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Jik%:, 2004; Rufetal., 2005), HHAMbA]7E 115
PRACYE A b 2 AR AR & B ( Battigelli et al.,
2003 ), FTLL, HIESWRETE S5 R 2 REHERRAE T
A Ry A= 25 R 4 4 8 ot PP AN SO B I ) A
Yiehr .

DLAR A 9 3% WA R J A 25 AR 0 vp - R R B L
B TSRz —, IR R IETCEHE S
RV, EERE AT AESA R, %
AR AR A — RS, WA H AR, A
E—2E oM HA R Z K (Beyer et al., 2011; X
R34, 2010; XIE4EEE, 2013; Parfitt et al., 2010;
B 2T #645, 2012; Whitford et al., 2012 ), - 3Eigfh
KL, BEK, WReMEFRBIMZERK, A8
RIS . A EREMEN . AiEtEamedm et
(1), ARIFPISAE TG AN, s Rk 25 bl 1 85
BRI % A AH R 225 Ruf et al., 2005 ; Battigelli
et al., 2003; X¥&{E%, 2007; Liu et al., 2013;
Rufetal., 2003 ), Fit, 7E#AT HIEEEHIHS, T
T R SR, DUy s F A SR e ke -
HEME R4k, Ruf et al. (2005 ) RFRRPNFRFR . B
A FE A B P - R R A T R A AT 45 R R
A TG e b (AREBVERR B M), A Fh
PIPERAE S H IS A pH 45 e i LA TR
UFEAESENE, DA S X+ S R P
HALPRE SN 2 85 (endpoint ). X118 37 4
(2007 ) XF LIk iiagfbiy 6 Fhai Ay pRss 1 S8 1) i
FRLERRI, TSR IR R S5 R IE AR AR
KR AT AR gl 58, 22l
ARG, BRI AR RSN,
HArgesE | IR AT H AR5 B2
5 DL RS T H MR X RS AR AL fURR, S
WA AR BR o
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ST DALTAAEE G4 DX 3 S A o X 4, 1
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FEPREFAE
1 #REFE*®
1.1 HRXBARER

TN EEE R SRR XA I b A
WS H iR B AR, AN SE T m R %S
FAC IRV At , AN B AR M D Yty . b
S E R A, HER 1600~1 800 m. -3 LA Hb 2L
fa) AN A o8 F, AR A KA iR
PRy, IEMAGPERT . PH6.14, 2R 0.27%, A
WA 239 mgkg!, B 6.68 mgkg!, THAA 24.9

mgkg”!, TIATERA 257 mgkg!, 4 0.136%,
R 17.7 mgkg, AN 74 mgkg” ., & PR
KEGFRAME, HRE A2, 3R, FER,
ARIERERK, BRARRZEKR, JLFEWH 70~80 d,
TR 7 N H . FREKE 450~500 mm, £4E
HFF 7—8 H, BT EMIX, AR LA & L
hE, AR
1.2 #HigBESRERE

TELR I X 1R 6 X e 1 MR b
JEREEE A, A Ay 100 mx100 m,
E117°38'58.88", N42°34'23.78", 2012 4F 3 H &K
VeMEEk 2 AT RIS, Bk E T8, FIRAh
RIS X N H B, AR 3 hm, LA YR
MERD R R, YO A HURE R, &
Z I RET AN FEAEAE B AR M UHCR 2R 14.55
sheep-hm™, A1 LAHIMG ( Sanguisorba officinalis L.)
- ( Artemisia tanacetifolia L. 2 FZE R R

FPAMBATLE 2013 4F 7 H ), BHERY XY
AR, TR RIS kA S . FEBIRS
NEE R, PUARIROR5 54 10 mx10 m K
FEDT, BERFE T INTEDU A AR S S 1 mxT m /)
FEJT, BR/AVEET R | AMRERL, 2R 25 MRS TERIR:
ANE HCRRE R, DRI PO S R A, 1) 4 A
T 500 S A 1 mx1 m/METT, [EIEE 10 m,
BT S A/ INEETAER 1 AR, B/ TR 1
AFERL, 320 M TERFES, gD EE
FRERE R 1 AT 20 em®, 15 em B HAE, 43
2 (0~5, 5~10 F110~15 cm) YEH 3 A HIEZ
FIRE AR A B34S, A7 15256 % F T 98 07 .
1.3 TESERKENEE

