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ABSTRACT

Three Neotropical predators Campyloneuropsis infumatus (Carvalho), Engyta-
tus varians (Distant) and Macrolophus basicornis (Stal) (Hemiptera: Miridae)
are considered in Brazil as potential biological control agents of Tuta absoluta
Meyrick (Lepidoptera: Gelechiidae) and other tomato pests. This study evalu-
ated the effect of five constant temperatures (16, 20, 24, 28 and 32°C, all £1°C)
on the reproduction, population growth and longevity of these predatory mirids.
Adults freshly emerged from nymphs reared at each temperature, were separated
in couples and kept in 1.7 1 glass pots with tobacco plant seedlings (Nicotiana
tabacum L., cv. TNN) as oviposition substrate and ad libitum Ephestia kuehniella
(Zeller) (Lepidoptera: Pyralidae) eggs as food. The shortest pre-oviposition and
the longest oviposition periods were observed at 24°C and 28°C in all three mirid
species. At 24°C all three species showed the highest daily and total fecundities.
The population growth parameters represented by the intrinsic rate of increase
(r,) and the finite rate of increase (A) were highest at 24°C and 28°C, and the
net reproductive rate (R,) was highest at 24°C for all three species. Longevities
of both males and females were longest at 24°C and 28°C in all three mirids.
The size of tibia and adult weight in the three species were greatest at 20°C
and 28°C, respectively. Differences in values for all above variables were small
and often statistically non-significant for the three mirid species at the same
temperature. Also, not a single significant difference was found for any of the
growth parameters at each of the temperatures, including r,,. The results indicate
that temperatures in the range from 24—28°C are best for reproduction and po-
pulation growth of C. infumatus, E. varians and M. basicornis. The factitious
prey E. kuehniella is an excellent food source and tobacco plants provide a good
rearing substrate for these mirids. The obtained results may assist in developing
a mass rearing method for C. infumatus, E. varians and M. basicornis, in de-
termining optimal timing and frequency of mirid releases in the crop, and in de-
termining whether they are active at the temperature spectrum observed during
tomato production in the field or greenhouse.
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RESUMO

Trés predadores Neotropicais Campyloneuropsis infumatus (Carvalho), Engyta-
tus varians (Distant) and Macrolophus basicornis (Stal) (Hemiptera: Miridae)
sdo considerados como potenciais agentes de controle biologico de Tuta abso-
luta Meyrick (Lepidoptera: Gelechiidae) e de outras pragas do tomateiro no
Brasil. Neste estudo foram avaliados o efeito de cinco temperaturas constantes
(16, 20, 24, 28 e 32°C, todas +1°C) na reprodugao, crescimento populacional e
longevidade destes mirideos predadores. Adultos recém-emergidos, originarios
de ninfas criadas em cada temperatura foram separados em casais e mantidos
em potes de vidro de 1.7 I contendo mudas de fumo (Nicotiana tabacum L., cv.
TNN) como substrato de oviposi¢do e ovos de Ephestia kuehniella (Zeller) (Lepi-
doptera: Pyralidae) ad libitum como alimento. Os periodos, mais curto de pre-
oviposi¢do e o mais longo de oviposi¢do, foram observados a 24°C e 28°C em
todas as trés espécies de mirideos. A 24°C todas as trés espécies apresentaram as
maiores fecundidades, diaria e total. Os parametros de crescimento populacional
representados pela taxa intrinseca de aumento (r,,) ¢ a taxa finita de aumento ()
foram maiores a 24°C e 28°C, e a taxa liquida de reproducdo (R,) foi maior a
24°C para todas as trés espécies. As longevidades de machos e fémeas foram mais
longas a 24°C e 28°C para os trés mirideos. O tamanho da tibia e o peso do adulto
nas trés espécies foram maiores a 20°C e 28°C, respectivamente. Diferengas nos
valores para todas as variaveis acima foram pequenas e frequentemente nao es-
tatisticamente significativas para as trés espécies de mirideos na mesma tempe-
ratura. Além disso, nenhuma diferenca significativa foi encontrada para qualquer
um dos parametros de crescimento em cada uma das temperaturas, incluindo r,,.
Os resultados indicam que temperaturas na faixa de 24—28°C sdo as melhores
para a reproducdo e crescimento populacional de C. infumatus, E. varians e M.
basicornis. A presa alternativa E. kuehniella ¢ uma excelente fonte de alimento e
plantas de fumo fornecem um bom substrato para a criagdo destes mirideos. Os
resultados obtidos podem auxiliar no desenvolvimento de um método de criagdo
massal para C. infumatus, E. varians e M. basicornis, na determinagao do tempo
e frequéncia 6timos para liberagdo dos mirideos no cultivo e na determinagdo de
se eles sdo ativos no espectro de temperatura observado durante a producao de
tomate no campo ou em casas de vegetagao.

PALAVRAS-CHAVE: Campyloneuropsis infumatus, Engytatus varians, Macro-
lophus basicornis, Tuta absoluta, pragas agricolas, controle biologico, fecundi-
dade, longevidade, criagdo massal, traca do tomateiro.

