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Abstract

The parasitic wasps Ooencyrtus telenomicida and Trissolcus grandis are among the most common biocontrol agents of
the common sunn pest (CSP), Eurygaster integriceps. The Ooencyrtus spp. act as facultative hyperparasitoids of CSP
eggs, which may earlier have parasitized by Scelionidae. The preference and choice of these wasps among hosts of
different quality (recently deposited eggs, 2-, and 4d-old eggs, as well as recently parasitized CSP eggs by T. grandis, 3-
, 7-, and 10 d-old parasitized eggs) was studied. The results indicated that, unexpectedly, parasitism rate was the highest
in 4d-old eggs, while the wasps significantly avoided 10d-old parasitized eggs. The functional response experiments
were carried out with the same set of hosts. The 72h-old inexperienced fertile females were confined individually with
different host densities for 6h. The response of the wasp to all kinds of the host was a type 111 response. No response to
7d-old parasitized eggs was evident (non-significant parameters). Depending on the treatment, the highest parasitism
rate occurred at densities 5 to 9 which was between 25.7 and 46.5%. The handling time and maximum attack rate
ranged between 0.61 - 1.83 h and 3.27-9.85 host eggs respectively. The maximim parasitism rates was observed in the
10d-old parasitized eggs, newly deposited eggs and 4d-old eggs. The results of the functional response and host
preference experiments were not confirming, and therefore more studies are still required to reveal the impact of host
quality on the parasitoid.
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Table 1. Average number of emerged wasps (mean£SD), and mean time spent by Ooencyrtus telenomicida in treatment

with different quality (n = 28 for all treatments).

Treatments No. wasp emerged

Time spent (insect-hour)

Per capita handling time (min)

New eggs 6.8 +1.57 2.2+0.62 19.41
2d-old eggs 8.2+5.49 1.65+0.99 12.07
4d-old eggs 12.4+3.83 4.05+ 153 19.60
Recently parasitized eggs 6.2 £ 2.62 24+0.78 23.22
3d-old parasitized eggs 9.4 +3.29 4.22+1.76 26.93
7d-old parasitized eggs 10.2 + 4.68 4.46 +2.26 26.23
10d-old parasitized eggs 3.0+1.95 0.85+0.36 17.00
v y= 22582x+ 16315
— R?= 0.7631
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Figure 1. Relation between parasitism rate and time spent by Ooencyrtus telenomicida in host patches.
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Table 2. Parameter estimates of logistic regression determining type of functional response of Ooencyrtus telenomicida

to Eurygaster integriceps eggs of different quality.

Host Parameter df Estimate value  SE e P-value
New egg Intercept 1 1.0505 0.4 6.9 00.86
Linear (No) 1 0.2498 0.1191 4.4 0.0359
Quadratic (No?) 1 0.0169 0.0079 4.52 0.0334
Qubic (No®) 1 0.000264 0.0001 4.02 0.0449
Residual 57 118.05  <0.0001
2d-old egg Intercept 1 1.1256 0.3993 7.95 0.0048
Linear (No) 1 0401 0.1237 10.51 0.0012
Quadratic (No?) 1 0.0341 0.0088 14.77 0.0001
Qubic (No®) 1 0.000574 0.0001 13.95 0.0002
Residual 57 125,57  <0.0001
4d-old egg Intercept 1 -0.9594 0.2761 12.07 0.0005
Linear (No) 1 0.0601 0.0374 2.59 0.1078
Quadratic (No?) 1 -0.00181 0.000837 4.69 0.0304
Residual 58 92.06 0.0029
Recently parasitized egg Intercept 1 3.3237 0.6449 26.56 <0.0001
Linear (No) 1 05741 0.1662 11.93 0.0006
Quadratic (No?) 1 0.0366 0.0108 11.54 0.0007
Qubic (No®) 1 0.000569 0.0001 10.22 0.0014
Residual 57 77.4 0.0374
3d-old parasitized egg Intercept 1 0.5753 0.4165 14.31 0.0002
Linear (No) 1 0.4886 0.1241 15.49 <0.0001
Quadratic (No?) 1 0.0365 0.0084 18.54 <0.0001
Qubic (No®) 1 0.000606 0.0001 18.01 <0.0001
Residual 57 120.58  <0.0001
7d-old parasitized egg Intercept 1 -1.1051 0.6495 2.89 0.0889
Linear (No) 1 13118 0.3487 14.15 0.0002
Quadratic (No?) 0 -0.0170#
Qubic (No®) 0 -0.00019#
Residual 59 51.37 0.7496
10d-old parasitized egg Intercept 1 0.2602 0.2809 20.12 <0.0001
Linear (No) 1 0.1449 0.0373 15.13 0.0001
Quadratic (No?) 1 0.00371 0.0008 20 <0.0001
Residual 58 141.55 <0.0001

