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b5t 100049) (3 HifEAE sh A I F A 2FEH H 00, P57 810001) (4 HUMIME KAk =2%0¢, B 310012)

WE: =R (Ochotona curzoniae) VE R 15 T o [ = FE B M AR A R G0 0 SRR Bl PR B30 B 3o B O
B0 R A T 2R R AU T B e AR v v e B R R AR e iR T BRI AN IS B R A ARk, SR AR
T R e T e M AR Ak | 1 v D R S P R WL R S AR ST AE IV b = FE A S R G [ A AR
Bl b X, P TR . FER b b R R O R, IR T AR e T R S L R
TIeG i . T il 25 L) Gk KA IE AN B I 4 25 R 2. B iR Ak, o TR BRSO 850t RN 44 TG
TR BT s 2% IRt ) R e S5 R L 5t B DL R AR R AR 5038 3 AT o e X % M SRR SR R
FEED AR T MM M A SR T e v 0o e R N o R R T R o e W A TR B R A R . D) R
IR, 2o RN T B R A SR T  JRER O Y KSR R T RE G T RE R T AR AN AR 3, ki AT
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Grassland degradation affects serum total IgG level, intestinal parasitic

infection and liver and kidney indices of plateau pika
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Abstract: As a key species in the alpine grassland ecosystem of the Qinghai—Tibet Plateau, the plateau pika (Ochotona
curzoniae) population increased rapidly with grassland degradation. Understanding the changes in innate immune func-
tion and organ index of liver and kidney indices of plateau pika is of great significance for further revealing the physio-
logical mechanism of plateau pika population outbreak caused by grassland degradation on the Qinghai—Tibet Plateau.
In this study, we investigated the number of burrow entrances, measured serum total IgG levels, intestinal parasitic infec-
tion, and liver and kidney indices of adult plateau pikas inhabiting lightly, moderately, and heavily degraded grassland
(LD, MD and HD) at Qinghai Haibei National Field Research Station of Alpine Grassland Ecosystem. Our results
showed that with grassland degradation, the number of burrow entrances and serum total IgG levels increased significant-
ly, while the prevalence and intensity of infection of cestodes and nematodes as well as liver and kidney indices de-

creased markedly. The prevalence of infection of cestodes and liver index in males were significantly lower than those in
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females, and the prevalence and intensity of infection of cestodes and nematodes in females in HD were significantly

lower than those in LD. These results indicate that grassland degradation induced by overgrazing enhances the innate im-

mune of plateau pika and alleviate the damage of toxins to liver and kidney, which may promote population outbreaks.

Key words: Plateau pika (Ochotona curzoniae); Grassland degradation; Food protein; Innate immune; Intestinal para-

sites; Population outbreaks

& R B (Ochotona curzoniae) )& T H
(Lagomorpha) F %2} (Ochotonidae) )&, | 2
Wi TR 3 200 ~ 5 200 m A Bl I K& 14 155 9 )
M DX, SR T AR A Y Al A RN A £ i L
Wy, e FE R AR S RS OCEFD (Smith and
Foggin, 1999; Wilson and Smith, 2015; Smith ez al. ,
2019), JLH4Ek, 3o B mUses R LR L
T 20 I B A R R R A A, R IR gk
2 400 H/AHU CRIEZAE, 2006), A CH RIS
e BRI R G R AT SR R, URRAR T
R 1 v BE AN G BE L Ry e B AR AR AL T T A A
BIREE, AR T HPRRE R EL, BRI 2 00 U,
HET S BOR OB R (AR AL, 19835 i A A,
1994), (5|5 v J5t Bl S Al e 28 A 9 A= BELAHD, H
B AN R

