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Abstract

Pnigalio pectinicornis (L.) (Hymenoptera Eulophidae) is a widespread polyphagous ectoparasitoid of leaf-mining or gall-producing
insects found in subtropical and temperate regions. In an attempt to evaluate the effectiveness of this parasitoid as a biological
control agent, life table parameters and the effect of temperature on its fecundity, longevity, host-instar choice, superparasitism and
host feeding were studied on Phyllocnistis citrella Stainton (Lepidoptera Gracillariidae). Tests were conducted at 20, 25 and
30 £ 0.5 °C with 60 £+ 10% RH under a 14L:10D photoperiod. P. pectinicornis oviposition period was significantly longer at 20 °C
than at 25 °C and 30 °C. In terms of fecundity, females laid the highest mean number of eggs (110.3) at 20 °C followed by 38.6 and
35.6 at 25 °C and 30 °C, respectively. Female longevity was almost double (71.5 days) at the lowest temperature tested (20 °C).
The net reproductive rate (R,) was highest (18.8, female offspring produced per female) at 20 °C, and lowest (2.1) at 30 °C. Fol-
lowing the above pattern, mean generation time (7: 51.36-32.2), intrinsic rate of increase (#»: 0.073-0.027) and finite rate of increase
(4: 1.076-1.027) were maximum at 20 °C and minimum at 30 °C. Population-doubling time (DT) peaked to 25.29 days at 30 °C and
was reduced to only 9.42 days at 20 °C. P. pectinicornis prefers to oviposit on 4" instar larvae two and three times more than on
3t instar larvae or pupae of P. citrella, respectively at all temperatures tested. Temperature significantly affected percent of self-
superparasitism which was highest at 20 °C (27.3%). Temperature did not significantly affect daily host feeding rates. The above
results indicate that P. pectinicornis is much better adapted at lower temperatures typical for the Mediterranean climatic conditions
during late spring and autumn. Gaining knowledge about these parameters is essential to understand its population dynamics in the

field and its role in regulating the population of this herbivorous insect compared to other parasitoid species.
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Introduction

Pnigalio Schrank (Hymenoptera Chalcidoidea Eulo-
phidae) is mainly a Holarctic genus which includes about
100 described species of ectoparasitoids, primary parasi-
toids and hyperparasitoids (Schauff ef al., 1998; Gebiola
et al., 2009). Regarding the species for which biological
characteristics have been studied, they are either special-
ist or generalist idiobionts, with a solitary or gregarious
larval development on leafminers and/or gall-making in-
sects belonging to the orders Coleoptera, Diptera, Hyme-
noptera and Lepidoptera (Noyes, 2019). Although the ge-
nus Prigalio includes many important biological control
natural enemies, relatively few data exist on their biolog-
ical traits.

Specifically, several biological parameters have been
documented for just five species: Pnigalio soemius
(Walker) (Hymenoptera Eulophidae) reared on Cos-
mopterix pulchrimella Chambers (Lepidoptera Cos-
mopterigidae) which reared on Parietaria diffusa Mert. et
Koch (Urticaceae) (Bernardo et al., 2006); Pnigalio
agraules (Walker) (likely to be Pnigalio mediterraneus
Ferriere et Delucchi according to Gebiola et al., 2009)
(Hymenoptera Eulophidae) reared on Cameraria ohridella
Deschka et Dimic (Lepidoptera Gracillariidae) devel-
oped on Aesculus hippocastanum L. (Hippocastanaceae)

(Grabenweger et al., 2009); Pnigalio minio (=flavipes)
(Ashmead) (Hymenoptera Eulophidae) reared on Phylloc-
nistis citrella Stainton (Lepidoptera Gracillariidae) and
Phyllonorycter elmaella Doganlar et Mutuura (Lepidop-
tera Gracillariidae) on Citrus latifolia Tanaka and on apple
trees, respectively (Barrett and Brunner, 1990; Duncan and
Pefia, 2000); and Pnigalio pectinicornis (L.) (Hymenop-
tera Eulophidae) reared on P. citrella developed on Citrus
sinensis L. Osbeck and on Citrus reticulata Blanco
(Kalaitzaki et al., 2007).

In this study we focused on P. pectinicornis which is a
widespread parasitoid found in subtropical and temperate
regions in 30 countries of the Palearctic region as well as
in Australia and New Zealand indicating its ability to sur-
vive in a variety of environmental conditions (Genger,
2012; Noyes, 2019), while its development can continue
even in winter weather conditions that occur in most cit-
rus-producing areas in Mediterranean, provided that suit-
able hosts are available for the parasitoid (Kalaitzaki et
al., 2007). It is a polyphagous ectoparasitoid of 165 leaf-
mining or gall-making insect species from four insect or-
ders (Lepidoptera, Coleoptera, Diptera, Hymenoptera)
recorded on a wide range of plant (65) species (Boucek
and Askew, 1968; Noyes, 2019). Several of these insect
hosts are pests of agricultural and ornamental
importance, such as Prays oleae Bernard (Lepidoptera



Hyponomeutidae) (Ramos and Panis, 1975; Arambourg
and Pralavorio, 1986), P. citrella (Schauff et al., 1998;
Urbaneja et al., 1999; Gomes de Silva et al., 2006;
Kalaitzaki et al., 2007), Leucoptera malifoliella (Costa)
(Lepidoptera Lyonetiidae) (Balazs and Jenser, 2004),
Phthorimaea operculella (Zeller) (Lepidoptera Gelechi-
idae) (Pucci et al., 2003) and C. ohridella (Lupi, 2005).
Despite its significant natural contribution in the control
of many phytophagous insects, a limited knowledge on
biological data is available for this species.

Even though the above-mentioned studies offer valua-
ble information concerning distribution, insect hosts and
thermal requirements for development of the parasitoid
on each host plant system, knowledge of the effect of
temperature on its reproduction, host choice, host feed-
ing, longevity and self-superparasitism is still lacking.
This knowledge is essential to understand the role of
P. pectinicornis, as an indigenous polyphagous parasi-
toid of P. citrella, a citrus insect pest that invaded Greece
27 years ago, in comparison to several exotic parasitoids
systematically introduced in citrus groves (Kalaitzaki et
al., 2011; Tsagarakis et al., 2013). Several studies on the
seasonal abundance of P. citrella and its natural enemies
in citrus orchards showed that shortly after its invasion,
P. pectinicornis was one of its most abundant parasitoid
species in Greece (Kalaitzaki et al., 2007; 2011,
Tsagarakis et al., 2013), Spain (Urbaneja et al., 2000) and
Portugal (Gomes da Silva et al., 2006). Nevertheless,
shortly after the introduction of the exotic parasitoid Cit-
rostichus phyllocnistoides (Narayanan) (Hymenoptera
Eulophidae), in several regions of the Mediterranean ba-
sin, guild composition changed entirely with the latter
parasitoid displacing P. pectinicornis which was forced
to move back to its original hosts (Garcia-Mari et al.,
2004; Karamaouna et al., 2010; Kalaitzaki et al., 2011).