SRR AR FHEGIEAY Tullgren 36 14580
B ok (RTRREE, 2004 ), BiGES TS E
AR W R, BT TERRBEZ R, SR
HiEw A, BRAITH (F) KPRITHTEWE
HH A (X84, 2007 ). A% Hoyer K}
B, B TEA (3FaE, 1975; 309, 1998;
Gilyarov et al., 1975; Balogh, 1992; Osu, 2006 )
MSH R (KB, 1997; XTEMHEE, 1998a;
XITHAE, 1998b) BTSSR . T el (g
WA ) 4% 4 B RG- N TR0 (Astigmata ),
A7) (Prostigmata ), H“<["] ( Mesostigmata ) FIf&
SITH, BRI SIE MK (Liuetal., 2013 ),
1.4 BB SHEMEISIRIE
1.41 BEEH
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b SRR E S L WIRREBCH P R SR
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o b, P o B A e B i 3R 7 O R oty
2o BERESEL (x) B, PR BES(o)1fF &
WP ERE S R 2656 22 /72 ”( Soberédn et al.,
1993 ):

S(x)=a/b[1-exp™] (3)

R, a B b HEAESEL, alb IR TR
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HAT B B AR B S AR R U
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1.5 St

FEIAEIN | AMETE S5 H RN 2R 48 5055 LT o
77 22000 38l B HOUA 7 ( FRIAS A 4 3
2) 2500 25 8 Tukey HSD ki, 4t
T4 Statistica 27 7 o
2 ZHERS5HH
21 TIEWFRAR. BEMABE

FEIREIN . A 3ERE b e (b 40 ) 3t
I 46 AFP, TERT. TR AT TR
(HWE) Bk 7. 6. 8 Fl 25 Ff, HAMKEURE
A BB RE 5.5% . 6.0%. 28.2%F1 60.2%;
BRI IR UR2E | JCIR ISR S5 13,7 1 s Filr,
HABRFE 0 5 B EE R 9.6% . 33.5%F1 17.1%; 1
PR AR R TTE BT G W ( Hypoaspis
queerlandicus ). W U 1 3/N BB I ( Microppia
minus ) FHEE R EE 1 FF ( Microppia sp. ),
A3 R 17.8% ., 14.9%A1 10.4% (£ 1),

FEIRS PN e B 41 Fb, LIRSS 21 Fh &
AR, Hodr, BRI BT T TR 4
SIRERANE 6. 6. 7 Fl 22 R RN IR 3.
2. 3R 13 B, HEERIRLGZE . TCEAA R
MIAPECH 11,06 F1 5 Rl sk 5.5 13 Fh( R 1),
b R (WA ) NS S S R
FEFIRAPY . A TR ETEZES (R 1),
22 FEEEHSH

HEAT TR AT B A R R4 2 B E AR

)2 (5~10 cm ) AUEJZE (10~15 cm) 75 8.9 F1 2.8 13,
A TTTIUZ 0 e 2 FUR)Z = 2.9 F1 1301 £% (%
2, K la. b)o PEHEFEET G 7E AR 43582 B8
WL T BEME2ER, (AR 2R R TR b .
FEURE PR T S il e + 2% 5 LU IR SR 2.9 £%,
IR, AhEL . 2. JRIZEE A 44:8:1
331 (F2, Filc, d).
2.3 SHMELH

FELAS 110 40 D 22 R s 5500 il ok
( 14.40+0.51 ) F1 ( 3.14+029 ), = T H A4
(11.5042.36 ) FF1 (2.81+0.27 ), {HIGAIHEFEELE
FEIE2A (0.82+£0.07 ), 4b (0.84+0.05) Hzilk.
24 YIME-HAHEXER

