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Abstract; The rodent damage by plateau zokor in the process of alpine meadow grazing is a key problem in its utilization
and management. Grazing is one of the most important ways to use grassland. Grazing management regimes, as a utilization
system index to control grazing intensity, maintain livestock quantity and grassland ecosystem balance, which have different
influences on grassland community structure, grassland productivity, soil structure, and nutrient properties. The plateau

zokor ( Eospalax baileyi) is a kind of underground rodent endemic to the Qinghai-Tibet Plateau, the embodiment of their
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different functions is the key to judge the " benefit and harm" . Their continuous earthmoving and mound building is also one
of the important manifestations of their harm, and the size of the mound building and the change of the excavated soil
properties are the key factors affecting the grassland. Therefore, it is of great significance for rodent control and grassland
management and utilization by elucidating the changes of mound characteristics in alpine meadow under different grazing
management systems. In order to clarify the effect of grazing management regimes on the mound-building activity of plateau
zokors, the radius, height, surface area and volumes of new mounds (formed within 2 months) under four kinds of grazing
management regimes, namely no grazing (NG) , rest grazing in the growing season (RG), traditional grazing (TG), and
continuous grazing (CG) plots, were measured in May, August, and October 2019, and the relationship between surface
area and volume and soil and vegetation biomass was analyzed. The results showed that the grazing management regimes
significantly affected the morphological characteristics of mounds with seasonal differences. The radius, surface area and
volume of mounds under no grazing regime were the largest, while the volume and surface area of mounds under continuous
grazing regime decreased significantly ( P<0.05), and the radius of mounds under the continuous grazing regime was
significantly less than that of other three grazing regimes in August and October ( P<0.05) ; the height of mounds under
traditional grazing regime was the largest in August, while they were the largest under no grazing regime in May and
October, and they were significantly less under continuous grazing regime than that under no grazing regime (P<0.05). The
two sequencing axes of redundancy analysis almost entirely explained the relationship of mounds with environmental factors
and underground biomass. However, the influencing factors were different under different grazing management regimes.
There were great effects on the characteristics of zokor mounds from soil bulk density (P<0.05), soil compactness ( P<
0.01) and aboveground hiomass of cyperaceae plants ( P<0.01) under no grazing regimes. There were great effects on the
characteristics of zokor mounds from underground biomass ( P<0.01), soil compactness ( P<0.01) and aboveground
biomass of leguminosae plants (P<0.01) under rest grazing in growing season regime. There were great effects on the
characteristics of zokor mounds from aboveground biomass of gramineae and leguminosae plants (P<0.01) under traditional
grazing regimes, and there were great effects on the characteristics of zokor mounds from soil moisture, underground
biomass, soil compactness (P<0.05) and aboveground biomass of cyperaceae plants ( P<0.01) under continuous grazing
regimes. Grazing can affect the mound-building activity of plateau zokors, and then had different effects on the succession of

grassland.

Key Words:; grazing management; plateau zokors; volume of mounds; surface area of mounds
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J Excel 2016 #EA7TERSG T I HIMEZRAS ; FH SPSS 23.0 B4 %t & +5 bR BUE #E1F One-way ANOVA 437, I
Xof B e R T AR AR S AR & DRI b b A= W ek 2 ()R A T AR DGR 2307 5 L R 38 35 80 Vegan BT
SRR B AR 5 3 (8K ) | 1 RS RN - 4 R SC R ) kb T AR Wi Z R O R AT IUAR A
B (Redundancy analysis, RDA) , IF 45 HEJ¥ (1 & 3 P 2 1 Permutation test ( E 4t 999 1K) #1745 56155
GraphPad Prism8 #7171l Fr 21l

2 ERE5H

2.1 B FRA SO R A e L bR AR R

R AR X S TR AR (R 1) . 5 NG M, RASEHE Y R SR Y 4 A )
RG . TG il CG A B R (P<0.05) , K /IMEIR N NG>RG>TG>CG ; ¥ B RME 4 1 M I A= ¥ 2 7F RG Fl
CG FEHBAY % NG FEHBIEAR T 73.86% F1 84.62% , 1E TG FEHBIE N T 38.30% , Horp fE TG FEHb 2 5 T NG,
RG Fl CG FEHL( P<0.05) 5 A PRA X il 25 52 e T 24 S 2SR ) i b 1 2B i, JErh TG Fi CG A |l 43 3l 458
NG FEHLIE N T 20.32%F1 8.95% , i #E RG FEHBFEAR T 15.65% (P<0.05)

