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ABSTRACT

This study presents the effect of a supplementatyith amino acids and sodium chloride solutiamsddition to
prey on the development, survival and reproductioh the predator Podisus nigrispinus(Heteroptera,
Pentatomidae). Both solutions showed deleteriofestsfon nymph survival, adult weight, female laitgenumber
of egg masses, eggs per female, eggs per egg mdssymphs per female besides egg viabilit{? ohigrispinus
when compared with diet with water and prey. Whempmared with plant supplements in the diet theaissemino
acids and salt solutions for mass rearingPofigrispinuswvas inferior.
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INTRODUCTION the life history of these predators (Valicente and
O’Neil, 1993; De Clercq et al., 1998; Mouréo et
Predatory Asopinae of the gen®odisus have al., 2003), but it can also feed on plants without
been registered in many ecosystems, especiallfgmaging them (Naranjo and Stimac, 1985, 1987,
associated with Lepidoptera in eucalyptusRuberson et al., 1986; De Clercq and Degheele,
plantations (Zanuncio et al., 1994Podisus 1992; Lemos et al., 2001; Evangelista Jr. et al.,
nigrispinus  (Dallas, 1851)  (Heteroptera: 2004). This feeding behavior allows classifying
Pentatomidae) is an important biological controthese species as zoophytophagous (Coll and
agent found in South and Central AmericaGuershon, 2002) because feeding on plant and
(Thomas, 1992) mostly in the Neotropical are@prey may improve biological characteristics of
(De Clercq, 2000) in many cultures (Michel, 1994;natural enemies (Lemos et al., 2001; Oliveira et
Medeiros et al., 2000). Studies on Asopinae haval., 2002). However, it is not clear if these
been made mainly with natural and alternativeoredators obtain only water or also nutrients from
prey to achieve the maximum development an@lants (O'Neil and Wiedenmann, 1990; De Clercq
reproduction of these bugs (Zanuncio et al., 1996and Degheele, 1992; Armer et al. 1998). There are
The availability and quality of prey may influenceat least three hypotheses to explain the
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zoophytophagy in these insects: (1) equivalencecomplex of amino acids based on the Grace’'s
plants can supply nutrients obtained from preyulture for insects (Table 1) (treatment 2) and
when these are lacking; (2) facilitation - vegetablealistilled water (treatment 3), as the control. Each
material supplies essential components to aidolution was offered in a moistened cotton ball
predation and (3) independence - vegetablmside the Petri dishes and changed every 48 hours.
material supplies essential nutrients not present ithe nymphs of P. nigrispinus received two
prey (Lalonde et al., 1999; Eubanks and Denncdlenebrio molitorL. (Coleoptera: Tenebrionidae)
2000; Gillespie and McGregor, 2000; Sinia et al.pupae every other day from the second instar. The
2004). duration and survival of each instar and the weight
The objective of this work was to study the effecof adults in the day of their emergence were
of amino acids (commonly found in plants) andobtained. Males and femal&s nigrispinuswere
sodium chloride (NaCl) on survival, developmentseparated during three days to reach sexual
and reproduction of the preda®r nigrispinus maturity (Zanuncio et al., 1992). Ten pairs of this

predator were used per diet and confined in Petri

dishes where they received daily twio molitor
MATERIAL AND METHODS pupae and the same solutions given to the nymphs,

which originated them. Males dP. nigrispinus
The experiment was conducted at 25 + 5°C, 70 that did not mate up to 48 h were substituted. The
5% RH and photophase of 12 hours. Seventy-fivgreoviposition, oviposition and post-oviposition
first instars nymphs oP. nigrispinuswere placed periods, number of egg masses, eggs/female,
in groups of five per Petri dish (9 x 1.2 cm). Aeggs/egg mass, nymphs per female, eggs and
total of 25 nymphs received one of the followingnymphs, egg viability and longevity of.
solutions: 125 mM NacCl solution (treatment 1); anigrispinusfemales were evaluated.

Table 1 - Amino acids supplied for nymphs and adultdPoflisus nigrispinugHeteroptera, Pentatomidae) at 25 +
5°C, 70 = 5% of relative humidity and 12 hours pipbiase.