alizes slaiaaS b pasS w slaess (oS1,5 4 Ooencyrtus telenomicida ;g5 pow g55 (oul L2STy slo el b 0,97, . ¥ Jous
Table 3. Parameter estimates of a type 111 functional response of Ooencyrtus telenomicida to hosts of different quality.

Hosts b+SE 95% ClI SSE TntSE (h) T/Th
New eggs 0.0265+0.0062 0.014-0.039 109.2  0.6693+0.055 8.96
2d-old eggs 0.0297+0.0083 0.013-0.0464 1432  1.648+0.3001 3.66
4d-old eggs 0.0184+0.0043 0.0097-0.027 89.96  0.7242+0.0626 8.29
Recently parasitized eggs 0.0181+0.0083 0.0013-0.0348 89.89 1.8337+0.3034 3.27
3d-old parasitized eggs 0.0469+0.0185 0.0098-0.0839 165.8 1.0631+0.1349 5.64
7d-old parasitized eggs 0.0013+0.0012 -0.0011-0.0039 5.56 14.7637+45.3357 0.0008
10d-old parasitized eggs 0.0248+0.0066 0.0116-0.038 155.3  0.6093+0.0572 9.85
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Figure 2. Number and rate of host parasitized by Ooencyrtus telenomicida in different host densities A) New eggs, B)

2d-old eggs, C) 4d-old eggs, D) recently parasitized eggs by T. grandis, E) 3d-old parasitized eggs, F) 10d-old

parasitized eggs.

J Aopl Res Plant Prot

$




OF-T) V-1 ()Y (KbpolS 0 (60,05 slo tags V-0
30 sz 4 4>y b6z 5 O. telenomicida a5 wols Sy

& Cod wiload anll T basalis lawgs 1,51 a5 slojs,
59, Se &S Gloje, Lz lapsS g oads anjlly slapss
peJl ol bogls caisgs sa asy ;L T. basalis lawes 3
o35 8 wldlas 5l solaws jo ols o) glis B
3 G slepss O0eNCYItUS iz slo,gs; a5 Cawl ool
WS oo gz S S IS sl 1) Ol 0j9) Jkez
05 £ 2 L Bl 4 ;0B adensll cnl & sz e
Nechols et al. 1989; Takasu & Hirose ) witws bjwe
Cusumano et L 3.l .(1993; Hofstetter & Raffa 1998
me opl a8 i b lepss bl s al. (2013)
oiils &yeo 4o O, telenomicida sbeosle a5 aisl wilgs
S el 4 e &5 plaple ) oLl
Mohammadpour et al. joxes aiS o Sliz! el o
4955 Sy Gliee 028 o el a5 wisly ylid 5.0 (2013)
Brachynema ouii aujll sless O. pityocampae
Saie o s s (pl 5o eeaulhl #5509 Signatum

sl 1y

O. 55 eSS san
wlosls Hlas ouds a3l slaess Cwew 4 |, telenomicida
aS Hljee 0259 £ 90 5l e oS 5,0 .(Moussa 2011)
0. Luyg Jd celu S (o090 5 ot anlly
alolddl oole (sloygu; g ouls anjlL telenomicida
S olapss ws,S Sl 1) end aulb 13l bl
a2y Syee Oz 3p S plasad ashl 5l e, S
Jods oud 4l slagliee ez 5 a8 18 e ye;
a3l Oliee 5y (kS osle bawgi &S ol (Sysm S92

(Takasu & Hirose 1988, 1991) ¢l ool ol ou
97 apo 00l aL3hl Glaes w5 990 4o ol ans 3
2 el 68035 5 Gl sl S O pley o
©om2ly iz 5l O, telenomicida jg0; ol w)p
5o alolddly slaglyee 1o a3l Olie 99,56 (9 m
Dglis o9, Cue ALl g 0js) dw aLibl el
asS ,o Dol 3l LA Wilgs oo Bl clla Sl
bl gwyp S Gmes AL ey Comex 5 e
;o 5 (O. telenomicida) aisS e ol 3l lawgs L8 wucs 3l
50 Dol a5 89y ouls bl T. grandis vy yol> o)y

