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Abstract

Dichelops melacanthus (Dallas) (Heteroptera: Pentatomidae) is the most important stink bug species that feeds on maize in South America, and it
is frequently controlled with chemical pesticides. As an alternative, more sustainable management strategies can be applied, among which the egg
parasitoid Telenomus podisi Ashmead (Hymenoptera: Scelionidae) stands out. However, T. podisi can have the undesired effect of parasitizing the
predator and biocontol agent Podisus nigrispinus (Dallas) (Hemiptera: Pentatomidae). Therefore, the study of T. podisi parasitism on eggs of both D.
melacanthus and P. nigrispinus is of theoretical and practical interest. Individual 48-h-old parasitoids were offered a card with host eggs. Parasitism
was allowed for 24 h at 25 * 2 °C. Afterwards, the eggs were exposed to temperatures of 15, 20, 25, or 30 + 2 °C to test the effects of temperature on
the development of immature stages of the parasitoid (egg-to-adult period, emergence (%), and sex ratio). In addition, eggs were offered on a daily
basis to parasitoid females exposed to 15, 20, 25, or 30 + 2 °C. Parasitism was allowed for 24 h before eggs were replaced with fresh ones (< 24 h) and
stored at 25 * 2 °C until emergence. This allowed us to study the effects of temperature on adult parasitism capacity (daily parasitism, accumulated
percentage of parasitism, parental female longevity, and total number of parasitized eggs per female). Our results show that temperature significantly
influenced duration of the egg-to-adult period, emergence, sex ratio, total number of parasitized eggs, and parental female longevity of T. podisi on
both host species. Development time of the parasitoid was reduced with increasing temperature. Emergence above 80% was observed at tempera-
tures of 20 and 25 °C in eggs of D. melacanthus, and at 20, 25, and 30 °C in eggs of P. nigrispinus. In both hosts, the ratio of females (sex ratio) was
highest at the lowest temperature (15 °C). In both host species, daily parasitism and total number of parasitized eggs decreased with time, and lon-
gevity of females was inversely proportional to an increase in temperature. These results allow us to conclude that extreme temperatures of 15 and
30 °C are not favorable for T. podisi parasitism, even though parasitism was still observed. Therefore, in regions where those extreme temperatures
are common, additional studies are necessary to explore the need for a higher number of parasitoids for successful field releases. Even though the
release of T. podisi in the field may negatively impact the predator P. nigrispinus, it is problaly still safer than the use of chemical insecticides, which
would be the alternative measure to T. podisi in the control of stink bugs.
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Resumen

