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Efficacies of coccidian parasites ( Protozoa) in control of plateau pika

(Ochotona curzoniae ) and their effects on embryo development
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Abstract: The plateau pika ( Ochotona curzoniae) has been recorded as one of the serious pests in alpine meadows on the
Qinghai-Tibet Plateau. However, biological control, recognized as a primary way in pest control, generally does not display
visible effectiveness in the short term. Coccidian parasites are intestinal protozoans, and are currently recognized as the main
parasite infecting plateau pika populations. Infection with coccidia seriously impairs the survival of hosts. In order to test
whether coccidia could be used for control pikas, we incorporated coccidia into bait and tested its efficacies in both laboratory
and field. Our results showed that the bait (containing 300 x10* oocysts and synergist) led 63. 6% adulls to die in the labo-
ratory, and 54.9% and 71.0% decreases in numbers of adults and juveniles in field, respectively. In addition, embryo
weight was significant lower in the treatment group than that in the control group. Infection rate and infection intensity were
significantly higher in treatment plots than those in control plots. Our results suggest that coccidian parasites have good effec—
tiveness in pika control, and it may also influence embryo development of pregnant female infected in the field.
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M 2003), AW ¥l (Biological control) b H
HIA F ARG E 8RR DT, (HARX 2= 25 )
M, HPPASCRAAE WA 1B A (BIE&ESE,
2007) . 1R PRI AEERE Sh ¥ BA 802 4 1k
P&, TR B AR e I i L A T A R A R
BUEYI BB EOR 75 e i X By A e it B A
POl RS R R E BT OK

WS HpRAUR S IR AR m FEIE T Y, R
JBIF A Y Ik BRI E R (Eimeria), H
A, fERERATC RIA 7 A3 HE Bk HF
(Cao et al. , 2009; H{HFILAE, 2011), EREEAEY)
SRRV R B A K W A R BT e it SR A 1 2R A
WA A, AT, BR AR 32 0 R B S
5 (Hnida and Duszynski, 1999) , AJ£&{EX}E#0
S RIREEA . U, AR Y /N L 3
YRS S EZE AT (Hakkarainen et al. , 2006 ;
Ostfeld, 2008 ; Tompkins et al. , 2011) , FIK, BkH
XF A B A BRI B, R X A R R A
AR 5 1Y G RN EAC AR % KA sk o 1) 9
R, Ahxh Bk R ik 90% LU b, BB
1 AL T R Ik 40% ~ 70% (5K Jg AR
1999) , A T/&YE 100 x 10" 5 3 35 /R BR HL 76 11k B
PR F L 100% G RIE TS (BRI = 55, 1990)
e i R AR I FE T 8 sk R R e B TR AR OGO &R
HAC T RAAAEAR R W i 22 5 (GLSEIFSE ) 2011)

BT ER AU 1E FREORBOEIEM R, AR
TS 36 JRK K T TN e BB A Y B 16 RCR B R
AIPE R, AEIEIZIR, B TENIE 7 ekl
T e I B AR R B AR, B R T A KA BR
Hof e, JFfE LA B gEAT T AP K RSEER, S
Gb, BREFATE FEHIE LA, SR X%
o WY BE 71 ( Crompton and Stephenson, 1990 ;
Solomons, 1993 ; Daugschies et al. , 1999) , &
e B A R e sk e, AT RE Sz e KRR A H . K
I, AR E T K B R AT i E A 1) i i
i, I Hr ek B MG R B sgm . LR iEsE
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1 HtR &
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T o 2 e 9 ] A 7 2 0 5 3 0 b X

i R e s, PR SR, BH S
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1.1

W2 A T AR IE SR AL . O R T 14 2GR
KRS R R AR B &, LT, A EAMATE
TR ARG RS SR AT 38 B AR 3R L R kAR
FRAEH, JETE 100°C T4 1 h, R, WeHEF(E,
FH B LA AN ER A B 7 ik A A BR LB, 5 ELR3 d
I DN W 23k ) B IA Y 2 T Bk R Ak
RV T8, SCHHT SRR ] 45 S ke AR R
HEFE B S ORI R AR OK, IR AR AL DR B
AW A L5 W Eimeria cryptobarretti F1
E. klondikensis IR & BRIP4 (7RG N4 v 435
hi69% M 31% ) (GERIESE, 2011),