@ o RIP L Ohie (038 ol g aleerd Sl
odezn sl 4 b e 5l g WS e sk Sy
2 aall o wlgoe (Soigsed Slds (nl ebioe Jros
> 5 3% b Al 2l ab) Gl ol Sk
S5k RalS g aege 5l A e 9 S e aiile Gie DS
Ygons laodgnyshl nlple B8 Gl smsnll g
was oo gy o005 Ahl slp | Ol 5l gels o
0. ey as ols yylid sty cwl mls (Tunca et al. 2016)
e 5 (S, Lz Uy ol slaess telenomicida
aspdy Sie, Ve B, T.grandis jg0; awss s )l
ol S5 18 gesl 990 YL ke idges a4l g
s sbediss o i Ko adione by mls
0. ,s5; Jlo ylgeas .conl ool sanlie Ooencyrtus
Sy 2lopsS g paS (pw 0jg; (b slapsu o fecundus
@ oy aLidS T, grandis Lawg olisads aujll 5l 5, Cuin
o2 slo,ss; (Nassiri et al. 2020) sgai aujlb o5
N. e alidee i slapss O. submetallicus  y
(Faca et al. 2021) wis,S a;3l,L o3lail S 4 1) viridula
ASgh 3l aS wisged bl Binazzi et al. (2013) < yixen
Ogd 1y (azelw YPA) 059, can slapss O. pityocampae
b & S il bl s cudl s J5ls
zls a5 we,s lu Catalan & Verdd (2005) .alie
Ao, A5l o SLENCyrtidae colgls auseis sl (sle e
Aok el N viridula euss alL slaes

il slagbie Gige puatiibl 5 Ghndy 29 b

oz laygr; by Al ody ez Lo Loead
50 w03y Sl labiee pled 4 oyl s 5 Ooencyrtus
alise slodisS ez i o lalimde LB slacslis (go,l5e
byl (oyp 5o 2900 ahaxMo (ljne calidee i 4
Sogd 4 rhad x> 5 0. telenomicida je.0; 4ol 592>
Mz ol slapss ol plas GlalesT o550 glaplses S
o3, Vo oad anihl slaess 5 it L ol o)
(5SS Lo 98 B b eiad 3Ll baybee plo 5l yeS
g5 bl jo gyl gxe Oglas onile (BL sl les
b i3l oyl ey 5555 (pl g aid caslie
Cusumano et al. (2013) zbs b mbs opl cusls Joleto
ol sl G b slagileil 5 ol afs Slyen

J Aopl Res Plant Prot

y




.. O0BNCYITUS 55 oty i1l / (S0 5 o ol

(o Obie 0992 T 0 p90 E9 (B STy £585 (sl p oud
Aoy ol gwyp 4o (Gusev & Shmettser 1977) ail
b AL =y slaeSTs 4o O. telenomicida e e L
Olee cOlime o1 i SRl b, Sl 4
WSy 8l ot o Cod g 28l ralS penssslL
Aung et al. (2010) laasil L a5 8,55 15 e
slagbime olaas Glaal (gujp 50 )l (oulie Slgtren
ey Sl a cde bomy o510 ead aylily
o515 a4 el )3 1y ol nese Ol Wl oo aSsshl
Waage (1986) .(Ugkan & Gilel 2000) oicS” oodas )b
aisls las (5,955 a5l 5.5 Charnov & Skinner (1988)
Slie o515 SRl b adensll So b noste Olie &5
W) °ML““°]“’L‘°Q5”)J’)‘>WJ‘J‘ML"5" J&Lf
S mryd onll @l el Gegh
245 Gysb 4 ol (b 2STy ilesl bt saSasl
(b STy 50 des Fy0 a5 oltws gley el
Veoud anill o ol 039, Hlaz cond aiBliS o5l slapsw
o3l Slanss 5 o 039, 55 Slaess 5 bplie (e 039,
Sroskkael (T, grandis) o8, 4sS lawgs oad aiyjlil
g5 el ol 2 o T o wiad ) bl
P bl Cons s 85 i sl (Sl
ol a3l 5 035, w0l 4l llu 039, Sz slapss
05 50 1 bl Cand 5 S8 (S g 0y, e
U"‘ C"L“’ @‘N P Oges d).a 0j9) Ve oo 4_,..:)‘)[;
M) pgo by Jsl g5 sl gsds e 4 wilgs o b iales]
b ojless S0 jisbly o8 laygdy (Bolas od mex
b sl 5o i sygloly b ol 3l uSep b conlio ciS
2 bl pled plojer ailh) (aljl 25k (36 cueS
et gyl o sy @ e &5 ey Giales]
(Nassiri et al. 2020 s, siile) bo,les (590 4 90 auslio
Sl Jlaizl 008 Gglae mls £48y o Cedlyl oo
T2 5 59x o Ol S e 4 o jes; hnd ST
ages b iales] 1S5 ol oo calizes labime 40 cind
=55 5l yeS el anyjll o6 b esl slaess (JS 0 il
olos 45 olapss by (s glapo) wslhal couiS b sla
opl A Was bl (09 asdS Ll o 4oL 5l ol