Dichelops melacanthus (Dallas) (Heteroptera: Pentatomidae) es la especie de chinche mas importante que ataca el cultivo del maiz en América
del Sur, con frecuencia es controlada con insecticidas quimicos. Entre las estrategias de manejo sostenibles, se destaca el control biolégico con el
parasitoide de huevos, Telenomus podisi Ashmead (Hymenoptera: Scelionidae). Sin embargo, T. podisi también puede parasitar al predador Podisus
nigrispinus (Dallas) (Hemiptera: Pentatomidae), aspecto considerado no deseable. Por lo tanto, el estudio del parasitismo de T. podisi en huevos de
D. melacanthus y P. nigrispinus es de interés tedrico y practico. Huevos de estas especies fueron ofrecidos a parasitoides de 48 h de edad, en forma
individual. El parasitismo fue permitido durante 24 h a 25 + 2 °C. Posteriormente, estos huevos se expusieron a una temperatura de 15, 20, 25, o
30 + 2 °C, para verificar el efecto de la temperatura en el desarrollo de estados inmaduros del parasitoide fueron examinados el periodo de huevo
a adulto, emergencia (%) y proporcién de sexos. Ademas, los huevos se ofrecieron diariamente a parasitoides hembras expuestas a 15, 20, 25, o 30
+ 2 °C. Se permitié el parasitismo durante 24 h a esas temperaturas y luego se reemplazaron los huevos por otros frescos (< 24 h) y se mantuvieron
a 25+ 2 °C hasta la emergencia. Por lo tanto, se estudiaron los efectos de la temperatura en la capacidad de parasitar de los adultos (parasitismo
diario, porcentaje acumulado de parasitismo, longevidad parental femenina y nimero total de huevos parasitados por hembra). Nuestros resultados
muestran que la temperatura influyd sobre la duracion del periodo de huevo a adulto, en la emergencia, en la proporcién de sexos, en el nimero
total de huevos parasitados y en la longevidad parental femenina expuesta a huevos de D. melacanthus y P. nigrispinus. El tiempo de desarrollo del
parasitoide se redujo con el aumento de la temperatura. Emergencia superior al 80% se observé en temperaturas de 20 y 25 °C en huevos de D.
melacanthus, y a 20, 25, y 30 °C en huevos de P. nigrispinus. En ambos huéspedes, el porcentaje de hembras (proporcién de sexos) fue mayor a la
temperatura mas baja (15 °C). La capacidad de parasitismo, la longevidad de las hembras parentales y el niimero total de huevos parasitados variaron
con la temperatura en ambas especies hospedadoras, lo que mostré que el parasitismo diario y el nimero total de huevos parasitados disminuyeron
con el tiempo y que la longevidad de las hembras fue inversamente proporcional al aumento de la temperatura. Estos resultados permiten concluir
que las temperaturas extremas de 15y 30 °C no fueron favorables para el parasitismo de T. podisi, a pesar de que hubo parasitismo. Por lo tanto, en
las regiones donde esas temperaturas extremas pueden ser comunes, se deben realizar estudios adicionales para verificar la posibilidad de liberar un
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mayor niumero de parasitoides en estas circunstancias. A pesar de que la liberacidn de T. podisi en el campo podria afectar negativamente al preda-
dor P, nigrispinus, esta estrategia de control de plagas es probable que sea aiin mas seguro que el uso de insecticidas quimicos, que seria la medida

alternativa a T. podisi en el control de las chinches.

Palabras Claves: control bioldgico; parasitoide de huevo; efectos de la temperatura

Dichelops melacanthus (Dallas) (Heteroptera: Pentatomidae), the
most important stink bug species feeding on maize in South America, is
controlled frequently with chemical pesticides (Bueno et al. 2015). Pest
outbreaks are favored by a “green bridge,” i.e., by cultivating 2 crops
per yr (soybean in summer, maize in fall and winter) (Bianco 2005)
when an increase in the D. melachanthus population is observed dur-
ing the soybean season (Chiesa et al. 2016).

The early presence of stink bugs in maize development frequently
has triggered an overuse of insecticides. Current pest management ad-
opted in the field still primarily depends on chemicals (van Lenteren &
Bueno 2003). In spite of this overuse of chemical insecticides, stink bug
outbreaks tend to occur earlier and with greater intensity in soybean
and maize each yr (Bueno et al. 2015). Therefore, a more efficient and
sustainable pest management approach is urgently needed. One of the
most sustainable pest management strategies of integrated pest man-
agement, which has been applied increasingly worldwide, is augmen-
tative biological control (van Lenteren et al. 2018).

Egg parasitoids are the most important group of biocontrol agents
used in stink bug augmentative biological control management, be-
cause pests are controlled at a stage prior to plant damage (Koppel et
al. 2009). Telenomus podisi Ashmead (Hymenoptera: Scelionidae) is an
egg parasitoid available for field releases in augmentative biological
control that acts as a biocontrol agent of different pentatomid stink
bug species. However, the family Pentatomidae includes pests as well
as biocontrol agents, such as the predator Podisus nigrispinus (Dallas)
(Hemiptera: Pentatomidae), which also is parasitized by T. podisi (Tor-
res et al. 1996; Medeiros et al. 1997; Pacheco & Corréa-Ferreira 2000;
Koppel et al. 2009; Margaria et al. 2009).

An important consideration for T. podisi parasitism in the field
is the possible impact of abiotic conditions, especially temperature,
which directly influences development and survival of insects (Wilson
& Barnett 1983), affecting sex ratio, emergence, and other biological
characteristics (Canto-Silva et al. 2005). Therefore, T. podisi parasitism
is directly associated with its ability to adapt to different hosts and
climatic conditions. To this end, the objective of this work was to study
the effects of temperature on T. podisi parasitism on eggs of D. mel-
acanthus and P. nigrispinus.