P A S8 5 40 T 5 B A 500 138 o o e ek
o, B 25 A E Btk 41 AFh B2 gk
g bR, X RMGRF LS T YR
RSB E R TR, Hoa/b (HN 44(E 2 ),
FEIR2 SN UASTR], 0 A B5OEE 4] 2R Bt AR o 03 o vy 34
i, MRS R 6 R, FEUEE 18 B, HZE
FRECBERE B M A B RS, 2 R IZAR
ARSI IR XU R TR, BARCR
MR, HabfEh12 (K2),
2.5 HR|IEEZEMMEE

FRIRE P 33 p A1) E R AT ol e il 110
TP A5 5 4350 R ( 22071 ) FT( 16063 )>/m?,
FEFEI RSO E 25.7%F01 6.7%, i HokEr: 5 MEr:
ARECZ R AE B, BRARS N r oh (0.07+
0.03 ) F1( 0.06+0.03 ), 4351l b FEI A= S MIK 50%F1 30%
(F£3)
3 itig

AW, ANERREN ARESRGEH L
eI IR ERAG, (A S TR XA A SR
4t (Liuetal., 2013), %EIRNEAR, S5HAM L
) (R /N e S RSN % B AR ( X 4R 4, 2013
HLIHISE, 2012), WIRESE M T R IR A
ToREI S R R, H A SRR
W CHRARTTHE ) B Ee g, H A Y
50%, H 3 MEEF, fEwsh S —0 . 7
TmAES RS, T & L2 I 2
CGEHE AR P 1/3), HAREFR L 2 i Fh
kK (XJEFAE | 2007; Livetal., 2013 ), fElLt
IR, A X A SR Z AN T, TR
FE T8 ASRIPIRES . B B 4 i s A St B
AR IE T, 23R, AT, BT
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Table 1 Species and groups, their densities (ind./m?) and percentage of each species or group to total density of soil mites inside (enclosure)
and outside (grazing) the fencing
GBS IR pRfEiR FEAS bR E ot/ eSS S it s P E U N T S P E B A )
Species Inside SE  Outside SE % Species Inside SE  Outside SE %
WHLE Y 24 Acari 4 840 940 4325 1051 100 22. Allonothrus sp. 40 24 - - 0.48
—. EKITH Astigmata 220 102 300 191 554  23. Archegozetes sp. 20 20 - - 0.24
1. Acarus siro FLBEFY 6 60 24 100 100 “1.69  24. Epilohmannoides sp. 140 75 50 29 2.17
2. Aleuroglyphus ovatus + . . +
. 20 20 175 103 1.93  25. Epilohmannoides sp.2 20 20 325 236 3.37
eIkl v P
3. Histiostoma sp.
e 80 80 - - 0.96 26. Haplochthonius sp. 20 20 - - 0.24
T g 1 Fh P P
4. Pandalura sp. 20 20 - - 0.24  27. Heterochth oniusgibbus 20 20 - - 0.24
5. Tortonia sp. - - 25 25 0.24 28. Nothrus sp. 20 20 - - 0.24
6. Tyrophagus putrescentiae 29. Nothrus bieiliatus
I 20 20 - - 0.24 R, 60 40 - - 0.72
B T g XLl
7. Tyrophagus sp.
e 20 20 - - 0.24 30. Platynothrus sp. 20 20 75 25 0.96
FAsiek 1 R y p
.. HRI'TH Prostigmata 340 68 200 135 6.02  31. Pseudocryptacarus sp. 20 20 - - 0.24
8. Alicorhagiidae sp. + 32. Rhysotritia ardua
ey 120 37 100 100 2.41 . s - - 25 25 0.24
oA 1 0l =4 A
9. Cheyletus malaccensis .
T 20 20 - - 0.24  33. Trhypochthonius sp. - - 25 25 0.24
10. Cheyletidac sp. WETHE 20 - . 024  34. Zeanothrus sp. 20 20 - - 0.24
BE 1A
11. Eustigmaeus sp. +
g e 120 97 100 41 2.41 JeFZ Gynmonota 1940 1007 1050 377 33.5
LKA 1 Y
12. Mahunlania sp. .
J O 1 40 40 - - 0.48 35. Hypogeoppia sp. 40 40 - - 0.48
13. Scutacaridae sp. 36. Microppia minus i
o 20 20 - - 0.24 ., ; e 1240 816 - - 14.9
JEERE 1 Fh TN
37. Microppia sp. +
['TH M t ta 1560 501 975 239 28.2 i e 280 97 725 317 10.4
N esostigmata P |
e 38. Oppiella nova N
14. Asca sp. IR 1 Fl 20 20 - - 0.24 N 60 60 75 48 1.45
15 Cheiroseius nepalensis " N
R e 20 20 - - 024  39. Oppi L3 & 1 300 138 125 48 4.82
SR T ppia sp J1H KRt 1 At
. ] i . Fa
16. Cheiroseius sp. FLRHE ) 20 - - 024 40. Suctobelbella sp. - - 25 25 0.24
J& 1 Fif
17. Dendrolaelaps sp. N 41. Tectocepheus velatus N
. 180 66 375 165 5.78 oy A 20 20 100 41 1.21
GUL R R LSk G
. L /N
,l_if IG%’””“””S o AR g - 217 453 Poronata 380 124 1300 258 17.1
19. Heatherella sp. - - 75 75 0.72  42. Anachipteria sp. 100 77 525 85 “6.27
20. Hypoaspis queerlandicus - .
- 1060 401 525 202 17.8  43. Heminothrus sp. 20 20 - - 0.24
T oM Sp
21. Neparholaspis sp. 44. Scheloribates latipes
§ e 80 80 - - 0.96 . e 20 20 - - 0.24
BRI ) 1 il T T i
N o 45. Trichogalumna nipponica N
a1 ) .
M. BT H Oribatida 2720 1033 2850 665 60.2 2 3 i 100 63 125 95 2.41
N . 46. Xylobates sp. N
JEf2E Macropylina 400 32 500 265 9.64 140 93 650 312 7.95
GBS Py I B3R i

