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Management on Alpine Grassland , Xining 810016, China

Abstract: Soil arthropods are an important component of the soil ecosystem and have been used as “indicators” of
environmental change, because of their sensitivity to changes in the surrounding environment. Grazing is the main
use of alpine grassland in the Qinghai— Tibet Plateau. Grazing affects both the physical and chemical properties of
the soil, and also the biodiversity, including soil arthropods. This research investigated changes in the soil arthropod
community structure and diversity associated with grazing by different animal species. Soil arthropods were sampled
in July 2020 from a grazing experiment in an alpine meadow on the Qinghai— Tibetan Plateau. The grazing
experiment included two single-species grazing treatments (yak only and Tibetan sheep only; YG, SG) , three
mixed-grazing (MG) treatments (yak: Tibetan sheep ratios of 1:2, 1:4 and 1:6) and an ungrazed control treatment
(CK). Soil samples were collected from 0—5 em, 5—10 ¢cm, and 10— 15 cm soil depths, and the soil arthropods
were separated by the dry funnel (Tullgren) method, identified, and the data statistically analysed. It was found
that: 1) Of the total sampled soil arthropod population, 36.67% belonged to the taxonomic family Acaroidae and
41.14% belonged to the family Oiibatida. The highest densities of arthropods were found in the 0—5 cm soil layer.
2) The composition, community structure, density and diversity of the soil arthropod communities differed between
the animal species grazing treatments. Compared with the control , grazing decreased the proportion of Acaroidae,
but increased the proportion of Oiibatida in the soil arthropod population. There were significant differences in soil
arthropod community structure between CK plots and grazed plots. The species richness index, diversity index and
the number of soil arthropods were highest, and the evenness index was lowest in the Tibetan sheep grazing
treatment. 3) Soil arthropod evenness index was negatively correlated with soil total nitrogen, total carbon and
available potassium (P<C0. 05 or P<C0.01), but positively correlated with soil organic matter and pH (P<C0. 05 or
P<C0.01) ; soil arthropod richness index was negatively correlated with soil pH, but positively correlated with soil
total nitrogen, available nitrogen and organic matter contents. Soil arthropod diversity index was negatively
correlated with soil pH, but positively correlated with soil total nitrogen, available nitrogen, available phosphorus
and organic matter contents. The mean density and the number of groups of soil arthropods were negatively
correlated with soil pH, but positively correlated with soil total nitrogen, available nitrogen, available potassium and
organic matter. 4) Soil total nitrogen, total phosphorus, total carbon, available nitrogen and available phosphorus
levels were higher in the SG treatment. Available phosphorus and organic matter were highest in the CK plots. Soil
water content and pH were highest in the MG1:6 treatment. In summary, only Tibetan sheep grazing had a positive
effect in increasing soil arthropod density, community composition and community diversity in the alpine grassland
ecosystem of the Qinghai— Tibetan Plateau.

Key words: alpine meadow ; grazing modes; soil arthropods; community structure and diversity
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TR FE T A AEAS AL e B, 76 o BETBCRO AR AR v/ INBY A S Sl W 4 R AR O TR B A S Sl W 4 B AN L A,
3 W 0 B 2 B 2 R EE ARG I s ve, He b AR R O TR R RIS R R R R . WS R B B
% A 3 B W B K R Ve 2 LB S ) B R O - S S A R B T i TR N B R S s e
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1 #R5FEE
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TF 5% Hby A A5 75 ¥ A8 1 G N g 22 EL P IR 40 (36°927 N, 100°93" E) W44 3150 m. % Hb )@ + & Ji Ll b S 6, H
RO 22 K, o4 xd TTAR AR SR E 1.5 °CL R A 7 AR 12,5 °CL iR 1A PR —12.9 °Co FEK 2
LEPAES—9 AR RE K & 400 mm. %R 50 8 B A KA Y A %S 5 (Kobresia humilis) | %8 A6 % 5 (Stipa
purpurea) . 1 & H (Carex aridula) . K (Poa annua) 1 2 & % B % (Potentilla acaulis) % . + & Jy #»
gL,
1.2 #st