INTRODUCTION

Tomato (Solanum lycopersicum L.) is the most widely produced fruit vegetable
in the world and also plays an important role in the agricultural economy of Brazil,
one of the main world tomato producers (Agrianual 2016). In Brazil, tomato crops
are being attacked by at least 29 insect pests, including whiteflies, lepidopterans,
leaf miners and mites (Pratissoli & Carvalho 2015). The South American tomato
borer Tuta absoluta Meyrick (Lepidoptera: Gelechiidae) is one of the major pests,
causing complete crop losses when no pest control is applied (Guedes & Picango
2012). Tuta absoluta is usually controlled by frequent sprays involving weekly
or fortnightly chemical pesticide treatments (Thomazini et al. 2001). As a conse-
quence, Brazilian 7. absoluta populations have acquired resistance to several active
ingredients, resulting in a so-named pesticide treadmill, decimation of natural
enemies and high residue levels on tomato fruit (van den Bosch 1978; Siqueira
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et al. 2000, 2001; Santos et al. 2011; Silva et al. 2011). The rapid development of
resistance to frequently applied pesticides, together with negative effects on the
environment and human health necessitate a search for alternative methods, such
as biological control.

One group of natural enemies, predatory mirid bugs (Hemiptera: Miridae) is of
special interest for 7 absoluta management. Mirid predators became popular bio-
logical control agents during the past 20 years (van Lenteren et al. 2018), which
may seem surprising as they are polyphagous as well as zoophytophagous (Silva
et al. 2016a, b). However, they are increasingly being reported as promising bio-
control agents of various important pests, mainly in tomato crops (Devi et al.
2002; Perdikis & Lykouressis 2002; Blaeser et al. 2004; Urbaneja et al. 2005;
Bueno et al. 2013a). Two examples of recently successfully commercially used
predators are Nesidiocoris tenuis (Reuter) and Macrolophus pygmaeus (Rambur)
(Hemiptera: Miridae) for control of 7. absoluta and Bemisia tabaci (Gennadius)
(Hemiptera: Aleyrodidae) in Europe (Calvo et al. 2012; van Lenteren 2012; van
Lenteren et al. 2018).

In Brazil, natural enemies of 7. absoluta have been collected and are currently
evaluated as biological control agents (Bueno et al. 2013a, b; Silva et al. 2016a, b,
2018). In particular, three mirid species (Campyloneuropsis infumatus (Carvalho),
Engytatus varians (Distant) and Macrolophus basicornis (Stal) (Hemiptera: Miri-
dae) seem interesting candidates for control of several tomato pests, as they were
found to prey on eggs and larvae of 7. absoluta (van Lenteren et al. 2016, 2017).
Also, they prey on eggs and larvae of various other lepidopteran pests of toma-
to, such as Neoleucinodes elegantalis (Guenée) (Lepidoptera: Crambidae), Heli-
coverpa armigera (Hubner) (Lepidoptera: Noctuidae), Phthorimaea operculella
(Zeller) (Lepidoptera: Gelechiidae) (Bueno 2017). Further, they prey on nymphs of
B. tabaci (Hemiptera: Aleyrodidae), aphids and mites (Bueno et al. 2013a, b; Bue-
no 2017). Bueno et al. (2012, 2013a) and Silva et al. (2016a) reported that these
Neotropical mirids can use tomato plants as oviposition substrate, can complete
their development and build up populations on tomato, and, very importantly, can
easily walk on stems and leaves of tomato plants despite the presence of sticky
and poisonous trichomes. Finally, nymphs and adults of these three Neotropical
zoophytophagous mirids appeared to cause little injury to tomato seedlings and
fruit, even when present in high densities and in the absence of prey (Silva et al.
2016b).

Positive characteristics of these mirids and their potential as biological control
agents make it critical to obtain basic data about their development and reproduction
biology at temperatures, which they are exposed to in tomato crops in the field or
greenhouse. Such information would also be relevant for (1) developing a mass
rearing method, (2) estimating the timing and frequency of predator releases in the
crop, and (3) clarifying if the development of pest and natural enemy populations
are synchronized at practical field and greenhouse temperature conditions (van
Lenteren 2003, 2010).
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This study aimed to evaluate the effect of five constant temperatures (16, 20,
24, 28 and 32°C, all £1°C) on reproduction, population growth and longevity of
the mirid predators C. infumatus, E. varians and M. basicornis feeding on eggs of
a factitious host, Ephestia kuehniella (Zeller) (Lepidoptera: Pyralidae), and ha-
ving tobacco as host plant for oviposition and as a source of water. The selected
temperature range was based on the optimum temperatures for tomato production
in Brazil, during which farmers try to produce tomatoes in the field, with lower
and higher values occuring occasionally (Naika et al. 2006). Brazilian growers
producing tomatoes in greenhouses also attempt to adhere to optimal temperature
schedules. We used tobacco instead of tomato in this baseline research for the
following reasons: (1) in the field we collected mirids on tobacco, (2) tobacco ap-
peared to be a very good host plant for rearing and maintaining populations of the
three mirid species in the laboratory, and (3) on tobacco, mirid eggs can be easily
seen on leaves and reliably counted (Bueno et al. 2018), which is impossible on
tomato (Silva et al. 2016a).

