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Abstract The functional response of a predator to the density of its prey is affected by several factors, including

the prey’s developmental stage. This study evaluated the functional response of Podisus nigrispinus

(Dallas) (Hemiptera: Heteroptera: Pentatomidae) females to fourth instars and pupae of Alabama

argillacea (H€ubner) (Lepidoptera: Noctuidae), an important pest of cotton (Gossypium hirsutum L.,

Malvaceae) in Brazil. The prey were exposed to the predator for 12 and 24 h, and in densities of 1, 6,

12, 18, 24, and 30 items per predator female. The predation data were subjected to polynomial regres-

sion logistic analysis to determine the type of functional response. Holling and Rogers’ equations

were used to estimate parameters such as attack rate and handling time. Podisus nigrispinus females

showed functional response types II and III by preying on larvae and pupae, respectively. The attack

rate and handling time did not differ between the 12 and 24 h exposure times. Predation rate was

higher at higher larval and pupal densities; predation was highest at a density of 30 prey items per

female, and it was similar at 18 and 24 prey per predator. Understanding the interaction of predators

and their food resources helps to optimize biological control strategies. It also helps the decision-

making and the improvement of release techniques of P. nigrispinus in the field.

Introduction

Alabama argillacea (H€ubner) (Lepidoptera: Noctuidae) is

considered the main defoliating pest of cotton (Gossypium

hirsutum L., Malvaceae) in Brazil (Nascimento et al., 2011;

Ramalho et al., 2011). In the Brazilian South-Central

region, it is considered a late pest (Oliveira et al., 2008);

however, in the Northeast region, except for the State of

Bahia, this pest attacks cotton plants during their early

stages and may occur sporadically when the cotton crop

reaches its maturity stage (Ramalho, 1994). Both, as an

early and as a late pest it causes considerable production

losses (Michelotto et al., 2014).

The control of cotton infestations by A. argillacea is

done by the constant application of insecticides (Ramalho

et al., 2011). However, the frequent use of these synthetic

chemical insecticides in cotton agroecosystems increases

the production costs and causes undesirable effects on

non-target organisms, such as the reduction in popula-

tions of natural enemies (predators and parasitoids) of the

focal pest (Costa et al., 2010; Silva et al., 2011).

Biological control ofA. argillacea by means of the stink-

bug Podisus nigrispinus (Dallas) (Hemiptera: Heteroptera:

Pentatomidae) is an effective alternative to reduce the

damage caused by this pest (Malaquias et al., 2014). The

predator P. nigrispinus shows high ability to search and

attack its prey (Malaquias et al., 2014, 2015). Podisus

nigrispinus is able to survive under food scarcity conditions

(Ramalho et al., 2008) and shows versatility by consuming

alternative food sources (Malaquias et al., 2010). This

predator is found in agroecosystems of the Brazilian cot-

ton-producing states; therefore, it is an important natural

enemy of cotton leafworm (Medeiros et al., 2004).

Quantitative knowledge of the predator-prey interac-

tion, including a predator’s response to prey density

(functional response) and prey handling time, is extremely
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important for the implementation of applied biological

control programs (Bale et al., 2008). The functional

response of P. nigrispinus has been assessed in various cot-

ton agroecosystems (Malaquias et al., 2015). Factors such

as temperature (Malaquias et al., 2015), plant species (De

Clercq et al., 2000), and plant physiology (Carneiro et al.,

2010) influence the natural enemy’s predation behavior.

In addition, the developmental stages of both the predator

(Hassanpour et al., 2011; Madadi et al., 2011) and the

prey (Farhadi et al., 2010) are known to affect the attack

efficiency of this biological control agent.

The prey’s aggressiveness to the predator’s attack is an

important feature that should be taken into consideration

in bio-ecological studies on pentatomid predators (Aze-

vedo & Ramalho, 1999; Silva et al., 2012). Differential prey

defense among developmental stages can cause variability

in the predator’s foraging behavior (Azevedo & Ramalho,

1999). Foraging predators are vulnerable to the risk of

exposure, therefore they require strategies to minimize a

prey’s defensive action. Knowledge of the interactions of

the predator P. nigrispinus and its primary prey

A. argillacea in cotton is still incipient. Lepidoptera larvae

display defensive responses to predator attacks, thus they

may hinder predation success (Silva et al., 2012). On the

other hand, the movement of these larvae may be consid-

ered a stimulus to the attack by their natural enemies, in

comparison to the immobile pupal stage. Podisus nigrispi-

nus is able to change its predatory behavior depending

on the food density or availability (Ramalho et al., 2008;

Pereira et al., 2010).