TR HE S F 2014 4F A 6 A AR B 43 51 o TECHR (no grazing, CK, 0. 05 hm*) 4E 4+ F44 (yak
grazing, YG, 0. 26 hm®) i 2 P4 (tibetan sheep grazing, SG, 0.17 hm*) B4 5= 1: 278 & i (mixed-grazing
with ratios of yak to Tibetan sheep as 1:2, MG1:2, 0.43 hm®) JE4F K F 1: 4 A U (MG1:4, 0. 60 hm?) fE4
16 RGO (MGL:6, 0.76 hm®) , B/NX 3L, M3t 18 MK H /MK . i Tzl it 28 TR K E
Y [ FLAR A Lo 81 %o B b A= 2 ZR G0 445 A4 I ) BE 1 52 e, BRI O T A Ak 38R R T ) R A R R R e A T R R
(116 F 57 -hm *) o THRAFERZE(6 A )IFMH A, 2% F (10 A SRR ™. T 20204 7 A 25 H B % 2k
R 7T TF SR A
1.3 #&megRELSAE

2020 4F 7 1 25 H X 6 Ay 2CRE b i) -+ S5 RS Wy kAT BORE R A . B OO IX R E 6 A SR AR R
HAR 5 em {9 45 I8 0~5 cm \5~10 em \10~15 em #4770 )2 HORE R 45— 2 (9 6 D L IERE S EAT IR 5, N B 2
7 100 g B b JERE i HE A7 20 B 2 0, JE R A L AR 216 7 o SRR BT 6 L AEAE 24 h N T 5280 % R 0 T 1 1 ik
(Tullgren k™) 50 &+ HE45 B s W , 40 B i 6] A 48 h, I B ¥ Wl 78 35 “CAE A7 (i 75 %6 B B FES A 1R A7 o0 5 45 51
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Table 1 Soil physical and chemical properties under different grazing treatments

pH

A HLBT

Organic matter

¥

AR

X3

Total carbon

B

Total phosphorus

Kb PR Treat

Soil water content

Available phospho-  Available potassium

Available nitrogen

Total nitrogen

ment

(%)

(g-kg ") (g-kg ") (mg-kg ") rus (mg-kg ") (mg-kg ") (g-kg )
39.849+0.662b 45.953+2.212a 15.94842.094a

0.158+0. 004abc

(g-kg ")
3.151+0.061a

109. 180+4. 486b 8.002+0.013a

4.2784+0.022b

144. 333+ 1. 700c¢

MG1:2

0.150+£0. 004¢ 42.653+0. 553a 155. 556+ 1. 425b 3.503+0.071d 96.867+5. 051bc 49.22343.292a 7.9874+0.017a 16.03140.578a

3.260+0.051a

MG1:4

3.26140. 104a 0.159+0. 003ab 41.590+0. 918ab 158.111+1.961b 4.246+0.029b 86.396+4. 641cd 47.637+2.253a 8.071+0. 044a 20. 0504+ 1. 040a

MG1:6

3.382+0.097a 0.163+0.002a 42.1494+0. 954ab 166.222+2.727a 4.527+0.036a 81.886+5.027d 46.5084+3. 264a 7.984+0.025a 16.97840.733a

SG

3.15940.079a 0.155+0. 002abc 39.778+0. 666b 155.111+1. 207b 3.703+0. 049¢ 77.358+4.134d 47.764=+2. 240a 8.026+0.027a 19.75542. 643a

YG

3.110+0. 152a 0.152+0. 003be 42.37240.956a 135.667+1.374d 3.449+0.041d 124.677+5. 365a 52.244+2.399a 8.010£0. 041a 19.75542. 643a

T Bl

CK

SR /ING Fobg 3R 22 57 ik 3% (P<<0..05) 5

Note: Data were mean=standard error. Different lowercase letters within the same column indicated significant differences at P<<0. 05 level.

iR
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(P<<0.05),
2.2 EETFEHAHMBEAR

FERFFEAE L b, B AR B R I e e SRR T4 W8 H 28 FBH( K 2) . Hop LLEHE H (Acariformes) i
I B (Acaroidae ) Al SR (Olibatida) i PR 3 HE, 4301 b7 5805 B sl Wy Bl 4R 1 9 36. 6700 F41. 1496 5%
WA 3R, Jy A7 i Bl (Parasitoidae) 25 5 Bk AL (Isotomidae ) A1 # BBl (Mycetophilidae ) , 43 5 5 + 38745 i 5 9
SR E A9 6. 0920 .8. 05%6 A1 1. 08 %6 ; 1M HoAth 23 BIAR A ZHE I 7 38 B sh ) S 4R =19 6. 97 %0 .