Component g/l

Calcium chloride 1.0

Magnesium chloride 1.06
Magnesium sulfate 1.35
Potassium chloride 2.24
Sodium monobasic phosphate 0.87
Alanine 0.20
Arginine 0.70
Aspartic acid 0.35
Asparagine 0.35
Cysteine 0.025
Glutamic acid 0.60
Glutamine 0.60
Glycine 0.65
Histidine 2.50
Isoleucine 0.05
Lisine 0.62
Phenylalanine 0.15
Proline 0.35
Serine 1.10
Treonine 0.175
Tryptophan 0.10
Tyrosine 0.07
Valine 0.10

The results were submitted to the Lavene test t6% probability. Dataset on egg viability, post-
verify the homogeneity of variance and submittedviposition period and number of nymphs were
to the analysis of variance and the Tukey test at
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submitted to the Kruskal-Wallis test, because theilaCl solution presented lower survival in the
did not have homogeneous variance. fourth instar. Nymphs of this predator showed
longer survival during the nymph stage with water
(Table 2). Males and femalés nigrispinuswere
RESULTS lighter with saline and amino acid solutions than
with water (Fig. 1).
The duration of the first, second and fourth instailhe pre-oviposition and pos-oviposition periods of
was similar with both solutions supplied, but theP. nigrispinuswere similar between treatments.
third and fifth instars ofP. nigrispinus were However, the oviposition period and the number
affected by the diet (Table 2). Nymphs of thisof egg masses presented higher values for females
predator had longer duration of the third instaiof this preditor with water and NaCl solution
with NaCl solution than with water. Fifth instar (Table 3). The numbers of eggs, eggs per egg mass
was shorter with water and longer with the amin@nd nymphs besides the viability of eggs and the
acid solution (Table 2). The duration of the nympHongevity of P. nigrispinus females had higher
stage ofP. nigrispinuswas longer with the NaCl values with water than with saline or amino acid
and amino acid solutions than with water (Table 2).solutions.
Nymphs ofP. nigrispinussurvived longer during
the third instar longer with water while those with

Table 2 - Duration and survival during each instar and of lgexph stage (means + standard errorPoélisus
nigrispinus(Heteroptera: Pentatomidae) fed Denebrio molitor(Coleoptera: Tenebrionidae) pupae and with NaCl
125 mM (NaCl) or amino acid (AA) solutions or dilstdl water at 25 + 5°C, 70 = 5% relative humidityda
photophase of 12 hours.

Duration of the instars (days)

Treatments | Il 1l \Y V Nymph stage
NaCl solution 2.0+ 0.1a 4.1+ 0.6a 4.4 0.5a 4.6t 1.1a 6.7 0.4b 22.1+ 1.6a
AA solution 2.0+ 0.1a 3.8t 0.3a 4.6t 0.5ab 4.5 0.1a 7.3t 0.5a 22.3% 1.1a
Distilled water 1.9+ 0.1a 3.9t 0.5a 4.2+ 0.2b 4.2+ 0.3a 5.8 0.3c 20.1+ 0.9b
Survival (%) "

I Il I v \Y Nymph stage
NacCl solution 98.0a 81.50b 75.33b 92.16a 58.0b
AA solution 100.0a 92.0ab 95.50a 89.50a 76.0ab
Distilled water 96.0a 100.0a 91.50a 100.0a 88.0a

*Means followed by same letter, in the columns, do not diffethe test of Tukey (p< 0.05).

Table 3 - Parameters (means * standard desviation) of thét athge ofPodisus nigrispinugHeteroptera:
Pentatomidae) fed ohenebrio molitor(Coleoptera: Tenebrionidae) pupae and solutiondagl 125 mM (NacCl)
and amino acids (AA) or distilled water at 25 + 570 + 5% relative humidity and 12 hours photophase