This study aimed to study P. nigrispinus predation using

A. argillacea larvae and pupae as prey and to assess the

predator’s functional response to densities of these prey

stages. We hypothesized that (1) the various developmen-

tal stages (larva and pupa) of A. argillacea cause variability

in P. nigrispinus predatory behavior, (2) under free-choice

condition, P. nigrispinus females preymore on pupae than

on larvae, and (3) under no-choice condition, P. nigrispi-

nus females prey equally on larvae and pupae.

Materials and methods

Location, insects, and cotton cultivars

The rearing of P. nigrispinus and A. argillacea as well as

the bioassays were done in the Biological Control Unit of

Embrapa Cotton, Campina Grande, PB, Brazil. Podisus

nigrispinus nymphs and adults as well as A. argillacea lar-

vae from stock rearings were kept in BOD-type climatic

chambers at 25 °C, 70 � 10% r.h., and L12:D12 photope-

riod. Alabama argillacea larvae were fed on cotton leaves

(G. hirsutum, BRS Safira cultivar). The cultivar was

planted in plastic pots (20 cm diameter, 30 cm high) and

placed in a greenhouse at 35 � 10 °C, 70 � 10% r.h.,

and L12:D12 photoperiod. Predator nymphs and adults

were fed housefly larvae (Musca domestica L.).

Bioassays

Fourth instars of A. argillacea and adult female predators

(6–8 days old), that had presumably copulated, were used

in the bioassays. These females were subjected to fasting

(no prey) for 24 h. The bioassays were conducted at

28 °C, 70 � 10% r.h., and L12:D12 photoperiod. Plastic

arenas (21 cm diameter and 1.8 cm high disposable Petri

dishes) were used, each with eight cotton leaf discs (cv.

BRS Safira, 10 cm diameter) laying on a layer ofmoist cot-

ton wool. The leaf discs were equidistantly distributed

from the center of the arena and used as food for the prey.

Each dish received 16 prey items, i.e., all discs in a dish

received either two larvae or two pupae (no-choice assays)

or the discs received alternately two larvae or two pupae

(free-choice assays).

The study used a randomized complete block design

with two treatments (larva and pupa) distributed in 10

replications. An adult female predator was released in the

center of each arena and the killed prey were counted 12

and 24 h after the beginning of the bioassay. Each female

predator was weighed before and 24 h after the beginning

of each bioassay. Larvae showing lesions in their integu-

ment, lack of mobility, or body content partially or com-

pletely sucked by the predator were considered preyed.

Pupae were considered preyed if they were partially or

completely sucked.

Foraging behavior

The foraging behavior of P. nigrispinus females was

observed in free-choice and no-choice assays, at 20-min

intervals, during a 6-h period. We recorded the time the

predator spent (1) at rest (Tr), (2) seeking the prey (Tlp),

(3) dominating the prey (from prey encounter to beak

insertion in the prey’s body) (Td), (4) feeding (from beak

insertion until removal) (Tf), and (5) looking for a new

prey (from beak removal to beak insertion in the body of a

new prey) (Tnp).

Functional response

Fourth instars and pupae ofA. argillaceawere offered dur-

ing a 24-h period to each P. nigrispinus female at the fol-

lowing densities: 1, 6, 12, 18, 24, and 30 larvae or pupae

per cotton leaf disc (10 cm diameter). The prey killed by

each female predator were counted after 12 and 24 h. Ten

replications were performed for each prey density and prey

type (larvae or pupae) combination and a new predator

female was used in each replication. Larvae showing

lesions in the integument or lack of mobility, and larvae
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and pupae showing body content partially or completely

sucked by the predator were considered preyed. There was

no prey mortality in the absence of the predator; therefore,

it was not necessary to make any correction for natural

mortality. Each female predator was weighed before and

24 h after the beginning of the bioassay. This is important

to determine the prey density effects on the predator’s

weight gain.

Data analysis

The numbers of killed larvae and pupae in the free-

choice and no-choice assays were subjected to variance

analysis (Proc GLM; SAS Institute, 2006), after testing

for normality (Kolmogorov–Smirnov) (Stephens, 1979)

and homo-scedasticity (Bartlett, 1937). The mean num-

bers of killed prey were compared by F test (a = 0.05).