Life history parameters have been measured for other
citrus leaf miner parasitoids, belonging to Eulophidae
family, such as P. minio (Duncan and Pena, 2000), Sem-
ielacher petiolatus (Girault) (Kalaitzaki et al., 2021),
Cirrospilus sp. near Iyncus (Urbaneja et al., 2001),
Quadrastichus citrella Reina et La Salle (Llacer et al.,
2006) and Cirrospilus vittatus Walker (Urbaneja ef al.,
2002) by studies aiming to provide understanding of
their importance as P. citrella parasitoids. This is not the
case for P. pectinicornis since its life table and biologi-
cal parameters have not been investigated and no insight
has been gained on its potential to compete and exploit
a habitat or the factors that forced it to move back to its
original hosts.

Under this light, experiments to study the effect of tem-
perature on adult life parameters of the parasitoid P. pec-
tinicornis on P. citrella reared on sour orange trees under
laboratory conditions were undertaken. Specifically, the
objectives of the present study were to: (1) evaluate the
effect of temperature on female pre-, post-, oviposition
periods, fecundity, offspring sex ratio and longevity, (2)
study host feeding, host instar choice and self-superpara-
sitism of P. pectinicornis reared on the citrus leafminer
P. citrella, and to (3) estimate life table population pa-
rameters of the parasitoid at different temperatures using
appropriate mathematical formulae.
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Materials and methods

Insect rearing

The parasitoid P. pectinicornis was reared using the cit-
rus leafminer P. citrella as a host. Host adult insects orig-
inated from infested citrus shoots collected from orchards
located in Chania prefecture of Crete. P. citrella rearing
was maintained on 2-3 year old potted sour orange plants
(Citrus aurantium L.) placed in transparent Plexiglas
cages (50 x 50 x 100 cm) consequently kept in growth
chambers at 25 + 0.5 °C, 60 + 10% RH and a 14L:10D
photoperiod. P. pectinicornis adults used for the bioas-
says emerged from parasitized P. citrella larvae as de-
scribed previously (Kalaitzaki et al., 2007).

Oviposition, fecundity, longevity, host feeding, host-
instar choice and self-superparasitism
Pre-oviposition, oviposition and post-oviposition peri-
ods, fecundity, longevity, host feeding, host-instar choice
and self-superparasitism of P. pectinicornis were deter-
mined by daily observations of females, utilizing transpar-
ent cylindrical PVC cages (9 cm in diameter and 21 cm
high) as described by Kalaitzaki et al. (2007; 2021). Pre-
liminary tests were conducted to determine the optimal
number of hosts to expose, ensuring an excess of hosts for
oviposition. In each cage, detached sour orange leaves
bearing four 3", four 4" instar larvae (prepupa) and four
pupae of P. citrella (12 exposed hosts) were placed in a
small plastic jar (25 ml) filled with water along with one
female and two male adults (less than 24 hours old) of the
parasitoid. Parasitoids were fed ad /ibitum on small drops
of honey deposited inside the cage. All leaves bearing the
P. citrella hosts were removed and new ones were intro-
duced in the cage at 24 hours intervals. Subsequently, the
hosts were checked under a stereoscopic binocular mi-
croscope for evidence of either oviposition or host feed-
ing. Exposed hosts were scored as parasitized if one (sin-
gle parasitized) or more eggs (self-parasitized) were de-
posited onto or near the paralyzed host (idiobiont parasi-
toid) and as dead by host feeding if there was evidence of
partial or complete desiccation of the larvae due to feed-
ing by the adult female. Dead male parasitoids were re-
placed with 1-day old ones. Measurements were made
every 24 hours throughout the female lifespan. Each leaf
with parasitized host carrying one or more eggs was
placed in a Petri dish until adult parasitoid emergence in
order to examine the parasitoid’s sex. Parasitoid sex rate
was expressed as percent of @ over total number of in-
sects (& + Q). Twenty females were initially used for
each temperature treatment, while females that never ovi-
posited during their life span were excluded from analy-
sis. The number of replicates (females) for each temper-
ature is shown in table 1. The experiments were con-
ducted under controlled conditions in a growth chamber
(Conviron) at 20, 25 and 30 £ 0.5 °C, 60 £ 10% RH,
10,000 lux illumination and 14L:10D photoperiod.

Demographic growth parameters

In order to calculate population parameters of P. pec-
tinicornis, data obtained from this study were combined
with those from our previous study concerning develop-
mental time, and survival rates of the immature stages of



the parasitoid (Kalaitzaki et al., 2007). The age specific
survival (/i fraction of females alive at age x) and the age
specific fecundity (m,: mean number of females born
from surviving females at age x) per day were calculated
for each temperature (20, 25, 30 °C). Net reproductive
rate (R,) and mean generation time (7) were calculated
using the equations R, = Xl m,, T = Xxlum/R, respec-
tively (Carey, 1993). Intrinsic rate of increase (7,) was
calculated by iterative solution of the equation
e ym,d, = 1 and consequently used to calculate dou-
bling time (DT = In2/r,) and finite rate of increase
(4 =€) (Birch, 1948; Carey, 1993).

Statistical analysis

Data either on oviposition periods, fecundity, longev-
ity, sex ratio host feeding, self-superparasism and para-
sitism at various temperatures or on host-instar choice
were analysed using analysis of variance (ANOVA).
Within each temperature, to compare differences be-
tween single parasitized and self-superparasitized hosts
(with 2,3,4,5,6,7, 8,9 eggs/host), percentage data were
subjected to analysis of variance (ANOVA). Data on the
percentage of single-parasitism and self-superparasitism
were arcsine - transformed before analysis. Analyses
were followed by post hoc Tukey - Kramer test (HSD) to
compare the significance between the means (p < 0.05).
Data analysis was carried out using the statistical pro-
gram JMP 16.1 (SAS Institute, 2021).