Materials and Methods

PARASITOID AND HOST COLONIES

Telenomus podisi females as well as the studied hosts, D. melacan-
thus and P. nigrispinus, originated from insect colonies kept at Embrapa
Soybean, Londrina, Paranad, Brazil. Colonies were kept under controlled
environmental conditions inside biochemical oxygen demand climate
chambers (ELETROLab®, model EL 212, Sdo Paulo, S3o Paulo, Brazil)
set at 80 + 10% humidity, temperature of 25 + 2 °C, and a 14:10 h
(L:D) photoperiod. Hosts and parasitoids were reared according to the
methodologies described by Peres and Corréa-Ferreira (2004) for T.
podisi, by Panizzi et al. (2000) for D. melacanthus, and by Denez et al.
(2014) for P. nigrispinus, and are briefly summarized in the following
paragraph.

Telenomus podisi was collected originally from soybean fields in
Londrina, Parand, Brazil. The population has been maintained in the

laboratory for approximately 10 yr. It is reared on eggs of Euschistus
heros (Fabricius) (Hemiptera: Pentatomidae) glued to pieces of card-
board (2 cm x 8 cm), and introduced into tubes together with eggs
already parasitized by T. podisi close to parasitoid emergence. Small
drops of honey are placed inside these tubes to provide food for the
adults when they emerge. The tubes are then closed, and the eggs al-
lowed to be parasitized for 24 h. Adults that emerge from these eggs
are used for trials as well as for colony maintenance.

Dichelops melacanthus and P. nigrispinus were collected from soy-
bean plants in Londrina, Parana, Brazil. Those populations were kept
in the laboratory for approximately 2 yr during which new field insects
were introduced each yr to maintain colony quality. Dichelops mel-
acanthus was fed with beans (Phaseolus vulgaris L.; Fabaceae), soy-
beans (Glycine max L. Merr.; Fabaceae), peanuts (Arachis hypogaea
L.; Fabaceae), sunflower seeds (Helianthus annuus L.; Asteraceae) and
privet fruits (Ligustrum lucidum Aiton; Oleaceae). Podisus nigrispinus
was fed with third to fifth instars of Anticarsia gemmatalis Hibner
(Lepidoptera: Erebidae) and Spodoptera frugiperda (Smith) (Lepidop-
tera: Noctuidae) from the laboratory colony. Dichelops melacanthus
and P. nigrispinus were kept in cages (20 cm x 20 cm sides x 24 cm tall)
made of plastic screen and lined with filter paper. A Petri dish with a
cotton wad soaked in distilled water (9 cm diam) was added to each
cage. Three times per wk, cages were cleaned, stink bug food was re-
placed, and egg masses collected. After collection, some egg masses
were transferred to acrylic boxes (11 cm x 11 cm x 3.5 cm) (Gerbox,
Adria laboratérios Ltda., Londrina, Parand, Brazil) lined with filter paper
moistened with sterile, distilled water. After eclosion, second instars
were transferred to new cages identical to those previously described.
Egg masses not used for stink bug colony maintenance were stored
in gallon containers of liquid nitrogen at =196 °C for later use in the
parasitoid experiments.

BIOASSAYS

Four bioassays were independently conducted, 2 of which were
used to study the biological characteristics of T. podisi developing in
eggs of D. melacanthus and P. nigrispinus at different temperatures
(1 trial for each host species). The other 2 bioassays were designed to
study the parasitism capacity of adult T. podisi on eggs of D. melacan-
thus and P. nigrispinus at different temperatures (1 trial for each host
species).

Before beginning the experiments, T. podisi was reared for 1 gen-
eration on eggs of the respective experimental host species in order to
eliminate a possible pre-imaginal conditioning by rearing them on the
alternative host (E. heros). Thus, experiments were carried out with
the second generation of the parasitoid reared on the host eggs.

BIOLOGICAL CHARACTERISTICS OF TELENOMUS PODISI DE-
VELOPING IN EGGS OF DICHELOPS MELACANTHUS (TRIAL 1)
AND PODISUS NIGRISPINUS (TRIAL 2) AT DIFFERENT TEMPER-
ATURES

The bioassays were conducted in a completely randomized design
with 4 treatments (15, 20, 25, and 30 £ 2 °C) and 7 replicates (N = 28).