The female predator weight gain or loss (initial weight

� final weight) was analyzed using Proc REG (SAS

Institute, 2006), considering weight the dependent vari-

able and prey density and prey type (larva or pupa)

independent variables.

Predation data were subjected to polynomial regression

logistic analysis to determine the type of functional

response: the linear coefficient signal is negative for func-

tional response type II and positive for functional response

type III. Data regarding the ratio of killed larvae or pupae

were adjusted to the binomial distribution (SAS Institute,

2006).We used the following logistic model:

Na=N0 ¼ expðP0 þ P1N0 þ P2N
2
0 þ P3N

3
0Þ=

½1þ expðP0 þ P1N0 þ P2N
2
0 þ P3N

3
0Þ�;

ð1Þ

where N0 is the prey density, Na = is the number of prey

killed, and P0, P1, P2, and P3 are the logistic regression

parameters associated with the curve slope. The equations

by Holling (1959) and Rogers (1975) were used to estimate

the attack rate and handling time parameters.

Holling’s disc equation. Holling’s equation (1959) was

used to estimate the following parameters: attack rate (a)

when type II (equation 2) and constant (b) when type III

(equation 3) was used, and handling time (Th) in both

types II or III. For a type II model, the following

equation was used:

Ne ¼ aNT=ð1þ aNThÞ; ð2Þ

where Ne is the number of killed larvae, N is the number of

offered larvae, and T is the total time available for the

predator to feed on the prey. In some cases, the attack rate

increased linearly (a = bN), which resulted in a type III

functional response:

Ne ¼ bN2T=ð1þ bN2ThÞ: ð3Þ

Rogers’ model. The ‘random’ functional response

equation by Rogers is the integral of Holling’s equations

over time, depending on the successive prey densities

(Rogers, 1972). For a type II functional response, the

integration of Holling’s equation results in the random

predator equation:

Ne ¼ N0f1� exp½aðThNe � TÞ�g; ð4Þ

where N0 is the initial number of prey. For a type III

functional response, the reduction in the number of

prey depends on the constant rate b, which is a func-

tion of the preys’ initial (N0) or current (N) densities

(Hassell et al., 1977; Hassell, 1978). The simplest equa-

tion can be found when b is a function of the initial

prey density:

Ne ¼ N0f1� exp½ðdþ bN0ÞðThNe � TÞ=ð1þ cN0Þ�g:
ð5Þ

Parameters such as handling time (Th) and attack rate

(a) and the constants b, c, and d were estimated by nonlin-

ear regression (least squares method) using Proc NLIN

(SAS Institute, 2006). As the determination coefficient

(R2) of non-linear models does not present an identifiable

intercept, SAS uses the sum of uncorrelated squares

instead of the sum of total squares. The R2 values of these

models were calculated as R2 = 1 � (S2y/S2td), in which

S2y is the variance of the model residues and S2td the vari-

ance of the observedmeans.

A Generalized Linear Model (GLM) was used to test the

significance of the main and interaction effects of the fixed

variables ‘prey stage’, ‘assessment time’, and ‘prey density’

(SAS Institute, 2006). The means were compared using the

Student–Newman–Keuls test (a = 0.05).

Results

Free-choice and no-choice bioassays

Podisus nigrispinus females preferred A. argillacea larvae

over pupae in the free-choice assays. i.e., within 6 h the

P. nigrispinus female preyed on an average of six larvae

and only one pupa (F1,9 = 78.55, P<0.0001; Figure 1).

However, when the predator was not offered a choice of

prey, there was no difference between the average numbers

of larvae and pupae killed (six vs. eight; F1,9 = 0.66,

P = 0.44; Figure 1).

Foraging behavior

When female P. nigrispinuswas offered the choice between

A. argillacea larvae vs. pupae for 6 h, they preyed
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exclusively on larvae and spent an average of 76.6%

(4.6 h) of their time feeding on them (Figure 2A). On the

other hand, when P. nigrispinus females did not have a

choice, they spent on average 90.5% (5.4 h) and 17.0%

(1.0 h) of their time preying on larvae and pupae, respec-

tively (Figure 2B). Thus, P. nigrispinus females that had a

choice of prey consumed their preferred prey (larvae)

50 min faster.

