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a Núcleo Temático de Controle Biológico, Embrapa Recursos Genéticos e Biotecnologia, Brası́lia, DF, Brazil
b Departamento de Biologia, Universidade Católica de Brası́lia, Brası́lia, DF, Brazil
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Received 5 April 2007; accepted 4 October 2007
Available online 12 October 2007
Abstract

The biological parameters and functional responses of populations of Trissolcus basalis, Trissolcus brochymenae, Trissolcus teretis and
Trissolcus urichi, from central Brazil, attacking Euschistus heros eggs were studied, in order to establish their potential for stink bug bio-
logical control. Life table analyses and functional response experiments were used to evaluate and analyze the performance of species
when using E. heros eggs as host. There was substantial variation in the ability of different Trissolcus spp. to exploit resources from
E. heros eggs. Fecundity measures of Trissolcus spp. when compared to that of E. heros showed that the parasitoids have potential
for faster population increase than the stink bug. The four species studied showed type III functional responses. The species of Trissolcus

evaluated in this work are potentially effective as natural enemies of E. heros, and can potentially be used in a multi-species approach.
Interference competition and other ecological and behavioral effects of more complex environments can occur, as in multiple-species
introductions or when alternative hosts are present.
� 2007 Elsevier Inc. All rights reserved.
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1. Introduction

Stink bugs (Hemiptera: Pentatomidae) are major pests
of soybean and other crops in several countries around
the world (Panizzi, 1997). For soybean, stink bugs cause
damage during their reproductive stages (Panizzi, 1997),
in a direct manner by sucking pods and grains, and indi-
rectly through fungal transmission and physiological alter-
ations (Villas-Bôas et al., 1990; Sosa-Gómez and Moscardi,
1049-9644/$ - see front matter � 2007 Elsevier Inc. All rights reserved.
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ógico, Embrapa Recursos Genéticos e Biotecnologia, Brası́lia, DF, Brazil.
Fax: +55 61 34484673.

E-mail address: laumann@cenargen.embrapa.br (R.A. Laumann).
1995; Boethel et al., 2000). In central Brazil, especially
Distrito Federal, seven species of stink bugs have been
associated with soybean (Sujii et al., 2002). In this species
complex, the brown stink bug, Euschistus heros (Fabricius,
1798) is the key pest due to its abundance and serious dam-
age to the crop (Panizzi and Slansky, 1985; Panizzi and
Corrêa-Ferreira, 1997; Medeiros et al., 1997).

Egg parasitoids (Scelionidae) are important natural ene-
mies of stink bugs (Panizzi and Slansky, 1985; Corrêa-
Ferreira and Moscardi, 1995 and references therein). Some
species of this family have been considered and used in
many countries for biological control of stink bugs, espe-
cially the cosmopolitan Trissolcus basalis (Wollaston,
1958) and Telenomus podisi Ashmead, 1881 (Caltagirone,
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1981; Clarke, 1990; Corrêa-Ferreira, 2002). T. basalis has a
long history of research as a natural enemy and biological
control agent of the southern green stink bug, Nezara viri-

dula (L., 1758) in several countries (Cumber, 1951; Crouzel
and Saini, 1983; Clarke, 1990; Clarke and Walter, 1995;
Colazza and Bin, 1995; Ehler, 2002; Hoffmann et al.,
1991; Johnson et al., 2005), with satisfactory to outstand-
ing control of the stink bug in some countries (Caltagirone,
1981; Ehler, 2002), but dubious results in others (Clarke,
1990; Ehler, 2002). In Brazil, Corrêa-Ferreira and Moscar-
di (1996) showed that inoculative liberation of T. basalis

can control populations of stink bugs, and this technology
is being applied in micro-basin production systems in
Southern Brazil (Corrêa-Ferreira, 2002). In central Brazil,
E. heros shows high natural parasitism indices that can
reach 60–80% (Kobayashi and Cosenza, 1987; Medeiros
et al., 1997, 1998). Four species of Trissolcus (T. basalis,
T. brochymenae (Ashmead, 1881) T. teretis (Johnson,
1987) and T. urichi (Crawford, 1913)) were reported as
egg parasitoids of E. heros (Medeiros et al., 1998).