MATERIALS AND METHODS

Collecting and rearing of mirid predators

Mirid predators C. infumatus, E. varians and M. basicornis were sampled on
tobacco crops (Nicotiana tabacum L., cv. TNN) located in the Ribeirdo Vermelho
(21°11'29"S 45°03'45"W, alt. ca 790 m) and Lavras (21°14'43"S 44°59'59"W, alt.
ca 920 m) municipalities, Minas Gerais State, Brazil. Nymphs and adults were
identified on basis of visual morphological characters according to the key of mi-
rid species of Ferreira and Henry (2011). Specimens were sent for confirmation
of their identity to P.S.F. Ferreira (Dept. of Animal Biology, Federal University of
Vigosa, Vicosa, Brazil). Further details about locations, collection and identifica-
tion are provided by Bueno ez al. (2012, 2013a).

Stock colonies of these mirids were maintained in the laboratory according to
the methodology described elsewhere (Bueno et al. 2013a; Silva et al. 2016a).
Eggs of E. kuehniella obtained from Koppert Brasil (http://koppert.com.br) were
offered as food and tobacco (cv. TNN) as oviposition substrate. The mirid stock
rearings were maintained in a climate room at 25+2°C, relative humidity (RH)
70+10% and 12h photophase. One hundred newly emerged nymphs of each mi-
rid species were isolated and reared at each of the five temperatures (16, 20, 24,
28 and 32°C) until adults emerged to form couples to be used in the experiment
described below.

Reproduction, longevity and population growth

Freshly emerged adults of each mirid species that had developed at the same
temperature were used in experiments. A couple of each mirid predator of up to
24h old was introduced to a 1.7 1 glass containers with a tobacco seedling with up
to 3 leaflets planted in a 200 ml plastic cup with soil as oviposition substrate and ad
libitum E. kuehniella eggs as food. The seedlings were daily replaced by new ones.
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Removed seedlings were observed under a stereoscopic microscope Leica EZ4
under 40x magnification, and the number of eggs and, later, hatched nymphs were
recorded daily for each mirid species. The experiments were executed in climate
chambers at 16°C, 20°C, 24°C, 28°C and 32°C (all £1°C), RH 70+10% and 12h
photophase. The mortality of adults was recorded daily, and the longevity was
determined for males and females of each mirid species. The data on daily and total
fecundities were based on counting eggs and emerged nymphs (Agusti & Gabarra
2008, 2009; Sanchez et al. 2009; Silva et al. 2016a). Based on these data, the
pre-oviposition, oviposition and post-oviposition periods, the fecundity (daily and
total) of C. infumatus, E. varians and M. basicornis at the different temperatures
were determined. The numbers of replicates (Table 1) varied for different species
and temperatures, and depended on the number of nymphs developed into males
and females from which the couples were formed.

Weight and size

Weight and size of newly-emerged females and males of each mirid species
were determined for the five temperatures. Twenty males and 20 females reared
at each temperature were placed individually in a glass tube (2.5%8.0 cm) covered
with plastic film and weighed using a precision balance (Shimadzu, model AW-
220, 0.0001g of precision). Next, the right hind tibia of each weighed insect was
placed on a cover slide with a drop of Hoyer’s medium. The length of the tibia was
measured using a micrometer ocular under 100x magnification.

Data analysis

The experiment was carried out in a factorial design of 5x3 (five—16°C, 20°C,
24°C, 28°C and 32°C—temperatures and three mirid predator species, viz. C.
infumatus, E. varians and M. basicornis). All data were first checked for normality
(P>0.05) by using a Shapiro-Wilk test. The data from the pre-oviposition, oviposition
and post-oviposition periods, daily and total fecundity, and the longevity showed
normal distributions and were next exposed to an analysis of variance (two-way
ANOVA with the mirid species and temperatures as factors) using the Tukey test
(P<0.05). To compare weights, sizes of tibia and longevities of females and males
for the same temperature, the ¢ test was used (P<0.05). As data of weights and sizes
of female and male tibiae were not normally distributed, they were transformed by
square root (Vx) and exposed to an analysis of variance (two-way ANOVA with the
mirid species and temperatures as factors) using the Tukey test (P<0.05). All data
were analyzed with the R Development Core Team (2014) software.

