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Investigation of parasitism rate of two parasitic natural enemies
of Gynaephora qinghaiensis in pupal stage and analysis
of their interaction with hosts
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Abstract [Aim] Through a long evolutionary process, a kind of interdependent and restrictive relationship has formed
between insects and hosts. It is this unity of opposites in nature that maintains the relative stability of insect and host
populations. Therefore, biological control requires information not only on the occurrence law and population dynamics of pests
but also on the population dynamics of natural enemies and the correlation between pests and natural enemies. [Methods] In
this study, 6 sites were used to investigate the population density of Gynaephora ginghaiensis and the natural parasitism rates
of two natural enemies (Pteromalus sanjiangyuanicus and Chaetogena gynaephorae) of G. ginghaiensis pupae for 5 years
(from 2015 to 2019) in Yushu Prefecture, Qinghai Province. Meanwhile, the correlations between the natural parasitism rates
of the two natural enemies and the population density of G. ginghaiensis were analyzed. [Results] The population density of

G qinghaiensis ranged from 1.0 to 78.4 ind./m’, the natural parasitism rate of P. sanjiangyuanicus was 9.2%-25.0%, and the
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natural parasitism rate of C. gynaephorae was 0.7%-4.4%. Moreover, the parasitism of G. ginghaiensis by P. sanjiangyuanicus

was male biased. There was a significant negative correlation between the parasitism rate of P. sanjiangyuanicus and the

population density of G. ginghaiensis in the next year (P<0.05). [Conclusion] The results revealed that P. sanjiangyuanicus

had a significant inhibitory effect on the population growth of G. ginghaiensis and was suitable as the dominant natural enemy

for the biological control of G ginghaiensis. Studying the relationship between the parasitic natural enemies and population

growth of G ginghaiensis provides a scientific basis for the selection and propagation of parasitic natural enemies of this

species in relation to biological control.

Key words Gynaephora ginghaiensis; parasitic natural enemies; parasitism rate; interaction relation

H i EJRE R Gynaephora ginghaiensis ( J&]
SEHMENGRA), 1979) BIALRER, RIBE R
%X Insecta i3 H Lepidoptera & £} Lymantriidae
IR HIE Gynaephora, FE AAETRET I
E L, HRED A7 IR AFEER 3 000 m
L ERYEFERIX (Levin et al., 2003; sKALEE A
=WIJE, 2013; Yuanetal., 2016; Zhang et al.,
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PRI, A3 U T AR W B e T 2 2 o —
Fhde 4 | ml . BB IR T (PR RN XL,
2012; WPEAE, 20205 5 E#HSE, 2022), A4k
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echinura, TWiH FELFEFHREFEER, FEE
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Table 1 Geographic information of six sample plots in the alpine pastoral area of Yushu prefecture

i FRAR AR Geographical coordinates

b Sample plots
pep i Latitude

MR (m) Altitude (m
2% Longitude = (m)

1# 32°5326.13" 96°44'50.46" 4245
2# 32°53'31.96" 96°37'17.53" 4370
3# 33°21'18.67" 97°20'53.69" 4233
4# 33°18'1.64" 97°27'10.97" 4471
S# 33°18'55.86" 97°31'15.25" 4259
6# 33°54'46.92" 95°44'16.35" 4270
13 EEAE J T /N A 1 R D R SRR PR L, ASBIFSE
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Tokyo, Japan) A%,
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21 EFERMBEZTRAELER

2015-2019 “EpYRALER (R 2) B,
5 XI5 N 7 Y i PR R 1.0-78.4 k/m°,
Hidr, 2017 4FEJEA Y SHEEMLFPEESSBE B /N, N

1.0 3k/m?, 2017 4EVHAT 1) A#kE R IRE 25 B IR R,
A 78.4 s /m?,

22 SITRERERS/MEAATERFES
RE55H

221 ZSIIBRERERS/NMNEBARFTERALE
ZER 2015-2019 4F, 6 AR = VTIHE
B B A /N (AR TR AN 9.2%-25.0%, Hirr,
2015 4F 3#ifdh F AR 7 A i/, o 9.2%, 2016
A 3utEH H AR AT AE R IR, O 25.0% (% 3 ).
2015-2019 4F = VLI B4 /Mg [ 98 5 2E %
A (1) BoR, 6 AFEHLAY =T
J R B 4 /N AR T A R R B AR Bl B

R2 20152019 EERMEERRE 6 MABEHMN BT EERERAMBFZTERAELR
Table 2 Survey results of population density of Gynaephora qinghaiensis from six sample plots in the alpine
pastoral area of Yushu prefecture from 2015 to 2019

FhFESE R (Sk/m?) Population density (ind./m?)