PO AR X B T A AR 0 AR A, B 8 A 10—20em H 2B N A RSN, S A 8 A
10 H 0—20cm + )23 F AP w8 NG>TG>RG>CG, Hi7E 0—10em +)2,5 H R 8 H NG #EHb vt 4
YRR B KT RG TG Fl CG ML R A= #14: (P<0.05) , 11 10 A CG FEb AL T AE ¥+ 8.2/ TF NG .RG
TG FEHLAYHL T A=) (P<0.05) ,10—20cm +)Z2H120—30em (5 H A1 10 H ) L)Z2 A0 T A=W E A CC FEib
15 N T 3 PO B R (P<0.05) . 8 F RG TG il CG #EH 20—30em )2 A H T A ¥y 848 NG 43
W T 59.79% (25.80% 1 56.12% , HohHE RG Hl CG FEMLS5 NG AEMITFEAE fL & 22 57 (P<0.05) (£ 1),
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Table 1 Change characteristics of aboveground and underground biomass under different grazing management regimes

A gy JbF A4 Underground biomass #b F 445 Aboveground biomass
Months Treatments 0—10cm 10—20cm 20—30cm GRA CYP LEG MIS
5 NG 2321.83+180.43a  905.31+84.06a 409.34+4.49a — — — —
RG 1329.9448.43¢ 762.6318.92a 445.0164.81a — — — —
TG 1844.59+35.30b 886.63+87.42a 419.53+36.78a — — — —
G 1222.93+114.89c  387.26+51.55h 122.29+19.29b — — — —
8 NG 4875.75+145.64a  669.33£58.05a 449.92:16.75a  193.86+2.81a  67.80+2.33b 83.91+2.79a  112.62+7.17b
RG 2726.92¢221.90b  636.00+116.08a 180.92+67.88b  168.98+4.35h 17.7242.49¢ 69.03£3.48b  95.00£7.11¢
TG 2758.42+1234.45h  553.33+125.35a 333.83102.23ab  137.98+9.09¢ 93.77+4.19a 59.56+2.31c  135.50+0.47a
G 2631.75£324.41b  352.42+49.10b 197.42+5.28h 27.54+1.10d 10.43£0.51¢ 6.07£0.09d  122.70+1.26ab
10 NG 2805.75+442.64a  522.67+84.79% 312.92+119.68a — — — —
RG 2716.83+305.56a  538.83+70.02a 362.50+39.26a — — — —
TG 2780.08+289.40a  527.58+65.69a 390.75+143.23a — — — —
cG 2210.67+72.02b 351.33+31.26b 234.25£24.91b — — — —

NG . 258 No grazing; RG ; 2E K ZHKIL Growing season rest grazing; TG : f£5E 4K Traditional grazing; CG ; ZEZEHHA Continuous grazing; GRA ; RAF: Gramineae ; CYP
PER} Cyperaceae; LEG ; B+ Leguminosae ; MIS : 242 Miscellaneous ;—: Jo4UHE No data ; AN ) ) TR 2R 7] — 245 R [l i O BRASS 500 ) 22 534 8.2 (P<0.05)

