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Abstract: This study aims to clarify the factors influencing the superparasitism by parasitoid wasp,
Coccophagus japonicus and its impact on the development and reproduction. The observations
were conducted under various conditions of different parasitoid densities, female residence time,
intervals between wasp releases and host stages. Also, the development, longevity, adult
emergence and body length of the wasps were assessed, when four different stages of host,
Parasaissetia nigra, facing high superparasitism condition (1 parasitoid: 5 scales). The result
showed that parasitoid density, female residence time, interval between wasp releases and host
stage all were factors influencing the superparasitism of Coccophagus japonicus. The
superparasitism rate of C. japonicus decreased with the decrease of parasitoid density. The highest
superparasitism rate (91.03%) was found when the wasp-host ratio was 1 : 5, and the lowest
superparasitism rate (11.61%) was found when the wasp-host ratio was 1 : 30. For intervals
between C. japonicus releases, the highest rate of superparasitism was 57.72% at 6 d interval.
When the female residence time of C. japonicus was in the range of 0-48 h, superparasitism rate
increased with residence time increasing, and the highest superparasitism rate was 30.41% at a
residence time of 48 h. The effect of host stage was also observed, and the highest superparasitism
rate (54.40%) was found when using 3rd instar P. nigra as hosts. In general, the wasps had longer
developmental time, shorter longevities and shorter body lengths compared to control condition,
whereas more adult emergence was recorded under high superparasitism rate. There were two
exceptions: The wasp developmental time was shorter under high superparasitism rate compared
to control condition when using the 2™ instar P. nigra as hosts, and less adult emergence was
observed when using the early adult stage of P. nigra as hosts. Therefore, the study showed that
the parasitoid density, female residence time, interval between wasp releases and host stage are
important factors influencing the superparasitism by C. japonicus. Superparasitism led to extended
development periods and reduced quality of C. japonicus, although the probability of obtaining
offspring from the host was slightly increased.
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Fig. 1 Effect of the proportion of Coccophagus japonicus on superparasitism
A B AP MEbRE R, HE BN S RS AL B R #E 0.05 /KF 2 %, N[, Note: Data were

mean =+ standard error, different lowercase letters in the bar indicated significant difference at 0.05 level between

Scale insect ratio

I At (%)

treatments, the same below.
2.1.2 HU(R] BRI TAD 0 H A Sl /N g 25 AR AT N IR

PR ) b IR T H AR B i /NG PR iad 2 A AT W BE I (F319=32.1770, P<0.001), [A]
BRI B [R) g 2~6 d P Ik 7 A 256 i 132 0 1] FRh BRF (18] PR S K T 38, ()R 6 d B G &5 AR R d s
57.72%, WEmTHARE, HUCHER 4d, DAERN 42.75%; RN 6~10d 7,
P £ 2R [ B B ) () B T R B, TEIB 10 d B B AR SRR, UA 15.57%. BB ) BRI )
A I, BN 2F AR P DRI DAY B B 0 R I S BT S, FEIRIRE 6 d IR AR, 9 53.01%,
AN 2 RN A 3 KON LA LLTAIRE 6 d femi, 4390008 30.12% 0% 13.25%, & RN 4
KIS/, B AL EE>4 R R AT EE R BME T 5% (& 2).

—o— LRi#Z /i Parasitoid eggs/scale
—s— 204 /i Parasitoid eggs/scale
—a— 34 /i Parasitoid eggs/scale
—=— >4} k& I /i Parasitoid eggs/scale
100.0

80.0
60.0

40.0

200 | l/i",'\,\_
| e

0.0

Scale insect ratio

R (%)

2 4 6 8 10
[A]FERSTA] (d) Female residence interval



80.0

2

~ &

SR 5

G 400 | ¢ I .

] :
200 |

i 2 I

HEg I
OO 1 1 1 1 J

B 4 6 g8 10

[A]FEESA] (d) Interval time

Bl 2 el () FR N (B E A G il /Mg i 2 A2 47 4 K R
Fig.2 Effect of female Coccophagus japonicus residence interval on superparasitism

2.1.3  FEFAEFERE H A S g N 75 AR AT A (15

H A gt /I 8 2 32 DX 9 B I ) ) o 2 A A B S 52 ( F3.15=84.327, P<0.001).
B RN E] 48 h B T A R, N 30.41%, REm T HARR E AR, SR 6. 12 24h )
AR RN 12.19% 11.89%. 11.61%%, —HHEZFAEE. HHENEE 48h LA,
AANEF AR 1RSI A R T 70.93%, 2 KiIG U ELERAE 26.74% LR, 3 RIOE K 4 HE
W B L A LI (8T 3D