Despite several studies related to incidence and parasit-
ism indices (Kobayashi and Cosenza, 1987; Medeiros et al.,
1997, 1998), behavior (Borges et al. 1999; Sujii et al, 2002)
and chemical ecology (Borges et al., 2003; Moraes et al.,
2005; Cavalcante et al., 2006) of the species occurring in
central Brazil, population biology of the Trissolcus spp.
cited above when developing on E. heros is practically
unknown, and for T. teretis and T. urichi it has never been
reported.

The objectives in this study were: (1) to establish demo-
graphic parameters of T. basalis, T. brochymenae, T. teretis

and T. urichi when using E. heros eggs as hosts and (2) to
compare the types of functional responses and their param-
eters between species, when the species foraged in a single
patch. The results from this study will contribute towards
understanding the population biology of scelionid parasit-
oids, and establishing which of these species are potential
biological control agents of stink bugs. Additionally,
understanding the response of parasitoids to host density
(functional response) is crucial for the implementation of
rapid population control required in inundative biological
control systems (Mills and Lacan, 2004). Parasitoids with
type III (sigmoidal) functional responses will have greater
ability to cause density-dependent parasitism, thus reduc-
ing the pest population in patches where it is growing most,
and increasing the potential for local-scale population reg-
ulation. Furthermore measuring functional responses of
parasitoids being used in biological control, and relating
this to population suppression, can help in the develop-
ment of predictive biological control models (Mills, 2001).

2. Materials and methods

2.1. Insects

Colonies were started from insects collected on soybean
and natural areas of Distrito Federal (Brazil), near Brası́lia
(15�47 0S and 47�55 0W). Voucher specimens were deposited
in the insect collection of Embrapa Genetic Resources and
Biotechnology.

The parasitoids were maintained in an environmental
chamber in plastic cages (tissue culture 25 cm2 flask, angled
neck—ICN Biomedicals, Irvine, CA). Host (E. heros) eggs,
glued with arabic glue on card strips (5 · 1 cm) were
exposed to parasitoids for 24 h and then removed and
placed in glass tubes (7.5 cm long · 1.3 cm diameter) for
incubation. Droplets of honey were offered to adult para-
sitoids as food.

Euschistus heros was reared on sunflower (Helianthus

annuus (L.)), soybean (Glycine max (L.) Merrill.), raw pea-
nut (Arachis hypogaea (L.)) seeds and green beans (Phase-
olus vulgaris (L.)). Separate 8 l plastic containers were used
for nymphs and adults. The eggs were collected daily and
separated in Petri dishes until nymphal eclosion. Both E.

heros and parasitoids were reared under 14 h photophase
at 26.0 ± 1 �C and 65 ± 10% relative humidity.

2.2. Parasitoid biology

Life table analyses were used for the studies and estima-
tion of biological parameters. All experiments were con-
ducted at the same environmental conditions described
above.

To estimate development time and survivorship of
immature stages, 50 E. heros eggs were offered, glued on
card strips, to four females for 24 h. The females used were
24–48 h old and previously maintained with males to mate.
Five to eight replicates were performed for each species.
After this period the egg masses were placed into glass
tubes (7.5 cm long · 1 cm diameter) and maintained under
rearing conditions until adult emergence. Every morning
egg masses were observed in order to evaluate (1) develop-
mental time, which was measured as the time in days
between when eggs were offered to females and adult para-
sitoid emergence and (2) mortality of immature stages, cal-
culated using the ratio of adults emerging to eggs originally
parasitized, estimated by color change (Medeiros et al.,
1997). When egg color did not offer a clear indication
and the parasitoid did not complete its development, the
eggs were dissected under stereoscopic microscopy in order
to confirm parasitism.