We observed the predatory behavior of 10 P. nigrispinus

females preying on A. argillacea larvae and pupae at 20-

min intervals over a period of 6 h in total. It appeared that

the female completely consumed each prey item before

starting on the next, independent of prey density. They did

not kill prey items simultaneously, not even at higher prey

densities.

Functional response

When P. nigrispinus females had A. argillacea larvae as

prey, predation stabilized at 18–24 larvae per arena (Fig-

ure 3). However, with pupae as prey, predation stabilized

at 10–12 pupae per arena (Figure 3). These data indicate

that P. nigrispinus need to consume more larvae than

pupae in order to get satiated. The extraction of food from

pupae appeared more difficult, as the female predators’

weight gain was lower when they consumed pupae (Fig-

ure 3). This matches the average number of prey items

consumed in the 24-h period, as a function of prey density,

which ranged from 1.10 to 9.12 larvae and 0.87 to 3.12

pupae (Figure 4). The predator’s weight gain was lower at

low vs. high prey (both larvae and pupae) densities (Fig-

ure 3). Incidentally, P. nigrispinus females lost weight

when they were subjected to densities of one or six pupae

per female (Figure 3).

Podisus nigrispinus predatory behavior was affected by

the prey’s developmental stage, as the linear coefficient

Figure 1 Mean (� SE) number ofAlabama argillacea larvae and

pupae predated by Podisus nigrispinus during 6 h of exposure in

(A) choice and (B) no-choice bioassays (n = 10 females per

treatment).

Figure 2 Mean (� SE) time expenditure (% of 6-h observation

time) by Podisus nigrispinus females foraging on larvae and pupae

ofAlabama argillacea in (A) choice and (B) no-choice bioassays,

according to the following behavior types: Tr = predator sits still

and does not feed, Tlp = predator searches prey, Td = predator

dominates prey (from prey encounter to insertion of the beak in

the prey’s body), Tf = feeding on prey (from insertion until

withdrawal of the beak), and Tnp = predator searches new prey

(fromwithdrawal of the beak until encounter of another prey).
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signal was negative in A. argillacea larval stage, regardless

the assessment time (functional response type II) (Fig-

ure 5). On the other hand, functional response type III

better described P. nigrispinus predation of A. argillacea

pupa i.e., the value of the linear coefficient was positive

(Figure 5). These results indicate that the type of func-

tional response of P. nigrispinus is affected by the prey’s

developmental stage.

The average numbers of A. argillacea larvae killed by

P. nigrispinus females increased with increasing larval den-

sities, featuring an asymptotic regression curve (Figure 4).

The residual sum of squares (RSS), Akaike information

criterion (AIC), and determination coefficient (R2) val-

ues indicated good adjustments of the Holling’s models

for functional response type II with larval-stage prey

at both 12-h (RSS = 1.1031, AIC = 0.0367, R2 = 0.9476,

F2,4 = 253.76, P<0.0001) and 24-h intervals (RSS =

1.0104, AIC = 0.0038, R2 = 0.9827, F2,4 = 605.19, P<
0.0001), and for type III with pupal-stage prey at 12-h

(RSS = 0.3810, AIC = 3.079, R2 = 0.8758, F2,4 = 50.76,

P = 0.0014) and 24-h intervals (RSS = 1.4033, AIC =
9.83, R2 = 0.8572, F2,4 = 38.48, P = 0.0024) (Table 1).

No good adjustment of Rogers’ model was found in

P. nigrispinus functional response when they had A. argil-

lacea larvae or pupae as prey, except for the larval stage at

the 24-h interval (RSS = 4.6754, AIC = 0.5141, R2 =
0.9201, F2,4 = 129.23, P = 0.0002; Table 1).

The P. nigrispinus females’ attack rate represented by

the constants a (larvae) and b (pupae) did not significantly

differ between the assessment periods of 12 (a = 0.0887,

b = 0.00107) and 24 h (a = 0.0374, b = 0.000722), as the

95% confidence intervals overlapped. The handling time

(Th) of larvae by female predators did not significantly dif-

fer from that of pupae, at neither of the two assessment

intervals, although female predators relatively invested

more time in pupae than in larvae (Table 2).