Yo 5 7 J2 5 e A B 1 /N W L 3 B A R DR 3 Y
HE P K (Mihok et al. , 1985; Sinclair and Lo-
chmiller, 2000; 5K 58 Al £ 84, 2005), zh¥)
P2 7 e ARG AT G s e AR Y JEk e (Nordling et al.
1998; Holt and Roy, 2007; Cornell et al. , 2008; Haw-
ley and Altizer, 2011; Du et al. , 2016), 4k FE{KFh
HEHC (Yang et al. , 2018; Shang et al. , 2019);
Z, RGP R, PSR TR REAL, AT
I RIE N (Ksiazek et al. , 2014), DA JEFh i3S K
(Lochmiller, 1996; Nelson, 2004), 7E#% B /KF I,
JFF I R0 O e 4 A R e R0 B 9 IR A b A i L
A EAE ] (Caldwell, 1982; Lindroth and Batzli,
1983; Foley, 1992; ZE{R 445, 2003a, 2003b; fi]
KA, 2010), XL A 2R EE (k&
SR, 2007). TET L IR HLIX , RO AN [F R AL R
JE Ay v D R A it O [R) BAR  BEUR , A [R) Y
BRI B W) G ) KA KRB A AN TR RO .
191 v £ P 5B n] 3 SR AR S % T (Lochmiller
et al. , 1993; Davis and Lochmiller, 1995); =ik =1k
GV EEEYINR ARG ERK KT (Botd N4,
2003; {HHBHE, 2015).

P S A, e D R 1% e AR 5 i e R Ak

TGN, Al REE N OB A R st 3 5t 1 IR S
PRI G ge 1, (Rl G2 i 1 R0 U A AL 5 00T BT I
B RER S . TRz, AT I
b e S e M A 2 AR G [ K SR L AT 5 v
HoIX, oy TR P EEE 3 SRIRAL R
Hh e B Gl 11 e I E T i BRI A TG
i A AR AR B0 LA TR A
38 3o 73 B AN TR P T v g it B B R AR A i ) g
J7 B HE VR R A 08T, AT A 4 21N o D B G e A
H R A BRAIL ] SRS S B AR o

1 HRFE

L1 SEme i 5ikit

ARG T 2021 4F 7 A AR I m FE R AR 2
ARG E Z B AN I 7 s R A T . AR i S Hb U R)
R A 1 RO B (UK B LA R 4 E R R
F), WiEIFES T (lightly degraded grassland,
LD; HAH4. 1440 HA7), HE (moderately de-
graded grassland, MD; B8, 77 /4~ 2F ) Al EE
J iR fb B M (heavily degraded grassland, HD; 42\
b 14. 44D 0000) £5 5 SR, L3t 15 Heke,
FRHAE M2 4 hm?, AN [R] 7 P2 AR b b 5 A0 b 1] A
#1300 m DA b, UGBSl A R AL

TG, RAMZE T 224 50 m
B B TR AR (3 AE) N e D B AT 1 B, DA
WAL BRI 2 T o B S R T 40 25 15 T 4 &% A b
i e i B AR, R B A 2R IR HERR TS R0l 100 ~
200 pL F 0.5 mL M B0, NG B0 B R AF
TEA VKAS R AR &P #RE 30 min, W RISLE)F,
4000 r/min, 4°C B0 15 min, HUETEW, -20°Crk
FAPRAE, BB S e E B E 11 G (Immunoglobin
G, 1gG) it o SR IMLJm 37 BV i it B S B T A 4
B i R SO A [ ey 7 SR N QS B R N
FRUOR (REPEIRE R T7130 g, BEPEREE R T120 g5 JA
SEAE, 1987), e R B A I IE R E E, T
FIRAR LA E LIRS PR E RS2 0. 001 g),
Wil 5 SR 25 B N A, T 0 i 2 A A Jek g
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RO
1.2 I3 B 1gG & B