AR ST R0, s 600 J3 4~ B 4 ] 5 SO
oy R AR RS T GRS 2011) , % T
RN AE A, ASHIFZ 30 2 T8I0 3 205 LA R A1k 1L B
R, AL, IR T RGO B B R M 2 4
P, LR . fF 38 HAZK AR FREAL 4l 4
HAF, k. 1) EaH . RERIE,
ZOEA 0.5 mL W& 4 J7 AR A BR 4050 28
4.90 x10 " mg BB M AKIER (n=10); 2) Bk
HAHLTE, Z£0O7FEA 0.5 mL & 4 TNIRES RS
UIEE (n=9) KEW; 3) WO . 210
A0.5 mLAY# 4.85 x 10 " mg BERH (KAWL ; 4)
YR ALHE . 20 F A0.5 mLAK (n=10), &4
(- 3 7K F 4> 5 98.00 + 14.84 g, 106.56 =+
11.48 g, 97.22 +13.97 g, 97.00 +12.98 g, VI I
HEARR R 4 v e R AR BE L 000 gfA HEFF0. 05 med
B B bR T

Shy i) K A T 6 S50 N R I BUE AR K 33
HEFE RN 3 4, 541 11 H, K 4HikE
3yl N 153.45 + 14.27 g, 152.55 = 10.57 g,
151.00 +13. 74 g, LS HME], X M2 4 2 S0 5 A4
TR 2 o JL4H, HAh2 DAL A HPE M 2 o
P, o, AER T AR RE TS 150 73K o B A
J2 3,84 x10 " mg HERGA, Ab BT A4 52 3 1 5 50
TR ABRB N M 3.82 x10" mg MRk, 7
SEES I, R HERR 5L IR A AR R YL R S HE 0 B
XL A5 AR E RN, BRI PEE R IF kK
Yk, K 8:30, 11:30, 15.00 F117.30 ¥ & &
JERRARIET-AE B, FHEXFET-AMA K, BUGIE %
Y, R eR AU SO, A AR I B BR A, A A
PR AR ER R R T EOOE . SERHRSE 15 d,
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HER, HFEAE N 37°29' ~37°45'N, 101°12' ~
101°23'E , ¥k 3 200~3 600 m, VAL _F2Z
Ay ARPEIREE R -0.4C ~ -2.5C, FFHREK
BN 560 mm, 79% WKEWNERES AE9 Al
(ZUAESE | 2004)

ST A AL B P A R R AR 4b B
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Yo S YL o B
1.3 BR AR X R G & 8 5 e G 2

BF AN R SR IR 25 H 5, X FEARE 5 BT Jl 4K A0 4
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B R LRI AG
1.4 Bk USRI

BE W KN EYRE, K#30.001 ¢,
FEOMEEE SR 4 40 B, 100 H -2 3, U8 2
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B, FERE K, BOPHE, R R i
JE . RRYL SR R g s FEAE P B S (OPG) .
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Sk T 0 R AN [ A % R D B GR  RK, K
P = R AR AN R AR K B B R (JE S AR 2R R
1987; WHEZEFIER A, 1989), ¥ HIrH 4 414
B, gk T . <20 HiE, 1K8E <70 g; 2Rk 1.
20 ~30 Hi%, (K& 70 ~110 g; WAEA: 30 ~65 H
W, MEPEARE 110 ~ 120 g, HEVEIAE 110 ~ 130 g;
AR, >65 Hiy, MiME >120 ¢, MEME >130 ¢,

HIEF = 92 ) 6] A3 4 AR MR B L A
EL,

TEURR = 40 G P A A AT M AR

YL FE 22 log,, (x + 1) FE )5 AT 43T i,
GE T4 AT v B R R A R B3 AR G 8 o, IR R
Hor R 3 A5 g, AL, =1 g; $A. 0.5~1 g;
KA. <0.5 g, HMIREEANRMNES S, K
BT logy, (x + 1) ¥ 5 F AT S0 BT

T X A U0 BT AR (5] b 0 4 6] £ 6 T %
THLZH 5 ) B 20 T ) Ja e 23R % R T 00 UK 40 AR 1 2%
S KB SE VT R R BORLER By L R Oy
( Likelihood ratio, LR) ., ¥4 2R O %L KA G %k
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2.1 FEWNBRABHENEEN

XoF 18 R A0 3G 80V FH A R 22 4 1 0
R, HAE ., sRdud | BEROGR ZH A R 2 s R
BARET-Z 39N 50% . 20% . 10% F1 0% , A
RhERZH R R T R BEE R (df =3, X =
9.660, P=0.022), BRHAXT R TE A4,
BoH LR FELR (df =1, X =2.027, P =
0.155), BEHEHLT-REBERTHIGNA (df=1,
X =4.070, P =0.044) FIXtMA (df =1, x =
8.631, P=0.003), XfHRZL%E 1= %555 58k d 4
(df =1, x =8.631, P =0.003) I % 5 4
(df=1, X =1.439, P=0.230) kRFEER. &
AU FIER AR SET- SRR 1 A ER R BR 1
BN BET R AR BBk