FEHL Sample plots

2015 2016 2017 2018 2019
1# 5.8+1.8 12.8+6.2 3.2+1.5 4.4+1.6 2.2+1.1
2# 6.6£1.9 13.6+3.6 5.0£2.6 6.2+2.4 4.2+1.2
3# 15.4£3.0 26.6+7.0 13.4+2.0 16.8+2.2 9.4+£2.4
4# 27.8£7.9 52.2+17.3 78.4£14.9 45.2+18.8 50.2+12.0
5# 5.242.5 9.2+6.6 1.0+£0.6 5.0£2.1 5.2+2.0
6# 11.243.6 5.6£2.2 7.6£2.9 2.4+1.0 6.4+1.7

FeFP R S H RS . FEIE, The data in the table are mean+SE. The same below.

R3 2005209 S TREEERES/NMNEBATERFATLER

Table 3 The surveyed results for natural parasitism rate of Pteromalus sanjiangyuanicus from 2015 to 2019

WA FEHL Sample plots

T (% ) Parasitism rate (%)

2015 2016 2017 2018 2019
1# 18.9+5.2 23.3+4.1 21.0£3.6 22.443.7 17.3+4.0
2# 14.5+5.9 21.3£3.0 19.8+3.7 20.5+2.4 16.3+4.6
3# 9.2+4.5 25.0+3.3 19.744.2 20.5+4.3 23.3+6.3
4# 20.6+£2.3 10.4£3.9 17.3£1.0 15.7£2.6 18.6x1.3
S# 11.3£3.2 22.84£3.2 18.4+4.1 19.1£3.4 13.3£3.0
6 21.44£3.0 17.843.8 21.9+£2.8 19.8+£5.5 16.3£3.9

222
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Fig. 1 Change trend of natural parasitism rate of Ptreromalus sanjiangyuanicus in
Gynaephora qinghaiensis from 2015 to 2019
1#-6#: Hi4RS, TEIRE, 1#-6#: The sample plot number. The same below.

®4 DIIRERERS/NEBRAFTERSLFFBEREAMBEEEHEXSH

Table 4 Correlation analysis between the natural parasitism rate of Pteromalus sanjiangyuanicus and the
population density of Gynaephora qinghaiensis in the same year

JHAES[E] Survey time

T ———— BURBRRIXFA »
Ptergiﬁuffnﬁijgirﬁus Gynaepif Eqéiiihaiensis Pearson correlation coefficient
2015 2015 0.305 0.556
2016 2016 - 0.664 0.150
2017 2017 - 0.666 0.149
2018 2018 - 0.822 0.055
2019 2019 0.240 0.647

*5 ZIIFERERS/NMNEARAFTEXS T - FEHNEBERERMBEZEXSN
Table 5 Correlation analysis between the natural parasitism rate of Pteromalus sanjiangyuanicus and the
population density of Gynaephora qinghaiensis in the next year

WARE] Survey time

BEIR R G R R

—=ITE B = th 4 N = = ; . P
Pte;gfn:jfu?fnﬁi;;irﬁus Gynaepif jzfrihaiensis Pearson correlation coefficient
2015 2016 0.148 0.780
2016 2017 - 0.871%* 0.024
2017 2018 - 0.743%* 0.045
2018 2019 - 0.894* 0.016

LR E K, * represents for significant correlation.
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23 ERRERTFREAFTERFESRSHH

231 EEBERTRAAFTLEXZRETLER
2015-2019 4, 6 AN ArAE b Y B d ik 22 52 A7 i
HR A ZN 0.7%-4.4%, Hr, 2017 4 2#Ff
i SRR/, N 0.7%, 2016 4F 4#kEHL H
IRDTFAEFRK, N 4.4% (£ 6). 2015-2019 4F,