K FH T B 42 % 35 (Enzyme linked immune sor-
bentassay, ELISA) I & A A /& J5t BR A 1l ¥ 4 1gG
T, WIS i N & H T B R R
BB E ($25 . ml027974), E AR 5 97 B
T2 B 96 FL AR L B AR, 43 ) 15 AR E AL
25 AL AR AR 5 L o b o i L A i A [R) ik
bR HE b 50w, FE DA &L b S IRE 4 BT
45 uL, PR R AR IYE S ul, 25 FFLINEE
B 50 uLo 353 AL A bR 100 pL (25 A
FLIRAM) J5 A A B T 37°CHRLE 60 min,
RIGFEWAR, BT, A1 < RS BER S X,
RECHRE 30 s LT B B9FL 4 28 5 A B 5
A FIB 4% 50 L, 37°Ci#E %4 15 min, /5,
LI A - 50 uL, T 450 nm P K AR
LG o AR I A 10 W I (B 225 o s o4l £
FEUT 5 R B A LT B 1gG i
1.3 FFAE IR I

Jo 38 25 A= W A3 2T HEIOR B el R 9 22 v By
Rk (Wetzel, 1951), FTHL T KFEFREL0. 200 g (Hf
W 0.001 g) FEMEMES,, B TOFEK, IMA2mLif
FINaClUF WA S , ARV 40 H 4 95 #1100 H
Je e Wt UE I, K U8 R AR RN NaC L W E 25 &
SmL. SRAEAER KT, 106598 F gt
B R A P9 A AR W B AR (R TE S, 2014),
FEIT I LR YL R UK YL 58 B (Bush et al. , 1997).
TG = R L IBORE S AR IR YL B8/ A Il IR Py SR
B, IR g v 2 v ) B L (Oocysts per
gram, OPG), OPG = (FFHEYHTEL x5)/ (0. 15 x 2 x 3
i),
1.4 Zeitodr

KT LR A B (Generalized Linear
Mixed Models, GLMMs), LIAS [A]3E £k 5 b 2 0
PEBIE R 2 R 7, BRI BENLAS B, A0
J ER ORI B | B 2 A ) T e R R L o
M7 B 1gG ik . IR B0 B T8 £50re 45 7 2
25 BT 1) 22 BRI S 1 PR T R R
o o) o i 5 R ELA 0 A M (RO R B0
JFHE: »=0.730, P<0.01; "F. r=0.466, P<
0. 001), I LA JH A 1B i Ay 66 %5 o 2 45 530 JE 2%
BRC(IEZHT I /R x 100%) DAHERR A 193500

It X} i 5 42 Kolmogorov-Smirnov 1 Levene # 17 1F
ARy 255 R g, & BT ERNE IEs BT &
BRGSO HTRTEE T ROE K4 . T 2
A IR G B S IR 0 ~ 253 111, I A Hr i xoh
Hi#47In (OPG + 1) 4, R Bonferroni {72
PO, Bsars A E £ bR (mean + SE), 1
FHIRF R P<0.05. FrASETHI(E SPSS 21. 0 Hff
HitEtT .

2 &%

2.1 AS[RIER AR b e Ji BRG] 11 i

AN 7] 1B Ak B b v v D BR SR TR 1 B 25 R
#F(F,,=17.71,P<0.001) (K 1), HEEIRILEH
W E T E R AR LR M (P <0.05), HE
B wH B Em TRERBMAT P <
0.05) (K 1)
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Fig. 1
(LD), moderaterly (MD) and heavily degraded grassland (HD) (mean +

The number of burrow entrances of plateau pika in lightly

SE). The lowercase indicates significant difference (P < 0. 05)

2.2 TR A b e I B A Il T R TG B i

B AR bt 25 e e A B AR I 1gG i
(F, 5s=3.38,P=0.037) (K12), HFZELHH P
Ji R BRI Y AL TG 7 i Wl 3 = T R b B
(P <0.05), i 5 56 5 Fn &R R A i 2 () 35
T EZES (P>0.05 (K2). Ml (F, = 0.00,
P=0.991) Kotk 5 5B AL 2 BAEH (F, 5 =
1.26, P =0.287) X i Jit B S 1) 1ML 75 A 1gG 7K 7Tt
R
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PBl2 o AN [ AR 5 v sy 5L R AR L0 A TG /K (P 3ME + AR
). BRFE R E PR A M 1) M R AR B 17, 25 R
23, MEMEREAR 3 264 33 H120. BN E/NG P RER R ZE
B3 (P<0.05)