Each replicate consisted of 3 individual females in plastic microtubes
of 12 mm diam and 75 mm height (7 replicates x 3 females per repli-
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cate = 21 females evaluated per treatment) following the methodology
used by Queiroz et al. (2017) for other species of the genus Telenomus.
Rather than using a single female parasitoid, a group of females was
used per replicate: female insect egg parasitoids are small and fragile,
and thus vulnerable to tiny injuries during experimental manipulation,
which could affect their behavior. Using a set of parasitoids for each
replicate can mitigate this potential negative effect to some extent.

Telenomus podisi females (48 h old) were placed individually into
glass tubes (12 mm diam x 75 mm height). A cardboard card (10 mm
x 70 mm) containing 40 eggs of each host (D. melacanthus for trial 1,
and P. nigrispinus for trial 2) was exposed to each female. A droplet of
honey was offered to the females as food.

Parasitism was allowed for 24 h inside a biochemical oxygen de-
mand climate chamber at 25 + 2 °C, RH 80 + 10%, and a 14:10 h (L:D)
photoperiod. Afterwards, parasitoids were removed from the tubes
and the eggs of each species were transferred to climate chambers at
temperatures of 15, 20, 25, and 30 + 2 °C, with 80 + 10% relative hu-
midity (RH), and a 14:10 h (L:D) photoperiod. The following biological
traits were evaluated: duration of egg-to-adult period, sex ratio (sex ra-
tio = number of females/[number of females + number of males]), and
parasitoid emergence (%). The emergence of T. podisi was observed
daily to determine the duration of the egg-to-adult period. Parasitoid
emergence was evaluated under a stereoscope by counting the host
eggs with an exit orifice that resulted from adults emerging from the

egg.

PARASITISM CAPACITY OF TELENOMUS PODISI IN EGGS OF DI-
CHELOPS MELACANTHUS (TRIAL 3) AND PODISUS NIGRISPI-
NUS (TRIAL 4) AT DIFFERENT TEMPERATURES

The bioassays were performed in a completely randomized design
with 4 treatments (15, 20, 25, and 30 + 2 °C) and 22 replicates contain-
ing 1 T. podisi female for each host species. Eggs of both D. melacan-
thus and P. nigrispinus stored in liquid nitrogen were removed daily
from storage to be used in the experiments.

Forty-eight-h-old females were individually placed into Duran tubes
(1.5 mL) (Dovil Ltda., Sdo Paulo, Sdo Paulo, Brazil) containing cardboard
cards (0.8 cm x 5 cm) with approximately 40 eggs of D. melacanthus
(trial 3) or P. nigrispinus (trial 4). A droplet of honey was placed on the
wall of the tube for feeding, and tubes were then sealed with plastic
film.

The tubes were kept inside biochemical oxygen demand climate
chambers set to the respective treatment temperature, 80 + 10% RH,
and a 14:10 h (L:D) photoperiod. The eggs were exposed to parasitism
for 24 h, and the cards were replaced daily until the females died. The
cards containing parasitized eggs were stored in plastic bags (4 cm x
23 cm) and kept inside a biochemical oxygen demand climate cham-
ber at 25 + 2 °C, 80 + 10% RH, and a 14:10 h (L:D) photoperiod until
emergence and death of adults. The parameters evaluated were daily
parasitism, cumulative percentage of parasitism, total number of eggs
parasitized per female, and longevity of parental females.

DATA ANALYSIS

The results obtained in the experiments were submitted to explor-
atory analysis to evaluate the normality assumptions of the residuals
(Shapiro & Wilk 1965), homogeneity of variance of treatments, and ad-
ditivity of the model to allow the application of ANOVA (Burr & Foster
1972). Egg to adult period (trial 1) and longevity of parental females
(trial 3) were square-root transformed. Emergence of T. podisi from P.
nigrispinus eggs (trial 2) was transformed into arcsine V X/ 100. Sex
ratio of T. podisi emerged from P. nigrispinus eggs (trials 2 & 4) were
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transformed into to perform ANOVA. Then, averages were compared
by the Tukey test at a 5% error probability, with the statistical analysis
program SAS (SAS Institute 2009).