2.2 JRCHCRE BRSO S AT 1 S
TR BRI o T R SRR AR, 5 A RG TG Al CG R4 13K 730 5115 NG A ¥
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RG . TG F1 CG #Eh Y + 8 S A NG FEHIA I8 35 N (P<0.05) ,8 A F1 10 A 4 FhU s s 0T 1%
SR A K/ IMEIRN CG>TG>RG>NG, Hi e CG REHD i 25 5 T H B AE L (P<0.05) (K 1) .
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Fig.1 The change of different grazing management remiges on soil factors
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TG 1 CG FEHBAY BUEAREIZE 5 H 5 NG FEHL S BIRFAR T 20.09% ,14.62% 1 31.72% , HHp#E NG Fl CG AR LA
R FEEF(P<0.05),8 AR RG Al CC ¥4t B 5 /NTF NG F1 TG #E#h( P<0.05) ,10 H B AARFITE
NG .RG TG Fil CG FEHUARUIB/IN HAE CG AR e A 1 A8 Ak i 25 (P<0.05) 5 5 H U E7E NG \RG . TG
il CG FEHAR YIS/, o CG Fil NG AEHAFAE 35 25 5% (P<0.05) ,8 ] RG F1 CG FEHb 1% B e FE 4R NG Al
TG FEHAY B & B 2 3 08/N(P<0.05) ,10 H CG AEHE R B & B2 2 /N F e e M i B 35 B (P<0.05) 5 B
FERMEATES A8 A M K/IMEK A NG>TC>RG>CG, i 7E CG i i 2 /T NG FEHs, 17 10 A 7E NG,
RG . TG il CG FEHK YOI/, o 7E CG FEMb 2 /N T H B el (P<0.05) (] 2)
2.4 JIHCE PR B TEASRRIE S e N 7 R ARAE [R] 1 56 &R

DL oK sy AR | R SRR R A A A R AR B AR RRURN R T R A i iz AR R AT
RDA 4387 (F 3) , NG FEHb A A= 9 i 36 B AR B A 52 M 5K, CT A b 4% - 398 X1 R i A 9 2 0 U
PRBFNZR A R M43/, RG FEHL Y 587K 43 | 125 8 A T A= 9 886 B 2 TR R R A9 5 i 5
CG PRI 37K 53 F5FE AL A=y o0k B 8 T ARG M A0 A, T 398 S50 3 % BRL e AR BG4

ANTA]CHCE PR o R R e /NS R bR AR RDA 2558 (36 2) I NG #EH 1A
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Fig.2 The mound morphological characteristics of mound in the plateau zokor under different grazing management regimes
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Table 2 RDA results of surface area and volumes of mounds and soil factors and underground biomass under different grazing

management regimes

g EREEIN TG LU
¥ -~ Rest grazing in Traditional Continuous
No grazing . . .

Parameter growing season grazing grazing

RDAL1 RDA2 RDA1 RDA2 RDAL1 RDA2 RDA1 RDA2
FFF(E Eigenvalues 0.16 0.02 0.80 0.03 0.20 0.01 0.53 0.03
55 JNAR WAL
RUER J\izﬂﬁél)?}.‘[.lﬂ//b . 8.21 1.17 39.87 1.42 9.75 0.29 26.37 1.47
Percentage change in mound size
g5 Ly FUE
Eﬂﬁ:j(d\lﬂ:;%$ Hﬁtb/%, . 8.21 9.38 39.87 41.29 9.75 10.04 26.37 27.84
Cumulative percentage change in mound size
TR T A - SR NVEfE

At/

Eﬁ,tt % . 87.54 12.45 96.57 3.42 97.10 2.89 94.73 5.26
Soil factors, underground biomass-Percentage
change in mound size
IR T A - BN BBVE
T
H.J).H.: % . . 87.54 99.99 96.57 100.00 97.10 99.99 94.73 99.99
Soil factors, underground biomass-cumulative
percentage change in mound size
SR B E A K Monte Carlo replacement test P=0.700 P=0.018 P=0.659 P=0.107

RDA : JUA /M7, Redundancy analysis

T Rt T R AR 9.38% 1Y RU R/IVIEAE 2 Fil SR IHAR RS 99.99% 1Y) - HEIN 1 Je b A 5 U ARRAR
ZIAI R A 5 A R EARACER 1 HEFF BN 2 HEFF il 20 Bl i B 39.87% Al 1.429% ) B R/NVEEAE , 3K 7 £
S MR SR A T A Y BB R 41.29% 1 R R R AR AL, I8 A 58.71% S HOANBEMRRERY . 55 1 4

http ; //www.ecologica.cn



414 TrAE AR BIRR AO  JRR B ( Eospalax baileyi) R B 4SRRI R 1625

1.0 | g !

