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Effects of yak and Tibetan sheep grazing on soil arthropods community in an alpine meadow on the Qing-
hai-Tibet Plateau, China. SUN Caicai, DONG Quanmin, YANG Xiaoxia® , FENG Bin, SHI Guang, LYU Wei-
dong (Academy of Animal Science and Veterinary Medicine, Qinghai University/Key Laboratory of Alpine Grassland
Ecosystem in the Three-River-Source, Minisiry of Education/Qinghai Provincial Key Laboratory of Adaptive Manage-
ment on Alpine Grassland, Xining 810016, China).

Abstract; We investigated the responses of community structure of soil arthropods to yak and Tibetan sheep grazing
based on a manipulated grazing experiment at the alpine meadow livestock Adaptive Management Platform, which
locates in Haiyan County, Qinghai Province. The results showed that the obtained soil arthropods belonged to 26
families, 8 orders, and 4 classes, with Acaroidae and Oribatida as the dominant groups. Yak and Tibetan sheep
grazing decreased the abundance but increased Shannon index, Margalef index and Pielou index of soil arthropods.
Yak grazing significantly increased the quantity of the predatory soil arthropod groups. Yak and Tibetan sheep gra-
zing significantly increased the quantity of the detritivore soil arthropod groups, but did not affect the quantity of the
omnivorous and phytophagous soil arthropod groups. Yak and Tibetan sheep grazing significantly reduced the abun-
dance of soil mites. Soil bulk density, available potassium, and available nitrogen were the main abiotic factors

affecting soil arthropods community composition.

Key words: alpine meadow; soil arthropod; community diversity; functional group.
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Table 1 Grazing experiment design

sz Febdie R DX UNER
Treatment Number Number Area of Number
of yak of Tibetan plots of plots
(heads) sheep (hm?)
(heads)
JeH 0 0 0.05 3
No grazing
Rk 0 2 0.17 3
Tibetan sheep grazing
FeA- 1 0 0.26 3
Yak grazing
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(Leica DM4000B) &= {8 5% ( Olympus SZX16) it
1735 Givt 3T M sh i 22 1 K SRR, ] i AR 4
S E RO 3 Eh W Rl 4 A A 1 ( phy-
tophagous, Ph) . ffi & 1 ( predatory, Pr) . 2% & P
(omnivorous, Om) . J& &4 ( detritivore, De)4 N1
HEAF
L 2. 3 YA R IR S BORE S E FE O S
T IS ) BORE TR BT i, 4>/ N X BE AL 4 3
A~ 0.5 mx0.5 m B77, iC AT T R R R EVE
TP REPRT- 34 B AR A S L TR ] 7E 70 °C
LR HE T R e A AR Y =

FE 55 JC 3N W JRURE DX R 1 fif 25 B 100
em’ R TIRE 0~15 em 2R, AT HIERE
M5E T AR A A T e Ak A At | K
BRI E I Oy 1S R R AT ) T
A K 53D E A K
1.3 Hmibs

R RS L  EAL T | R S R ()
B 5 SRR ) 10% D) 3 E SN
PEHLME, b 1% ~ 10%F 7 H WAEHRE, AR 1%E5 A
Wi 2ERE

T+ B S W Y% Shannon ZAEPEFEEL(H) |
Pielou 2] JEF8EU(E) Margalef & B 5 (D) 1)
HRAXT

H=- i PInP,

E=H/InS

D=(S-1)/InN
NV R EBAEE S SRR PSS | R
B ERE I S ARE b i o il

TIEAEE(BD,g - em™) IHHE AT .

BD=(M,~-M,)/V
KM R EER (g) +HET )5 AN
(g) s M R & H G (g) 3 V AR T BB (100
em’)

BdE 19 e 1 4 B FAE 7R Excel 2019, SPSS
22.0 SigmaPlot 12.5 R i## & . Canoco 5 ¥ {F 58 A,
i FH SPSS 22.0 Bk F A FH 5 R 2R 5 225081 (one-way
ANOVA ) WFHE A= B0 G- 0 TC i P AL 31 22 1] -
B S B A R A 5] B RO 2% S ik
1359381 (=0.05) , {#iFH SigmaPlot 12.5 %l £ 47y
IS IIRERESERE IR, (1 R i & a2 AH G o
BT o3BT 25 Ak B+ 3367 Jc Sh W) D RERE -5 #1558 (K] 1~ 22 1]