Parameters * NaCl solution AA solution Distilled vater
Preoviposition (days) * * 5.4 t1.4a 4.4 £ 3.4a 31.1a
Post-oviposition (days) * 6.1+4.1a 3.0+ 3.6a 922.3a
Oviposition (days) * 23.7+7.5a 7.4+£7.9b 34.685a
Number of egg masses * 10.0+3.7a 3.3+3.1b 1BPa
Eggs/female* 244.7 + 126.9ab 77.4+£82.1b 386249.9a
Eggs/egg mass * 22.8 +5.6ab 15.54 +12.9b 322a
Number of nymphs * * 161.6 + 86.1ab 47.0 £5.9b 978t 157.2a
Egg viability (%) * * 60.0 £ 10.0ab 30.0£4.0b 80t 10.0a
Female longevity (days) * 29.8 £ 13.9ab 19.6 #49.9 43.2 £19.5a

*Means followed by the same letter, in the line,nibt differ by the test of Tukey (p< 0.05). *Meafudlowed by
the same letter, in the line, do not differ by thst of KrusKal-Wallis (p< 0.05).
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DISCUSSION of prey and the dietary supplement to them
(Strohmeyer et al., 1998). However, the use of
The duration of the nymph stage of Pentatomida@mino acids or mineral salts with prey was not
predators varies with diets such as found for thenough to simulate the effect of plants on nymph
longer duration of the third, fourth and fifth instarsdevelopment oP. nigrispinus
of P. nigrispinus with saline and amino acid The harmful effect of the saline and amino acid
solutions. This seemed to be the most critic instargolutions on nymph survival, adult weight, female
for the development of Pentatomidae predator®ngevity, numbers of egg masses, eggs/female,
which was also found fofP. nigrispinus with  eggs/egg mass and nymphs besides the egg
different diets (Zanuncio et al., 1996) andviability of P. nigrispinuswas not expected. This
Supputius cincticepgStal, 1860) (Heteroptera: indicate that the nutrients obtained from plants by
Pentatomidae) exposed to environmental stress€entatomidae predators were unknown. On the
(Zanuncio et al., 2003). other hand, the benefits of feeding on plants to
The duration of the instars &. nigrispinuswas predators has been demonstrated (O'Neil and
longer with NaCl or amino acid solutions than thaWiedenmann, 1990; De Clercq and Degheele,
reported for this predator fed on different prey inl992; Cohen, 1996; Naranjo and Gibson, 1996;
the presence or absence of plants (Zamperline &rmer et al., 1998; Coll, 1998) suggesting that the
al., 1992; Lemos et al., 2001, 2003; Evangelista Jautrients supplied by them to these predators were
et al., 2003). This showed that the development ghore complex than the solutions tested.
predators could be affected by the type and quality

W Male (JFemale
80

a

70 . —L
__ 60 - b
(o))
E 50 - a
= b b
5 40 7
() 4
= 30

20 A

10 A

O - - T - i T 1
NacCl AA Distiled wate
Treatment

Figure 1- Weight of Podisus nigrispinugHeteroptera: Pentatomidae) adults witbhnebrio
molitor (Coleoptera: Tenebrionidae) pupae and solutioidad?l 125 mM (NacCl) or
amino acids (AA) or distilled water at 25 + 5°C,#6% of relative humidity and 12
hours photophase. Columns followed by the samer]edb not differ by the test of
Tukey (p< 0.05).

The osmolarity of diets is important for the The results support the facilitation hypothesis
development of parasitoids, because the osmotighen the vegetable material supplies essential
pressure can exceed the benefits of their nutrient®@mponents to aid predation (Gillespie and
(Thompson, 1983). The amino acid solution hadcGregor, 2000). The zoophytophagy facilitates
osmolarity between 390-400 mOsm/l, which waghe predation by supplying water for the extra-oral
similar to that of the haemolymph and tissues ofligestion of the prey (Sinia et al., 2004). This
most insects (Chapman, 1998). Therefore, thmight occur forP. nigrispinusbecause individuals
osmotic pressure of the diets did not seem to bef this predator receiving water and prey had
responsible for the harmful effect orP. better development and reproduction than those
nigrispinus with NaCl or amino acid solutions. However, the
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independence  hypothesis  (Gillespie  andsistemas de criagdo em laboratério desses
McGregor, 2000) should not be discarded. In thipredadores.

case the vegetable material supplied essential
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