmataunidentified sp.) 7F 5.98—26.48 m
SRS [B] R G RN Wk 6 8 ( Suctobelbella sp.) JJii#l( Laelapidae sp.) (ZZ86F} ( Sejidae sp.) (K H & W8
( Kampinodromus sp.) =01 H AR EFH 1 ( Mesostigmataunidentified sp. 1) 7F 5.98—26.48 m A% [H] 1EAH 5 ; Al
R 85 & ( Punctoribates sp.) TE 26.48 m A %5 [A] 1 AH ¢, 78 H A R 357 o 25 [a] 1 AH OG5 Fn 35 B 096 s
( Tectocepheus sp.) TE 5.98 m NZS[AJIEASE, KF 5.98m ZJ5 A GAHIR(FK 4), 8 A A 10 A i
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R MR WG FD T R IR K A 2 A0 RUBE L R BIN B 4 I 1E () B8 1 9 25 ] DGR
f&] B Mantel Kz 3025 R 3200 A 8 H M < T H R 2 Fh 1 ( Mesostigmataunidentified sp. 1) 1K &k
e HLAA 2 A E B 25 A CH A (r=10.29, P=0.04) |, HoAWI S B 3= 5 B FEREE A 1 25 ] GBS AN i 3

x4 8 AMMRARLEHEMTFEEESHERF=EXKEKE

Table 4 The spatial relationships betweenabundances of abovegroundsoil mite species and environmental factors in August

b e K& Soil water content + 4% pH {4 Soil pH KE R Average height of soybean
Species  598m  11.51m 16.43m 21.13m 26.48m 5.98m 11.51m 16.43m 21.13m 26.48m 5.98m 11.5lm 16.43m 21.13m  26.48m

Ml il il il il il i i i il il iE iE iE iE il
M2 iE il ik iE iE il it it il il 1E iE 1E iE ik
M3 il il il il il il il il Uil il iE il il il il
M4 il il il il il iE iE iE il iE il Uil il il il
M7 i i iE iE iE il 7 # it i IE IE IE iE iE
M8 i i i il i il il i Uil il iE iE iE iF iF
M9 i i il i il i i 1k ik iE ik ik ik iE i
M10 iE iE iE iE iE Uil iE iE Uil iE iE iE iE IE IE
M1l il Uil il il Uil il il il il il i i i il i
M13 il iE i iE il iE iE iE iE iE il il il i 7

M-S )8 (Punctoribates sp.) s M2-/1NiG ik FF g & ( Suctobelbella sp. ) ; M3-35 FF i J& ( Tectocepheus sp.) ; M4-[15% F i J& (Areozetes sp.) ; M7-
7 398} ( Laelapidae sp. ) ; M8-ZZIRL ( Sejidae sp. ) ; M9-3K T AL 5 & ( Kampinodromus sp. ) s M10-FF ST H AR EFl 1 ( Mesostigmataunidentified sp. 1) ;
MI11-HS 1 H A E F 2( Mesostigmataunidentified sp. 2) ; M13-Ai“1 T H A & ( Prostigmataunidentified sp. ) . 1IE-ZF + YR =F 1 B FA
B I FAEZRN RUBE s (] IE ARG, S22 Wyl = 7 I RN R 6 120 RUBE Sy 2 18] 67K DG

3 e
IR E YKo A e B 2R, BLAE AN R A0 23 [ R BLEE M MERRAE > R AE S RS Sk e

ANTR] 23 ) RUBE AT e 2 2 T AN [ B8 25 T SRy R, 23 18] 20 Aot A v 22 RUBEBIFSE A2 i 78 IX Pl A AR AT 9 B
FOFPERTFB e S Y RETS A 18] S BRI S B 5 I A B GE T2 s, TT LA i AR i LSS P 2R
P07 57 A A ], 5 BRAR 0 38 - S sl ) S P A 2 () 20 AT B BEAILE RN S5 M PR AL | FRAE 2 R A
I b AR SR, Dot R AR S R G SR T R S A ) AR R P T B