IR, 1T “vegan” Fll “tidyverse” 4 % 1 15 45 Ji
SR A TAR B 24 R 70 At (NMDS) . {5 B
LEVERR T TUAY /0 HT (redundancy analysis, RDA) fiff
FE ST RS YA RIS 22 B A 5 PR A 1 1 0K
Z ., it SRR I% B K 58 ( Monte-Carlo permuta-
tion test) B £ FRBE K %) 3855 I sh W vk 2 %
TR

2 ERESH

2.1 FEARFNFECAEXT S S Y RV RO A 5 e

A IR %o e ) - 384T S A i 2
DiRegs B B Z Y Ao (R 2) . AWE5E
AR T IET IR A LS E RS 4 20 8 H 26
Bl M S KF-F , WkIE 44 ( Arachnida)
T e FE AR A | A e e, 6035 3 H 8 B,
MBEKF-F , Bl H (Acariformes ) ML AHE , 75K
FHM(SG) FEABH(YG) T (CK) &2, 3
S S R S YR B R Y 79.1% .75.9% |
81.4% ., MWFKN-FH 3 Al 31 4 581 R sh W fe
P T o i BB (Acaroidae ) FTH B BB (Ori-
batida) , % WAHFER IR SC (5 B >YC (4 ) >
CK(2F}) , MiFaA IR EERI N CK(17 BH) >SG (13
FH>YG(12 8 .

55T BN W R 2 S B B A AN T B A
A BE XS (F2), CK T LB H
BB, 21 B, 5 BRAE JSBE R 80.8%
SG.YG ZbHT 3 Bah W2 80 o 20 #1119
B, b7 BEBEEUN 76.9% F11 73.1% , CK F L 3ET i
SR REANNZ i H % B iR, 49230 3k - m ™2,
YG ARBET 35T R B ) % W T CK AT SG
AE LR+ S R RS B A —E 2  H
5 H 275 H ( Parasiformes) .58 & H ( Collembola) |
255 H (Thysanoptera ) TEAS [FJ AL 3R 547 734, {5
B H B Bk R ( Sminthurididae ) 76 SG 40 F oK 7 4 5]
XU H (Diplura) I 82 B\ ( Projapygidae ) iy SG 4k
PR ZERE, 23 H (Hemiptera ) F#7} ( Cicadelli-
dae) 4 CK HREATZEHE, YG BT A 250 . AN
TR AL S R] A S R Bh ) 2 REvEFR R I S FE AR A
FIH YGC>SG>CK (P<0.05),SG AL LA CK +- 4
VS FEE IR ERBE, S YO A ERA
B,

i3k NMDS XF 4 38 45 5 sl W I AR DU PE k47
BT (E 1) SR, SG A YG CK AL B -4
VLS PR TR A A 25 R ORI RN TTYG
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Table 2 Composition, density and abundance of soil arthropod groups in different grazing treatments

KHE(H/H/RD UItieHt AbH Treatment

Group ( class/order/ family) Functional CK SG YG

e L e I 7 L Ll

Density Abundance Density Abundance Density Abundance
(ind » m™?) (ind »+ m™?) (ind + m™2)

WRIE 40 Arachnida
FiE H Acariformes
i BBl Acaroidae Om 20638 +++ 17367 +++ 12490 +++
T R Eupodoidae Om 362 + 535 ++ 395 ++
FREH AL Cryptognathidae Om 167 + 295 + 282 +
g 28} Oribatida Om 18927 e+ 19945 e+ 14107 o+
25746 H Parasiformes
WAL Ixodoidea Om 308 + 393 + 310 +
R} Parasitidae Om 4448 ++ 2125 ++ 3860 +++
JitF} Laelapidae Om 225 + 102 + 282 +
Wk H Araneae
ik ERL Atypidae Pr 48 + 33 +
FEEYY Collembola
#EH Collembola
R kB Sminthurididae Om 320 + 283 +
PR Onychiuridae Om 383 + 877 ++ 683 ++
F LR Tsotomidae Om 2673 ++ 4213 ++ 1832 ++