Results

Oviposition

A percentage of 5, 10 and 20% of females of P. pectini-
cornis failed to oviposit at 20, 25 and 30 °C, respectively.
P. pectinicornis was found to be synovigenic with a rel-
atively long pre-oviposition period which was signifi-
cantly affected by temperature (F2,5:=6.957, P =0.0022).
The pre-oviposition period was longest at 20 °C (8.73 +
0.64 days) but did not significantly differ from that

recorded at 30 °C (7.68 £ 0.63 days) (table 1). Oviposi-
tion period was significantly longer at 20 °C (55.63 +
6.38 days) than that observed at 25 °C (33.50 = 3.33 days)
and 30 °C (25.87 + 2.87 days) (F2,52 = 11.065, P <0.001)
(table 1). No significant effect of temperature was found
on the length of post-oviposition period (F2,5 = 0.496,
P =10.612) (table 1).

Fecundity

The fecundity of P. pectinicornis was significantly af-
fected by temperature (F2 50 = 22.72, P < 0.001) with the
highest number of eggs laid at 20 °C (110.26 + 13.21 eggs
/ female) compared to 25 °C (38.61 + 4.10 eggs / female)
and 30 °C (35.63 = 5.33 eggs / female). The same pattern
was observed between the average daily oviposition rate
of P. pectinicornis and temperature (F»s, = 12.184, P <
0.001); maximum values were recorded at 20 °C (1.57 +
0.14 eggs / day) while a significant reduction was ob-
served at 25 and 30 °C (0.91 £ 1.11 and 0.83+ 0.08 eggs
/ day, respectively) (figure 1 and table 1). A quadratic re-
lationship was found between daily egg-oviposition and
female age at all tested temperatures (20 °C: R? = 0.558,
a=2.636+0.131, b = -0.014 + 0.001, ¢ = —0.0004 +
0.00005 and P < 0.0001; 25 °C: R2=0.422,a=1.118 +
0.118,b=-0.011 + 0.002, c =—0.0008 + 0.0001 and P <
0.0001; 30 °C: R?=0.531,a=1.512+0.112,b=—0.015
+0.002, ¢ =-0.00069 + 0.0001 and P <0.0001). Females
laid up to 10 eggs/day at 20 °C, and 8 at 25 °C and 30 °C,
(table 1). Within 24 hours, a single female parasitized in
average 1.10 £ 0.04, 0.76+ 0.05 and 0.68 £+ 0.06 hosts
(either by depositing a single egg per host or by self-su-
perparasitizing) (table 1), and a total of 78.52 + 9.12,
32.66 = 3.37 and 29.47 + 4.39 hosts at 20, 25 and 30 °C,
respectively, during its overall life. The percentage of
parasitism was significantly affected by temperature
(F250 = 8.071, P < 0.001). The highest percentage was
observed at 20 °C compared to 25 and 30 °C. The same
pattern was observed between the average daily parasit-
ism rate of P. pectinicornis and temperature (Fas: =
8.028, P <0.001).

Table 1. Life history parameters (mean + SE) of P. pectinicornis feeding on P. citrella at three temperatures. (Numbers

in parenthesis show the min and max values).

Biological characteristic 20 °C

Temperature

25 °C 30 °C

Fecundity (laid eggs)

Longevity (days)

Oviposition rate (laid eggs/female/day)
Pre-oviposition period (days)
Oviposition period (days)
Post-oviposition period (days)
Host-feeding (larvae/female)
Host-feeding rate (larvae/day)
Parasitism rate (hosts/female/day)
Parasitism (%)

Sex ratio (females/ total adults)

N (number of replicates)’ 19

110.26 + 13.21 a(22-201)  38.61 +4.10 b (7-70)
71.52+6.78 a (18-118)
1.57 +0.14 a (0-10)
8.73 + 0.64 a (4-13)
55.63+6.38 a (6-101)
7.15 + 1.87 a (1-29)
26.53 £3.18 b (8-48)
0.38 +0.03 a (0-4)
1.10 £ 0.08 b (0-6)
9.17+0.71 b (3.53-14.14)6.35 + 0.68 a (2.78-16.25)5.69 + 0.54 a (1.82-8.97)
0.29 +0.05 a (0-1)

35.63+5.33 b (6-73)
40.81 + 3.83 b (19-74)
0.83+0.08 b (0-8)
7.68 +0.63 ab (3-12)
25.87 +2.87 b (8-44)
7.25+1.79 a (2-31)
15.51 = 1.98 a (8-26)
0.38 +0.04 a (0-3)
0.68 + 0.064 a (0-5)

44.33 +3.52 b (20-63)
0.91 £ 1.11 b (0-8)
5.61+0.56 b (3-11)
33.5+3.33 b (9-55)
5.22+1.09a(2-19)

19.78 + 2.08 a (10-31)
0.44 +0.03 a (0-3)
0.76 + 0.08 a (0-5)

0.17 +0.04 ab (0-0.66)  0.10 = 0.03 b (0-0.38)
18 16

Within rows, values followed by the same letter do not differ significantly according to Tukey - Kramer test (P = 0.05).

"Includes only ovipositing females.
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Figure 1. Daily distribution of P. pectinicornis fecundity, parasitization and host-feeding (mean + SE) at 20, 25, 30 °C.
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Table 2. Mean number (= SE) of third, fourth (prepupa) instar larva and pupa of P. citrella parasitized by P. pectini-

cornis at 20, 25 and 30 °C.

20 °C 25°C 30 °C
3 instar larva 19.42+3.62b 11.16 £1.38 b 937+1.96b
4™ instar larva (prepupa) 5473+ 6.39a 19.16+2.36a 17.43+2.75a
Pupa 4.37+£0.65¢ 233+031¢c 2.63+£0.71b

Within columns means followed by the same letter do not differ significantly different Tukey - Kramer test (P = 0.05).

Table 3. Single parasitism and self-superparasitism (% = SE) of P. pectinicornis at 20, 25 and 30 °C.

No. of parasitoid eggs

S 20 °C 25°C 30 °C

oviposited per host

1 72.65+7.15a 86.08+291a 82.80+3.68 a
2 18.83+1.67b 12.87+0.69 b 13.80+0.82 b
3 5.63+095¢ 220+021¢ 3.18+0.26 ¢
4 2.01+£0.53d 0.43+0.07 cd 0.21 £0.06d
5 0.60 +0.27 de 0.21£0.05 cd 0d

6 0.06 £0.04 ¢ 0d 0d

7 0.06 £0.04 ¢ 0d 0d

8 Oe 0d 0d

9 0.13+£0.12¢ 0d 0d

Means followed by different small letters on each respective temperature are significantly different (P < 0.05; HSD test).

Longevity

A significant effect of temperature on female longevity
was found (F2 52 = 11.10, P <0.0001). Maximum female
longevity was recorded at 20 °C (71.52 + 6.78 days) but
decreased by about half at 25 (44.33 £+ 3.52 days) and
30 °C (40.81 £ 3.83 days) (table 1).