Fig. 2 Serum total IgG levels of plateau pika in LD, MD and HD
(mean £ SE). n =17, 25 and 23 for males and n = 26, 33 and 20 for fe-
males in LD, MD and HD, respectively. The lowercase indicates sig-
nificant difference (P < 0. 05). For abbreviations, see Fig. 1
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R T2 A (P <0. 05); fEE AR,
Xof 25 RN ZR A SRR e 30 1 W) 2 IR T R IR AR
(P<0.05) (KI3B. C). ) ik 2 52 e Jir B G X 24
HAYIEYLR (F, = 5. 41, P= 0. 049), HEPERYERYLR
WEMETHEE (P <0.05), [HIEXTER AL T0
FR (F, ,=4.06,P=0.067). HbiBfbS5PERI0
2 HAE s R R AR 2R (F =911, P=
0.017) FIZk it (F, , = 5. 48, P=10.020) HJEYL R,
W o B A AR e b P oG A R R b
FR TR (P < 0. 05); it 5 B e
AN TA] SR b 7 b Hp X 3 R SR R TG R A
(P>0.05).,
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FIT LA X BR SR (K SR G SR AT ST a0 T . o B R A R b v s i B SR R ek e, BT ARV A AT R AIBR T i

Fig. 3 Prevalence and intensity of intestinal parasites infection of plateau pika in LD, MD and HD (mean = SE). n =12, 11 and 11 for males and
n =13, 19 and 10 for females in LD, MD and HD, respectively. The lowercase indicates significant difference (P < 0. 05). Because all the plateau
pikas were infected with coccidia, the coccidian prevalence was not analyzed. The plateau pikas in MD were not infected with cestode, so the
group was excluded during the statistical analyses. For abbreviations, see Fig. 1
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R AR 5 2 5 ) e B S xE ak il (=
17.07, P < 0.001), ZH (F,,, =5.09, P=0.029)
ML (F, ., =5.20, P=0.008) &L 35 FF (K 3D,
E. F). EEIRAb AT b BR HURR G 5 B 0 258 T 2
R AL (P < 0.001), T8 5 & AR 1k
FM 2 8] JC L 25 5% (P> 0. 05) (K13D); HEFiE{L
M 2% R YL s B W E IR TR R L (P <
0.05) (KI3E); Bz i Fir iR Ak B i 2 i Jak u i i
P ER TR RIS o (P < 0.001), {HA% L[
TR FEESR (P>0.05) (KI3F), HERIXfEkE (F, =
1.59, P=0.211), %H (F,,,=2.62,P=0.113) fll
LR (F,,,=3.16, P=0.080) f/E YL i 500 3%
SR o b AR Ak 5 R S ) 52 A X BR AR e 5
JE T E R (F, ., =0.69, P=0.505), {HIEH
i 4% W (F,,, = 11.26, P = 0.002) FlZk & (F,,, =
5.41, P=0.007) (PR YLnm i . i 7E B R L
by R R (R SRR R R 3 B AR T R AR R R M
(P<0.01), MM =35 () Jee gy o B e A R R 1k
FHbH JC W E AR (P> 0. 05),

2.4 N[l A r e T B G A AR I S A

R AE 2 R e NE (F, . = 17.53, P <
0.001; & 4A) FIEHE (F, .o = 5. 18, P =0.007; [&
4B) F8%k. o AR fb s b g T B A B JEE I N R
FREE W E I TR A B AR AL B (P < 0. 05),
M= e B 5 b B R A s 2 W) O W 2% 22 7
(P> 0.05) (K 4). 552 ma JiFIE 45 2% (F) 0 =
21.68, P<0.001), M IE 5 20k 25 5 T M
PE (P <0.05), BREFREETCHERN 2R (F, = 1. 59,
P =0.209); 1B A5 15 0 0 28 BAE F
(Fy 156 =2.04, P=0.133) FI'EHE (F, ,,=0.61, P=
0. 543) $5HTC 1. 3 5200
3 ifib