Adults obtained from parasitized eggs were used to form
male–female couples (n = 20 for each species). These cou-
ples were maintained individually in glass tubes
(7.5 · 1 cm) and fed with bee honey until adults died.
Masses of E. heros eggs (n = 30 per mass), glued on card
strips, were offered to each female daily. Egg masses (of
each day) were identified with date, species and female to
which they were exposed, and maintained in the rearing
chamber in glass tubes until adult emergence. Survivorship
of females, number of egg masses parasitized (number of
egg masses with at least one egg parasitized), total fecun-
dity (estimated by number of eggs parasitized/female) were
evaluated. In addition, the influence of female age on
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reproductive parameters (proportion of parasitized eggs,
immature survivorship and sex ratio of offspring) was eval-
uated. Female age (x: estimated from development time of
larvae + 0.5 days), daily fertility (mx: number of females/
female in each day) and female survivorship (lx: proportion
of females surviving in each day) were computed.

2.3. Functional response studies

Females of each species of parasitoid (<24 h after molt)
were maintained with males for a 24 h period. After this
they were individually and randomly introduced into glass
tubes (7.5 cm long · 1 cm diameter) containing E. heros

eggs, glued on card strips. For each female a density of
either 1, 2, 4, 8, 16, 32, 37, 45 or 64 eggs was offered. Five
replicates per density were performed and the parasitoid
females were maintained in the glass tube for 6 h in order
to evaluate response to egg densities and avoid effects of
female egg depletion. After this period egg masses were
removed and maintained in a rearing room. The number
of parasitized eggs, evaluated with the same methodologies
and criteria described above (parasitoid biology), were used
to calculate the proportion of parasitized eggs at each den-
sity. Environmental conditions for the experiments were
the same as described in the insect rearing methodology.

2.4. Data analyses

The mean percentages of immature stage survivorship of
each species were compared using ANOVA and Student–
Newman–Keuls (SNK) test for multiple mean compari-
sons. Mean development time of immature stages was com-
pared using Kruskal–Wallis and SNK tests. Survivorship
curves of females were compared with Kaplan–Meier Sur-
vival Analysis, i.e. Log-rank test and Holm–Sidak method
for pairwise multiple comparisons. Mean number of egg
masses parasitized by each species were compared using
Kruskal–Wallis test and mean number of eggs parasit-
ized/female were compared using ANOVA and SNK test.

Female age, survivorship and specific fecundity data
were used to estimate mean and standard deviation of
fecundity table parameters using the computer program
LIFETABLE.SAS, developed by Maia et al. (2000), using
functions and procedures of the SAS System for Windows
(SAS Institute, 1990). This program uses the Jackknife
technique to estimate life table parameters. In this work,
net reproductive rate (Ro: female progeny/female), intrin-
sic rate of population increase (rm: instantaneous produc-
tion of female progeny/female), mean generation time (T:
mean age of females at birth of first female progeny) and
finite rate of population increase (k: female progeny/
female/day) were estimated. Life table parameters were
compared by t tests for contrasts, using jackknife estimates
of their respective variances.

Data from functional response experiments were used to
establish the type and parameters of functional response
using the approach developed by Juliano (1993). This
approach includes two sequential analyses. Initially, the
type of functional response is established using a polyno-
mial logistic regression of proportion of prey/host eaten/
parasitized (Np/No) vs. number of prey/host offered (No).
The curves of Np/No vs. No when the response is a Type
II, have the shape of a negative exponential (proportion
of parasitized decaying exponentially) and when the
response is a Type III have a dome-shape, with a maximal
of proportion parasitized and then a continuous decline.
These curves may both be fit by quadratic (or higher order)
polynomials expressions. In the Type II curves the linear
(P1 in Eq. (1)) and quadratic (P2 in the Eq. (1)) term would
be negative (initially decreasing) whereas in the Type III
curve the linear term would be positive (initially increasing)
and the quadratic term negative (Trexler et al., 1988; Juli-
ano, 1993). Thus, one criterion for separating type II and
III functional responses by analyzing proportion of prey
eaten is to test for significant positive or negative linear
coefficients in the expression fit by the method of maximum
likelihood to data of proportion eaten vs. No. The second
part of the analyses uses a non linear least squares method
to obtain estimates of the functional response parameters
(Juliano, 1993).