Sex ratio
Temperature significantly affected the sex ratio of the
emerging females (female incidence) (Fos1 = 4.17,

P < 0.02). The proportion of females was significantly
higher at 20 °C (0.29) compared to 30 °C (0.10), but not
significantly different from that recorded at 25 °C (0.17)
(table 1). At 20 °C, 94.7% of the females studied pro-
duced both female and male offspring while the remain-
ing 5.3% produced only male offspring. The proportion
of females giving only male offspring were 38.9 and 50%
at 25 and 30 °C respectively, indicating that these females
did not mate: males derive from arrhenotokous partheno-
genesis, a common characteristic of Hymenoptera.

Host feeding

Females preferred to feed on 3™ instar larvae. Temper-
ature did not significantly affect daily host feeding rates
(evidence of partial or complete desiccation of the larvae)
(F233=0.811, P =0.453). Feeding rates on P. citrella lar-
vae were 0.38, 0.44 and 0.38 larvae/day at 20, 25 and
30 °C, respectively (table 1). The first host feeding inci-
dence by females was recorded 4, 3 and 3 days after the
adult emergence while in total, each female parasitoid fed
on 26.53, 19.78 and 15.51 larvae at 20, 25 and 30 °C,
respectively during her life (figure 1, table 1). A quad-
ratic relationship was found between daily host feeding
and female age at 20 and 25 °C (20 °C: R?> = 0.446, a =
0.621+0.039,b=-0.003 + 0.0004, ¢ =—0.0009 + 0.0001

and P < 0.0001; 25 °C: R?> = 0.255, a = 0.7019 + 0.071,
b = —0.006 + 0.001, ¢ = —0.0002 + 0.00001 and
P <0.0001) while no impact of the age of the female was
observed on her host feeding rate at 30 °C (figure 1).

Host-instar choice

P. pectinicornis prefers to oviposit on 4™ instar larvae
two or three-fold more than on 3™ instar larvae and pupal
stage of P. citrella, respectively at all temperatures tested
(20 °C: Fa56 = 36.83, P < 0.0001; 25 °C: Fa53 = 27.99,
P <0.0001; 30 °C: F247=13.79, P <0.0001) (table 2).

Self-superparasitism

The maximum number of eggs laid on a single host in
one day was 9, 5 and 4 at 20, 25, 30 °C, respectively (ta-
ble 3). P. pectinicornis females ovipositing a single egg
per host were recorded at a percentage of 72.65, 86.08
and 82.80% at 20, 25 and 30 °C, respectively during their
lives (table 3). Temperature significantly affected percent
of self-superparasitism which was highest at 20 °C
(27.3%) (F250 = 11.544, P < 0.0001). The percentage of
host larvae with a single egg was significantly higher
compared to host larvae with 2, 3,4, 5, 6, 7 and 9 eggs at
any temperature tested (20 °C: Fgie2 = 415.99, P <
0.0001; 25 °C: Fg 150 = 471.43.62, P < 0.0001; 30 °C:
Fs,130=254.26, P <0.0001). Self-superparasitism was ob-
served on the 5™, 7" and 5 days after adult emergence at
20, 25 and 30 °C, respectively (figure 2). Pearson corre-
lation coefficient (r) analysis revealed a moderate posi-
tive correlation between female age and self-superpara-
sitism at 20 °C and a weak positive correlation at 25 and
30 °C (20 °C: r = 0.414, n = 118, P < 0.0001; 25 °C:
r=0.111,n =62, P =0.007; 30 °C: r = 0.210, n = 74,
P <0.0001).

79



—— Self-superparasitized
20°C -=- Singly parasitized
12

. JUon, 1. 4 AVA 1 N

06

N
LA AL A m/

0 e

051015202530354045505560657?80859095100105110115120125

25°C

WMRNMHJ\VJ\ N

06 &

04

An.h I ﬂA

Fraction of P. citrela hosts parasitized by P. pectinicornis

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 8O 8 90 95 100 105 110 115 120 125

30°C
1.2
LN ol |
ol _VME Vn“ g
0.6
04 ‘ + L 3
\\/V V‘\!A”VVA'\/V\(
DD 5 30354045|=50 e556065 70 75 80 8 9 95 100 105 110 115 120 125
Days after adult emergence
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Table 4. Life table characteristics of P. pectinicornis
feeding on P. citrella at three temperatures. Ro, net re-
productive rate; 7, mean generation time (days); 7, in-
trinsic rate of increase (days!); /, finite rate of increase;
DT, doubling time (days).

20 °C 25°C 30 °C
R, 18.82 4.69 2.167
T 0.073 0.054 0.027
T 51.36 32.22 32.83
A 1.076 1.056 1.027
DT 9.42 12.643 25.29

Life table characteristics

Demographic growth parameters of the parasitoid
P. pectinicornis at different temperatures are shown in ta-
ble 4. The net reproductive rate (R,) of the parasitoid was
highest at 20 °C (18.82 female eggs / female / genera-
tion), and lowest at 25 and 30 °C (4.69 and 2.17, respec-
tively) (table 4). The highest value of intrinsic rate of nat-
ural increase (r,) of P. pectinicornis was also observed at
20 °C (0.073) and decreased approximately 1.5-fold at
25°C (0.054) and 2.7-fold at 30 °C (0.027) (table 4). The
mean generation time (7) of P. pectinicornis also de-
creased with temperature from 51.36 days at 20 °C to a
minimum of 32.22 and 32.83 days at 25 and 30 °C, re-
spectively (table 4). The values of the finite rate of in-
crease (4) of P. pectinicornis were maximum at 20 °C
(1.076) and minimum at 30 °C (1.027). Population-dou-
bling time (DT) peaked to 25.29 days at 30 °C and was
reduced to only 9.42 days at 20 °C (table 4).