Predation differed among densities (F5,212 = 48.78),

prey stages (F1,212 = 242.37), and time (F1,212 = 17.49, all

P<0.001). The effect of A. argillacea stage did not depend

on density and assessment time because the interaction

involving these factors was not significant (F5,212 = 0.03,

P = 1.0), nor were the interactions of density*assessment

Figure 3 Mean (� SE) weight change by Podisus nigrispinus

females during feeding assays in which they were exposed to

different densities ofAlabama argillacea larvae

(y = 0.79 + 0.73x, R2 = 0.78; F1,4 = 14.17, P = 0.020) or pupae

(y = �4.90 + 0.25x, R2 = 0.89; F1,4 = 33.21, P = 0.0045).

Figure 4 Predation rate of Podisus nigrispinus females in relation

to the density of larvae and pupae ofAlabama argillacea after

12 h ( ) and 24 h ( ). Note the different scales on the

vertical axes.
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time (F5,212 = 1.47, P = 0.20), stage*assessment time

(F1,212 = 0.25, P = 0.32), and density*stage (F5,212<0.01,
P = 1.0). Predation increased with increasing prey density

and the increase appeared to level off at ca. 12 insects per

P. nigrispinus female (Figure 6A). More larvae than pupae

were killed (5.3 larvae vs. 1.3 pupae; Figure 6B). Thus, the

developmental stage of A. argillacea influenced the behav-

ior of P. nigrispinus. The mean number of prey items (lar-

vae + pupae) killed by a predator female at 12 and 24 h of

exposure was 2.9 and 4.1 (Figure 6C).

Discussion

Models involving the non-replenishment of prey are able

to provide estimates for stochastic predation. However, if

the experiments are conducted with prey replenishment,

such replenishment should be incorporated into the statis-

tical analysis using Holling’s disc equation to accurately

validate the findings (Juliano, 1993). As for the bioassays

conducted without prey replenishment, the use of models

is questionable due to the incorrect estimation of the func-

tional response curve. Although Rogers’ model is well

known since 1972, inappropriate methods are used. One

of the reasons for this to happen is the ease of using Hol-

ling’s model in relation to Rogers’ model (Juliano, 1993).

However, the use of both models requires a good fit to the

observed data. The sum of squared residuals (SSR), the

determination coefficient (R2), and the AIC are commonly

used to assess the fit of the models (Haghani et al., 2009).

A good model should contain high R2 values and low SSR

values (Roy et al., 2002; Kontodimas et al., 2004).

Although the current study was conducted without prey

replenishment, good fit of Rogers’ model was not found in

the functional response of P. nigrispinus females to

A. argillacea larvae and pupae in the 12-h period, only for

the larvae in the 24-h period. One of the difficulties in

using Rogers’ model lies on the estimation of parameters

b, c, and d, which, as an aside, were not significant when

incorporated into the model related to the current study

data. This may occur due to the reduced degree of freedom

for error and the inevitable correlations between the esti-

mated parameters (Juliano, 1993). Zamani et al. (2006)

analyzed the functional response of parasitoids Aphidius

colemani Viereck and Aphidius matricariae Haliday and

found better adjustments of Holling’s model in compar-

ison to Rogers’ model, using R2 values.

The type of functional response by P. nigrispinus

females was affected by the prey’s developmental stage.

Functional response type III best represents predation by

P. nigrispinus on A. argillacea pupae, whereas predation

on larvae is best represented by type II. This study results

indicate that prey age and density influence the female

predator’s functional response curve. Temperature condi-

tions (Mohaghegh et al., 2001), host plant features (De

Clercq et al., 2000), and insecticides (Malaquias et al.,

2014) caused variation in the types of functional response.

Predation behavior may also be influenced by the prey’s

defense capability, and higher predation was especially

Figure 5 Estimates (� SE) of linear coefficients for polynomial

logistic regression analyses of the proportion of prey killed (larvae

or pupae) ofAlabama argillacea by Podisus nigrispinus females

after 12 and 24 h.