Relationships between proportion of eggs parasitized
and density of eggs offered were used, initially, to perform
logistic regression (CATMOD procedure for SAS), using
the polynomial function:

Np

N 0

¼ expðP 0 þ P 1N 0 þ P 2N 2
0 þ P 3N 3

0 þ . . .þ P ZN Z
0 Þ

1þ expðP 0 þ P 1N 0 þ P 2N 2
0 þ P 3N 3

0 þ . . .þ P ZN Z
0 Þ
ð1Þ

where Np is the number of egg parasitized, N0 is the initial
egg density and P0, P1, P2, P3, Pz are the parameters to be
estimated by maximum likelihood. As in many cases a
cubic or higher order expression are necessaries for good
fits, we use, in each data set, the expression that better
adjusts to the data (cubic for T. basalis, T. brochymenae
and T. teretis and a five order expression for T. urichi).

All the data set adjust for a Type III, functional
response them. After this analysis parameters of functional
response were estimated using:

Np ¼ N 0f1� exp½ðd þ bN 0ÞðT hNp � T Þ=ð1þ cN 0Þ�g ð2Þ

where the constants b, c and d relate the attack coefficient
and Th is the handling time and T the total time available
for parasitism (6 h), and which accounts for type III func-
tional responses with host depletion (Rogers, 1972; Juliano,
1993), which assumes recognition of parasitized eggs, and
hence little or no superparasitism.

For all data sets (species) the criteria from Juliano
(1993) for simplifying the model were met, thus Eq. (2)
was reduced to the following expression:

Np ¼ N 0f1� exp½ðbN 0ÞðT hNp � T Þ�g ð3Þ

The parameters of functional response b (attack coefficient)
and Th (handling time) were estimated by performing a non
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linear least squares regression (NLIN procedure of SAS).
This method is iterative and requires initial estimates of
the parameters that were set using the recommendations
from Juliano (1993). Significant differences between param-
eters of the species were tested with the superposition of
95% confidence intervals criterion. Mean values of Th, esti-
mated by non linear least squares regression, were used to
calculate maximum attack rate as T/Th (Hassel, 2000), that
represent the maximal number of eggs that can be parasit-
ized by a female during the time interval considered.
Fig. 1. Estimated survivorship (proportion of initial number) of Trissolcus

spp. females developing on E. heros as host. Species ticks followed by
different letter indicate significant differences between survivorship curves
(Log-Rank Test, and Holm–Sidak method for pairwise multiple compar-
ison P < 0.05).
3. Results

3.1. Parasitoid biology

Trissolcus basalis showed a better performance in E. her-

os eggs than did T. brochymenae, T. teretis and T. urichi,
whose immature survivorship was 50% or less (ANOVA
F3,28 = 7.56, P < 0.001, SNK test P < 0.05) (Table 1).
T. basalis also showed the longest mean development time
of its immature stage (Kruskal–Wallis test H = 378.58,
gl = 3, P < 0.001, SNK test P < 0.05) (Table 1), and T. uri-

chi, developed faster than the other species (Table 1).
Mean adult longevity was influenced by species

(F3,152 = 11.94 P < 0.001), sex (F1,152 = 7.32, P = 0.008)
and the interaction between these factors (F3,152 = 5.79,
P < 0.001). Mean female longevity was longer than that
of males, with the exception of T. urichi, but only in T. ter-

etis was this difference significant. Survivorship curves
showed the same pattern for Trissolcus spp. and the statis-
tical differences between the curves were significant.
T. basalis and T. brochymenane did not show statistically
significant differences between survivorship curves (Kap-
lan–Meier Survival Analysis Log-rank test S = 49.25,
df = 3, P < 0.001 and pairwise multiple comparisons
Holm–Sidak method P = 0.05) (Fig. 1). T. teretis showed
the highest survivorship, agreeing with its higher mean lon-
gevity (data not shown).

The mean number of egg masses parasitized per female
did not differ significantly among species (Kruskal–Wallis
test H = 17.52, df = 14, P = 0.23) (Fig. 2A). On the other
hand, female fecundity (mean number of host eggs parasit-
ized/female) was higher in T. basalis than in the others spe-
cies (ANOVA F3,76 = 7.04, P < 0.001 and SNK test
P = 0.05) (Fig. 2B). This result was similar for specific
Table 1
Mean survivorship and development time ± SD of immature stages of
four species of Trissolcus reared on Euschistus heros eggs

Species Surivorship (%) Development time (days)

Trissolcus basalis 75.17 ± 9.04 a 11.40 ± 0.78 a
Trissolcus brochymenae 55.38 ± 14.13 b 9.76 ± 0.75 b
Trissolcus teretis 49.00 ± 6.68b c 9.71 ± 0.74 b
Trissolcus urichi 38.44 ± 20.05 c 8.47 ± 0.86 c

Mean in each column followed by the same letter are not significantly
different (SNK test, P > 0.05).