Results

BIOLOGICAL CHARACTERISTICS OF TELENOMUS PODISI
DEVELOPING IN EGGS OF DICHELOPS MELACANTHUS (TRIAL
1) AND PODISUS NIGRISPINUS (TRIAL 2) AT DIFFERENT
TEMPERATURES

Egg to adult periods of T. podisi in eggs of D. melacanthus (trial
1) and P. nigrispinus (trial 2) were inversely related to an increase in
temperature (10.8 and 10.9 d at 30 °C, and 58.8 and 67.2 d at 15 °C,
respectively). Thus, an increase in temperature from 15 to 30 °C caused
a reduction of the egg to adult period of T. podisi in eggs of D. melacan-
thus by 48.0 d, and in eggs of P. nigrispinus by 56.3 d (Table 1).

The emergence (%) of T. podisi offspring from D. melacanthus and
P. nigrispinus eggs was influenced by temperature, with the highest
parasitoid emergence from D. melacanthus eggs at 20 °C, and from P.
nigrispinus eggs at 25 and 30 °C (Table 1). Emergence from eggs of D.
melacanthus was > 80% at 20 and 25 °C (97.4 and 80.5%, respectively),
but much lower at 15 °C (27.5%). Emergence (%) from eggs of the pred-
ator P. nigrispinus was > 80% at temperatures of 20, 25, and 30 °C (87.7,
98.4, and 97.7%, respectively), and also lower at 15 °C (3.8%) (Table 1).

Temperature influenced sex ratio (sex ratio = number of females/
[number of males + number of females]), which decreased with in-
creasing temperature in both hosts (D. melacanthus and P. nigrispinus)
(Table 1). However, sex ratio was always above 0.5 at all evaluated tem-
peratures, both in pest and predator eggs (Table 1). The highest sex
ratio was found when parasitoids were exposed to 15 °C on both host
species. The lowest value was recorded at 25 °Cin D. melacanthus eggs
and at 30 °Cin P. nigrispinus eggs (Table 1).

PARASITISM CAPACITY OF TELENOMUS PODISI IN EGGS OF DiI-
CHELOPS MELACANTHUS (TRIAL 3) AND PODISUS NIGRISPI-
NUS (TRIAL 4) AT DIFFERENT TEMPERATURES

Parasitism capacity of T. podisi was affected by temperature in both
hosts (Figs. 1 & 2). The number of parasitized eggs per d varied de-
pending on temperature and host, with the highest parasitism always
observed on the first d of each experiment. Cumulative parasitism (%)
of D. melacanthus eggs reached 80% on the 24th, 20th, 14th, and 8th d
of adult lifespan at 15, 20, 25, and 30 °C, respectively (Fig. 1). Similarly,
cumulative parasitism (%) of P. nigrispinus eggs reached 80% on the
18th, 17th, 14th, and 12th d of adult lifespan at 15, 20, 25, and 30 °C,
respectively (Fig. 2).

The number of eggs laid per d by parasitoid females (daily parasit-
ism) decreased constantly in both host species over the adult para-
sitoid lifespan (Figs. 1 & 2). In D. melacanthus eggs, parasitism was
highest within the first 24 h at all tested temperatures, when average
numbers of parasitized eggs were 4.1, 10.6, 10.9, and 12.3 at 15, 20,
25, and 30 °C, respectively (Fig. 1). In P. nigrispinus eggs, parasitism
was highest during the first 24 h only at 20 and 25 °C, whereas at 15
°C (Fig. 2A) and 30 °C (Fig. 2D), maximum parasitism was observed on
the second and fourth d, with 0.5, 8.2, 9.7, and 10.8 eggs parasitized at
temperatures of 15, 20, 25, and 30 °C, respectively (Fig. 2).

Longevity of parental females of T. podisi was inversely propor-
tional to the increase in temperature on both hosts (Table 2). Reared
on D. melacanthus eggs, the maximum longevity of T. podisi parental
females was 89.0 d at 15 °C, and decreased to 41.7, 30.8, and 13.9d
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Table 1. Biological trait values of Telenomus podisi Ashmead (Hymenoptera: Scelionidae) on eggs of Dichelops melacanthus (Dallas) (Hemiptera: Pentatomidae) and
Podisus nigrispinus (Dallas) (Hemiptera: Pentatomidae) at 80 + 10% RH and a 14:10 h (L:D) photoperiod.