To determine the life table parameters of the three mirids, the data of survival and
fecundity of each female were used. Age interval (x), fecundity (m ), probability
of survival (1 ) data were used to calculate the net reproductive rate (R ), mean
generation time (T), intrinsic rate of increase (r ), finite rate of increase (1) and
double time (DT), using the Jackknife method (Maia et al. 2000, 2014). The age
(in days) at which the insects began adulthood, immature survival and sex ratio of
emerged adults when exposed to the same temperature were used in the calcula-
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tion of the population growth parameters. The life table parameters and their
standard errors were estimated by the Life Table Sas Method (Maia et al. 2000,
2014). Means of the life table parameters were compared in pairs by applying a
unilaterally Student ¢ test for independent samples (P<0.05) using the statistical
program SAS (SAS Institute 2000).

The values of | _are all lower than 1 (Figs 4-8), because survival was measured
based on the development of a cohort of individuals for each species at each tem-
perature, starting with newly emerged eggs. The values presented at day 0 of adult
age represent survival data after egg and nymphal mortality (Bueno et al. 2018).

RESULTS
Pre-oviposition, oviposition and post-oviposition periods

The pre-oviposition periods were on average 4—35 days at 24°C and 28°C for all
three mirid species, and shorter than at the highest (32°C) and lower temperatures
(16°C, 20°C) (F4’145=4.315, p<0.0001). At 16°C the pre-oviposition periods were
longer than those at the other four temperatures (F, ,.=5.896, p<0.001) for all
three mirid species (Fig. 1).

The oviposition periods were longer at 24°C and 28°C (F Al 45— 1458, p=0.002)
than at other temperatures for all three mirids. At 24°C the oviposition periods of M.
basicornis (26.6 days) and E. varians (25.9 days) were longer than in C. infumatus
(23.9 days) (F, ,,.=2.367, p<0.001). The oviposition period of M. basicornis (26.8
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Fig. 1: Pre-oviposition period in days (£SE) of Campyloneuropsis infumatus, Engytatus varians
and Macrolophus basicornis at different temperatures, 70£10% RH and 12h photophase.
Means (£SE) followed by same capital letter indicate non-significant differences for the
species at the same temperature (one-way ANOVA); means followed by the same lower
case letter (two-way ANOVA) indicate non-significant differences between the species at
different temperatures (Tukey’s test, P<0.05).



BUENO ET AL.: POPULATION GROWTH OF THREE NEOTROPICAL MIRID PREDATORS 7

30
Aa Aa
1 C. infumatus A_ﬁ BbBb
T 254 = E. varians A s
% I M. basicornis
T 201
©
ie) Ac
o , Ac
3 15 Ac
&
= 104
i) AdAd Ad
Ad

> 51
O

16 20 24 28 32

Temperatures (°C)

Fig. 2: Oviposition period in days (£SE) of C. infumatus, E. varians and M. basicornis at different
temperatures, 70+£10% RH and 12h photophase. Means (+SE) followed by same capital
letter indicate non-significant differences for the species at the same temperature (one-
way ANOVA), means followed by the same lower case letter (two-way ANOVA) indicate
non-significant differences between the species at different temperatures (Tukey’s test,

P<0.05).
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Fig. 3: Post-oviposition period in days (+SE) of C. infumatus, E. varians and M. basicornis at dif-
ferent temperatures, 70+10 % RH and 12h photophase. Means (+SE) followed by same
capital letter indicate non-significant differences for the species at the same temperature
(one-way ANOVA), means followed by the same lower case letter (two-way ANOVA)
indicate non-significant differences between the species at different temperatures (Tukey’s
test, P<0.05).
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days) was longer than in the other two species at 28°C (C. infumatus, 23.8 days
and E. varians, 23.7 days) (F, ,;=10.325, p=0.001). There were no differences in
oviposition periods for all three species at 16°C and 32°C (Fig. 2).

The post-oviposition periods for all three mirids were longer at 24°C and 28°C,
and shorter at 16°C and 32°C (F, ,.=3.345, p<0.001) (Fig. 3).

4,145

Daily and total fecundity

The highest daily fecundities were found at 24°C for all three mirid species
(C. infumatus, 10.4, E. varians, 10.3 and M. basicornis, 11.7 nymphs/female/day)
(F, 145=12.752, p<0.001). Macrolophus basicornis showed a higher daily fecundity
than in the other two species at 16°C (F,,=4.233, p=0.014), 28°C (F,,,=2.684,
p<0.001) and 32°C (F, ,=5.212, p=0.004) (Table 1). At 28°C the daily fecundities
were 6.7 nymphs/female/day (C. infumatus), 6.4 nymphs/female/day (E. varians)
and 8.3 nymphs/female/day (M. basicornis).

The highest total fecundities were also found at 24°C (C. infumatus, 248.5, E.
varians, 266.7 and M. basicornis, 311.2 nymphs/female) (F, ,.=6.158, p= 0.003)
(Table 1). Fecundities of M. basicornis were higher than in the other species at
16°C (F, ,;=3.664, p<0.001), 24°C (F, ,,=4.551, p=0.0013) and 28°C (F, ,;=6.127,
p=0.0006). Fecundities of C. infumatus were lower than in E. varians and M. ba-
sicornis at 20°C (F, =7.354, p<0.001) and 32°C (F, =2.443, p<0.001) (Table 1).