Discussion and conclusions

Oviposition

P. pectinicornis has a pre-oviposition period of a few
days during which it needs to feed on hosts and other non-
host nutrient sources, such as nectar, hemipteran honey-
dew and pollen, before achieving its full reproductive po-
tential, similar to other synovigenic species of the genus
Pnigalio, such as P. minio, P. soemius, and of other citrus
leafminer parasitoid species (Cirrospilus sp. near lyncus,
C. vittatus and S. petiolatus) (Duncan and Pena, 2000;
Urbaneja et al., 2001; 2002; Bernardo et al., 2006;
Kalaitzaki et al., 2021). Temperature significantly af-
fected the length of both pre-oviposition and oviposition
periods of P. pectinicornis, but not of the post-oviposi-
tion period. Maximum values of both pre-oviposition and
oviposition periods were observed at the lowest (20 °C)
temperature tested. A similar response to temperature
was reported for Cirrospilus sp. near lyncus regarding all
three periods (pre-, post- and oviposition), that were
longer at lower temperatures with maximum values ob-
tained at 15-20 °C (Urbaneja et al., 2001). Contrary to
P. pectinicornis, the pre-oviposition period of the citrus
leafminer parasitoids S. petiolatus, Q. citrella as well as
of the Liriomyza spp. synovigenic ectoparasitoid Di-
glhyphus isaea (Walker) was not found to be significantly
affected by temperature (Minkenberg, 1989; Llacer et al.,
2006; Kalaitzaki et al., 2021).

Fecundity and longevity

The results of this study showed that 5, 10 and 20% of
females of P. pectinicornis died without laying eggs at
20, 25 and 30 °C respectively, suggesting that tempera-
ture affects adversely the number of females that ovipos-
ited and consequently its population increase. Unfavour-
able temperatures have been shown also to reduce the
number of females of other natural enemies that ovipos-
ited (Braman and Yeargan, 1988; Alauzet et al., 1994,
Kalaitzaki et al., 2021). Of the three temperatures tested,
the optimal temperature for oviposition was 20 °C as well
as both reproductive capacity and life span of the females
decreased at the higher tested temperatures. A similar ef-
fect of temperature on fecundity was reported in the case
of Cirrospilus sp. near lyncus with the maximum values
observed at 20 °C and minimum at 30 °C respectively,
although the later parasitoid had greater maximum fecun-
dity values than P. pectinicornis at all temperatures tested
(Urbaneja et al., 2001). However, in the case of Q. cit-
rella and S. petiolatus maximum fecundity was recorded
at 25 and 30 °C and minimum at 15 and 20 °C, respec-
tively (Llacer et al., 2006, Kalaitzaki et al., 2021). Also,
reproductive biology of P. pectinicornis appeared quite
poor when compared with the P. citrella parasitoids
P. minio at 27 °C (Duncan and Pena, 2000), Q. citrella at
the three temperatures tested (Llacer et al., 2006) and
S. petiolatus at 25 and 30 °C (Kalaitzaki et al., 2021) as
well as of P. soemius feeding on C. pulchrimella at 25 °C
(Bernardo et al., 2006). However, in the study of Gra-
benweger ef al. (2009) fecundity of P. agraules (likely to
be P. mediterraneus according to Gebiola et al., 2009)
feeding on C. ohridella was much lower than that found
in the present study for P. pectinicornis at 20 °C. Daily
oviposition rates of P. pectinicornis were affected by the
female's age during oviposition, a fact similar to that ob-
served on Cirrospilus sp. near lyncus, Q. citrella and
P. minio where the number of eggs laid /day gradually
decreased as age of the females progressed (Duncan and
Pefia, 2000; Urbaneja et al., 2001; Llacer et al., 2006).
While lower temperature appeared to have positive ef-
fects in terms of reproductive and life history parameters,
it slightly prolongs the insect’s preoviposition period.
This extension may increase the risk of exposure to mor-
tality factors, such as predation, prior to egg laying, po-
tentially adversely affecting the overall successful repro-
duction of the parasitoid.

Sex ratio

Sex ratio of P. pectinicornis was significantly affected
by temperature. The percentage of the parasitoid’s female
offspring was maximum at 20 °C and decreased signifi-
cantly at 30 °C. Similarly to other P. citrella parasitoids
such as Cirrospilus sp. near lyncus (Urbaneja et al., 2001)
and Q. citrella (Llacer et al., 2006), the sex ratio of the
P. pectinicornis was extremely male biased, likely in part
due to absence of mating. However, the probability of
mating and the resulting sex ratio may also be affected by
rearing conditions and possibly in different arenas or ex-
perimental conditions or in a field setting, mating may
occur more or less frequently. In any case, the proportion
of P. pectinicornis female offspring was significantly
lower compared to P. minio feeding also on P. citrella, to
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P. soemius feeding on C. pulchrimella, to P. agraules
(likely to be P. mediterraneus) feeding on C. ohridella at
the common temperatures tested under laboratory and to
P. mediterraneus feeding on Bactrocera oleae (Rossi)
(Diptera Tephritidae) under field conditions in Crete
(Neunschwander et al., 1983; Duncan and Pena, 2000;
Bernardo et al., 2006; Gebiola et al., 2009; Grabenweger
et al., 2009). From a biological control point of view, ar-
rhenotokous parasitoids may have lower rates of popula-
tion increase compared to thelytokous. Also, where the
population of an arrhenotokous parasitoid is very low,
male and female individuals may have problems encoun-
tering each other (Kidd and Jervis, 1996). This distinction
in reproductive strategy can influence their effectiveness
in controlling pest populations.

Host feeding

Host-feeding behaviour of parasitoids, besides to
providing nutrients for the adult parasitoids, extends to
increasing pest control effectiveness since they addition-
ally act as predators (Jervis and Kidd, 1986). P. pectini-
cornis elimination of its leafminer host by host-feeding is
typical to other species of the genus Pnrigalio such as
P. minio, P. soemius, P. agraules (likely to be P. medi-
terraneus), (Barrett and Brunner, 1990; Bernardo et al.,
2006, Gebiola et al., 2009; Grabenweger et al., 2009).
During her life span, each female of P. pectinicornis fed
on an average of 26.5 hosts at 20 °C, a value which was
much higher compared to that reported in the studies of
Kalaitzaki ef al. (2021) and Llacer et al. (2006) for S. pet-
iolatus, and Q. citrella, respectively. However, signifi-
cantly higher host-feeding rates compared to P. pectini-
cornis were found in the cases of the parasitoids P. minio
(92.3 larvae of P. citrella/female), P. soemius (33.3 lar-
vae of C. pulchrimella/female) and P. mediterraneus
(12.3% of C. ohridella), as well as Cirrospilus sp. near
Iyncus (0.30-0.91 larvae of P. citrella/day), at the respec-
tive temperatures (Duncan and Pena, 2000; Urbaneja et
al., 2001; Bernardo et al., 2006; Gebiola et al., 2009;
Grabenweger et al., 2009). Parasitoids tend to feed on
younger and oviposit on older host stages, especially in
cases of destructive host-feeding (Jervis et al., 1996).
Hence, stage preference is probably a reason for the low
host feeding rates observed in the present study since the
available P. citrela larval stages (3™ and 4'") are preferred
by the parasitoid for egg deposition (Kalaitzaki et al.,
2007). Moreover, alternative food source (honey) was
provided to the females and this could be another reason
of the lower host feeding recorded in P. pectinicornis.
According to Jervis ef al. (1996) the females of destruc-
tive host-feeding parasitoids rely less upon hosts as a
food source when alternative non-host food is plentiful.
This was also confirmed in cases of Neochrysocharis for-
mosa (Westwood) (Hymenoptera Eulophidae) and Eu-
pelmus vuilleti (Crawford) (Hymenoptera Eupelmidae),
as females fed with honey killed significant less hosts by
host feeding compared to the non-honey-fed (Casas et al.,
2005, Liu et al., 2015). Probably, under field conditions
where 1% and 2" instar larvae will be also available, the
mortality inflicted by host feeding could be higher, since
younger instars provide less resources to female parasi-
toids (Bernardo et al., 2006).
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Host-instar choice