AR BN R A >10%, +F LR

1% <ZBE 5 B B E 4 h<10%

++Dominant species: density percentage to total density > 10%, + common species: 1% < density percentage to total density < 10%
REf AR (REfEE ) n=25 (25) (RSN ). 24 (24) (FBIAR2SL), FIA]
Replicate (sample) number n=25 (25) (inside) and 24 (24) (outside the fencing), the same below

B . X 4 m%ﬂ$ﬁﬁﬂﬂ%%wmﬂﬁ
FRAE AR ARRURR, 330 o B30 R 25 SR R B T A
N RS PN R M IR FRAFAE o H - 3980 % B A
BN EE EE R EEER . DUERIET TR R
W BAR T 3RBSY ISSEEL, BN 3B % B )5
M D) 5 B0 A e X B HP A X B AN AR B b, 1
X R % (IUTFEEE, 2010; X E 2%, 2013; Parfitt

etal., 2010; BZ0#i%%E, 2012; XHTEREE, 1994,

P75 5555
E/LES

1997).

IXECHF AR TR BRI 1 1%
BE LSRR R -8, EEEER L

Zf)

A REVL A T IX & TR X s 4R X . R 5

X, FEPREE AN ] 145

.
3
I,

et e 2 IR
WRHAEKKEFRE, ae LRV AEE

HRUE IS, MBCROE S R AR A
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F2 LiEE4 BN MBMBEENERLESTERENEFAES
#
Table 2 Two-way ANOVA of the Fencing and soil Layerfor the 4 orders

and 3 dominant species of soil mites

e Rk HE BExEEZE
A1 . .
Soil mites Fencing Layer Fencing x Layer
Fi F1 Fy 0
JESITH Astigmata 0.18 122 1.39
HiITH Prostigmata 0.89 486 0.01
#1517 H Mesostigmata 123 9527 1.39
K41 TH Oribatida 0.02 027 0.25
BN &S Hypoaspis queerlandicus — 1.77 5.03" 317"
WUNBH I Microppia minus 3.26 0.33 0.33
TR i B —Fh Microppia sp. 3.26 1.82 0.21

"P<0.05, "P<0.01

B2, EECCRE L ) A LR AR R B TR
RS, XSGR T 2 O E 4RSS, 2013;
Battigelli et al., 2003). {H5— /5T, Mk r=A44
FEMER, FECRIEANVUTAE KR, i+
HEDN Y FE LR B BN (Y 40HE5E, 2012).