2,90 2,69

Table 1: Daily fecundity (nymphs/female/day) and total fecundity (nymphs/female) of C. infumatus,
E. varians and M. basicornis at five constant temperatures (+1°C), 70£10% RH and 12h
photophase. Abbreviation: n—number of replicates (females).

T°C  Species n Daily fecundity Total fecundity
C. infumatus 20 3.0+1.17B"d™ 17.4+1.13Bd
16 E. varians 25 3.1+0.97Bd 18.9+0.87Bd
M. basicornis 33 4.6+£2.01Ad 32.6+1.21Ad
C. infumatus 12 5.4+1.23Ac¢ 69.1+1.16Bc
20 E. varians 37 5.8+1.12Ac¢ 81.2+1.02Ac¢
M. basicornis 44 5.6+£0.89Ac¢ 77.2+£0.77Ac
C. infumatus 19 10.4+0.22Aa 248.5+3.23Ba
24 E. varians 39 10.3+0.16Aa 266.7+4.16Ba
M. basicornis 38 11.7£0.31Aa 311.2+4.31Aa
C. infumatus 15 6.7+0.24Bb 160.1+£3.17Bb
28 E. varians 45 6.4+0.31Bb 151.6+2.41Bb
M. basicornis 42 8.3+0.88Ab 222.4+2.68Ab
C. infumatus 11 3.2+0.13Bd 19.2+1.33Bd
32 E. varians 24 3.5+0.21Bd 25.5+0.88Ad
M. basicornis 36 4.1+0.11Ad 25.8+0.94Ad

Notes: *~Means (+SE) followed by same capital letter in columns indicate non-significant differences
for species at same temperature (Tukey’s test, P<0.05); **—means followed by same lower case
letter in columns indicate non-significant differences between species at different temperatures
(Tukey’s test, P<0.05).
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Average fecundity (m ), survival (1 ) and growth population parameters

The average fecundity (m ) reached a maximum of 4 nymphs/female at 16°C and
32°C (Figs 4A, 5A, 6A, 7A, 8A). At 20°C, 24°C and 28°C, the average fecundity
(m,) was 7, 14 and 13 nymphs/female, respectively (Figs SA, 6A, 7A). The number
of nymphs/female/day increased with the mirid female age at 16°C, 20°C, 24°C,
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Fig. 4: (A) survival (1) and average fecundity (m,); (B) eggs/female/day and accumulated percentage
eggs of C. infumatus (Ci), E. varians (Ev) and M. basicornis (Mb) at 16°C (£1°C), 70+10 %
RH and 12h photophase.
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28°C and 32°C (Figs 4B, 5B, 6B, 7B, 8B). This number started to increase after the
4" day of female adulthood (pre-oviposition period) and decreased after the 25
day at 24°C and 28°C (Figs 6B, 7B). At 24°C and 28°C, C. infumatus, E. varians
and M. basicornis females laid more eggs than at other three temperatures (Figs
6A, B & 7A, B). The survival rates (1 ) decreased linearly with the increase of the
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Fig. 5: (A) survival (1,) and average fecundity (m,); (B) eggs/female/day and accumulated percentage
eggs of C. infumatus (Ci), E. varians (Ev) and M. basicornis (Mb) at 20°C (£1°C), 70+10%
RH and 12h photophase.
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female age at all temperatures (Figs 4A, 5A, 6A, 7A, 8A). The longest survival
(1) of females was observed at 24°C and 28°C (Figs 6A, 7A) for all three mirid
species.

There were no significant differences among the three mirid species as regards
their population growth parameters at each temperature. However, at different

=
E
= 2
= E
2 3
= RS
Z 3
o
g
<
0 (9) 10 15 20 25 30 35 40
—&— eggs/female/day - Ci
—a— eggs/female/day - Ev
257 _a— eggs/female/day - Mb r 120
—a— accum. % eggs - Ci
50 O accum. % eggs - Ev - 100 ”
> —e— accum. % eggs - Mb g
3 g0 ©
o 15 2
© ke;
£ 60 QO
[0) ©
T 104 =)
) 40 E
T Q
L 5 | <<(_>
- 20
0 ses 0

Female age (days)