Contrary to P. minio in which females preferred to ovi-
posit on 3™ instar larva of citrus leafminer (72.3%) under
field conditions, P. pectinicornis preferred to oviposit on
the prepupa instar compared to 3™ instar larva while it
rarely oviposited on the pupa of P. citrella regardless the
temperature regime. This preference of P. pectinicornis
for mature P. citrella instars may partly explain its com-
petitive displacement by C. phyllocnistoides, currently
predominant in most Mediterranean countries, which
prefers to parasitize second and early 3™ instar larvae
making the mature P. citrella instars less abundant (Ur-
baneja et al., 2000, Garcia-Mari et al., 2004; Karamaouna
et al., 2010; Kalaitzaki et al., 2011).

Self-superparasitism

Self-superparasitism of P. pectinicornis occurred more
frequent (27 and 16% at 20 and 25 °C, respectively) than
that observed by P. soemius under laboratory conditions
(4.1% on C. pulchrimella at 25 °C) (Bernardo et al.,
2006). Moreover, self-superparasitism of P. pectinicor-
nis was also more frequent than that observed by P. minio
under field conditions (6.25% on P. citrella) (Duncan and
Penia, 2000). On the contrary, self-superparasitism of
P. pectinicornis was less frequent than that observed by
Cirrospilus sp. near [yncus (34.3%) and C. vittatus
(42.8% at 25 °C) under laboratory conditions (Urbaneja
et al., 2002). Temperature significantly affected percent
of self-superparasitism which was highest at 20 °C
(27%). Similar to other species such S. petiolatus and
Q. citrella this behaviour was more frequent at the tem-
perature where fecundity was enhanced for P. pectinicor-
nis and this may be related to the higher egg potential of
these parasitoids at this temperature (Keasar ef al., 2006;
Llacer et al., 2006; Kalaitzaki et al., 2021). Despite the
fact that a sufficient number of hosts was available to the
parasitoid (12 hosts provided per day), occasional occur-
rences of two to nine eggs on a single host left the re-
maining leafminer larvae unparasitized. However, only
one of the multiple eggs laid in each host successfully
completed development, while the rest were wasted. The
occurrence of self-superparasitism increased on the 5%
day after female emergence at 20 and 30 °C and on the
7" day at 25 °C and remained at similar levels throughout
the female’s life. Similarly, to P. pectinicornis, the rate
of superparastism of S. petiolatus on P. citrella was not
affected by the parasitoid age (Kalaitzaki et al., 2021).

Life table characteristics

The values of demographic parameters of P. pectinicor-
nis including the net reproductive rate (R,), the intrinsic
rate of natural increase (7,,) and the mean generation time
(T) clearly indicate that P. pectinicornis underperformed
in comparison with the parasitoids of P. citrella, Cirro-
spilus sp. near Iyncus and Q. citrella at the three tested
temperatures, S. petiolatus at 25 and 30 °C, and C. vitta-
tus at 25 °C, while performed better than S. petiolatus at
20 °C (Urbaneja et al., 2001; 2002; Llacer et al., 2006;
Kalaitzaki et al., 2021).

Results of the current study showed that of the tempera-
tures tested, reproductive and life table parameters of
P. pectinicornis are favoured at 20 °C in contrast to the



temperatures within the range of 25-30 °C. In addition, ac-
cording to Kalaitzaki ef al., (2007) the parasitoid can de-
velop within a broad range of temperatures (5.27-32.5 °C),
with the optimum temperature for its preimaginal develop-
ment ranging between 20-30 °C. These results agree with
field monitoring in Western Crete and Argolida citrus
groves (Greece), where even though P. pectinicornis was
less abundant than C. phyllocnistoides in P. citrella infested
leaves throughout the sampling period, its higher popula-
tions appeared from May to June and autumn (Kalaitzaki
et al., 2011, Tsagkarakis ef al., 2013). Similarly, in Portu-
gal citrus groves, P. pectinicornis was more active in early
and mid of autumn (Gomes de Silva et al., 2006).

Although values of key parameters of the P. pectinicor-
nis such as fecundity, longevity, preimaginal develop-
ment and lower thermal threshold for development ex-
ceed these of the citrus leafminer indicating its suitability
as a biological control agent for this pest at all tempera-
tures tested (Yamamoto, 1971; Minsheng et al., 1995),
other important biological parameters such as polyphagy
and lower intrinsic rate of increase compared to P. cit-
rella as well as to other exotic parasitoids probably are
the reasons for its lower impact on P. citrella population.

This is consistent with the fact that the importance of
P. pectinicornis as parasitoid of P. citrella declined after
the establishment of the more host-specific P. citrella
parasitoid C. phyllocnistoides which forced it to return to
its original niches (Garcia-Mari et al., 2004; Karamaouna
et al., 2010; Kalaitzaki et al., 2011, Tsagkarakis et al.,
2013, Mansour et al., 2021). However, other important
biological parameters, such as the host-searching ability
of P. pectinicornis, were not assessed in this study. Eval-
uating these factors could provide valuable insights into
its suitability for biological control of insect pests, partic-
ularly in comparison to other related parasitoid species
that share similar ecological niches.

The fact that the polyphagous parasitoid P. pectinicor-
nis was the first one to attack the invading citrus leaf
miner soon after its establishment, becoming one of its
major parasitoids, demonstrates the significance of natu-
ral enemies on controlling invading herbivore pests and
highlights the benefits of preserving biodiversity. Over-
all, conservation tactics by maintaining a rich biodiver-
sity in citrus and olive groves by providing alternative
food and shelter to the parasitoid, is of great importance.