R2 WM TIET RIS WAR

Table 2 Composition of soil arthropod in experimental places

4 Class H Order Bl Family 15 Et Proportion (%)

kI 40 Arachnida FLUE H Acariformes I BB Acaroidae 36. 67
& I B R Eupodoidae 0.84

[ & B Cryptognathidae 0.50

i 84 A} Oiibatida 41.14

P10 H Parasiformes Rl Ixodidae 0.76

Zi B} Parasitoidae 6.09

J5 &L Laelapidae 0.31

Wik H Araneae ik B Atypidae 0.06

i & 20 Collembola #if & H Collembola & B Bk R Yosiides 0.26
FEERL Onychiuridae 1.33

R} Isotomidae 8.05

WYY Diplura W B Diplura JR PRl Projapygidae 0.18
U4 Tnsecta 2448 H Thysanoptera & ] Bl Phlaeothripida 0.54
48 H Hemiptera L Cicadellidae 0.04

W H Diptera 2 KR Trichoceridae 0.16

KR Tipulidae 0.47

FE WAL Chironomidae 0.02

15 F} Ceratopogonidae 0.23

I Simuliidae 0.29

IR Mycetophilidae 1.08

PEICRL Cecidomyiidae 0.10

A E R Cecidomyiidae 0.02

B AL Bibionidae 0.46

K A1 B R} Hesperinidae 0.01

£ i Dolichopodidae 0.12

WEF} Muscidae 0.12

F A} Scathophagidae 0.15

Jii LB R} Platypezide 0.01

2.3 ARz XA LR TS DB E R E AR m

2.3.1  AEBCHOT 2N S R sl W i B RRAE NGNS SUNE I SUNENPYSY L SR W b S
T K R B RO B X 45 R B sh W 2 AR (R 3) o #E 0~5 em )2, 7 B (Parasiformes) (5 H
(Collembola) % e 52 & A JHCHC i HIUHC LA B 1 37 0 4 T O RE Wi S 38 (P<<0. 01) 5 L3 H (Accariformes) 3 ¥E 4 L
BB AR ik 2R TR A UG I i 3 (P<<0. 01) 3 283 H ( Thysanoptera) . XUG# H (Diptera) ik H (Araneae ) 52 il 2
OB A 235 (P<<0. 01 8 P<C0. 05) o 7E 5~10 cm - J= , U H 25 8 H 528 28 iR B0 0H L S w35 38 & i
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R3 AR IETEIVHELONNEEZFTESN

Table 3 Two—way ANOVA analysis of the influence of grazing modes on the number of soil arthropods

A pis:il 42 Soil layer
Variables Treatment 0~5 cm 510 cm 10~15 em
ELI A Acariformes FE4F Yak 102. 45%* 36. 23%:* 112. 73**
2 Tibetan sheep 1.42 16. 67%x* 215. 90
FE4FE X 2E Yak X Tibetan sheep 20. 41 64. 37 187. 12
74 H Parasiformes ¥k Yak 14. 35%x 9. 26%* 7.66%%
2 Tibetan sheep 101. 81 243, 39%* 66. 78%*
HE2F XJ2E Yak X Tibetan sheep 76. 71%* 76. 66%* 27, 43%*
5 H Collembola FeF Yak 16. 73%x 12. 25%x 28.15%*
#E Tibetan sheep 25. T4 0.72 13. 17
FE 4 X SF Yak X Tibetan sheep 18. 22%* 4.38% 0.07
XU H Diplura YE4 Yak 4. 73% 0.15 /
j# 2 Tibetan sheep 12. 67+ 0.93 /
FE4 XK Yak X Tibetan sheep 0.14 1.15 /
298 H Thysanoptera 4 Yak 1.30 6.12 /
J# 2 Tibetan sheep 6. 65% 5.83% /
HE 4 XK F Yak X Tibetan sheep 1.04 0. 00% /
2 H Hemiptera YE4F Yak 0.04 / /
#f Tibetan sheep 0.05 / /
FE 4 X Yak X Tibetan sheep 2.77 / /
X H Diptera HE4 Yak 0.02 0.66 18. 38
#E Tibetan sheep 9. 77%x 6. 20% 7. 89%x
HE 4 X F Yak X Tibetan sheep 2.61 16. 78%x* 8. 40%*
Witk H Araneae 4 Yak 0.52 / /
J# 2 Tibetan sheep 4. 45% / /
FE4 XK Yak X Tibetan sheep 0.73 / /