XY Diplura

W H Diplura

JRE BB} Projapygidae De 130 +
4 Insecta

Z4M H Thysanoptera

B A} Phlaeothripidae Ph 83 + 267 + 67 +
2 H Hemiptera

H-WHFL Cicadellidae Ph 13 +

XH H Diptera

A KICR} Trichoceridae De 17 + 182

KIF: Tipulidae De 53 + 367 + 185 +
FEMCR) Chironomidae De 50 +

gl Ceratopogonidae Pr 57 + 363 ++
WAL Simuliidae De 117 + 218

HIRL Mycetophilidae Om 322 + 665 ++ 185

pungiyvg S8 Cecidomyiidae Om 60 + 125 +

KE ) Cecidomyiidae Om 37 +

EIF} Bibionidae De 40 + 375 +

£ 2 UEE Dolichopodidae Pr 35 + 202

MEF} Muscidae De 50 + 65

Yy Scathophagidae De 37 + 85 +
B Density (x10% ind - m™?) 49.23+0.48a 48.20+0.50a 35.93+0.50b
Shannon ZHEPEHEEL Shannon diversity index 1.38+0.02¢ 1.53+0.01b 1.60+0.03a
Margalef FEEIRE Margalef richness index 1.33+0.06h 1.51+£0.03a 1.46+0.05ab
Pielou ¥4 EE 551 Pielou evenness index 0.50+0.01¢ 0.54+0.00b 0.57+£0.01a
2%/ Bk 1 Mites/ collembola 13.34 7.97 11.49

[RIFT AR ING 1 /R Ab B[R] 22 5 . 35 (P<0.05) Different lowercase letters in the same row indicated significant difference among different treat-
ments at 0.035 level. CK. JCHT4% No grazing; SG . JE FBAAK Tibetan sheep grazing; YG: HE4- B Yak grazing. 3 i sh i £ 8 R 43 Soil arthro-
pods abundance classification; +++ fE3#JSHE Dominant groups (>10%) ; ++ & WLAEHE Common groups (1% ~ 10%) ; + Hi A 2 BF Rare groups

(<1%). Ph; # 1 Phytophagous; Pr: #i &t Predatory; Om: 24 Omnivorous; De: & &H: Detritivore. I [F] The same below.

CK AR A A 315 B sh W v S A AR R O AR DL, B
YG CK AbBE 4315 15 gh Wit v 2 [ L ZUKF K s

TEVERN—2L,

2.2 AR R S B s B DI BERE A
T S W D RE RS R AN IR RO R

HA 2 (E2) JEtE a3y sy
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B 1 R[R AL 3 4 3055 TR sh W R v AR e 2 A R 4y
7 (NMDS)
Fig.1 Non-metric multidimensional scaling analysis ( NMDS)

of soil arthropods community in different grazing treatments.

CK. JCHH No grazing; SG i EBASK Tibetan sheep grazing; YG . HE
4= B Yak grazing. NI The same below.

B2 AS[R]TAACAL B S I s Wy I RE A R
Fig.2 Effects of different grazing treatments on functional group
of soil arthropods.

RIE/NEG FHEFm b PR 22 5 W 3 (P<0.05) Different lowercase
letters indicated significant difference among different treatments at 0.05
level. F[A] The same below. Ph. #H £ Phytophagous; Pr: WaErE
Predatory; Om;: B Omnivorous; De: JE B Detritivore.

FEEIE SG YG (CK AbBEH] 22 5K 8 3 il & 1 £ 38
RS BB YG Ab PR & = T SG FI CK Ab
BT B Y B R BN AE SC AL B i
% CK /b HER B E

T S D RE R L B 7EAS [w) il Ak B ) L
HER(E2), a3y B gt 3 4k
PR B 5 A A X B (7 Y R sh S R
61.5%~76.1%) , FE LI EH H i H M2 34
B, AR S B s BT S L R B CK

(76.1%) >YG(66.3%) >SG (61.5%) ., W H J54k
AR W H & KR} ( Trichoceridae ) | K i B
(Tipulidae ) F1EHF} ( Mycetophilidae ) J& & &P 1 15
WS B LT &7 LR SG(31.2%) >
YG(17.3%)>CK(10.9%) ., &Ik L35 Besh ¥ 7e
YG N it £ (13.3%) , Wi #E SG T i kb />
(1.8%) , EELISHF ARG H Ak B, H 6 445
WY b 7 3 AR S AR 2 10%,
FELLZEH H & ] S FL ( Phlaeothripidae ) 223 H i
WAL ( Cicadellidae) b 3 .