Sl sl ol 5l e gye0 Gl wle ol

abaxde ol jo S| sline Wlgi oo e GleSle

oz 5l gyiw slaaslas Trissolcus XiglS slacsle

Ao elS o oad W18 wleS 5 b owled slaygeg nlS
,54 O. telenomicida 4 cous |, Lo <8l (5 35050
Sly okl LB sl asli doailis cpl 9 2,5 oo
Colazza et al. 1999, 2004, ) swe bie lopss jga
1 ogdle (2009; Lo Giudice et al. 2011; Peri et al. 2011
1955 A S $3YL S (5490005 T. basalis slaosle ¢y
0. sleoole oSl Jliz! plplo casyls O. telenomicida
QS oy e jie yo 1) oais all slaess telenomicida
&l o p2ly pais O. telenomicida ¢ Jl> (pl bl Sl
el ol JolSS 4y e slaesS 5l i (6510 0 e
T a5 Jb o Jiw lse 4 (Cusumano et al. 2013)
Bin et al. ) N. viridula cauii a5l slepss o basalis
paiS yw o35 ,o Trissolcus vassilievi (Mayr) 4 (1993
L SS9y Lz U auly oo (BenaMolaei et al. 2015)
oo b gl (St 5 s Jol5 1) 095 sloiggts coidse
51 cewl 08 O. telenomicida s «ib oo ialS b
L b e oley U NLviridula cozs azyll slapss
G2l ol ety & 0T s WS ()l 0 Suidse
agS  Trissoleus  slaassS oy (Jb pl Lol
o A 6yl gae (iSTly zea Trissolcus sp. aff. urichi
N. viridula w50 o plod jo g ol las 0e5 51 b
s ogdle .(Penaflor et al. 2012) &l o5 aoyo A (oYL
4, O. telenomicida «gq,Y (glaigS o uld, Loyl i jo oyl
ol oy p 0 il e Trissolcus slaasss 51 5 7aos
5 dw oads a3l sleesw ol 4o O. telenomicida g
5 05 S Sy ol (Tograndis g o)y, caa

SLSI 5l o9, e a5l 038 50 e 3hL 75 0 s

4, O. telenomicida g5 b STy ol g o

(539, %z B) pllo 5 (Fh9, Vo B) ol 4l slapss
Nassiri et al. (2020) zuls b cpl 09 pow g9 5l paiS s
Sloan paiS w055 (g9, O, fecundus 505 5,50 0
4s5 98 5l Sezme o 1Sly g9 0 ljee SudS g o)
Rafat et al. (2013) yol> o,y B 5 il 50
05 STy oless 4 O. telenomicida jgi; ool iSTs
Sl ¥ 31 (Ko 05,5 sl g0 95 51 |y pS o o3l

J Aopl Res Plant Prot

$




[QAEAD) QV*\"\(\)\\Nu—f‘u/o/,‘f)_)d-g/)[ftghwzj))

Sloez6 1 )5:35 oLl ()2 50 lei o0 95865 1) ouis o
bl job 4 paiS o ail ol slace a1y 4l
5 55 1 & ol 03l slapss (Jb ool b siols w5
S gy meihl oelel (pl 3 w2 e Gl
-M)ojpbgﬁ@fumpw@bw“))“swubﬂ

Al dlgs adaly ol ol esSae g0 (S,

Sl 5wl
el oy Rl abewgas gk opl (Jb b

| odié)f

References

Aung KSD, Takagi M, Myint YY, Yun KM, Ueno T,
2010. Effect of host density on the progeny
production of the egg parasitoids Ooencyrtus
nezarae (Ishii) (Hymenoptera: Encyrtidae). Genetics
and Pest Management, Faculty of Agriculture,
Kyushu University 56(1): 71-74.