KIR AR Ty BE =AU HEPT S I 44 a8 75 A= 4 Je%
YUy ss — G BebE, X sh ) A A7 2 OCH % (Frank
et al., 2000; Lochmiller and Deerenberg, 2000; Och-
senbein and Zinkernagel, 2000; Rickert, 2005), K&
FIIFFE A AR LA LTS B 1gG 7K - 5% 1 40 i 450 i B L
R R IR EE 1 (Greives et al. , 2006; Xu et al. ,
2012; Forbes et al. , 2014, 2016), S48 A 5% H 1T
DZE T I3 B 1gG K-, (HSER 45 R 5 27 A Y kg
R ik 1 B I AH L EDIE M U B, 7 e JE
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A28, HEVEREAE SN 32, 41 F129. B HORIE NS S BEFR R 2
FE#E (P<0.05)

Fig. 4 The liver and kidney indices of plateau pika in LD, MD and
HD (mean + SE). n = 22, 30 and 28 for males and n = 32, 41 and 29
for females in LD, MD and HD, respectively. The lowercase indicates

significant difference (P < 0. 05). For abbreviations, see Fig. 1

MAESRg T, FHGERAAR TR TR R B R i KA
B EDIRE
AR, YR 5 W 3 ) G g D)
AEMY EE [ R (Nohr et al. , 1985; Lord et al. , 1998;
AT FE 4L, 2015; Shang et al. , 2019), K
WEFR B, B ST i 2h 9 0 G2 D e (Nohr
et al. , 1985; Lord et al. , 1998; 14 & 7 10 £ {#E 4% |
2015), JUHZREYE AN Y R B A &
HHNE . Davis fll Lochmiller (1995) UL M Lochmill-
er 4% (1993) A I, RI 22 FRI 28 11 B s AKF-,
25 1 3 BRI AR B (Sigmodon hispid) W) %38 T HE .
FEAMEFE T, AN R AR 1 5 v vy D B A K AR A i
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JI0AR Ak, T RE S LRI £ AR 1 % U)K
TETF M RO X, Li %5 (2019) 18 i il e il 52 56
(45 R, R 3 T S 3 14 0 G R R W 1)
XA Y. B G RHEYXT R &S A B4
FOEXEERANS, WWeEESEARNER
T CEENIRE R, 1985; 758 fikib ),
1996; XI5, 2008). FATH 7 —BF5E KM, 7E
TR R D, SR R R E N A E A
Ji B TR R R, HoR R A &
JE AR T EE SR EY R IR kAR
Bhyo HMEAT UL, IR A b o R
EHFREY, HHAR R EREKE. 55—
JrTE, e IR R SR e AR A T RE S A KU A
Ko m b R HLA . L A U B AR K
AT MARIE GHEERE RIS B, 1997 IR
WEAE, 1999), ik J3 i A i o ARG A 4 vm 2 A 2
JE Ry e R A BRI T LT (MEAR A, 19835 i
SIS, 1994); RZ, ABILSERE IR LA AR A
Az B AT 3 o 0 v B SR Y B B AT D TG H:
TR AU, Fl £ XU (7% 388 K AT 5 R A R 1 4 £
VORI, S 20 T RE B AIX (Boonstra et al.
1998; Bian et al., 2005; Sheriff et al., 2010, 2011;
Shang et al., 2019), P, FLHBIR AT i i B AR K
SR GLPE T I 1 SR AR 1T R R R M b R AR T
GRS I AR B RS (AR 5 RN T 3