Bk HURE T g A B A SO M e 25 SRR
300 JTER A EEIHAL . 100 J7Ek B EEIH 4 K ) IR 4 i
S ARIET RN 63.6% . 27.3% M 0% , AN
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AL s A T~ R AA BE XS (df =2, X =
13.174, P =0.001), 300 J7 41 1 100 J7 4H 3L T %
K ERTXNBA (300 FH: df =1, X =
13.101, P = 0.0003; 100 5 4. df = 1, X =
4.635, P=0.031), {H300 J74H5 100 J7 40 [6) (Y 5E
TELBEXLS (df=1, x =3.005, P=0.083),
T3 2L B0 T ) i 3 PN 2 45 BR A B 4

2.2 BRACEETH PR A R R S 0 SRR

STUHT, B 5 X BB AL B A RO 1B B
121 10 AT 103 223 4>, —H LB FLEF (F., =
2.610,P =0.145) ., LR 5, HHA 55 A
B A B0 By B 75 £ 11 S H 104 215 4, %
PHZHA RO 180 K T XA (F =12.990,
P =0.007), RIEXWHE N 38.7% (£1),

1 300 x10' IEAB KA ZENBTERE WL RR

Table 1  Control effectiveness of the bait ( containing 300 x 10* oocysts and synergist) on plateau pika

KA AR (A KOABWE () Kl B IE KA %
Activ hole pre—reat ent Active holes post-treatment Killing efficiency Corrected killing efficiency
B2 Treatment 121 £10™ 75 +11° 38.0% 38.7%
XHHE2H Control 103 +23 104 15 0.0% —
ns: Qb7 2 5% AL 2 )6 W3 2% 5 T P <0..05
ns means not significant at the level 0.05; " P <0.05
XF AN [F) Ak BEZH R A A R SERE 25 SR R B, $0H 100 4 , "
LR S gl i T B B o3 5 B % IR AL R IR T 1 o8
80
54.9% 1 71.0% (J§fk: df=1, X =4.082, P= s
0.042; 4K T . df=1, X =17.930, P <0.0001; g g 01
1) o ER B AL R RO R T X R AL, (1 B: . 120
FRLWFE 2R (df=1, X =0.001, P =0.980; g
¥ . 20 —
K1), A gl 8GR #EH R T X RA ]
(df=1, X =43.928, P <0.0001; & 1), K 0 : -
: o ‘ A FL K
15 d}é, Tﬁmﬁﬂﬁ(ﬁ/l\ﬁliﬂ"]fikﬁ@%’%%ﬂ”ﬁ%ﬁ%ﬁfﬁ Treatment Control
PR ERF A (BRR, df=1, X =29.782, ~ v x
P<0.0001; Al 2a; MY . Foon = 31.320, g %
o
P <0.0001: [ 2b), e 2
301 I t7E Treatment %5
%g 120
[ X8 Control & T
251 g 17
g
g
£ 20- ] E
: . . .
3 s XL
B 151 Treatment Control
&
g . 2 R LR A0 15 6 TR 5 RS 3 2R BR S ()
f{u_ * - JERYE RN (b)Y IR, " P <0.05; B PR R KR FEA
A #
5 ns
] i_‘ Fig. 2 (a) Infection rate and (b) infection intensity of plateau
0+ . , pika in treatment and control groups. © P < 0.05; Numbers a—
Sk AT LR Rk bove the bars show the mumber of samoles
Juvenile] Juvenilell Sub—adult Adult ove the bars show the number of samples

FlL KRR &R B R R R AT DAL T P <0.05;ns: B
*FXR
Fig. 1 Survival number of plateau pika at different ages in treatment

and control groups. ns means not significant between treatment and

control group at the level 0.05; * P <0. 05

2.3 BRHAUEEE N g T R R R G Y 5 )

BPAN K BRI 25 e, B 2 5% A7 4T R M A 1
MG S X AR TR #E S (F,; =0.150, P =
0.699; K 3a), B MEAHAR ERFHMT X HH
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(Fs,s =12.900, P=0.001; K 3c), —HKHIE
FISRR A A E2 5% (df =2, X =5.440,
P =0.020; K3b),