RDA2

_10 —

|
1
1
|
MSA 1
1
|
[}
1

RDA1

B3 RERERMGERELEERF HTENERN RDA HFE
Fig.3 RDA ranking between surface area and volumes of mounds and soil factors, underground biomass
MV ; BLEAAFH , Volumes of mounds ; MSA ; LT X, Surface area of mounds ;SM ; 137K 43, Soil moisture ; SBD ; +3 25 , Soil bulk density ; SC
S UGB b R A=, Underground biomass; RDA ; TUA /0T Redundancy analysis

FE SRS 2 HERE Sl 8 20 B 96.57% il 3.43% (1) - 3e -7 e b A= i 5 R4 AIE 2 A1 A 56 2R, 2 il BT
fift T 100.00% ; f& SRR L RDA 4347 2 il R 10.04% 19 B K/ NEAR 568 1 HEP Rl SE 2 HEv il o
BIFERE 97.10% F1 2.89% 1 + XK F K T A=W 5 U RRAF 2 (B 1 56 2R 5 3 SR CHORE - RDA 438119 2 il 22
THFRE 27.84% 1 B /IR 55 1 HEF AN SR 2 HEF 3l o0 5 A 94.73% T 5.26% 11 - 8 K S i R A4
5 R FHEZ AR, d e T Ul B 398 7 R T 24 9 2 19 28 A AS BB 58 2 il A L e K/ A2 4k, (B HE
JF A REAR g 1l s e+ 3 K 7 it A S R e RN Z AR R A K ZEIRBCT SR R 2 3G 10
53 (P<0.05) B ABGEUCRE ST S R B Bk I 45 1A 3 (P>0.05) .

FEAS HHER T B T AW 5 BUERHER RDA HEFAHC R 550 e s =G 80K 7y 1A
i SR AT A 6 R P AR A S AN ], 42 B AR R B0 HEIY , B ORE 1) 245 3R Ry 18 S S >
RS HOK >R AR Horp b 7 E e B A A R 2 (P<0.05) |, 49 S SR T B R AE Y
MR 3 (P<0.01) 5 A2 K Z R RN AL S8 HHORE i R 235 SR 0 3 F AR W > 38 S > 0K 7> 3%
P 3 B R R AR AR R B3 (P<0.05) |, b A= o B AR AE A B2 I A B 3 (P<0.01) ;1558
TR 3025 TR 54 BRI B SE I AN (.25 (P>0.05) o JESLHUHORE B R 25 3R 0 T B S S b R Ay >+
K o> H e Horh S SR R A i R0 K A 6 B R AR R R 2 (P<0.05) (£ 3)
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#3 FAEHHEEEXTRERARMGRS LER TN TEYER RDA HFEXEY
Table 3 RDA ranking correlation coefficients of different grazing management regimes between surface area and volumes of mounds and soil

factors and underground biomass

oy A K FERA (L Cie LR

WEERHF N i Rest grazing in Traditional Continuous
o grazin,
Environmental factors & & growing season grazing grazing
I P e P r? P ? P

F 3K 53 Soil moisture 0.2124 0.059 0.0199 0.808 0.0451 0.568 0.2288 0.038
+ e85 Soil bulk density 0.2191 0.044 0.0125 0.876 0.0396 0.639 0.1911 0.080
T A9 & Underground biomass 0.0756 0.360 0.4956 0.006 0.0674 0.433 0.2446 0.039
+ S Soil compactness 0.4630 0.001 0.2742 0.017 0.0534 0.499 0.3173 0.010

FHOCHE BT 45 AR B NG A b B Fe AR FRRURI 2 IR 5 95 S B 7 A b b A it S A0 0 35 IE A OG G R (P<
0.01) ; RG FEHE FR - ARFURN 22 0 AR5 GRME Y 1 b T AE Wy s B A 38 B E &R (P<0.01) , B R AL S5 75
BRHMEYI M AR R B U DE R (P<0.05) 5 TG FEHE BT AR B AN 26 1 AR 5 R AR R S B 4 19 b,
A AR 3 U ESE R (P<0.01) 5 CG AR MY B (R BURN SR T RS Y5 R RE 47 A A ) i S W 0 35 1
I FR (P<0.01) , RS RARR G RME ) 1) LAY 2 B AU EE R (P<0.05) (£ 4) .