Fig. 2. Box plots of (A) number of egg masses parasitized and (B)
fecundity (eggs per female) for Trissolcus spp. on Euschistus heros eggs.
Box indicate percentiles (25–75%), horizontal line in the box indicates
median value, square in the box mean value, vertical lines indicate
minimum and maximum values at distances 6 1.5· from distance between
percentiles and stars out of box indicate the maximal and minimal values
observed in the group. Box for each species with the same letters above
indicate differences between mean values that are not statistically
significant (ANOVA and SNK test P < 0.05).
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fecundity (Ro, females/female) calculated from fecundity
tables, that was significantly higher for T. basalis than
the other species (Table 2). In contrast, intrinsic rate of
increase (rm), and finite rate of increase (k) showed higher
values for T. brochymenae and T. urichi in comparison to
T. basalis and T. teretis (Table 2). Finally, generation time
(T) was shorter for T. urichi (Table 2), influenced by the
shorter development time of this species that reduced the
initial reproductive age of females.

In the four species of Trissolcus studied, the age of
females showed the same effect on reproductive parame-
ters. Mean proportion of parasitized eggs and immature
survivorship showed a continuous reduction with female
age (Fig. 3a and b) showing a clear effect of age in the pro-
duction and viability of the eggs. There was also a reduc-
tion in the proportion of females in the progeny,
suggesting there was sperm depletion (Fig. 3c). This effect
is more clearly observed in T. teretis, in this species propor-
tion of females in progeny fall below 0.2 after 5 days
(Fig. 3c).
Fig. 3. Reproductive potential of Trissolcus spp. reared on Euschistus

heros eggs. (a) Proportion of eggs parasitized in relation to female
reproductive age. (b) Proportion of immature survival in relation to female
reproductive age. (c) Sexual rate in relation to female reproductive age.
Np, number of eggs parasitized; No, number of eggs offered; Na, number of
adults obtained from a egg mass; Nf, number of females obtained from a
egg mass; Nm, number of males obtained from a egg mass.
3.2. Functional response studies

Host density, parasitoid species and the interaction
between these factors showed significant effects on the
number E. heros eggs parasitized (Table 3). All species
showed a significant increase in the number of eggs parasit-
ized with increasing egg density (Table 3). The functional
responses of Trissolcus spp. to increasing densities of E.

heros eggs are presented in Fig. 4. Graphic analysis and
logistic regression indicate a type III functional response
of the four species (Fig. 4, right side and Table 4). The
analyses for the Trissolcus spp. show that linear parameters
of the polynomial regression positives and significantly dif-
ferent from 0 and the quadratic parameter negatives (Table
4) Additionally, the curve of number of eggs parasitized
(Fig. 4, left side) was steepest in the middle egg densities,
resulting in the proportion of the eggs parasitized by the
females of the four species reaching a maximum at these
densities, further indicating a type III functional response
(Hassel, 2000) (Fig. 4, right side). T. basalis showed the
lowest attack coefficient (b) and handling time (Th) of the
four species, however this value was not significantly differ-
ent with the values of T. teretis (Table 5), consequently
T. basalis also showed the highest maximum attack rate
(T/Th, 34.42 eggs) followed by T. brochymenae and T. ter-

etis, which showed similar values for this parameter (25.58
Table 2
Fecundity table parameters, mean values (CL 95%), estimates from LIFETAB

Species Ro rm

T. basalis 78.39 a (69.12–87.66) 0.30 a (0.28–0
T. brochymenae 43.06 b (33.79–52.34) 0.33 bc (0.31–
T. teretis 31.40 b (22.13–40.67) 0.31 ab (0.29–
T. urichi 39.49 b (30.22–48.76) 0.35 c (0.33–0