W REAE R I S R TR SR T HE
M H SRR XA S RE AR e A
MR ( Soberdn et al., 1993 ) , FEHENIAE
¥ ( Williams et al., 2007 ) . SZ5FE o ( Dorazio
etal., 2006) FRHHAT BTN, [HLASIREAE R gy
M HERAYE e, HEI A FP S S SE PR AR AE AP S 2L

00-5 c¢cm ®5-10 cm mM10-15 cm

1800 +  (a)
— ~ 1600
‘L £ 1400
=3 1200
S = 1000
< 2 800
w2600 f
¥R 400 -
200
0
1800  (b)
~a 1600
= £ 1400
22 1200
2 < 1000
<2800
2 600
A 400
200

AN R AT A

Astigmata Prostigmata Mesostigmata Oribatida

AT 25 B S (2016 4E5 1)
5 1 4 E#A Inside NPT
B Inside S(x)=44[1-exp( 0.095:{)‘]
40 r & B Outside
ar . A
35 ----E 5 Outside s
A A A A
A A
A
- a4 A A

HEH

Sample point number

B2 BEEA(HE). S (k) tEmmg-HafE@xXmMs
(B =B ) RE “OFE- S BENMEXRFRE" Gk ( LitHE )
Fig.2 Accumulative curves of species number - sample point number of
soil mites (scatter diagrams) and their fit curves (linear diagrams) with the
“species number-sample point number function” inside (enclosure) and

outside (grazing) the fencing

JLF-#H5% ( Dorazio et al., 2006 ) , {HiZA & H i H]
THRRESESRSE, MY T2 T ESRS,

PRZER K L, ABFFER X B, B EIRE A
AN RWE R BRI FZ TS RS, i i
“YIFE-RE SRR S R IR SIS R LA R S

1800 (©)

ul

T L VP il —

Til/IN Bl

R

Hypoaspis queerlandicus ~ Microppia minus

Microppia sp.

BB (i) n=25 (75) (EIFEN) F124 (72) CHEIRSL) , T
Replicate (sample) number n=25 (75) (inside) and 24 (72) (outside) the fencing, the same below
1 TEHANBEEERER (a) . 50 (b) M 3MEBFERER (c) . 50 (d) RINMAELEEHNEE

Fig. 1

Soil mite density of the 4 orders inside (a) and outside (b) and density of the 3 dominant species inside (c) and outside (d) the fencing and in the 3

different soil layers

®3 BEREMNMEHFSTTERFSITE 2 MBM AR BRI/ L

Table 3 Male density and male to female sex ratio of Mesostigamata and 2 dominant species in Mesostigamata of soil mites inside and outside the fencing

MEbEE R (4MA%Um® ) Male density (ind./m?)

HEVE/MEYE L Male to female ratio

LI Soil mites IR nside  AifEin SE WO Outside R SE [ Inside  BrifEi SE A Outside fifEist SE
f15"] H Mesostigmata 220 71 175 104 0.07 0.03 0.14 0.08
R &S Hypoaspis queerlandicus 160 63 150 103 0.06 0.03 0.14 0.08
A5 W) 1 Fh Dendrolaelaps sp. 20 20 25 25 0.02 0.02 0.01 0.01
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YRR IS, FI AR NZ TP AR
FEAI R AREEXUM IR “a/b” HBUR i)
AR KRB I 1 RS AR AR
T, R PR E-RE S R O R IR LR
AN ELY R Ak kAR, BRI NIRRT
AR AR SRR S R W TR U
FEm B AR AN, UL IR N R AR R
e, MBI TIL. B, 5 PRk
FEEBE L RME” TR HRAES R G2 T
PR