BenaMolaei P, Iranipour S, Asgari S, 2015. Effect of
the host embryogenesis on efficiency of Trissolcus
vassilievi. Biocontrol in Plant Protection 3(1): 83—
100.

Bin F, Vinson SB, Strand MR, Colazza S, Jones Jr WA,
1993. Source of an egg kairomone for Trissolcus
basalis, a parasitoid of Nezara viridula.
Physiological Entomology 18(1): 7-15.

Binazzi F, Benassai D, Peverieri GS, Roversi PF, 2013.
Effects of Leptoglossus occidentalis Heidemann
(Heteroptera: Coreidae) egg age on the indigenous
parasitoid ~ Ooencyrtus  pityocampae  Mercet
(Hymenoptera: Encyrtidae). Redia 96: 79-84.

Catalan J, Verdu MJ, 2005. Evaluation de dos
parasitoides de huevos de Nezara viridula (in
Spanish). Boletin de Sanidad Vegetal Plagas 3: 187—
197.

Charnov EL, Skinner SW, 1988. Clutch size in
parasitoids: the egg production rate as a constraint.
Evolutionary Ecology 2: 167-174.

Colazza S, Salerno G, Wajnberg E, 1999. Volatile and
contact chemicals released by Nezara viridula
(Heteroptera: Pentatomidae) have a kairomonal
effect on the egg parasitoid Trissolcus basalis
(Hymenoptera: Scelionidae). Biological Control

4903 0 ,Shae (Jl ol b il oalds Sl (Trissolcus spp.)
&S Conl 00y sliS a4 iegy pl 4o O. telenomicida

039 yiaS ool bl i oS aleeSS o bl

O, Loe) &5 35e8 et Olgies 5 ssb @

T. Loy pasS e oad aujll slapss telenomicida
223 o g 5 i o plle slapss 4 oo | grandis
95 o335 ol periashl 8 pels sl (Boyb ool Sl

soon 2 & @bl wiz e 008 oo 8l l slapss
b Sl oy 4 5LS b cawlie Nassiri et al. (2020)

16(3): 310-317.

Colazza S, Fucarino A, Peri E, Salerno G, Conti E, et
al., 2004. Insect oviposition induces volatile
emission in herbaceous plants that attracts egg
parasitoids. Journal of Experimental Biology 207(1):
47-53.

Colazza S, Lo Bue M, Lo Giudice D, Peri E, 2009. The
response of Trissolcus basalis to footprint contact
kairomones from Nezara viridula females is
mediated by leaf epicuticular waxes.
Naturwissenschaften 96(8): 975-981.

Cusumano A, Peri E, Vinson SB, Colazza S, 2012. The
ovipositing female of Ooencyrtus telenomicida relies
on physiological mechanisms to mediate intrinsic
competition with Trissolcus basalis. Entomologia
Experimentalis et Applicata 143(2): 155-163.

Cusumano A, Peri E, Amodeo V, McNeil JN, Colazza
S, 2013. Intraguild interactions between egg
parasitoids: window of opportunity and fitness costs
for a facultative hyperparasitoid. PLoSOne 8(5):
€64768.https://doi.org/10.1371/journal.pone.006476
8

Cusumano A, Peri E, Alin¢ T, Colazza S, 2022.
Contrasting reproductive traits of competing
parasitoids facilitate coexistence on a shared host
pest in a biological control perspective. Pest
Management Science 78(8): 3376-3383.

Faca EC, Pereira FF, Fernandes WC, Silva IF, Costa
VA, Wengrat APGS, 2021. Reproduction of
Ooencyrtus submetallicus (Hymeniptera:
Encyrtidae) and Trissolcus sp. aff. urichi
(Hymenoptera: Scelionidae) in eggs of Nezara
viridula (Hemiptera: Pentatomidae) of differen ages.

J Appl Res Plant Prot

$



https://doi.org/10.1371/journal.pone.0064768
https://doi.org/10.1371/journal.pone.0064768

.. O0BNCYITUS 55 oty i1l / (S0 5 o ol

Journal of Agricultural Science 13: 96-106.

Godfray HCJ, 1994. Parasitoids Behavioral and
Evolutionary  Ecology.  Princeton;  Princeton
University Press.