In conclusion, the results of this study have provided val-
uable information on the effect of temperature on the re-
productive and population parameters of the widespread
polyphagous parasitoid, P. pectinicornis. The biological
parameters associated with reproduction and longevity of
this species were observed to be more favourable under
lower temperatures (20 °C). Despite its low population
levels after the establishment of the more specific and in-
trinsically superior P. citrella parasitoid C. phyllocnis-
toides, limiting its impact on P. citrella population, P. pec-
tinicornis is a widespread biological control agent against
several important insect pests. To enhance our understand-
ing of the parasitoid's effectiveness across different hosts,
future studies should delve into its performance on other
important insect species, thereby refining our insights into
the parasitoid's host range and preferences.

Acknowledgements

The authors would like to express many thanks to the
anonymous reviewers for their corrections and comments
on this manuscript.

References

ALAUZET C., DARGAGNON D., MALAUSA J. C., 1994.- Bionom-
ics of a polyphagous predator: Orius laevigatus (Heteroptera:
Anthocoridae).- Entomophaga, 39: 33-40.

ARAMBOURG Y., PRALAVORIO R., 1986.- Prays oleae (Bern.),
pp- 47-91. In Traité d' entomologie oléicole (ARAMBOUR Y .,
Ed.).- Conseil Oléicole International, Madrid, Spain.

BALAZzS K., JENSER G., 2004.- Significance of the parasitoids
and predators in IPM of sour-cherry.- IOBC/wprs Bulletin, 277
(5): 3-7.

BARRETT B. A., BRUNNER J. F., 1990.- Types of parasitoid-in-
duced mortality: host stage preferences and sex ratios exhib-
ited by Pnigalio flavipes (Hymenoptera: Eulophidae) using
Phyllonorycter elmaella (Lepidoptera: Gracillariidae) as a
host.- Environmental Entomology, 19: 803-807.

BERNARDO U., PEDATA P. A., VIGGIANI G., 2006.- Life history
of Pnigalio soemius (Walker) (Hymenoptera: Eulophidae)
and its impact on a leafminer host through parasitization, de-
structive host-feeding and host-stinging behavior.- Biological
Control, 37: 98-107.

BIrRCH L. C., 1948.- The intrinsic rate of natural increase of an
insect population.- Journal of Animal Ecology, 17: 15-26.

BOUCEK Z., ASKEW R. R., 1968.- Hym. Chalcidoidea. Palearc-
tic Eulophidae (excl. Tetrastichinae), pp. 1-254. In: Index of
entomophagous insects (DELUCCHI V., REMAUDIERE G.,
Eds).- Le Frangois, Paris, France.

BrAMAN S. K., YEARGAN K. V., 1988.- Comparison of develop-
mental and reproductive rates of Nabis americoferus, N. ro-
seipennis, and N. rufusculus (Hemiptera: Nabidae).- Annals
of the Entomological Society of America, 81 (6): 923-930.

CAREY J. R., 1993.- Applied demography for biologists with
special emphasis on insect.- Oxford University Press, Oxford,
UK.

CASAS J., PINCEBOURDE S., MANDON N., VANNIER F., PouioL
R., GIRON D, 2005.- Lifetime nutrient dynamics reveal sim-
ultaneous capital and income breeding in a parasitoid.- Ecol-
0gy, 86 (3): 545-554.

DUNCAN R., PENA J., 2000.- Fecundity, host stage preferences
and the effects of temperature on Pnigalio minio (Hymenop-
tera: Eulophidae), a parasitoid of Phyllocnistis citrella (Lepi-
doptera: Gracillariidae).- Proceedings of the Florida State
Horticultural Society, 113: 20-24.

GARCIA-MARI F., VERCHER R., COSTA-COMELLES J., MARZAL
C., VILLALBA M., 2004.- Establishment of Citrostichus phyl-
locnistoides (Hymenoptera: Eulophidae) as a biological con-
trol agent for the citrus leafminer Phyllocnistis citrella (Lep-
idoptera: Gracillariidae) in Spain.- Biological Control, 29:
215-226.

GEBIOLA M., BERNARDO U., MONTI M. M., NAVONE P., VIG-
GIANI G., 2009.- Pnigalio agraules (Walker) and Pnigalio
mediterraneus Ferriere and Delucchi (Hymenoptera: Eulo-
phidae): two closely related valid species.- Journal of Natural
History, 43 (39-40): 2465-2430.

GENCER L., 2012.- Contributions to the knowledge of the Eulo-
phinae (Hymenoptera: Eulophidae) from Sivas, Turkey, with
some new records.- Journal of the Entomological Research
Society, 14 (3): 87.

GOMES DA SILVA R., BORGES DA SILVA E., FRaANCO J. C., 2006.-
Parasitoid complex of citrus leafminer on lemon orchards in
Portugal.- JOBC/wprs Bulletin, 29 (3): 197-204.

83



GRABENWEGER G., Hopp H., SCHMOLLING S., KOCH T., BALDER
H., JACKEL B., 2009.- Laboratory rearing and biological pa-
rameters of the eulophid Pnigalio agraules, a parasitoid of
Cameraria ohridella.- Journal of Applied Entomology, 133
(1): 1-9.

JERVIS M. A., KIDD N. A. C., 1986.- Host-feeding strategies in
hymenopteran parasitoids.- Biological Reviews, 61 (4): 395-
434,

JERVISM. A., HAWKINS B. A., KIDDN. A. C., 1996.- The useful-
ness of destructive host feeding parasitoids in classical bio-
logical control: theory and observation conflict.- Ecological
Entomology, 21: 41-46.

KALAITZAKI A. P., LYKOURESSIS D. P., PERDIKIS D. C., ALEX-
ANDRAKIS V. Z.,2007.- Effect of temperature on development
and survival of the parasitoid Pnigalio pectinicornis (Hyme-
noptera: Eulophidae) reared on Phyllocnistis citrella (Lepi-
doptera: Gracillariidae).- Environmental Entomology, 36 (3):
497-505.

KALAITZAKI A. P., TSAGKARAKIS A. E., LYKOURESSIS D. P.,
2011.- Population fluctuation of Phyllocnistis citrella and its
parasitoids in two citrus species in Western Crete (Greece).-
Entomologia Hellenica, 20: 31-44.

KALAITZAKI A., PERDIKIS D., TSAGKARAKIS A., KOUFAKIS I.,
LYKOURESSIS D., 2021.- Life table and biological character-
istics of the parasitoid Semielacher petiolatus reared on Phyl-
locnistis citrella.- Bulletin of Insectology, 74 (1): 129-137.