FAT TR AT Y 3 B A A 5 e 3
BRGEPHM, EEREM, HRBEMLTEAR
TN, X5 e A A2 R G0l SRR
BYERE . BB 5 W6 ) 3R £ A 72 AL
AMBIE T A2 R, HAE R N 2 R SR IR M
B, REBHERNPZN 5.5 f5; mitef
RO, R B E S E TR, 59200 0FH
&, REREM; BIENREIETNEERERT
FIRSAN, PRI, T i 288 B ) 3 140 A % b e A
SRR =R N O S K (B s AR B =2 7
FRAE . i e R M G L PR A R R VR
FIRR 23 1 Py fifi A5 = 838 2 5 A 3= & 1A WL A
HH o ETR, DA YIRS B W B
- S0 A JC A HE IR S W R T S MG S,
M, [RIRSE, R R I 2 - st kAt 1 S sh A
FEME SRR T EE N EY (XIEHSE, 2007;
Liuetal., 2013; Bedano et al., 2007 ). Jf | &2
— PR R, XTSRS, ERZ TN
BRG T, MERREAN, @ S HEYH—-8ER
Rl Eor A (XI2HESE, 2007; Bedano et al.,
2007 ), MTEREREAN, T HIERIFER &, BT
JE ) B YIRS A 2 BRI, (AR
W T LN, FEBEELEEE TR, KRk
RS

e/ MEVE LB E R E T AT TH,, B RZ
TR EPERS, AMREK, IR ZFIISAT XS5 H i
PEo IAWFFE R, MEPEAS AR 5 0 IR AR LN
U, DRI, R R EE Kb MY LU A5 A R TN 4
FREFE (X845, 2007; Liuetal., 2013), A<HF
Fer, BRI A B R AT R e 6 1 T
PR B T RSN, B A TR T e s e e
ARG X A AR AR, TR TR AR
TE o EUIE/BEE AT 2 PR BRI = T LR A0
AT RE XS T2 b DX (1R 33 28 e 28 5 e e ) Al
PERAHLR

TEREIE ZREEAR R L, IRl & IE A 20
PEFRBUNE BN & T RIS, 5 e B A g

LRI 2L, (HI SR BRI, LT
PR MR 2 RS B S MR R
4 g

FIARSESE 2 4F, ZDRAE R el v 2 A
ZRETE RS TR X M R AE ) B4 OO B AN A A f .
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Soil Mite Community Structure in Response to Short-Term Grazing Exclosure
and Characteristics as Indicators of Environmental Quality in Hongsongwa
Natural Reserve
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Abstract: Soil mites are one of the most dominant and diverse soil mesofauna groups in prairie ecosystems and therefore soil mite
diversity and community structure at the species level should be fully considered in assessment and monitoring of the soil
environment. An experiment was conducted to determine the response of the soil mite community structure and species diversity
characteristics to short-term grazing exclosure in Hongsongwa Natural Reserve by comparing the communities inside and outside the
exclosure fence, and their characteristics as bioindicators. Both the exclosed area and the surrounding area with continuous grazing
area were studied with the quadrat method. The results showed that the total species number of soil mites inside the fence (41 species)
exceeded that outside the fence (21 species) by ca. 50%, and the accumulative curves of “species number vs. sample point number”
indicated that the mite species number continuously increased with increasing number of sample points inside the fence, but this was
not the case  with grazing; the density of the dominant species Hypoaspis queerlandicus in the soil surface layer (0~5 cm) inside the
fence exceeded that outside the fence by 2.9 times, and the density ratios of surface/middle (5~10 cm)/bottom (10~15 cm) layer were
44:8:1 and 3:3:1 respectively for inside and outside the fence. These selected bioindicators were the most sensitive to absence of
grazing. Shannon-Wiener diversity index and densities of male Mesostigmata were also higher in the exclosures; total density and
densities of groups and species, and male to female ratios of Mesostigmata responded to the grazing exclosure, but their sensitivity
was less than the above characteristics. During the two years of exclosure, the bioindicator characteristics of soil mite community
diversity showed different levels of sensitivity, suggesting that they could be used for assessment or evaluation of soil quality of
prairie ecosystem. The present study reports on soil mite species and their composition in the Hongsongwa Natural Reserve, laying
the foundation for further scientific research and methodological studies.

Key words: soil animal; grazing exclosure; prairie ecosystem; biological indicator; environmental monitoring