IS TNk VR A e FE R ) I RS Y iR 2
BLRRBE AN ] RO B - S | Bk R e AR [
(FE3) , R A RN S 3 PR AR T i 2 iy &2
.

2.3 SRR SRR T Z RO R
23T, AR BE T, 4 B b 3995

B3 AN [al A B i 2 Rk He 22 B )5
Fig.3 Effects of different grazing treatments on the abundance
of mites and springtails.

x3 AEMBAETTETESIMIEHESRERTH
HBXRHY

Table 3  Correlation coefficients between soil arthropod
functional groups and environmental factors in different
grazing treatments

Wi T Om Ph Pr De
Environmental

factor

AN -0.229 0.617" " -0.007 0.923* *
AP 0.134 0.766 * * 0.328 0.950" *
AK 0.595* " -0.124 -0.356 -0.553°
SM -0.593" "  -0.152 0.385 -0.073
BD 0.098 0.733* " -0.322 0.908 * *
CO 0.583 " 0.408 -0.360 0.112
BI 0.289 0.129 -0.131  -0.124
HE 0.599**  -0.279 -0.405 -0.541°
RI -0.050 0.032 -0.096 0.140

AN HHEHEA Soil available nitrogen; AP 383 20 Soil availa-
ble phosphorus; AK: AL Soil available potassium; SM: 44
K E Soil moisture; BD; + AT Soil bulk density; CO; iy
Community coverage; BIl: Y A Y& Plant biomass; HE; AR
J Plant average height; RI: ¥J#%X Species number. * P<0.05; = =
P<0.01. T [f] The same below.
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S5 A RT3 v R S IR A G
TS KRR B OO S 5 R IE ARG A
MY B Y S R A AR
HIEAOC Bt RN W S AR R
B A E IR DG, S S R R AR Y
i B ARG

TSR A IR BT R T EA T LR R i 2 | SR I R 45
AL T 3T B s 2 B S A R T T TR
SIRT (R 4) B R R L Y 2 E S R
FAERh 1 Al 2 AUAHOC R B 0.9729 F10.9336 , il
L Fh 2 AR o5 SRR E 1Y 69.0% (il 1 RFAE
(B R 48.7% , il 2 FFAFE 20.3%) , SEHER IR
FEUH PRBE R X 3T S Sh W s (| RIIRE
PR T LA - e o - 49605 FRE sh ) 1) A A5 4k

HER 5 A 4 AT, H A E | I A RN 1
AR RN MY B ) 22 B S 3 FL T kR
43R 53.1% 21.7% 1 7.4% . 555 1 HEFflAE ¢
PR IRBE P 70 + 25 i U R 558
2 HEFP AR SRR K AR B R 1 02 - S i, +
B FXE R WURRRZ M A, A 9 R AL X A

R4 FRAMBLETIETEIYEESHERTFHE
Table 4 Correlation coefficients for soil arthropod func-
tional groups and environmental factors in different grazing
treatments

TiH 1 2 3 i 4
Item Axis 1 Axis 2 Axis 3 Axis 4
FRAEE 0.487 0.203 0.038 0.027
Eigenvalue

FH R 48.7 69.0 72.8 75.5
Cumulative explained (%)

TR REL 0.9729 09336  0.9462  0.8675

Correlation coefficient

x5 NEBERFHAEMBLET ETR B E AR
HE X STk

Table 5 Relative contribution of environmental factors to
soil arthropod community composition in different grazing
treatments

i H fil AR DS F P
Ttem Explanation Contribution
(%) (%)

BD 43.0 53.1 12.1 0.002
AK 17.6 21.7 6.7 0.002
AN 6.0 7.4 2.5 0.022
HE 3.9 4.8 1.7 0.092
SM 3.5 43 1.6 0.120
RI 3.2 4.0 1.6 0.144
BI 1.7 2.1 0.8 0.590
co 2.1 2.6 1.0 0.460

B4 HHOTREYIREE AR S IR EFRR N IUR A
(RDA)

Fig.4 Redundancy analysis ( RDA) between soil arthropods
community composition and environmental factors.