KARAMAOUNA F., PASCUAL-RUIZ S., AGUILAR-FENOLLOSA E.,
VERDU M. J., URBANEJA A., JACAS J. A., 2010.- Changes in
predation and parasitism of the citrus leafminer Phyllocnistis
citrella Stainton (Lepidoptera: Gracillariidae) populations in
Spain following establishment of Citrostichus phyllocnis-
toides (Hymenoptera: Eulophidae).- Biological Control, 52
(1): 37-45.

KEASAR T., SEGOLI M., BARAK R., STEINBERG S., GIRON D.,
STRAND M. R., BOUSKILA A., HARARI A., 2006.- Costs and
consequences of superparasitism in the polyembryonic para-
sitoid Copidosoma koehleri (Hymenoptera: Encyrtidae).-
Ecological Entomology, 31: 277-283.

KipD N. A. C., JErRVIS M. A., 1996.- Population dynamics, pp.
293-374. In: Insect natural enemies - practical approaches to
their study and evaluation (JERVIS M., KIDD N., Eds).- Chap-
man & Hall, London, UK.

LiuW. X, WANGW. X.,ZHANG Y.B., WANGW.,LUS.L., WAN
F.H., 2015.- Adult diet affects the life history and host-killing
behavior of a host-feeding parasitoid.- Biological Control,
81: 58-64.

LLACER E., URBANEJA A., CARRIDO A., JACAS J. A., 2006.-
Temperature requirements may explain why the introduced
parasitoid Quadrastichus citrella failed to control Phylloc-
nistis citrella in Spain.- BioControl, 51: 439-452.

Lupi D. A, 2005.- 3 year field survey of the natural enemies of
the horse-chestnut leaf miner Cameraria ohridella in Lom-
bardy, Italy.- Biocontrol, 50: 113-126.

MANSOUR D., PEREZ-HEDO M., CATALAN J., KARAMAOUNA F.,
BrRAHAM M., JAQUES J. A., URBANEJA A., 2021.- Biological
control of the citrus leafminer 25 years after its introduction
in the Valencia citrus growing area (Spain): a new player in
the game.- Biological Control, 155: 104529.

MINKENBERG O. P., 1989.- Temperature effects on the life his-
tory of the eulophid wasp Diglyphus isaea, an ectoparasitoid
of leafminers (Liriomyza spp.), on tomatoes.- Annals of Ap-
plied Biology, 115: 381-397.

MINSHENG Y., LIANDE W., QIONGHUA Z., XINGXIAO F., 1995.-
Influence of temperature on an experimental population of
citrus leaf miner.- Journal of Fujian Agriculture and Forestry
University, 24: 414-419.

84

NEUENSCHWANDER P., BIGLER F., DELUCCHI V., MICHELAKIS S.,
1983.- Natural enemies of preimaginal stages of Dacus oleae
Gmel. (Dipt., Tephritidae) in western Crete. I. Bionomics and
phenologies.- Bollettino del Laboratorio di Entomologia
Agraria 'Filippo Silvestri', 40: 3-32.

NoYES J. S.,2019.- Universal Chalcidoidea database.- [online]
URL: http://www.nhm.ac.uk/chalcidoids

Pucci C., SPANEDDA A. F., MINUTOLI E., 2003.- Field study of
parasitism caused by endemic parasitoids and by the exotic
parasitoid Copidosoma koehleri on Phthorimaea operculella
in Central Italy.- Bulletin of Insectology, 56 (2): 221-224.

RAMOS P., PANIS A., 1975.- Les chalcidiens parasites de Prays
oleae (Lepidoptera: Plutellidac) en Andalousie.- Ento-
mophaga, 20: 225-227.

SAS INSTITUTE, 2021.- JMP version 16.1.- SAS Institute Inc.,
Cary, USA.

SCHAUFF M. E., LA SALLE J., WIDESEKARA G. A., 1998.- The
genera of chalchid parasitoids (Hymenoptera: Chalcidoidea)
of citrus leafminer Phyllocnistis citrella Stainton (Lepidop-
tera: Gracillariidae).- Journal of Natural History, 32: 1001-
1056.

TSAGKARAKIS A. E., KALAITZAKI A. P., LYKOURESSIS D. P.,
2013.- Phyllocnistis citrella and its parasitoids in three citrus
species in Greece.- Phytoparasitica, 41: 23-29.

URBANEJA A., LLACER E., ToMAs O., CARRIDO A., JACAS J. A.,
1999.- Effect of temperature on development and survival of
Cirrospilus sp. near lyncus (Hymenoptera: Eulophidae), par-
asitoid of Phyllocnistis citrella (Lepidoptera: Gracillariidae).-
Environmental Entomology, 28 (2): 339-344.

URBANEJA A., LLACER E., TOMAS O., CARRIDO A., JACAS J. A.,
2000.- Indigenous natural enemies associated with Phylloc-
nistis citrella (Lepidoptera: Gracillariidae) in Eastern Spain.-
Biological Control, 18 (3): 199-207.

URBANEJA A., LLACER E., ToMAs O., CARRIDO A., JACAS J. A.,
2001.- Effect of temperature on life history of Cirospilus sp.
near /yncus (Hymenoptera: Eulophidae), a parasitoid of Phyl-
locnistis citrella (Lepidoptera: Gracillariidae).- Biological
Control, 21:293-299.

URBANEJA A., HINAREJOS R., LLACER E., GARRIDO A., JACAS J.
A., 2002.- Effect of temperature on life history of Cirrospilus
vittatus (Hymenoptera: Eulophidae), an ectoparasitoid of
Phyllocnistis citrella (Lepidoptera: Gracillariidae).- Journal
of Economic Entomology, 95 (2): 250-255.

YAMAMOTO E., 1971.- Studies on the biology and control of the
citrus leaf miner Phyllocnistis citrella Stainton. III. On the
development.- Proceedings of the Association for Plant Pro-
tection of Kyushu, 17: 64-65.

Authors’ addresses: Argyro P. KALAITZAKI (corresponding
author: kalaitzaki@elgo.gr), loannis E. Kourakis, Hellenic
Agricultural Organization ‘DEMETER’, Institute of Olive
Tree, Subtropical Plants and Viticulture of Chania, Agrokipio,
73100 Chania, Greece; Dionyssios PERDIKIS, Antonios E.
TSAGKARAKIS, Dionyssios P. LYKOURESSIS, Agricultural Uni-
versity of Athens, Laboratory of Agricultural Zoology and En-
tomology, lera Odos 75, 118 55 Athens, Greece; Despina
TzOBANOGLOU, Hellenic Ministry of Rural Development and
Food, Department of Rural Development of Chania, Agrokipio,
73100 Chania, Greece.

Received August 29, 2023. Accepted February 5, 2024.