Mean in each in columns followed by the same letter are not significantly diff
and 25.03 eggs, respectively), and T. urichi (14.80 eggs) and
this is responsible for the difference in asymptotes in the
functional response observed for Trissolcus spp. (Fig. 4, left
side).
LE.SAS software for Trissolcus spp. using E. heros eggs as host

T k

.32) 14.54 a (14.27–14.81) 1.35 a (1.33–1.37)
0.35) 11.51 b (11.24–11.78) 1.39 bc (1.37–1.41)
0.33) 11.09 c (10.82–11.36) 1.36 ab (1.34–1.38)
.36) 10.59 d (10.32–10.86) 1.41 c (1.39–1.43)

erent (t contrast, P > 0.05).
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4. Discussion

The biology of Trissolcus spp. using E. heros eggs as
hosts show differences between the species suggesting a
substantial variation in the ability of different species to
exploit resources from E. heros eggs. Immature survivor-
ship was greater in T. basalis (75%) than in other species.
Development time of immature stages showed the opposite
trend to survivorship, with T. urichi showing the fastest
development, but lowest survivorship. Thus there could
be a trade-off, where species that exploit the egg resource
quickly do so with high mortality. The survivorship could
be highly influenced by the species in which the larva devel-
ops, since Trissolcus spp. developing in different host eggs
has different survivorship (Cividanes and Figueiredo,
1996; Kivan and Kilic, 2002, 2004; Torres et al., 2002).

Because four females were used for each egg mass super-
parasitism was not avoided completely. We believe this did
not affect our experiments, because females guard the eggs
they have parasitized for several hours (Field et al., 1998),
and development times and survivorship calculated here
are similar to those observed normally in our laboratory
colonies and in the progeny from first egg masses offered
to females maintained individually in this work (data not
shown). Furthermore, the observed sex ratio in the progeny
of this experiment was strongly female biased (T. basalis

0.81; T. brochymenae 0.88; T. teretis 0.78 and T. urichi

0.79 all for females), which suggests no superparasitism,
since this normally leads to a shift towards male biased
sex ratio (Field et al. 1997).

Host species appear to have smaller influence in devel-
opment time of T. basalis because this species showed here
similar values to those reported previously when develop-
ing in N. viridula eggs (Awan et al., 1990; Corrêa-Ferreira
and Moscardi, 1994). This contrasts with T. brochymenae,
which had its development time influenced by its host (Tor-
res et al., 1996–1997, 2002), revealing species-specific
responses to alternative hosts.

The few life table studies on Trissolcus and Telenomus

species that were done in environmental conditions similar
to this work reported similar values to those presented here
(Orr et al., 1986; Orr, 1988; Torres et al., 1996–1997;
Chabi-Olaye et al., 2001; Kivan and Kilic, 2005). Longevity
Table 3
Results from two-way ANOVA comparing number of egg parasited by Trissol

of egg parasited in different densities for each species

Source of variation df

Two-way ANOVA
Host density 9–160
Parasitoid species 3–160
Host density · parasitoid species 27–160

ANOVA for individual species
T. basalis 9–40
T. brochymenae 9–40
T. teretis 9–40
T. urichi 9–40
of T. basalis was below the longevity of this species when
reared on N. viridula (Awan et al., 1990; Chabi-Olaye
et al., 2001). Additionally, Awan et al (1990) found signif-
icantly higher male longevity. In T. brochymenae reared on
Podisus nigrispinus, longevity of females (17.3 days, Torres
et al., 2002) was proximal to mean longevity on E. heros,
whereas in contrast mean male longevity on P. nigrispinus

was lower (6.3 days, Torres et al., 2002).
The fecundity of T. basalis, which was estimated, in this

work by the number of eggs parasitized, was higher than
the other species, but the mean fecundity (112.5 eggs para-
sitized) was below of the mean fecundity of this species
when attacking its main host, N. viridula (Powell and Shep-
ard, 1982; Corrêa-Ferreira and Zamataro, 1989; Awan
et al., 1990; Corrêa-Ferreira and Moscardi, 1994). T. broc-

hymenae, T. teretis and T. urichi showed the same mean
fecundity. Females of the four species studied showed a
drop in fecundity and progeny survivorship with age. This
may be a general characteristic of Telenominae, since it has
been previously observed in T. basalis, T. simoni and in
Telenomus spp. (Powell and Shepard, 1982; Orr et al.,
1986; Corrêa-Ferreira and Zamataro, 1989; Awan et al.,
1990; Corrêa-Ferreira and Moscardi, 1994; Pacheco and
Corrêa-Ferreira, 1998; Kivan and Kilic, 2005).