Gusev GV, Shmettser NV, 1977. Effect of ecological
factors on the rearing of telenomines in artificial
conditions. Trudy Vsesoyuznogo
Nauchnoissledovatel skogo Instituta Zashchity
Rastenii 44: 70-82.

Hofstetter RW, Raffa KF, 1998. Endogenous and
exogenous factors affecting parasitism of gypsy
moth egg masses by Qoencyrtus kuvanae.
Entomologia Experimentalis et Applicata 88(2):
123-135.

Iranipour S, Ahmadpour S, Asgari S, 2020. Gregarious
development alters host utilization by the egg
parasitoid Ooencyrtus fecundus (Hymenoptera:
Encyrtidae). Journal of Crop Protection 9(3): 523-
535.

Iranipour S, Vaez N, 2021. Egg parasitoids:
Chalcidoidea  with  particular  emphasis on
Trichogrammatidae. In: Karimi J, Madadi H (eds).
Biological Control of Insect and Mite Pests in Iran.
Springer Nature, Switzerland AG. Pp. 197-233.

Japoshvili GO, Noyes JS, 2006a. New records of
encyrtids  (Hymenoptera: Chalcidoidea) from
Europe. Entomological Review 81(1): 218-225.

Japoshvili GO, Noyes JS, 2006b. New data of the
European fauna of encyrtid wasps (Hymenoptera,
Chalcidoidea, Encyrtidae). Entomological Reviews
86(3): 298-304.

Jones WA, 1988. World review of the parasitoids of the
southern green stink bug, Nezara viridula (L.)
(Heteroptera:  Pentatomidae). Annals of the
Entomological Society of America 81(2): 262-273.

Juliano SA, 2001. Non-linear curve fitting: predation
and functional response curves. In: Scheiner SM,
Gurevitch J (eds). Design and Analysis of
Ecological Experiments. Chapman and Hall, New
York. Pp: 178-196.

Lo Giudice D, Riedel M, Rostas M, Peri E, Colazza S,
2011. Host sex discrimination by an egg parasitoid
on Brassica leaves. Journal of Chemical Ecology
37(6): 622-628.

Mohammadpour M. 2012. Biological and behavioral
studies on the pentatomid hyperparasitoid

Ooencyrtus pityocampae in association with the
primary parasitoid Trissolcus agriope and host
pentatomid Brachynema signatum. MSc thesis,
Agricultural Entomology, Vali-e-Asr University of
Rafsanjan, Iran.

Mohammadpour M, Ziaaddini M, Jalali MA,
Hashemirad H, 2013. Some  biological
characteristics of Oencyrtus pityocampae, the egg
parasitoid of Brachynema signatum in laboratory
condition. The Conference of Biological Control in
Agriculture and Natural Resources, August 26-27.
College of Agriculture and Natural Resources,
University of Tehran, Karaj, Iran. P. 28.

Moussa AEH, 2011. The parasitoid Ooencyrtus
telenomicida (Hymenoptera: Encyrtidae) prefers
host parasitized by conspecifics over unparasitized
host. PhD thesis, Organic Farming and Quality
Management, Dipartiment demetra, Faculty of
Agriculture, University degli studi di Palermo,
Spain.

Nassiri R, lranipour S, Karimzadeh R, 2020. Host
preference of Ooencyrtus fecundus Ferriere &
Voegele (Hym., Encyrtidae) egg parasitoid of sunn
pest and hyperparasitoid of Trissolcus spp.
Biological Control of Pests and Plant Diseases 8(2):
59-74.

Nechols JR, Tracy JL, Vogt EA, 1989. Comparative
ecological studies of indigenous egg parasitoids
(Hymenoptera: Scelionidae; Encyrtidae) of the
squash bug, Anasa tristis (Hemiptera: Coreidae).
Journal of the Kansas Entomological Society (1):
177-188.

Nicol CMY, Mackauer M, 1999. The scaling of body
size and mass in a host-parasitoid association:
influence of host species and stage. Entomologia
Experimentalis et Applicata 90(1): 83-92.

Pefiaflor MFGV, de Moraes Sarmento MM, Da Silva
CSB, Werneburg AG, Bento JMS, 2012. Effect of
host egg age on preference, development and
arrestment of Telenomus remus (Hymenoptera:
Scelionidae). European Journal of Entomology
109(1): 15-20.