Temperature Egg to adult Emergence Sex

Host (°C) (d)* (%)* ratio*

D. melacanthus (trial 1) 15 58.8+0.8a* 27.5+3.2¢ 0.90+0.05a
20 22.1+0.1b 97.4+12a 0.71 £ 0.06 ab
25 126+0.2c 80.5+6.6b 0.50+0.05b
30 10.8+0.3d 69.7+6.8b 0.57+0.05 b
CV (%) 2.12 17.69 20.47
P <0.0001 <0.0001 0.0002
. 24 24 23
F 2,727.13 29.33 10.44

P. nigrispinus (trial 2) 15 67.2+0.5a’ 3.8t1c’ 1.00 + 0.00 a*
20 21.1+0.1b 87.7+1.4b 0.92+0.01b
25 141+0.1c 98.4+0.4a 0.89+0.03b
30 10.9+0.2d 97.7+0.8a 0.60+0.01c
CV (%) 1.31 6.92 1.41
P <0.0001 <0.0001 <0.0001
df,., 22 23 18
F 6,962.25 470.90 97.86

'Means = SE followed by the same letter (separately for each host) did not differ significantly (Tukey’s test, P > 0.05).
*Original means followed by statistics performed on \/X transformed data.

*Original means followed by statistics performed on arcsine V X /100 transformed data.

*Original means followed by statistics performed on Vx + 0.5 transformed data.
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Fig. 1. Distribution of lifetime parasitism of Telenomus podisi Ashmead (Hymenoptera: Scelionidae) in Dichelops melacanthus eggs (Dallas) (Hemiptera: Pen-
tatomidae) at different temperatures. (A) 15 °C, (B) 20 °C, (C) 25 °C, (D) 30 °C at 80 + 10% RH and a 14:10 h (L:D) photoperiod. Arrows indicate parasitism of 80%.
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Fig. 2. Distribution of lifetime parasitism Telenomus podisi Ashmead (Hymenoptera: Scelionidae) in Podisus nigrispinus eggs (Dallas) (Hemiptera: Pentatomidae)
at different temperatures. (A) 15 °C, (B) 20 °C, (C) 25 °C, (D) 30 °C at 80 + 10% RH and a 14:10 h (L:D) photoperiod. Arrows indicate parasitism of 80%.

at temperatures of 20, 25, and 30 °C, respectively. Reared on P. nigris-
pinus eggs, the maximum longevity of T. podisi was 133.5 d at 15 °C
followed by 59.7, 42.5, and 31.8 d at temperatures of 20, 25, and 30
°C, respectively (Table 2).

The total number of eggs parasitized per female throughout develop-
ment varied with temperature and host species. Reared on D. melacan-
thus eggs, the number of parasitized eggs did not differ between 20 and
25 °C, with a mean of 101.5 and 100.0 eggs, respectively. At temperatures
of 15 and 30 °C, the mean number of parasitized eggs was 40.8 and 67.5,
respectively. In eggs of P. nigrispinus, the total number of parasitized eggs
differed between all tested temperatures (15, 20, 25, and 30 °C, with 13.6,
61.6, 100.9, and 82.6 parasitized eggs, respectively) (Table 2).

Discussion

Telenomus podisi parasitism was highly influenced by both tem-
perature and host species, indicating a possible effect of these param-
eters on the success of a biocontrol program with this egg parasitoid.
Our results are of theoretical and practical interest and can contribute
significantly to a successful T. podisi release for the management of D.
melacanthus.