40.0 a
_ & 300
Sg
=2 L b
% _§ 20.0 b b
ﬂ =
X B 100 ! I
i 2
o
0-0 1 1 1 ]
6 12 24 48
IS (h) Wasp dwell time
—o— LRI/ Parasitoid eggs/scale
—s— 2RI/ Parasitoid eggs/scale
—a— BRI IR/ Parasitoid eggs/scale
—=— >4F & §)) /W Parasitoid eggs/scale
100.0
N '9
cEs0f 0
;%?é 60.0
%ﬂ{ 8 400 |
00 L F———g—"T—"T0——r o |

6 12 2% 48
JEREASTE] (h) Wasp dwell time

3 SR AR 2K i N sct %5 A 47 B
Fig. 3 Effect of dwell time for Coccophagus japonicus on superparasitism
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Table 1 Effects of High Parasitism Rate on the Development and Reproduction of Coccophagus japonicus

NEMAR KRB FiH (d) Development duration

e g riy HE2WER HE AR BER
2 EVIH R R
(Wasp : Scale) Host 2" instar Host 3" instar Host adult in the
Early adult host
nymphs nymphs brown stage
X CK (1 : 30) 246+04c 256=+1.1c 29.0+£09b 316+04a
Kb Treat (1 : 5) 23.8+0.2d 259+0.7¢ 302+0.8b" 33.6+0.7a"

R -y i Bd Ay (d) Adult's life-span

ekl (Individual)

Larva (Pupa)/scale



(Wasp : Scale)

T 2R T

T 3R I

T AR AR

F EAIR R
Host 2" instar Host 3" instar Host adult in the
Early adult host
nymphs nymphs brown stage
X CK (1 : 30) 238+£19¢" 30.2+0.9 ab 31.6+2.1a" 26.1+0.8 be
AbFE Treat (1 : 5) 216+13¢ 30.1+2.6a 291+12a 224+19b
Hi#%0 (individual) Emergence amount
M < UL FE 2 A SRRy I % T R R
2 EA R
(Wasp : Scale) Host 2" instar Host 3" instar Host adult in the
Early adult host
nymphs nymphs brown stage
SR CK (1 : 30) 325+0.8a 304+0.8a 22.8+22b 10.8+0.7b
Kb Treat (1 : 5) 33.8+09a 326+13a 22.8+0.8b 198+1.6c"
HEIEARK: (mm) Body length of female
HiEREE - g oy % 2 WA % 3 A N 7 AR A
B W R
(Wasp : Scale) Host 2™ instar Host 3 instar Host adult in the
Early adult host
nymphs nymphs brown stage
XHE CK (1 : 30) 1.21+0.01b 1.40+0.01a" 1.37+£0.01a" 1.40+0.01 a"
AEFE Treat (1 : 5) 1.13£0.03 b* 1.32+0.01 a 1.33+0.02a 1.38+0.03a

e RAPEAR AP EE, B A7 P AR/NS PR FAT AR AE 0.05 K253 53 (DMRT V). FAFI RRFE—MS %
1E 0.05 /K72 57 5.3 (t 36 ). Notes: Data in table were mean=SD. The different small letters in a line indicate significant difference at

P<0.05 by Duncan's multiple range test. The asterisk (*) in the same column indicates a significant difference in the same parameter at

P<0.05 by t-test.

3 R EIe

TR S EARE LA WM YR I (8] R 1R 45 R R 5 R AR I A AR
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WA (101 T ) 2 S 4 1 A il /N ot 9 AR 6, B U R S WA S 9K % Cotesia ruficrus-
Diachasmimorpha longicaudata $83 77 0R W% Trichogramma chilonis “5HBL (ZETIE%%, 2009;
Altafini er al., 2013; JLALEFSE, 2014), BB/ a7 3 OBCE BGE K MERE 595 140 T A — X
sk B (8] 35 T 1 I e 5 2 3 B AHIE LR T 5 30 A A R AR DA AR B AT SR PR R AR
KA AR F A SR AR, (HBEA = O S I (A e, = BRAR 05 5 B s sl %, &
WA R A AR 2 N (Z2I0E %, 2001; Duval etal., 2018). ASHF7TH k%
(¥ [T B TRIZE 2~6 d YGRE Py, BT BRI (A A, 25 AR 2 R THE S, XAl RRR /Mg —
U= N bR CAE BRI TS FEG MRE Ry 8 d i, Hod B AR 28 R, Xl pg s
F— PR TR EAR N INEIIIE R E 8 d B T 2~3 W &h ik, Rl 5 R 2 R T
Ao A BRI A AR R B R, ANHE T A 0 3 R R A AR AR e, U 1%
WIZF A A AR TR ERIANE R LAATEE S (RIRFESE, 2018); ANHFIT W 52 3 % A g
FE[R]— 25 AR A2 3 RL LA 1 51 22 H AR AR @ BR A 00 3 R, X RT BB HAS B i ief /N 7 3ot