x4 REXRARMERNSEY S IRER M EEMENHEIES T

Table 4 Correlation analysis of surface area and volumes of mounds and aboveground biomass of each functional group of plants

TRt BB Volumes of mounds B I A Swrface area of mounds
Functional group NG RG TG CG NG RG TG CG
GRA 0.255 -0.135 -0.994 ** -0.871* 0.160 -0.042 -0.970** -0.789
CYP 0.965** -0.791 0.696 0.984** 0.935** -0.844 " 0.593 1.000**
LEG -0.704 0.997**  -0.994** -0.871* -0.632 0.986**  -0.970"* -0.789
MIS 0.710 -0.135 0.593 0.010 0.775 -0.042 0.696 -0.137

# % R 0.01 KTF ERAEHERE, « 2R 0.05 /K I A AHDCHE: 25
3 it

3.1 RO AR N g R BRI A SRR A 5 M)

A 2 R T SRR BRI SRR . MR [ R AR AR AL AT A R RO PR
e B BB e R ) S B AR A T R K 43 7 R S R R v I BRIV Bl i RE SRV AR AOER TR
YIRS, 5 NG M H, e s B T AR AR SRR 0 b A e B /D (P<0.05) | T 24
JEHEY) (TG PRI AL ) A H_ [ A 4 & 48 i ( P<0.05) ;0—20em JZ A9 F A9 & (BR 8 A 10—20cm J2
I A=) 78 NG—CG & A MR/ 145 5 S RO FE 45 FARMRL > U 3 R £ Ak
RERS A P AR IR, S M AR ) 1 b b RN S35 2B KR B, (Rl (A Al A i & A AR A, P o e sl 2> | 2
BRI FECE N | i =2 A AR SR AR AR TR RN s ) B IR AL I RG TG F CG ¥ e AE 3R 5 it
WHPEA TR, BERH A WA K 8 b TR, DA SRS , T 5% B I AN BRI 0 R T R AR 0 1 H S Sy, TR
SRR AR R SR S S BORUE M A AR /N AR SE KB, NG—CG IR £
AV SRR I, KA CG BT B3 T NG B, K& 1Y BRI T 14 & AR el s 3 m T
MR B SRR R A 2R BRI TR A R T R R R AT AR TR (5% R 2 2 1 A 9 S SR
ARG 2, B 058 & BB 2 BRI - K o B, R R K 4 2 32 Wk i | 338 X S 8 AR B
FANEE AR RE A I+ A S R A S B A — e 9 2 28 MR | 3 (A5 AN [ ) T30 T %o B
Hb - SRR B 2 M AN]SR ) IR B BIRR 2 545 R AR S R SRR LY
3.2 RO PR SO v D BB TR AR AR Y 52

B R T DR B TR SARAE . RG TG AT CG A HAR R 1 R By Bl e 2 3 i BURI A
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B NG 78/ 33X ST B BRI N T 13RS | R R E AR o) 08> TR R AR R A G T
ST e R B B RS D R RE N, BE R RERE N, s R e LR RN ST
R, v ety B U A5 U L MM T 24 AR 22 (I PR ) | CHCId 8 o G5 1 R I R £ R 75 PR TS (ORAR
RR) WD 2Rt 22 A e S SR S 2 R A U 1 R — 2D S DA Ry BRI 43 R A R, O W R Y
o et T B0 I R AR SRR B R RN 2 — . A 5 H 8 A M 10 A R4 AR
R LE NG FEMLIR K, CG A M/ N H 2253 038 (P<0.05) o JBCHCE BIAE SOXT SR B A5 R AR A9 32 i 77 £
A BT S X AT AR o R RUZE R ) 2 20 H R T8 5 v D BRI 28 D kB HLAL T3
S, T B 22 R T, SR T B 4 4 A RS e B TECAH 9 4 A S 5 ) e D SR R ) R R
1M 0—20cm )2 F A=Wy i 5 B AR S AR HAT — B 2 AL MU XTI AT T A e e, 8 A e Jtiiy
BUAE T 7 4 NS, HC Sl BR300 T L 78 A2 8 K R v )i B A A A K B i IR R R Gk '
PIBEURFE AR 10 H v AR BUHR T 32 m FE AR A , R ISR T A B TR BOR i Ak 5 A
A B, Ly (A o ) SR R % 0 e S B Y R R B R BRI
TS B ST R A | SRR SR ol 2 S A R 2k — 2D B D BT S e e
AIFEREFNAC MG N, BB IR 3 AT S5 AU, S BOH B B AR AR A S R 22— o KT, 78 5 Tt B
et Frad B e, 52 BB A BB EL S R R RN B B 5 Y K BB AR R SR 2 A
AR Ry SRAS B (9 A 35 D7 3t m] B8 S 20 Sy BB AT AR A A 2R 728 1k, e s A 1% 1) v Dty B B
A RER AR TR AR SR R, A, e FE R A A M L 0 RE S ORI BRI, L REASHIR BT IXU) A )
TR BT 2 T RN B B I AR T B B R 48 2 AN 3 LT B ARt A L
JEANAR , 5 32 5 B8 W BB FXUR R P S PR R 1 s ) S BOHUB S RRAE & A U
3.3 JCHCE RN R PRBE IR T R b MR AR SC R S