Fig. 6: (A) survival (1) and average fecundity (m,); (B) eggs/female/day and accumulated percentage
eggs of C. infumatus (Ci), E. varians (Ev) and M. basicornis (Mb) at 24°C (£1°C), 70+10 %
RH and 12h photophase.
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temperatures, the intrinsic rates of increase (r_) were significantly higher at 24°C
and 28°C for all three mirids (t=2.314, df=4, p<0.001) than at other temperatures.
The net reproductive rates (R)) were higher at 24°C (t=3.987, df=4, P<0.001)
for all three species than at other temperatures. The mean generation times (T)
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Fig. 7: (A) survival (1,) and average fecundity (m,); (B) eggs/female/day and accumulated percentage
eggs of C. infumatus (Ci), E. varians (Ev) and M. basicornis (Mb) at 28°C (£1°C), 70+10%
RH and 12h photophase.
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were higher at 28°C and 32°C (40 days) (t=7.698, df=4, p=0.002) than at other
temperatures. The double times (DT) were higher at 24°C, 28°C and 32°C than
at other temperatures, and the finite rates of increase (1) were higher at 24°C and
28°C than at other temperatures (Table 2).
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Fig. 8: (A) survival (l,) and average fecundity (m,); (B) eggs/female/day and accumulated percentage
eggs of C. infumatus (Ci), E. varians (Ev) and M. basicornis (Mb) at 32°C (£1°C), 70+10 %
RH and 12h photophase.
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Table 3: Longevity (days) of Campyloneuropsis infumatus, Engytatus varians and Macrolophus ba-
sicornis at constant temperatures (+1°C), 70+10% RH and 12h photophase.

Longevity
T°C Species Females n Males n t P value
C. infumatus 14.7+1.61A°¢c™ 20  123+2.71Bc 20 0.704 0.012
16 E. varians 15.2+1.58Ac 25  11.74#1.56Bc 25 1.116 0.003

M. basicornis 15.6+2.04Ac 33 12.1£1.12Bc¢ 33 0.145 0.024
C. infumatus 21.4+1.52Ab 12 18.2+1.05Bc¢ 12 1.234 <0.001

20 E. varians 22.6+1.13Ab 37 19.1+1.46Bc 37 0.983 0.004
M. basicornis 22.5+0.99Ab 44 21.7+1.11Ac 44 1.119 0.014
C. infumatus 31.4+2.15Aa 19  28.4+2.24Ba 19  2.136 0.026
24 E. varians 33.7+1.44Aa 39 293+1.88Ba 39  0.865 0.035
M. basicornis 34.6£1.79Aa 38  30.2+1.96Aa 38 1457 0.123
C. infumatus 32.4+2.55Aa 15 27.6+1.89Ba 15 2132 <0.001
28 E. varians 31.5¢1.77Aa 45  28.9+2.14Ba 45 1.479 0.002
M. basicornis 35.1+1.19Aa 42 33.7+2.52Aa 42 0.788 0.214
C. infumatus 13.7+1.86Ac 11 11.9+1.06Bc 11 0.955 0.006
32 E. varians 14.2+3.75Ac 24 12.8+0.98Bc¢ 24 1.038 0.041

M. basicornis 13.9+1.15Ac 36 12.5+1.65Ac 36  0.899 0.075

Notes: *—~Means (£SE) followed by same capital letter in columns indicate non-significant differences
for species at the same temperature (Tukey’s test, P<0.05); **—means followed by same lower
case letter in the columns indicate non-significant differences between the species at different
temperatures (Tukey’s test, P<0.05).

Longevity of females and males of C. infumatus, E. varians and M. basicornis

For all three mirid species, longevities for males (F,,,.=6.987, p<0.001) and
females (F, ,=5.324, p<0.001) were longer at 24°C and 28°C than at other tem-
peratures. Longevities of C. infumatus and E. varians females were greater than in
males (Table 3) at all temperatures. At 20°C, 24°C, 28°C and 32°C longevities of
females and males of M. basicornis did not differ significantly (Table 3).

Weight and tibia length in C. infumatus, E. varians and M. basicornis

The lengths of the right hind tibia of males and females of all three species did
not differ significantly at the evaluated temperatures (t=1.115, df=2, p=0.233),
with one exception. The lengths of the right hind tibiae in E. varians females were
greater than in the other two mirid species at 20°C, 24°C and 28°C (Table 4). Fe-
males and males of E. varians were heavier than those of the other two mirids at
all temperatures (Table 5).

DISCUSSION

Temperature affects mirid life histories, as those of most other insects, reflec-
ting genotypic constraints that are modifiable through an individual’s interaction
with its environment (Wheeler 2001). The three studied Neotropical mirid species
appeared to perform best at temperatures between 24-28°C. The shortest pre-
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Table 4: Length of tibia (mm) (£SE) of Campyloneuropsis infumatus, Engytatus varians and Mac-
rolophus basicornis at five constant temperatures (+1°C), 70+10% RH and 12h photo-
phase. Abbreviation: n—number of replicates (females or males).

T°C Species n Female Male t P value
C. infumatus 20  1.68+0.85A'd™ 1.65+0.72Ad 1.115 0.233
16 E. varians 20  1.82+1.54Ac 1.80+1.06Ac 0.968 0.314

M. basicornis 20 1.71x0.47Ad 1.69+0.78Ad 1.010 0.064

C. infumatus 20  1.83+1.25Ab 1.80+1.24Ab 1.066 0.078
20 E. varians 20  1.97+1.06Aa 1.94+0.78 Aa 2.013 0.145
M. basicornis 20 1.88+0.47Ab 1.86£1.15Ab 1.782 0.347