There are no data on E. heros life table parameters, so
assessment of relative reproductive parameters in order to
establish Trissolcus spp. potential as biological control
agents is difficult. Data of reproductive potential, under
laboratory conditions, showed that E. heros females can
oviposit approximately 130 eggs in their life with an esti-
mated progeny of 40 females/female (Costa et al., 1998;
Malaguido and Panizii, 1999). T. basalis, T. brochymenae

and T. urichi showed a production of female progeny
(net reproductive rate, Ro), higher or similar to E. heros,
and generation time (T) was approximately half of that
observed in laboratory colonies of E. heros (approximately
40 days, R.A. Laumann, pers. observation). Based on these
observations, the species of Trissolcus studied in this work
have the potential for faster population increase than the
stink bug.

The relationship between host density and number par-
asitized was shown to have a sigmoidal function (type III
functional response) for all Trissolcus species studied here.
cus spp. offered in different densities and results from ANOVA for number

MS F P

1652.42 116.09 <0.001
222.94 15.66 <0.001
46.78 3.29 <0.001

646.26 43.90 <0.001
518.28 124.48 <0.001
468.76 17.77 <0.001
159.47 13.67 <0.001



Fig. 4. Components of functional response of Trissolcus spp. Left: Number of egg parasitized (Np) vs. Number of eggs in arenas (No). Right: Proportion
of E. heros eggs parasitized (Np/No) vs. Number of eggs in arenas (No). Ticks represent mean values from five repetition in each host density. Np: number
of egg parasitized. Lines in left side figures are the predicted values for the functional response.
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These results are promising, since this type of response can
cause density-dependent parasitism (Fig. 4), which could
lead to more efficient population regulation (Holling,
1959; Bernstein, 2000). These results agree with the func-
tional responses found for Trissolcus grandis and Trissolcus

semistriatus, that were also type III on their preferred
hosts. In these species the functional response is influenced
by plants and host species (Fathipour et al., 2001; Asgari
et al., 2002; Allahyari et al., 2004). Type III responses are
less common than type II responses (Mills and Lacan,
2004), but seem to be common in Trissolcus species. More
studies are necessary in order to establish general patterns.

The species of Trissolcus evaluated in this work are
potentially effective as natural enemies of E. heros, as pre-
viously suggested generally for scelionid wasps (Orr, 1988),
and demonstrated in the biological control of N. viridula

with T. basalis (Cumber, 1951; Caltagirone, 1981; Clarke,
1990; Clarke and Walter, 1995; Colazza and Bin, 1995;
Corrêa-Ferreira and Moscardi, 1995). Management of
stink bugs in soybean with T. basalis in Brazil has proved



Table 4
Logistic regression analyses of the proportion of E. heros eggs parasited by Trissolcus spp. in relation to initial egg number

Species Parameter Estimate SE v2 P

T. basalis P0 (constant) �5.492 2.063 7.09 0.0078
P1 (linear) 2.603 1.071 5.91 0.0151
P2 (quadratic) �0.487 0.197 6.11 0.0135

T brochymenae P0 (constant) 0.422 0.423 0.99 0.3191
P1 (linear) 0.158 0.049 10.40 0.0013
P2 (quadratic) �0.006 0.002 14.69 0.0001

T. teretis P0 (constant) �0.685 0.387 3.14 0.0766
P1 (linear) 0.178 0.004 15.85 <.0001
P2 (quadratic) �0.006 0.001 16.12 <.0001

T. urichi P0 (constant) �0.597 0.738 0.65 0.4184
P1 (linear) 0.539 0.240 5.03 0.0249
P2 (quadratic) �0.056 0.023 5.75 0.0165