T R R FAE - FR7E P<<0. 01K~ 125 5 W 3 ¢ /R FE P<<0. 057K 122 5 i 3 5 /R 1%+ 2% R 31T B s A A7
Note: The data in the table are F values, **indicates significant difference at P<<0. 01; * indicates significant difference at P<C0. 053/ indicates that the

soil arthropod does not exist in this soil layer .

5 ) 5% (P<<0. 01) 5 3 I 5% 6 4 i 40 % 4 A4 G 60 (= 0~5cm E== 5~10cm E==. 10~15 cm

R A HUBOE B (P<<0. 01 8, P<C0. 05) ; 1 XL i# £ 50

22 80 2 B 2 TR OO W 8 % (P s ’ !

0.01 8 P<<0.05). 7 10~15cm + 2, B H . 75 @2 55 7 / /

B F R AC O O R Sy AU

B 5 (P0.01) s 3 H 22 6 4 WO B RO £

S B35 (P<<0. 01) , {EL4E 4 8 2 1R 4 g e v 3 R <10

A N TN 0 S -~ © o) o) v
-S4 9 1 A R R AR i = 5 8 0 °

] BLAT ) B0 2 P 1) . 6 GBS £ HE 9 2 =

BEAE0~5 em + 2R 2 (18~25X10° H m *) B & 1 REBEAFXLES R ENE M

- 2 VR B B 4 B R Eh W i B R b D L B Fig. 1 The effects of different grazing modes on soil arthropod
o . N § bund

ST S LA R RO (CRORI S e
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JBCHCRE AR LY, A M R Sl W B e 22 TG R A 5 JBCHORE s v 5 R A AR T O LR R3S, 3 s
SECE R TR

2.3.2 AFEBBOTT LB REE AL R AKCOT X 43 BB 5 B sh W AT S AR I B R
Hb A ST S AR SR R R SR R RS W OISR R LSRR DL R A R B RO
A EACAR I R A AR AL (R 4) , AR : MG 12 2 J3CHORE 3 - 39635 s A5 19 260 SR E 4 49 8 B, o v Al 34 2K 3 Sy i A
B SR, 2 0 5 MG 1= 2 J50CHORE 3 3855 RSl A SRR Y 37. 04040 (41,3306 3K W HEA 736 (17.88%),
T4 TORMRG A 28R 5 3. 75%0 0 MG L A JRCHOR: b+ 1815 I sh A7 23 28 1F SR A 40 7 B 5 0 op O 34 SR o0 il

x4 ARBEFTRT DET B 8% AR L 5]

Table 4 Composition of soil arthropod communities under different grazing modes ( % )

2 Group MG1:2 MG1:4 MG1:6 SG YG CK

W 58 Acaroidae 37.04 34.63 34.33 36.03 34.77 41.92
& i BBl Eupodoidae 1.16 0.72 0.28 111 1.10 0.73
Fa &g B Cryptognathidae / 1.30 0.01 0.61 0.78 0.34
g 58] Oiibatida 41.33 44. 20 42.92 41.38 39. 27 38. 44
Rl Ixodidae 1.52 0.67 0.30 0.82 0.86 0.63
R} Parasitoidae 2.29 3.96 5.18 4.41 10. 74 9.04
7 i Bl Laelapidae / 0.02 0.32 0.21 0.78 0.46
BB Yosiides / 0.04 / / 0.79 0.65
R Onychiurus 1.26 0.86 0.82 1.27 0.92 0.23
+BYJE Tullbergia / 0.05 0.39 0.55 0.98 0.51
LEBkE Cyphoderus / / 0.10 / / 0.04
S5 BE AL Tsotomidae / / / / 0.01 0.01
KI5 BE Folsomina / / / / 0.10 /