LRI B2 IR AR [ AR A A R AL AR (] 2)
R, 6 ANMEEHIESE 5 A 1 BB IR ES I A A AR
AAERAARFRRER ), Hr, 3#F 44k
Hi AR S AR B
232 EEBRERTRBRAAFTERSEEER
EHMBEZEHEXMES A SPSS 22.0 Fk 4
X BRI EZ IR A A AR AT AR (R 6) 5 MW
TR R MR (3R 2) M7 RORBRAE
IHT, SERANEE 7 Fis, 2015-2019 4F, HAIR
SLLR AT B AR T A RS Y AR B T I B R LA
TR Z A A R B3 (P>0.05),
XIS IR AR AR T AR (R 6) 5T

FT6 20152019 EFEFHERFTHEAATEZTRAELER

Table 6 The surveyed results for natural parasitism rate of Chaetogena gynaephorae from 2015 to 2019

THH (%) Parasitism rate (%)

VA HEH Sample plots
2015 2016

2017 2018 2019

1# 3.5¢1.6 3.5t1.4
2# 1.4£1.4 3.6£1.4
3# 2.5£2.4 2.6£1.1
4# 3.5+1.1 4.4+2.8
5# 2.7+1.8 2.5+1.2
3.1£1.5 0.8+0.8

N
F*=

1.0+0.9 1.0+£0.9 1.3£1.2
0.7+£0.7 1.9£1.2 2.3£1.5
1.4+1.4 2.0£1.3 1.7£1.6
1.2+0.3 2.6+0.7 1.7+0.7
1.1£1.1 2.7+1.7 2.5+1.7
0.9+0.9 1.8£1.7 2.3+t1.4

1#

——
——

FEE (%)
Parasitism rate (%)
O = N WA OB

2015 2016 2017 2018 2019
VEALERT[E] Survey time

3#

S~ DNWBAOLA
T

FEE (%)
Parasitism rate (%)

2015 2016 2017 2018 2019

PR E] Survey time
S#

FEE (%)
Parasitism rate (%)
S = N W A W

2015 2016 2017 2018 2019

F2E R E] Survey time

I 2#

TFHER (%)
Parasitism rate (%)

S = NWRAOVS
T

2015 2016 2017 2018 2019
P2 AFE] Survey time

4#

oo
1

FEE (%)
Parasitism rate (%)
o N A&~ o

2015 2016 2017 2018 2019
VPEAr Bt E] Survey time

6#

FER (%)

Parasitism rate (%)

S = N W A W
T

2015 2016 2017 2018 2019

V&2 At [E] Survey time

2 20152019 FESHERFVREARFTEXTTHER
Fig. 2 Change trend for natural parasitism rate of Chaetogena gynaephorae in
Gynaephora qinghaiensis from 2015 to 2019
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—AE IR B AR T (R 2) TR
FRAH T, S59An3e 8 Fian, 2015-2019 4F,

TR R ERIR A MG AR AR ARG — AR R
J T MR 2 B 22 T AR DG E R A (225 ( P>0.05 ),

R EESRERTRAAFEXELFNEEEFERERAMBEBEXSHN
Table 7 Correlation analysis betwee the natural parasitism rate of Chaetogena gynaephorae and the
population density of Gynaephora qinghaiensis in the same year

JHAF B[R] Survey time

o e ] S 22
RISV RRESEU Pearso?ci;jzz?ii%fffﬁcient P
Chaetogena gynaephorae Gynaephora ginghaiensis
2015 2015 0.400 0.432
2016 2016 0.669 0.146
2017 2017 0.371 0.469
2018 2018 0.497 0.316
2019 2019 - 0.257 0.623

®8 ESHERTRAAFEXRET FHNEEEREHMBETHRRBEISTER
Table 8 Correlation analysis betwee the natural parasitism rate of Chaetogena gynaephorae and the
population density of Gynaephora qinghaiensis in the next year

P E] Survey time

o e ] S 25
R VAT RRESEU Pearsotiﬁc/(])\rzlﬁii%fffﬁcient P
Chaetogena gynaephorae Gynaephora qinghaiensis
2015 2016 0.310 0.549
2016 2017 0.552 0.256
2017 2018 0.510 0.302
2018 2019 0.526 0.284