6 -
a ns
s 12 19
T
T
€5 '
& =3
2 —]
1 —]
0 T T
Treatment Control
120
b
100 12 - <05g
£ 773 05-1g
0 % 80 - [ ]>ls
-l\ﬁ E 12
X 3 %7
® 0
& =
ég % 40 +
5 4 4
B 20 3
0 T T f
Treatment Control
1.0
c
0.8 4 19
C 1
bt 0.6
B
ko
B g 047 *
E 12
0.2
0.0 -J T T
ab payiict
Treatment Control

B3 AR X e R A (a) IR IR 2. (b) JE R 345 K 43 A0 LA
Be(e) IERG AN, © P <0.05; ns: 22 R AR WBF ; Erh iz 5
T RIRFEARKL

Fig. 3 (a) Litter size, (b) embryo weight distribution, and (c)
embryo weight of surviving females in treatment and control groups.
ns means not significant between treatment and control group at the
level 0.05; " P <0.05. Numbers above the bars show the number of

samples
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O B EFAN A R B, P4 T R S /g
KW - Bz 4 A % 38 56 Bopk R S 3R A KL AE T 1
WEJAHE (JEk, 2007), S (2011) BF5
SERAH, JERYE 600 J7 A 2 B A AT T BORH o A
R R ARAET S, AR, %N R A K R
OBk IREAR K, NI, A5 76 R R R A (T
BOR, DAREARER RO &, i PO RER A A4 T
T LA, BRI E DR R G, T3
JaiE N i, PR, ARG BE T A S e B I 1) g
P25 RN, S5 R R, RGN nT (i # 0H
HIEHRPE G 30% 0T R PO G RN B R
MAREASHESREERRRIET, Fit, AR
ek o BE TR R A R BRI S Bk TS,
GRS SR

Sy Wi 16 B A1 KBRS I T B Bk U A, ARB S
T AEAE S N A T AN [ 55 e Bk i E T v A R AR Y
AR, GEFEY, 300 J7 1 100 T35 & 7
JE R R B B BRSO . B T EBUERT
WEXES H300 J7E 100 FHEMESERES T
36.3% , FHIEB|EINAEHREK L, RIS EH
300 73 7t i 2K B P T BE A K RS

HPANK RS He 25 SR, BR R BRI A9 AL 1 KR
FHEA T CHM D BAFER (FHAFF, 2006;
TKEEREAE ) 2007 SKEH, 2008) ., SR, 1EBIA R
B0 IR A T BT AR GE IR 22 A A R R
B KZLAG bR R o — 25 0 BT Bk =g 78 0 KRR,
TESRI A WG, S T 45 4b 120 5 A7 v I B A
T, g5 R R, BRI AT A IR B = R AR
54.9% , IR Wi FL AR AT 77 AR 71, 0% 1) 3% B
FERONE 15 BH R X v D B A B AR B & Ak 1 K
ROAT B RO, (R, Bk T I R A A K
AR, BB 2yt T80 im0t B2
WEER S, HRRE, FErh ERE 2R B s E ) AR S
ARG ENI i X, R R AR B s 4 A A,
5 A A, K4 56— IR 4 Bk 20 5 o] il S7 AR
(BEERIESE, 2004), MLRGKREETHETKIEZL
(A O DTS e T % B A R B KRB . )
— i, BT R SRR T, S8
FRREEC B B R, RN A7 s (B R
weAE, 1990), INZAE T HEAAEX /N (50 m x50
m) , (A RE T G W L AR H R A R R
W8, FECREAL R W AR T B AR, LA
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g BRI A AR g, BaRg R4 R, skdupiin
Ji B A 1) i AR I ) 0 7 B0 R sh SO 2, Jakel
& (2006) N R A B Y0 A9 T B ( Sarcocystis
singaporensis) X F&GH H K B ( Rattus argentiventer)
FETBR (R losea) WML REW, HEHRA
B RFWH 10 ~ 14 d 5, KELEHT0% ~90% ,
BERAR T MREEMGE, XKV, N AR
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IEAHRC R, Wi, R ek dumg i, HXb&
T B A A8 A8 A B ik — P R

PR E BT RY, KRE Rk R A Sh Y s 41
2, W EE, DI bR A0 A e (oK e B
4, 19995 SREhESE ) 2006) . P18 S (2011)
X i BB AR IOBIE S A, AT R IR & Bk R S
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ZI ) 3 . ( Beckerman et al. , 2002, Bian et al.
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M) %o 248 5 LB A ORI AE T
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