FAFBER Folsomides 8.80 11. 36 9.23 8. 60 3.93 4.76
BB R Pseudanurophorus / / / 0.03 0.32 0.04
PURI Bk JE Tetracanthella / / / / 0.75 0.16
JEBKIE Coloburella / / 0.24 0.11 / 0.46
8 \RL Projapygidae 0. 44 0.15 0.30 0.27 / /

#] TRl Phlaeothripida 1.38 0.25 0.90 0.55 0.19 0.17
IH- B A} Cicadellidae 0.27 0.02 / / / 0.03
2 RICF} Trichoceridae 0.37 / 0.18 0.38 / 0.03
KR Tipulidae 0.44 0.20 0.77 0.76 0.51 0.11
15 F} Ceratopogonidae 0.33 0.07 / / 1.01 0.12
Wyl Simuliidae 0.40 0.09 0.52 0.24 0.61 /

IR Mycetophilidae 1.47 0.96 1.54 1.38 0.51 0.65
PR Cecidomyiidae / 0.02 0.15 0.26 / 0.12
Hi 3 1R Cecidomyiidae / / / / / 0.07
LA} Bibionidae 0.90 0.29 0.75 0.78 / 0.08
K 1 B WA} Hesperinidae / / 0.08 / / /

K Je Bl Dolichopodidae / 0.01 0.14 0.07 0.56 /

1A} Muscidae 0.32 0.01 0.14 0.10 0.18 /

Z:UF} Scathophagidae 0.16 0.12 0.33 0.08 0.24 /

Jit WL Platypezide / / 0.04 / / /

Hb kBl Atypidae 0.12 / 0.04 / 0.09 0.10

TE: /7 FR OO 30T B2 W B A A

Note: “/” indicates that such soil arthropods do not exist under the grazing mode.
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Fig.2 PCA ordination diagrams of soil arthropod communities under different grazing modes
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E0~5cm + 2, YG 5 SG Ut + 3 i sh Y ZHEMIRBCE S AR A YG B3 & F CK(P<<0.05);
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Fig. 3 Densities and diversity of soil arthropod communities under different grazing modes
RE/NG Fb: F R AN R 4b B 2 7] 22 57 8 2% (P<<0.05) . Dilfferent lowercase letter indicated significant differences among treatments at P<<0.05 level.
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Table 5 Correlation index between soil arthropods community diversity and soil physical and chemical properties

TEdk Z A1 o U s A U HAE AR pH T HEE K
Community diversities Total Total Total Available  Available  Available  Organic Soil water

nitrogen  phosphorus carbon nitrogen  phosphorus potassium  matter content

415] BE 5 %1 Pielou index —0. 29% 0.02 —0.35%x  —0.22 0.05 —0.35%x (.41 0. 32% 0.05

=5 B2 48 £ Margalef index 0. 46%* 0.06 0.22 0.53**  —0.01 0.24 0.52%%  —(.59%* 0

Z ke 48 %4 Shannon — Weinner index 0. 30% 0.15 —0.10 0. 38 0. 45%* 0.22 0.43%%  —0.38%* 0.15

- #4)% B Mean density 0. 56%* 0.06 0.22 0. 42 0.22 0.53%%  0.61%%  —0. 64%* —0.04

SR Group number 0. 47%* 0.08 0.15 0. 50%* 0.19 0. 32%* 0.59%%  —0.59%* 0.06

W *FRIRAE P<0. 057K 1 3 AH G R on #E P<<0. 01 7K P4 5 35 AH G

Note: * indicate a significant correlation at the P<<0. 05 level, ** indicate a very significant correlation at the P<<0. 01 level.
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