The inverse relationship between increasing temperatures and
shorter egg to adult periods is one of the consequences of a higher para-
sitoid metabolic activity at higher temperatures (Hernandez & Didz 1996;

Bueno et al. 2009). Higher metabolic activity implies a higher parasitoid
population growth rate, which can be an advantage for biological control
as new adults will emerge earlier. Although faster population growth is
favorable, an increase in temperature also can have negative effects on
T. podisi parasitism. At extremely high temperatures, optimal develop-
ment time is impaired and mortality increases (Bueno et al. 2008). We
observed a similar relationship when rearing T. podisi on D. melacanthus
eggs at 30 °C. However, increased larval mortality was not observed in
T. podisi on P. nigrispinus eggs. This might be associated with size differ-
ences between D. melacanthus (smaller) and P. nigrispinus (larger) eggs,
as previously observed for other parasitoids (Smith 1996). Host egg size
may affect host suitability for a parasitoid. Besides size, other differenc-
es between host eggs include egg surface and chorion structure, which
might directly impact loss of water and nutrients at 30 °C. The impact
of host egg characteristics on parasitoid survival and development has
been pointed out already by Coénsoli et al. (1999).

Temperature impacts larval development and survival, as well
as several adult biological traits. At 30 °C, parental female longevity
was reduced, thus shortening the period of parasitism. It contrib-
uted to lowering the total number of parasitized eggs, which is an
undesirable effect in biological control. The impact of temperature
on the longevity of T. podisi adults may be due to an incapability for
lipogenesis, as observed for most parasitoid species (Visser & Ellers
2008). However, as an ectothermic insect, the metabolic rate and
lipid consumption of T. podisi (Huey & Berrigan 2001) will depend
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Table 2. Parasitism capacity of Telenomus podisi Ashmead (Hymenoptera: Scelionidae) on eggs of Dichelops melacanthus (Dallas) (Hemiptera: Pentatomidae) and
Podisus nigrispinus (Dallas) (Hemiptera: Pentatomidae) at 80 + 10% RH and a 14:10 h (L:D) photoperiod.

Host Temperature (°C) Longevity of parental females (d)* Total number of parasitized eggs per female®
D. melacanthus (trial 3) 15 89.0+6.3a° 40.80+2.17¢
20 41.7+2.4b 101.58+3.96a
25 30.8+2.5¢c 100.00+3.98 a
30 13.9+0.9d 67.50+4.14 b
CV (%) 17.50 10.89
P <0.0001 <0.0001
df, . 76 72
F 98.32 67.96
P. nigrispinus (trial 4) 15 133.5+5.6a’ 13.68 £ 1.96 &’
20 59.7+3.2b 61.65+4.05¢
25 425+2.2c 100.94 £3.57 a
30 31.8+1.5d 82.65+4.95b
CV (%) 10.94 15.83
P <0.0001 <0.0001
df, . 73 76
F 182.52 123.16

'Means = SE followed by the same letter (separately for each host) did not differ statistically (Tukey’s test, P > 0.05).

*Original means followed by statistics performed on V X transformed data.
*Original means followed by statistics performed on Vx + 0.5 transformed data.

on temperature. Thus, allocation of lipids acquired during the larval
stage will determine the adult lifespan and fecundity of T. podisi
(Visser & Ellers 2008) and, therefore, its lifetime reproductive suc-
cess (Huey & Berrigan 2001).

Considering that the shortened egg to adult period observed at 30
°C may have reduced the amount of lipids acquired during the T. podisi
larval development, it probably led to reduced adult longevity and a
smaller number of parasitized eggs. Parasitoid foraging decisions are
commonly affected by the availability of lipid reserves, and the number
of mature eggs (Godfray 1994) in females. Lipids carried over from the
larval stage can be allocated to either egg production or to adult lipid
reserves, leading to a constant trade-off between reproduction and
lifespan (Pexton & Mayhew 2002).

Not only extremely high temperatures, but extremely low temper-
atures also can impair T. podisi parasitism. The low T. podisi emergence
observed at 15 °C from D. melacanthus eggs (27.5%) and P. nigrispinus
eggs (3.8%) may be related to the proximity of this value to the lower
lethal temperature of T. podisi. Previous reports support this hypoth-
esis. Yeargan (1980) observed low emergence of T. podisi on eggs of
Podisus maculiventris (Say) (Hemiptera: Pentatomidae) at 15.5 °C, and
also Nakama & Foerster (2001) and Torres et al. (1997) who reported a
viability of less than 50% when T. podisi was exposed to 15 °C. Howev-
er, it is important to consider that extremely low or high temperatures
usually do not occur over long periods in the field and, therefore, field
trials which help to understand the real effects of extreme weather
conditions on T. podisi still need to be conducted.