Table 5
Attack coefficient (b), handling time (Th) (95% CL) estimated from the functional response of Trissolcus spp. to different densities of E. heros eggs by
CATMOD procedure (Juliano, 1993)

Species b (h�1) Th (h/egg) F2,48 – P

T. basalis 0.0099 a (0.0057–0.0142) 0.1743 a (0.1397–0.2088) 339.72 – P < 0.001
T. brochymenae 0.0499 b (0.0285–0.0714) 0.2346 b (0.2195–0.2496) 1272.13 – P < 0.001
T. teretis 0.0264 ab (0.0078–0.0450) 0.2397 ab (0.2033–0.2762) 267.63 – P < 0.001
T. urichi 0.0304 ab (0.0065–0.0543) 0.4053 c (0.3534–0.4572) 248.45 – P < 0.001
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that augmentative liberations are an efficient technique
(Corrêa-Ferreira and Moscardi, 1996; Corrêa-Ferreira,
2002) especially to control N. viridula populations. For
management of E. heros, T. basalis showed lower efficiency,
but was still reasonable, with a 45% population reduction
(Corrêa-Ferreira and Moscardi, 1996). Additionally, in this
region E. heros is the species with the highest parasitism
indices on soybean (Corrêa-Ferreira, 2002).

To date, only the combination of T. podisi with
T. basalis has been used for stink bug management (Cor-
rêa-Ferreira, 2002), and a multi-species use of Scelionidae,
in natural, restructured or synthetic guilds, as has been
suggest by Ehler (2000), can be an efficient stink bug man-
agement tactic. Results of this work show that Trissolcus

spp. from central Brazil have the potential to be included
in this approach. However, caution must be taken to
avoid interference competition as was demonstrated for
T. basalis and T. urichi in the laboratory (Sujii et al.,
2002).

Additionally, functional responses recorded from single
females foraging in isolation can be modified when other
parasitoids are foraging in the same patch, and a type III
functional response can change to type II (Montoya
et al., 2000). Furthermore in field environments, parasit-
oids are not confined to a single patch, and this between-
patch movement can affect the density-dependence
observed (Hassel, 2000). Thus, for multiple introductions
or liberations, total host mortality in species combinations
need to be assessed before assuming that introducing sev-
eral species with a type III response will still cause den-
sity-dependent parasitism.

Stiling and Cornelissen (2005) recently showed that the
use of several natural enemy species can lead to better
results than single species approaches. Trissolcus species
are oligophagous or polyphagous (Orr, 1988; Austin
et al., 2005) and this is another attribute that can contrib-
ute to their potential for stink bug control (Stiling and Cor-
nelissen, 2005). However, alternative hosts can potentially
have negative, positive or neutral effects on target prey pre-
dation (Harmon and Andow, 2004), and complex indirect
effects can sometimes not be predicted from biology or
behavioral mechanisms of isolated parasitoid or predator
species (Cardinale et al., 2003), indicating that specific
studies with the target community need to be carried out
prior to establishing any management tactics (Sujii et al,
2002). Surveys of naturally parasitized E. heros eggs, in
central Brazil, showed that coexistence of Trissolcus spp.
and Telenomus podisi can be possible (Medeiros et al.,
1997).

Stink bugs are serious pests of many major food crops
(Panizzi, 1997) and in recent years, have adapted to new
crops such as cotton (Willrich et al., 2004a, b, c; Willrich
Siebert et al., 2005), maize (Townsend and Sedlacek,
1986; Ávila and Panizzi, 1995) and sunflower (Panizzi
and Machado-Neto, 1992; Malaguido and Panizii, 1999).
The laboratory results presented here suggest that Trissol-

cus species have biological attributes and behavioral
responses to host density that could lead to density-depen-
dent parasitism and efficient local regulation of stink bug
populations. Further work is needed to understand how
parasitism by scelionid wasps will vary in more complex
environments, as would occur in multiple-species introduc-
tions or when alternative hosts are present. This informa-
tion could lead to establishing effective biocontrol
strategies that contribute to solving current and future
stink bug pests problems.
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B., Bento, J.M.S. (Eds.), Controle Biológico no Brasil. Parasitóides e
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