24 HEIBREFRERAS/NMEFENEFRER
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T T i ERME AR A AR 2 S A,
WA RN, RYTERIE, MEMEIAMARR, M
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[e F10 5 T 0 L MU IR A T T AT, AT
R LT N3 A i = TR R R 4l i SR 7R
PRI T AN A RERE R A AR (F 4
C-D). #RJE, 4%l = T 5 B s R 4 /N i
AF A AT I R D R e ) R R A T
Geit, FE R, Wk 9 FR, 3 AN
FEMD (1#. 2#. 3#) B =TT F R B 4 /N 27
A R R R B B (2 Q) Bl
103:1, 3.6:1, 6.0: 1, FHKKLEFEEH,
3 AN A R b e — VLR R R A N B AR
T U A L 3 0 @ ) S I B MERI (T
1) HAFAEN B E 25 (P<0.01), FIHP =JTIA

L Ji s 1 A /)N A A ) R T L £ S
FHORTMEPENG , B =V LURRE i 6 /N X 27 2
TR B B A (M A A AR

3

?

5 mm

B3 BEERBHEWE (J) FEEE (Q)
Fig. 3 Male (&) and female (Q) pupa of
Gynaephora qinghaiensis
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2.5 mm

B4 EEERENBIHAOSTIRERERS/NMEYHMEZHER TR
Fig. 4 Pteromalus sanjiangyuanicus larvae and Chaetogena gynaephorae pupae dissected
from Gynaephora qinghaiensis pupae
A R D R U A A ) VR e N s B i R A ) A = VR R i
BHG/NEL I C, D, R R HUEH PR B RERE RS2 S AT M

A. P. sanjiangyuanicus larvae dissected from G ginghaiensis male pupae; B. P. sanjiangyuanicus larvae dissected from G
qinghaiensis female pupae; C, D. C. gynaephorae pupae dissected from G. ginghaiensis pupae.

®Y9 HEIRERERS/NEFENBTEEFRERAHEILERFHRE (L RK)
Table 9 Sex ratio and Chi-Square (;” test) of Gynaephora pupae parasitized by Pteromalus sanjiangyuanicus

LIPS R St R

==y n S
7 1 5 ML R i ) - i
o MR () GO BB R (30 Q)
JEECRES S () (3k) Thenumber  The sex ratio of 2
The total number of The number of o . X P
Sample plots ; Y f tized G parasitized G
G qinghaiensis parasitized G Of parasthized G . L
pupae (ind.) qinghaiensis m:dle ginghaiensis female qmghazgnszs pupac
pupac (ind.) pupae (ind.) (ind.)
1# 200 41 4 103 :1 30.422 <0.01
2# 200 32 3.6:1 12.902 <0.01
3# 200 36 6.0 :1 21.429 <0.01

PEEEECR M S WA BRI, mAHX A
DT B AR B R Hh T R SOR IR R —, B
THAR A AR e 1) A i s, KR E

Z TR (XEHAE, 2018), WAk, T %K
A M R U RE AN A RS R — LA R, =
N B Y A7 A SRR T O T AR AR
B, RORFERHR F A A BRCR (FRITHEE,

2021 ). Wi, FHREEZHES A EFH BAL TR —
A 58 A Al RO I R B OB, It
BN [A]— A AR PREE T A AR R WA e S A
BT, ISR AT AR KRS T 2 A
MEAER CikplA4E, 2014 ), ABFSE A KB
T G R I B0 A A R B Ly YU
JA T HL /N A R R R SRR A, HL =TT i
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ERE/NER HRFARE E S TRERER
A

A R ES AF 2 A B OE R B Y
SEE AR YR R ERS A ([]2%00%%, 2020 ).
W 25, [ PN A B TAE 5 A 3 B AR Y B A
B ) S A T 2 A KR 25 0] R AE T 30
AERGHFREEMIEMHLEKR (FMP AL
B, 2006; Greenberg et al., 2009 ), Ji& Xl
MNGARZ R TAEE B, WA T AR S HF
25 1 1A 56 O R AN 5 A Wy B 4 1 B
M, EEAXFIEM R EM T, e
BB 3 (Reeve and Murdoch, 1985;
Smith and Maelzer, 1986; E[f]5#%E, 1989 ), 74
ST, XF 274 RS 2 EZ AR
AYHT, BFSE H AT AT B, RN
TSR F A RO AR IR, B84 R i
PE A 75 AR EEECR: , 5 TR A A A KBRS
i SRR TR A S A AR K E R, R
ATV A A BRSO, R A A R
TR . —REESL T, MR R RS
E MBS LR P A s bR (13 d g,
2011 ), AHX;F = V05 5 R H 4 /)N 068 R e 5 ik
ESSR AT IR RE HA CHIBE ) 10 A AR T R EOR U,
AR EEE I R A TAERCR IR, 1 HEA1m
PR B RN R 2% B D SR, DR AN e BL Sl
RENTSH EZE MBS CR, EN2EE
(1989) WFFREH, T4 RECR MM AR 53
g CFPiEEGE ) ARAE FE B R, R kn]
DARI R B B 583 A R R B B R 17 A
KMEAIHT o AHIFTE X T 165 Ji B H 2 A RS
A AR 5 LR R A A AT A
W%, 20152019 4F, =L R E R4/ NE AT
A D, R I B R R A AR R A 5 AR Y
T R R RURNRE R 2 R AH S R A
B R R0 328 AU sl oh) R R R A
AR R ARSI AN 5 L 3 A =YL E R
B E /NG ARG TN —4F 17 g 5 E LR
FER 2 Z A B B R DG OC R, FaEIk a2 IR
MR — A Y R R PR R 2 R Y
HRK R R E, T = VTIR R d 4/ g