e JL iy Bl 7 R e D R DA b 2 — B AR R R AR A R 7 e 1 e S e SRR A
PFRAE A7 AL B BAIDET . HHSCHE T4 SR T NG I CC BRI PH R \RG FEM G RHEY) ) TG
o P RIS 2 AR A9 ) i A e S 5 ) e i B E I A A o b vl S AN [ A A R
L) R TERE 0 N ZEL R A o e st Bl P31 T 92 4 0 4 3 e B R 50 . SR T TUAR 3 Mk o i v Dt iy
B B e 2 T AR AR R L S DX 7~ Kt T AR W 2 AL S R B, 2 S HEI Rl L BERS 3B A e L DA 1t
AW BRI Z B B OCR , Ul AN ) CHOE PR 2 2 e X S | K ) AT NI R 2R
Pyt AR A R M = Dy R i O SCHEIN 1, [RII AT ad e B B R i) T 45 S N 1 Kt
AR SRR R AR EE AN W], NG AT CG Al 3 B2 52 X Bl 4 Ak A 20 R, RG i TG A3
Ml A= a0 B AR PR S ) 5 K 33K T R A R R OO PR TR R i) g R ) 1 SR SR R T
AR R i DR R R SRR S RN R 0 NG B A ORE , M P AR R T AL, i3 i Bl
REAS AR IDOL A2 (A4 , DRI A e X i iRty BRA 75 4 B e 3 o 3% Sl ) S AR X B2/ CG R MBJs T 24F
TBCHC, RO TRI BRI, e T 5 B, (A L S A SR 5 3 1 v Dt SR A2 4t e P O BB LT A, A+
HAZHRMERER N ™ 1T RG A TG FEH RO 181 53 5 4 h 7 10 H BIWRAE 5 T J, i e J5L Ry B L 7
Frec Yt s A E A F5 2O R R Wi A, SO BEFT O, o T 5 F RO BB RIS, A s B —
SE BIIR % v DB BRUR) B B9 B3 G ph st — 2 ] LU g Ry SR A2 AT O R R
HEMRIR A AR AT AE— 2 I OCHME D 5340 i AR R B0, 0 iy BRLA B EE R AE I AR fE S I SR & A
AT RN 3 v DR LA BB AT R R ) L 81 A DI B AR g R R TR B R
NG e T R AR AR 2 (B SC R IR R R R v iy B R BB R AR IR AR R S L
PR E R IR, 164 Ja IR A rp, BT 20 3 B 2% R 4 PR 200 g iy BRI B2

4 %t
TR B 2Ot g i LB A S 3 5 ), FLRLA R 5 . SARMOHTEE, A R AL St i
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SECHRE L B AR R B R IR A A/ a S b i SR E R AR L 035 (P<0.05) 5 TUAR
TGS R Y BRI R A, 20Ky A RS AP LT GENS el iR T R RIE,
TRCHCE AT M B S HE AR T A 9y o v Dty BB e RO SRR i AT 2550
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