C. infumatus 20  1.84+1.03Ab 1.82+0.22Ab 0.974 0.081
24 E. varians 20  2.29+1.14Aa 2.24+0.98Aa 1.257 0.129
M. basicornis 20  1.98+0.46Ab 1.93+£1.05Ab 2.335 0.206

C. infumatus 20  1.87+1.37Ab 1.85+0.82Ab 2.153 0.312
28  E.varians 20  2.05+1.33Aa 2.03+0.75Aa 1.673 0.211
M. basicornis 20  1.91+0.87Ab 1.92+1.12Ab 0.931 0.097

C. infumatus 20  1.65+0.62Ad 1.63+0.34Ad 1.336 0.161
32 E. varians 20 1.81+£0.98Ac 1.79+0.41Ac 1.099 0.082
M. basicornis 20  1.72+1.04Ad 1.70+0.58Ad 1.121 0.215

Notes: *—Means (+SE) followed by same capital letter in columns indicate non-significant differences
for species at the same temperature (Tukey’s test, P<0.05); **—means followed by same lower case
letter in the columns indicate non-significant differences between the species at different temperatures
(Tukey’s test, P<0.05).

Table 5: Weight (mg) of Campyloneuropsis infumatus, Engytatus varians and Macrolophus basi-
cornis at constant temperatures (+1°C), 70+10% RH and 12h photophase. Abbreviation:
n—number of replicates (females or males).

T°C Species n Female Male t P value
C. infumatus 20 1.60+0.75A*d™  1.58+0.22Ad 1.013 0.321
16 E. varians 20  1.74+1.31Ac 1.70+£1.18Ac 0.987 0.071

M. basicornis 20  1.64+0.58Ad 1.59+0.83Ad 1.314 0.062

C. infumatus 20  1.88+1.57Ab 1.86+1.65Ab 0.968 0.115
20 E. varians 20 1.98+1.24Aa 1.97+1.18Aa 1.231 0.214
M. basicornis 20 1.93£1.13Ab 1.90+1.36Ab 0.996 0.147

C. infumatus 20 1.91£1.21Ab 1.89+0.16Ab 1.321 0.083
24 E. varians 20 2.45+1.11Aa 2.39+0.87Aa 2.012 0.106
M. basicornis 20 2.03+£0.24Ab 2.00+1.42Ab 1.459 0.064

C. infumatus 20  1.92+1.62Ab 1.90+1.44Ab 0.995 0.102
28 E. varians 20  2.39+1.26Aa 2.37+0.85Aa 1.132 0.111
M. basicornis 20  1.92+0.77Ab 1.91+0.89Ab 1.087 0.088

C. infumatus 20 1.64+0.23Ad 1.61+1.09Ad 0.879 0.109
32 E. varians 20  1.79+0.39Ac 1.75+1.04Ac 1.054 0.071
M. basicornis 20 1.67+1.43Ad 1.66+0.94Ad 2.013 0.061

Notes: *—Means (+SE) followed by same capital letter in columns indicate non-significant differences
for species at the same temperature (Tukey’s test, P<0.05); **—means followed by same lower
case letter in the columns indicate non-significant differences between the species at different
temperatures (Tukey’s test, P<0.05).
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oviposition and longest oviposition periods found at these temperatures were
similar to values reported for other mirid species, such as M. pygmaeus (Perdikis
& Lykouressis 2002) and Deraeocoris brevis (Uhler) (Kim & Riedl 2005). Bueno
et al. (2018) found that development of immatures of the same three Neotropical
mirid species on tobacco with E. kuehniella as food was optimal at 24°C. Wheeler
(2001) mentions that oviposition in heteropteran insects is suppressed at tem-
peratures above and below the optimum. Low temperatures adversely affect fe-
cundity because the female feeding period is extended at the expense of time
devoted to oviposition. In this study, the daily and total fecundity of all three
mirid species were lower at the lowest (16°C) and highest (32°C) temperatures.
The daily fecundities at 24°C of the three mirid species we studied (10.3—11.7
nymphs/female/day on tobacco) were higher than values obtained for the mirid
Deraeocoris brevis (9.5 eggs/female/day on green beans) (Kim & Riedl 2005),
N. tenuis (4.3 eggs/female/day on tomato) and M. pygmaeus (3.1 eggs/female/
day on tomato) (Molla et al. 2014), all having E. kuehniella eggs as food, at 25°C.
The lower daily fecundities may be characteristic of the three latter species, or be
partly explained by the choice of the host plant on which they developed. Silva
et al (2016a) reported lower daily fecundities (4—5 eggs/female/day) for all three
Neotropical mirid species when having tomato as substrate for oviposition and a
mix of eggs and larvae of T. absoluta as prey.