M7 55 TgG 7KF- T =i T 1t B sh A A 1 S Ak
DU Ag R , HEHT AT AR W Y B 1 B3R (Forbes
et al.,2016), BKHUR & R R n) £ 2 E A Y
CEFLEE, 20115 DIEEIESE, 2011), mJEEEN
HE M o AB R, R IR Ak 5 R
oIk HUR LR B D BN TR Rk R, (HAE R
JEIRfE b, WA R B AR L . BR R YR
JEAN S G FA 6, i HLAS R e 2 B I AR O (3%
i fE A, 2014), AN BR UL 5 2088 B (Sciurus
vulgaris) F R % 8 5 W 3 1EAHOC (Bertolino ef al.
2003), FEABHFEAYE IR AL F b, o I B A i)
R 751 A0, SRR RS Y 5. 3 4%,
P PP = % B AR, v i B Ak Bk e o B S
1 A Y W momEL, 2 AR S B A E
S 4R AL, 2004), M SECE TR
Bl v R R R RN, 1T 2% ORI 2R T ]
T EA BT AR T s, DA OB B 20 AR &

BRI ], R, R S e R AR
Yo g% 1A B BRI IR

AHIEFE I, e SR U R A i S P
Hu IR AT R 5 AR . fE AR A, SR S I
N AR R R AR Z, Ao R (kAR
45, 2007; SPFIASE, 2022). JRE (KRS,
2007). &%) i & (Liu and Wang, 2007; Zhang et
al., 2012) %5 o ARWFSETE ] — H X 7] — I S R AT
PRI, e D Bl B T O 0 I B A2 A T RE S B
Yl A YOGk, X TR/ ALY, TE
B FL 3 O AT Sk e £ A B 22 5D AR IR A
PG o R RS R A S WL A o Y i A R
O AR AL BB A8 0 S AR P R A A Y 7 R
YER o 1355 (2010) BFFE A BL, Rk A 1k
YIS R (6%) BRI, ] 5N AR Ty 1
(Alexandromys fortis) JIFWEF'EF IEH8 %5, i = 2R
JT & W (20%) AT U85 UL AL A W0 0T I A B
P RN o T e D X, b AR R 3l K
Yk BE B, 58 A b K e R R B M T
S, MR IR S BAEY R A X T
AT, A Y IR R R T Y AR A
R AAEY) (B ERSE, 1999; ZEE IR EK
I, 2006; HFESE, 2012), X4ER, MK TRE
IRfbR M, R AR PR AR S A A T . R
IR ARG W B W A U A 4B O A A 0 i i B
G S JUE 0O A 01 4, 0k o A AOR v D R S A
REWAFIGZR, 290y IR A5 1 i I B
G TFIEFN B IEFE B0 E I TR R A i . XSS
AR — 2D AR T R AR Akl R B A A
KIRPE I TR S B B A e, 56 bk,
XK E PR R ] e/ N FL S B Y e (
AR IR A A R 2 A6 (feeding
facilitation), 7EH A A= 28 R 48 & A K& 1Y 4]k
(Krueger et al., 1986; Arsenault and Owen-Smith,
2002; Cheng and Ritchie, 2006),

A, SR 1A SCHR 00 e b R Ak T o sy
Ji BOR  R AR e e, G2 i ) ik 2B AL G ot
v i B B P FEE AR P 43 1) {2

TE/NFLSh W R RE D s b, AR A W) 2
52 W0 B B 48 1T S 50 2L T (Boonstra et al.
1998; 5k &5 A1 F fE 4, 2005; Ksiazek et al.,
2014; Shang et al. , 2019), FRATETHAMF LR, N
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WM— e — AW IR Z A AR OB, &
FHOPRBEFE TR0, 48 S BOPP BE 2 0 (Yang et
al.,2018), XM 5 —J7 LI, A AR 1k 5 AT
3 3k 4 i D B AR R AR g Ty, B Lk BOH 55 1
W — T —2F tE W B 2 o] R 3A 4k i =
Fom R AR EGE IS . BT RS R 55
B, AN, B IR Ak AT o B v e i B A
KIRGIETT . AR AL B P HAE K R B 7
RN, ARTITAE 5 it BR SR A B 28 e rh e (2 R P

SE Lk
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