Another important trait to be considered in biological control is sex
ratio (number of females/[number of females + number of males]),
since only females parasitize and, in consequence, control the target
host in the field. Thus, it is desirable to increase the production of fe-
males (Bueno et al. 2009). In general, an increase in temperature was
related to a decrease in sex ratio. While parasitism occurred at 25 °C,
and subsequent larval development took place at several tempera-
tures (trials 1 and 2), the higher number of females emerging at 15 °C
suggests their higher cold tolerance compared with males. This might
be due to larger size or larger fat body of females, a hypothesis sup-
ported by Yeargan (1980), who reported that at 15.5 °C only females
emerge. Likewise, Doetzer & Foerster (2007) reported a higher occur-

rence of females under natural conditions during the coldest months
in the off-season of soybean in southern Parang, Brazil.

Itis also important to analyze the distribution of T. podisi lifetime par-
asitism because the active time of parasitoid females might vary related
to temperature (Reznik & Vaghina 2006), hosts (Reznik et al. 2001), and
parasitoid species (Pratissoli & Parra 2000), and may directly influence
parasitoid use in the field. For example, whether parasitoid activity is
higher in the first d of life or is evenly distributed throughout adulthood
is important when choosing the best parasitoid release strategy (Bueno
et al. 2010) for various reasons.

The sooner the parasitoid reaches 80% of its lifetime parasitism, the
better, because parasitoids would be less exposed to mortality factors
under field conditions. In practice, those factors could be pesticide spray-
ing necessary for crop management, or an abrupt change in weather
conditions that may kill the egg parasitoid (Carmo et al. 2010; Denis et
al. 2011). On the other hand, one of the factors that can reduce field ef-
ficiency of egg parasitoids is the lack of synchronization between the oc-
currence of the most susceptible stage of the target host with the period
of greater adult parasitism activity (Cingolani et al. 2014). Thus, a longer
T. podisi lifetime parasitism distribution would be preferable.

Taking into account that synchronization between parasitoid and
host is an important challenge in augmentative biological control, T.
podisi exhibited favorable traits for a prospective successful biocontrol
agent. As opposed to other parasitoids such as Trichogramma pretio-
sum Riley (Hymenoptera: Trichogrammatidae), which reached over 80%
lifetime parasitism (cumulative parasitism) already on the 12th, 10th,
5th, and 7th d of adulthood when exposed to 18, 20, 25, and 30 °C, re-
spectively (Bueno et al. 2012). Telenomus podisi reached this parasitism
level only at the 24th, 20th, 14th, and 8th d of parasitoid adulthood at
15, 20, 25, and 30 °C on D. melacanthus eggs, respectively. Similarly, T.
podisi reached 80% lifetime parasitism on the 18th, 17th, 14th, and 12th
d of parasitoid adulthood at 15, 20, 25, and 30 °C on P. nigrispinus eggs,
respectively. Therefore, a much longer period is available for synchro-
nization of the parasitoid with its target pest, reducing the chance for
release failures in the field.

It is important to point out that even though temperature is con-
sidered one of the most important factors in augmentative biological
control success, it is not the only factor responsible for changes in



Taguti et al.: Parasitism on Dichelops melacanthus and Podisus nigrispinus eggs

development and survival of egg parasitoids. Other biotic and abiotic
factors, such as photoperiod, relative humidity, interspecific and in-
traspecific competition, may interfere with biological control (Bueno
et al. 2012). However, T. podisi generally was influenced by tempera-
ture in eggs of both D. melacanthus and P. nigrispinus. The extreme
temperatures of 15 and 30 °C were unfavorable for T. podisi parasit-
ism (although it still occurred) because traits were impaired at those
temperatures, especially parasitism and adult longevity. In regions
where those extreme temperatures may occur commonly, additional
studies are necessary to investigate the possible need for increased
parasitoid numbers during field releases. Even though the release of
T. podisi in the field may negatively impact the predator P. nigrispinus,
it is probably still safer than the use of chemical insecticides, which
would be the alternative measure to T. podisi in the control of stink
bugs.
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