o e Jir s RIS R LA S R AR O T
B RS2 I TR R TR A 3 R AU
H IR AR RABAIG, BRIH ) 35 1 R i R RS
RN IE G IV o5 B S ) B O R 5 L oy
/NEEXT AT R R U ELAA R A SR AE R,
X2 32 e Jor T ORI R A%, 2
B R RO B EF A K, 18 A KLY BOtis
T RS R AEY b
AR R B AE AR, X7 3 B B
H:HFE ( Goubault et al., 2004; K745, 2017),
X AP et 32 B 2 R 152, ey 32
AR LRI (50745, 2017 ). fABUZ R
( Tanaka et al., 1999). iz3 R (Monteith,
1956 ). 1k2415 B % ( Renou and Guerrero, 2000 )
PR i R R R A B2 268 )1 (FIREg A,
2010 ), A FARBIR/ MU 3 AR 1 1 25 A 39 1)
AR S SRR 20, AR R/ AT g
AR AR BT A A S KR ( Charnov,
1982 ), ARHE “FF FRU/N-Fuit” BORL, HpEarE
A ] FAERTR | B A S O, HLHE
AR HE 3K ( Charnov and Skinner, 1985) .
ASERE A i R B, A7 Sea A AR i A B R T A
¥ TS HAEIEX RS iR A CSFh”
HIHRFAE . AN, WEEE{R /NG Spalangia endius (#X
TFHESE, 2015 ) FIEREE Y AR BE/NE Metaphycus
parasaissetiae ( FIGEWESE, 2010 ) ¥ 5 2 (i 427
AR A S A R VTR R R R 4N AR
R — R A A S bt % 1) B A T AR
RN 50N A R By e S N N (D S N 0 S B
G5 R R I = VR B i R NI T Al ) P A T
ARSI R AT EIE N, X AT RS A FEMEE A
TRFRIEA G o T 16 5 UM AR E R/
TAEZES, mHAEME LWAA2ZER, 15
PRI EIE By , T6 HEA (R FAEAE , ARG 3,
Xof T 2 A e i A RN AP AT B AU B Aok
Ui, B I PR R T AR A 32 0 K
Z— (Monteith, 1956) , = VLIFEJFEE 4/
B T BRI ] T3 A TS SRS 2T
PEE , XA R T EATHERR 25 4L 7 O i A A
Yoo MR, VLR B R /NG 1 5 i
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H 3 o P 7 AR AR AL AT B T i
W e W 22 T ) S 2 BN 22 S A K . Wang A
(12020 ) 3of 77 1 B J7 36 HOME R A 2 1] 19 SR P e
VAT T HeA T, FR A ME PRI PG Y G
PERA K 22 S AR B ERGK, X TE—EFEE |
REAS S I A 0 =22 0] 19 B S I 2 5 o ek, AR
FFEAERFSMA A rp A B, iR HOME PR I P ) =
TR AT S M /N A QR 2 2 R B 0 3
A%, 7 =L i R R /N A e iR R
WA PN B BB ARE R T EVE R . PR, Jl e — 287
AP B S = VLR R R /N AT A R
HOMEPE , AOURE MRS L) H 5 iy SR RE
J1, T HISBER MR B PR, X T 5w 5L
JAE AR RCR BA E AR X
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