7 2 R AT AT R R 8 H Ay e Mo N A1 10 Ayt & 356 FE i R ax BB A RS 20 i Sy o R
A7 3 (A ) AR DGR LS TR R 23 30 P A 8 5 BOIR AN e 3 A A T 4045, IR AE 5—40 m 25 ] UL
WTE LSRR B —Fh ] 50 (2 () 250 A OGBIF 9T . 3R W] L3 S W 7E HU X P9 (hot spots ) e BE AR R, JF
FAETLAATE I I S 45 > R T 28 1) T A R A Jm 2 L WL d 5 L) — 25 (] 28
L7200 G E AL A E Y LLAE (Co/ (Co+C) ) R WT, 8 b F AN 10 H 7 3 L eV Sk LE VA K
TR IR e 8 H 4y i AT — i SR ) 23 (A1 AR 5 SR AR DR 3R i R P DR R AL A DR 3R I ) i 4
AUASAR , BT E R R R P D A AL A R vh  — e E M B AR S M R AR A, BT A
(7 PRV A PR e AR ] 5w 4 (Bl P AR ) SR T P P e i T BOR (ARl E M A2 ) |, oA o i X
ol ) 5 S0 AR Sy () TR AL AR DGR 9 R L, T A O 1R) R AR FE 4 A ) 5 0 o AR T A Rl
Vi 223 VA Je (TR VPR AR B 24 00 P P 5 0 3o A0 4 OB 1 7T R 920/ RUBE 45 i ke 2 B0 P 4 L A
KWPTEEA i THE—LIRATEIE 510 H Gy 5% 8 A 0 Hugelr —FI Py A 10 A 03 1 i A
SR F R R B W S ) AR BN, R R AR 22 UL 2 [ AR 57 4 DR 38 R I B 00, 1%
ZERSRI/INT 5 m 1S M BN ZA, R T 487 10 7 00y M Z W v Dok BEI56 1 Wy 1) 25 (] S BT PR A S,
SR (923 0] JURE P, 246/ TR BE S TN RR AR 4 B A T 9

L SR AR A UTAH G RO PRS-t R I B 8 s (R 5 A MR i . 8 1 3 L33 K it L8 pH (]
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10 JAE =R 36 &

FIR AR R HITEL 85 .90 F1 65 m 1923 [A] NUZ NE JREE AR R, 10 H 403 13 5 /K A 3% pH (73 517E 10
7 m RS RSN AR . XETARIR PR A R0, 8 0B Ji i B BB ) I KT 10 A (0 I8 1 i B e 35
e, H RIS EPRETE K 142 0] S5 BT, 5 A A7 e A b 3R R I R e B S A s ) S T AN e A —
B, BBEMIESEN M (C)/ (Co+C) ) KM IX LL IR 5T PR 1 19 25 8] 7 5Pk 34 2 30 B Wt i) 45 A P R AiE, 1
B KR A pH (BRI SRR = 12 8] 43 5 22 BIASMPE R AR5, SR R, TR 2 T i v 196
KPR LR T K E | 8 pH (KGR, Hozs ) s BPEAE 8 A4y F1 10 A R LA AR, B A7
W A S A 25 5%

TN T 22 RBUATRISE R, 8 Ay ik Mo F A 10 H Oy b 38 T - HEmERE TR KA W] i 28 78 22 i R
FE F AN R - RIS A2 2 0 IE A BB 1Y A4S (R OCHR T . {H Mantel A5 50{ & BE 8 43 e vh <2 H AR & A
1 ( Mesostigmataunidentified sp. 1) FIR G AR S A77E B 52 14 1E 14 25 (0] SCICPE . 3¢ B - 33l e % 0 EL At Il 2 4
SR FAAAE DI (spurious ) 25 8] DI | 3 s (8] SCHPE AT B i 1] B0 25 Al AR SR JE 1, JF AN & LI By =3 1]
FE RERPE (not a true correlation) L ARSI R O S N S S A B B T K A
ErEERIIA R S N b 2 B e 2 s (R A3 A SR AR BB AU IR R R I R
P43 7Kt | 48 pH A RIR SRk = A 3R dad 25 (19 25 ) G B |, Hasegawa ™7 Ao & B0 4 2 7 % = 1 13 1
M HLIE ( Total organic matter) YU i SEHK | Gutiérrez-Lopez M 257 J T M G50 M L 15 A7 & 30+ S e 75 I
AN Bl b = AN IR PR 7 10 W3 s (R OGR4 AR FRATA T ST 45 SRS BE TR BRI 75 E PRI A 15 08
WIS I 2 ] QI | 3k b 4 SRR R U ITE R T 22 RUBE SR R 5 48 - 000 28 5 BRI IR 2 () SCHR PRI, A7 A T
RIYSIAE AT EYE . J3 o ABIEE i 12 (4 P85 R A8 B A/ (A Kk & | 3% pH AR Gbk ) L iX
P EREE A X DR R 4 VR PR PR 5 SR () A R i s TRIVE IO R | 5 AR R 25 I B 22 s S 1 R G
K TEBE LA R EHET BT iR )

4 %t

AHFSER I =V AR A R GE, B A3k T FIRK R4 T L R 7 S X e 7 PN Rk o0 i 2
FlEE A I 1) 2 (8] S5 VA SRy, B — 2 RS TB] Bl A8 AR AL | HLASAA IR DR 2R sl 4 P DR S A BE LI I
Xob 3K A 25 ] e 2 B PEAE T (5 A SR SRR 73 i 2 o = AR IR 1 I R R B W e iy 2 R
JEZS ) SCHRE . ASBFTEALAER W 50mx50m RUEE T A3 2 M1t T - S 208 2= Ta]A% =y SO R S 55 3R 558 IR 1 14
ZE (A SRHRE , oAt 2 6] RUEE RO ARSE DT TS A 15 Ttk — LT

Brigt ORGSR CRBE YD K AR SR A AR o B AR R A Bl RIS R A S SR T (1
B
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