Total average fecundities (249—311 nymphs/female on tobacco) were also
highest for the three species at 24°C, while much lower total average fecundities
were observed by Sanchez et al. (2009) for N. tenuis (60 nymphs/female on toma-
to at 25°C) and by Molla et al. (2014) for N. tenuis (83.7 eggs/female on tomato
at 25°C) and M. pygmaeus (48.1 eggs/female on tomato), all with E. kuehniella
eggs as food. Here as well the much lower fecundities found for the other species
might have been caused by a combination of species characteristics and the quality
of the host plant, but not by differences in prey as E. kuehniella was used in all ex-
periments. The type of prey does, however, influence development and fecundity
of mirids. For example, Molla et al. (2014) concluded that M. pygmaeus was not
able to reproduce when fed 7. absoluta eggs on tomato leaf discs in the laboratory,
while they did reproduce with E. kuehniella as food. Thus, not all lepidopteran
eggs have the same nutritional quality as E. kuehniella eggs for mirid predators.
In general, lepidopteran eggs have a high nitrogen content and consequently high
quality protein (Ferkovich et al. 2007; Calixto et al. 2013; Molla et al. 2014). Par-
ticularly, eggs of E. kuehniella are considered excellent food for heteropteran pre-
dators and they are often used as factitious prey to rear these predators under the
laboratory conditions (Bueno et al. 2006; Lundgren 2011; Molla et al. 2014).

Temperatures between 24 and 28°C also resulted in the longest adult lifespans
(27-35 days) and oviposition periods (24—28 days) for the three studied mirid
species. Similar longevities were found for M. caliginosus (= M. pygmaeus) fe-
males (28.7 days at 22°C on tomato and with Tetranychus urticae Kock (Acari:
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Tetranychidae) as food) (Hansen et al. 1999). Molla et al. (2014) reported an ave-
rage female longevity of 29.5 days for M. pygmaeus on tomato with 7. absoluta
eggs as food, and 22 days with E. kuehniella eggs as food. The longevities we
found were lower than those of M. pygmaeus females (49.25 days on tomato and
with various stages of Trialeurodes vaporariorum Westwood (Homoptera: Aley-
rodidae) as food at 25°C (Perdikis & Lykouressis 2002).

In this study, males and females of C. infumatus and M. basicornis showed si-
milar weights and sizes, whereas those of E. varians were heavier and had longer
tibiae compared to the two other mirids. In another experiment, we also found that
the nymphs of E. varians were heavier and longer than those of C. infumatus and
M. basicornis (Bueno et al. 2018). Weight of adults has been also published for N.
tenuis (Sanchez et al. 2009), and it appeared to be lower than in our study.

A general overview of the values of all variables in all three Neotropical mi-
rids shows only small and often non-significant differences (Tables 1, 3-5), and
does not warrant a detailed discussion of these dissimilarities. The most important
difference is the daily and total fecundity, which is at several temperatures signi-
ficantly higher in M. basicornis than in the other two species (Table 1). However,
values for development and reproduction variables are integrated in the aggregate
parameter r,, (see below), resulting in a more meaningful basis for comparison of
population growth of the three mirids. Temperature also affected the survival rate,
average fecundity and population growth parameters of C. infumatus, E. varians
and M. basicornis. Nevertheless, not a single significant difference was found for
any of the growth parameters at each of the temperatures presented in Table 2. This
indicates that, based on the values of r,, alone, it is impossible to select a potenti-
ally best mirid for biological control. The survival rate (1) showed a type II curve
at all temperatures (Townsend et al. 2010), indicating that the mortality rate of
these mirids were constant along their entire lifespan. The values of the intrinsic
rate of increase (r,,) were above zero and the values of net reproductive rate (R,)
were above 1, which indicate that the populations of all three mirid species were
increasing at all temperatures tested. The values we found for the intrinsic rates of
increase (r,,) and the net reproductive rates (R,) for the three mirids were similar to
those reported by Perdikis and Lykouressis (2002) and Molla et al. (2014) for M.
pygmaeus. In our study, an increase in temperature by four degrees boosted up the
values of the intrinsic rate of increase 1.5 times in the temperature range from 16 to
20 to 24°C in all three mirids. Furthermore, the net reproductive rates (R,), indicate
that C. infumatus, E. varians and M. basicornis have the maximum potential to
increase their populations at 24°C 89.33, 88.45 and 91.08 times, respectively.
Based on the fact that 7 absoluta populations develop continuously in the field,
with all stages occurring at the same time, synchronization of predator releases is
only important in the beginning of the cropping season after the invasion of the
pest in order to have predators in place when first eggs and young larvae of the
pest appear.
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CONCLUSIONS

To sum up, the results of our experiments show that (1) temperatures in the
range from 24-28°C result in the best reproductive potential, population growth
and longevity of the mirids C. infumatus, E. varians and M. basicornis; (2) the
three mirid species can reproduce and are active at the tomato crop production
temperatures and the range of temperatures at which 7. absoluta is present in the
crop (Bueno et al. 2018)); (3) eggs of the factitious prey E. kuehniella are suitable
as food for the the three mirid species; (4) tobacco plants are appropriate as ovi-
position substrate; and (5) the three species show the same rates of population
growth on tobacco with E. kuehniella as prey. The results are important for deve-
loping mass rearing and field release systems for these predators, which is a cri-
tical step in augmentative biological control programs.
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