Peri E, Cusumano A, Agro A, Colazza S, 2011.
Behavioral response of the egg parasitoid
Ooencyrtus telenomicida to host-related chemical
cues in a tritrophic perspective. BioControl 56(2):
163-171.

J Aopl Res Plant Prot

$




[QAEAD) QV*\"\(\)\\Nu—f‘u/o/,‘f)_)d-g/)[ftghwzj))

Rafat A, Safavi SA, lIranipour S, 2012. Biology of
Ooencyrtus telenomicida Vassiliev (Hymenoptera:
Encyrtidae), egg parasitoid of sunn pest. 2t National
Conference on Biodiversity and Its Effect on
Agriculture and Environment, July 11 , Urmiya,
Iran. Pp 1213-1217. [in Persian with English
abstract].

Rafat A, Safavi SA, lIranipour S, 2013. Density
dependence of parasitic wasp  Ooencyrtus
telenomicida (Hym.: Encyrtidae) to different
densities of sunn pest eggs. The Conference of
Biological Control in Agriculture and Natural
Resources, August 26-27, College of Agriculture
and Natural Resources, University of Tehran, Karaj,
Iran. P. 14.

Romanova VP, 1953. Egg parasites of harmful
Pentatomidae from observations in the province of
Rostov. Zoologicheskii Zhurnal 32: 238-248.

Safavi M, 1968. Biological and ecological study of
wasp parasites of cereal bug eggs. Entomophaga 13:
381-495.

Sanomia W, Pereira F, Da Silva I, Cardoso C, Lucchetta
J, 2022. Reproduction of Ooencyrtus submetallicus
(Hymenoptera: Encyrtidae) in egg densities of
Euschistus heros (Hemiptera: Pentatomidae). The
Canadian Entomologist 154(1): E4.
https://doi.org/10.4039/tce.2021.52

SAS 2018. SAS 9.4 Portable for Windows. SAS
Institute Inc. Cary, NC, USA.

Sullivan DJ, 1987. Insect hyperparasitism. Annual
Review of Entomology 32: 49-70.

Sullivan DJ, 1988. Hyperparasites. Aphids, their
Biology, Natural Enemies and Control. Vol. B.
Elsevier Science Publishers, Amsterdam.

Takasu K, Hirose Y, 1988. Host discrimination in the

QOB

.org/licenses/by-nc/2.0/)

parasitoid Ooencyrtus nezarae: the role of the egg
stalk as an external marker. Entomologia
Experimentalis et Applicata 47(1): 45-48.

Takasu K, Hirose Y, 1991. The parasitoid Ooencyrtus
nezarae (Hymenoptera: Encyrtidae) prefers hosts
parasitized by conspecifics over unparasitized hosts.
Oecologia 87(3): 319-323.

Takasu K, Hirose Y, 1993. Host acceptance behavior by
the host-feeding egg parasitoid, Ooencyrtus nezarae
(Hymenoptera: Encyrtidae): host age effects. Annals
of the Entomological Society of America 86(1): 117—
121.

Tunca H, Colombel EA, Ben Soussan T, Buradino M,
Galio F, Tabone E, 2016. Optimal biological
parameters for rearing Ooencyrtus pityocampae on
the new laboratory host Philosamia ricini. Journal
of Applied Entomology 140(7): 5-527.

Ucgkan F, Gulel A, 2000. Effects of host species on
some biological characteristics of Apanteles
galleriae Wilkinson (Hym.; Braconidae). Turkish
Journal of Zoology 24(5):105-114.

Ueno T, 1999. Adult size and reproduction in the
ectoparasitoid Agrothereutes lanceolatus Walker
(Hym., Ichneumonidae). Journal of Applied
Entomology 123(6): 357-361.

Waage JK, 1986. Family planning in parasitoids:
adaptive patterns of progeny and sex allocation. In:
Waage JK, Greathead DJ (eds.), Insect Parasitoids.
Academic Press, London. Pp. 63-95.

Zar JH. 1984. Biostatistical Analysis. Prentice Hall,
New York, USA.

Zhang YZ, Li W, Huang DW, 2005. A taxonomic study
of Chinese species of Ooencyrtus (Insecta:
Hymenoptera: Encyrtidae). Zoological studies
(Taipei, Taiwan : Online)-journal 44(3): 347-360.

This is an open access article under the CC BY NC license (https://creativecommons


https://doi.org/10.4039/tce.2021.52