T AE RGN0 A A S AR Y O 7R O i AR R — N AU S 3

PRI AR N, IR B RAMEIIN TS, 2R IME— i Y HE A
e g4 R3E (Eller et al., 1990; Vanetal., 1993), IR/ R& R FRIGHE B IES
[£ (Duval etal., 2018). ZF/EMRAMMF G, HEMRMAFEE S BN RN A, 25
T BRSBTS YIRS, A A SN BHA S S, B I ORI R ARE e S
o SR, B %5 A2 8 Echthrodelphax fairchildii IKE Lo g A it 25 AL I 55 — AN IR ARAE
A A TG A IS P = AN5 0 (Herlin et al, 2021; Liuetal., 2021), Cotesia
vestalis Leptopilina heterotoma 525 .34 J2 5 ot 2 A= 1) (6] o IS (R0 RN, 58 P B R A7 4%
BT RN, AE 2 )RR I a) e — e SRR, AR T ORI R A R R R
(Visser et al., 1992; Duval et al., 2018; Chen et al., 2020). AWF5EH, [F—%FEAKN 1
U H A ik /NG 4 OB B %, /NS R B B 3 4 S R AN R AR A AR 1 kAR
W, 2~3 Wil HUIA] (NP OIJE 5 6~10 KD FRANRF AR N (/N4 s B SO R BE, B
B %0 &) i AE LI AL 8 R (K 75 SRk i S L ik 0 4 T KT, IR, 7 L 1 B R A= 1 i
W, HERAER—FF RN MRS b T8 B 5%

Tk, AAMER AT, WRIMNNER B R RGN AR AT R
ik, MEMELLEI P RESE GIRIEIESE, 20105 XUEEZE, 2017). BT MERF ALK E KA NSt
WUAE LUR 58 HoA2 B R AR T ar A, AT FUAE AT A MR DU 52 240 Fed LU 9 e - iy =1 = 5
L 25 2E RN 91.03%I3ERE b, B T g I fig d N 1 - 5 sl A AL TR AL,
FAERE I m ARG E N T L 25, BRAE 2 B3 LR B /NE R FREIT X A,
TEH AR WAZF A4 P9 B 18T 0 IR, 350 BA 2 3= 1 168 10 B S 5 ) H A S def /N g 3o 2 28 S5 1
RE o MR, BIRLE 1 - 5 (AR 455 T H A S ief /Mg (¥ e 7 i Ak K
VO I A A2 5 120 1) i BB A AR P T B, LA RS IR R IR K FOKIE R4 T ostriniae
S A AR JE AR (IR AE VG EE, 20105 X EXSE, 2017)  JEHIE , [FIFh 25 42 (1) 25 4E 48 Pachycrepoideus
vindemmiae EF £ it B I 2 LIS AMEAS /N, AR AR G B IO R AT R, eI A AR
RWE B IEH K/ (Chen et al., 2015), i H A i /NG & 5 A HRe I i F 2 — 2B 0T 7

HRT, 2R S0 &5 AR i 25 AR R R B AN TRDU A, 503l DA Dy I8 RS i A i 2 A= DA f B ik
PEUR (VR % S0P W5 R B4 (Tena et al., 2008); 1M 53— Rl AN, it 254 f 2 A e e
REIE S F R R —Fh AL Sens, W 5w IRAT B, TSR 2 154X (Khafagi et al.,
2008). ASHFFH, ARG H A ISR E BT BT, A 3 0 A AR R B i
N, I A A TR AT BT A R N AR R b R e A A AR B B A
(Waage, 1986; Tracy Reynolds et al., 2004). [Kih, 7FHASEWGF N2 P2 R b, 2
WO S bR 7 SRR B 12 27 AR AL 25, B IG5 SOR TR 1, AL TR B R
FHERE
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