Table 1 Regression analyses for twomod-

els of the functional response of Podisus

nigrispinus to densities ofAlabama argilla-

cea larvae and pupae after 12 and 24 h

Model Stage/time (h) RSS CSS AIC R2 F d.f. P

Rogers’

type II

Larva/12 8.7368 21.06 0.7225 0.5851 30.29 2,4 0.0038

Larva/24 4.6754 58.57 0.5141 0.9201 129.23 2,4 0.0002

Rogers’

type III

Pupa/12 1.0383 3.07 0.0140 0.6617 4.34 4,2 0.19

Pupa/24 3.6792 9.83 0.4885 0.6257 3.36 4,2 0.24

Holling

type II

Larva/12 1.1031 21.06 0.0367 0.9476 253.76 2,4 <0.01
Larva/24 1.0104 58.57 0.0038 0.9827 605.19 2,4 <0.0001

Holling

type III

Pupa/12 0.3810 3.07 �0.3618 0.8758 50.76 2,4 0.0014

Pupa/24 1.4033 9.83 0.1270 0.8572 38.48 2,4 0.0024

RSS, residual sum of squares; CSS, corrected sum of squares; AIC, Akaike information

criterion.
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found in no-choice conditions (Zanuncio et al., 2008).

Larvae are variable in their defenses against natural ene-

mies; larval defense mechanisms may be behavioral,Ta
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Figure 6 Mean (� SE) number ofAlabama argillacea prey killed

by Podisus nigrispinus females at various (A) densities, (B) prey

stages (larvae and pupae), and (C) time intervals. Means within a

panel capped with different letters are significantly different

(Student–Newman–Keuls test: P<0.05).
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morphological, or physiological (Silva et al., 1996; Zanun-

cio et al., 2008). However, defense effectiveness varies

according to the type of predator (Gentry & Dyer, 2002).

Although predators are exposed to risk during the attack

to the prey, theymayminimize the prey’s defensive actions

(Edmunds, 1974). Often a predator is able to evaluate the

potential risk provided by its prey and incidentally it may

give up on an attack and abandon its prey (Braga et al.,

2012). Larval movement may be a stimulating factor for

the consumption of more prey (Pfannenstiel et al., 1995).

The current study found higher attack capability by P. ni-

grispinus females to A. argillacea larvae compared to

pupae. Perhaps the defensive response of A. argillacea lar-

vae resulted in the predator’s energetic wear, thus increas-

ing its satiation level. Vacari et al. (2012) found functional

response type II in P. nigrispinus preying on Plutella xylo-

stella (L.) larvae and pupae. The defensive action by P. xy-

lostella larvae encouraged P. nigrispinus predatory action

(Vacari et al., 2013). We hypothesize that the same

response may have occurred in A. argillacea because its

pupae have low mobility and larvae have high mobility. In

addition, the pupal casing of holometabolous insects may

hinder the action of natural enemies (Oliveira et al.,

2010), increasing the predator’s unwillingness to consume

the insect at this stage.

Bombyx mori L. larvae are not commonly preyed upon

owing to the frequent movement of their head and other

parts of their body (Lemos et al., 2005). In the case of

A. argillacea, larvae were preyed uponmore than pupae by

P. nigrispinus females under all circumstances. The body

flexibility of A. argillacea larvae may have made it more

vulnerable to P. nigrispinus. After inserting the stylus,

predatory stink bugs inject enzymes and substances that

paralyze their prey in order to start extra-oral digestion.

Moisture availability is essential for effective secretion of

enzymes by the predator (Cohen, 1995). Therefore, the

preference for larvae may also be due to greater availability

of moisture in the larvae than in the pupae. Changes in the

quantity and quality of food affect the predation capacity

and thus a predator’s life cycle, as individuals with a bal-

anced diet reproduce more often and faster (Lemos et al.,

2001). According to Khalequzzaman et al. (2007), Phyto-

seiulus persimilis Athias-Henriot preyed more on Tetrany-

chus urticae Koch eggs, intermediate on the larva and

nymph stages, and little on the adult stage. Predation by

predatory bugs results in reduced feeding time of the prey

(Zanuncio et al., 2005) and it is enough to change the

handling time of the prey by the predator. Podisus nigripi-

nus handled P. xylostella pupae slower than larvae.

Although females have invested more handling time in

A. argillacea pupae, both in the 12- and 24-h periods, there

was no significant difference as those found in larvae, in

both intervals. This absence of differences is attributed to

the high behavioral variability revealed by the width of the

confidence intervals and estimated by the models (CI

95%), especially for the females exposed to A. argillacea

pupae.

Understanding the interaction between predators and

their food resource helps to optimize biological control

strategies aimed at defoliating pests. It also helps decision-

making and the improvement of techniques to release

P. nigrispinus in the field.
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