F1. #5585 Acaroidae; F2: EHFL Fupodoidae; F3. B 5iMEEL Cryp-
tognathidae ; F4. HI# KB} Oribatida; FS. ME} Ixodoidea; F6. 77 MiE:
Parasitidae; F7; J7iF} Laelapidae; F8: [BEFl Sminthurididae; F9.
PR Onychiuridae; F10: 2595 BkR} Isotomidae; F11: JFERHUEL Pro-
japygidae; F12. 4 %] &%l Phlaeothripidae; F13. ¥} Cicadellidae;
F14: & KB Trichoceridae; F15; KR} Tipulidae; F16. P CRE
Chironomidae; F17; ¥ %} Ceratopogonidae; F18: M4 F} Simuliidae;
F19. # IRl Mycetophilidae; F20: e Rl Cecidomyiidae; F21 . i
[ivgs Scioppdidae; F22. ESLve: Bibionidae; F23. KRRk Dolichopo-
didae; F24. [y Muscidae; F25; IR Scathophagidae ; ¥26. i ek
e Atypidae. AN - E5H KA Soil available nitrogen; AP + RO
Soil available phosphorus; AK: - HEERE Soil available potassium
SM: +3E 5 /K Soil moisture; BD: T3EZTE Soil bulk density; CO:
fai Community coverage; BI: HHY) 4 Y= Plant biomass; HE .
FEKRTF-Y 5 B Plant average height; RI; #IF#%X Species number.

R} R IR A 39 R R I R 5 i
Ko WEERZ 55 2 HEp 2 0 AH S5, i B Rt
L5512 HEFfh B IEAE,

3 #

3.1 FEARFNRECEXT I RS YR EVR R Y S e

5T B W B SRR 22 B AR AN TR A 3
A 22 57, 31X 5 i 2 ) A PR 2F R E 52 ) R B
FIAE YIRS SRR BT LA K ol 3 i sh i 4R 43t
MR IR ARG E, 5IHE AR I,
TR AR X T R 3l W 2 A AR 4 i AR
W AE R AR - 49805 e sh Wy 2 B R AIK . S 802 %
1) J5 R AT 6 25 JE O A B EL , 74 4 R E
AP R A HEM 0, B T AR 1 R
etk S T AR T R YRR
METH A,

JHCHAC S v 9 ) e = B ) — AR Yt
TR A ) T2 B Bk M AR R A A
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TERIRZE S, nT LA + 385 I sh W4 i 2 Fh 2 iy ot
PRES MR YIRE T Z AR PERR AR, T s £
R B S 2 PER 2o B2 BEAIR Y OO S8 5 3 1
SRR R VX A ST I B W) 22 A 0 AR ] 4 B
W RS A P AR OO T, Y I
PR R T AR R, TR A R
50%Zc Ay, RIVTR —JCBGR BER 5 JOCHO He , Tl
FEA- TR S BE B v LT IR sh Wy i AR,
PR BESEAE A R O HE AT D R B A i PR
WA 1) LS UA R IR 3 (AR Oy T IR s Ay
BT R A A A7 25 ]
3.2 R AR UECE OO 3 T 3l W D RE RE Y
Al

PR AR R S B Sl ) SRR AN ) i
RO B 22 S AN 8 35, U DR A4 MR X Y i
S RERERZ A R, o DN ThT S e 11} g 2 5 )
HEE YIRS E PER R . MO, OO # il R A )
TETR R AT X - ST B s W B o A A L Y
SR, ARBTFE A R SRR A SRR RN T
PAXUR H BGH H o 3 9 18 B 1 15 B sh i i 2
R, X T e Je i T8 B Pk 3 IR sh iy LA 23 )
(BRI AR 1A Al V& W S 0 TR A R 114 R
BEAE PO & 7RG 7 VA G - A A PR 4 5
IR S B L RS e s 2 1 )
GEUR, S350 AH P Y B h 5 il e
iemiby/Eisy C SN AIEE) S NB) SR AN ENISPRE N g
I BB — R B YRR A B Y i
gy P RO RIS S A R — DR E
AR o BEAb, S Bk e 22 B AE A ) oA 3R
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