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ABSTRACT
This research studied the effect of temperature on the reproduction of Bracon vulgaris Ashmead, an ectoparasitoid of

cotton boll weevil (Anthonomus grandis Boheman) at constant temperatures of 20, 25 and 30°C, 70 &+ 10% RH and a

photophase of 14 h. Females of the parasitoid produced a greater number of eggs when exposed to 25°C (124.65 eggs)

in relation to those exposed to 20 (43.40 eggs) and 30°C (49.60 eggs). The number of parasitized larvae per female of
B. vulgaris at 25°C (71.75) was greater than at 20°C (31.40) and 30°C (25.15). The daily intrinsic rates of increase
(rm) were —0.007 at 20°C, 0.07 at 25°C and 0.03 at 30°C, revealing that the temperature of 25°C produced increases

of 1,100 and 133% in the value rp, in relation to temperatures of 20 and 30°C, respectively. In programs of biological

control of the boll weevil using innoculative releases, adult females of B. vulgaris with approximately five (at 25 or

30°C) or 20 day old (at 20°C) should be used; when using innundative releases, adult females of B. vulgaris, with ages
between 11 and 31; 9 and 29 or 3 and 14 days, respectively, at 20, 25 or 30°C should be used.

Key words: ectoparasitoid, Anthonomus grandis Boheman, biology, life and fertility tables.

INTRODUCTION

of the boll
weevil, Anthonomus grandis Boheman (Coleoptera:

New alternatives for the control
Curculionidae) have arisen in recent years (Ramalho et
al. 2009). Within the philosophy of Integrated Man-
agement of Pests, the biological control of the boll
weevil through parasitoids is a tactic able of consider-
ably reducing the damage that the pest can promote to
cotton crop, without damaging the environment. So, the
use of parasitoids emerges as an extremely relevant tac-
tic to be employed together with other strategies within
the management of the boll weevil in Brazil.

Studies carried out by Ramalho and Wanderley
(1996) and Ramalho et al. (1996) showed that thirteen

Correspondence to: Francisco de Sousa Ramalho
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species of boll weevil parasitoids were found in the
herbaceous and perennial cotton agro-ecosystems of
Brazil. Ramalho et al. (1993) demonstrated that, in
the Northeast of Brazil, the parasitoid Bracon vulgaris
Ashmead (Hymenoptera: Braconidae) is the main agent
responsible for the natural mortality of the boll weevil
in cotton bolls. Therefore, in Brazil, the biological con-
trol of the boll weevil through the parasitoid B. vulgaris
will be used on a very broad scale, when more is known
about the bioecology of this parasitoid.

It is known that the parasitoid B. vulgaris is a ma-
jor natural enemy that may be used in the decrease of
boll weevil populations in the cotton agro-ecosystems
of the Northeast of Brazil. On the other hand, temper-
ature is one of the climatic factors that most directly
affect the insects, determining the greater or lesser ex-
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tent of populations of pests and natural enemies in agri-
cultural ecosystems (Kalaitzaki et al. 2007). The insect
maintains its body temperature close to that of the en-
vironment. Thus, the optimum temperature is that for
which the insect exhibits the more rapid development
and higher number of descendants (Kalaitzaki et al.
2007, Ramalho et al. 2009).

Numerical changes in an insect population may be
described through knowledge of birth, death and mi-
gration rates (Price 1997), and the construction of life
tables is an appropriate way of describing these dynam-
ics. This tool takes into account the duration and survival
of different stages of development of the insect and, in
combination with the daily data of female fertility, the
size and age structure of an insect population at a given
time may be determined (Southwood 1968). Thus, life
tables are simplified reports on the life of a population
of individuals throughout a generation (Price 1997).
The reproductive aspect of the numerical response is
measured as an increase in the reproductive rate of in-
sect populations. In the case of insects, the rate of in-
crease will depend on three components: age at repro-
duction (Andrewartha and Birch 1954), survival rate and
fecundity (Beddington et al. 1976). Temperature influ-
ences these rates and the outcome of the parasitoid-host
interaction (Hance et al. 2007). According to Reznik et
al. (2009), numerous parameters (survival, lifetime fe-
cundity, etc.) reach a maximum at a certain optimal
temperature and a more or less symmetrically decrease
toward both lower and upper limits of tolerance; mod-
erate thermoperiods produce some “better” results than
the mean temperatures.

Knowledge about the influence of temperature on
the reproduction of the parasitoid B. vulgaris is crucial
to programs of integrated management of A. grandis.
Thus, with this research we aimed to analyze the fecun-
dity of B. vulgaris in relation to age and three temper-
atures, as well as to estimate the statistics that makes
up the life and fertility tables of B. vulgaris.

MATERIALS AND METHODS

The study was carried out at the Biological Control Unit
of Embrapa Algodao in climatic chambers under con-
stant temperatures of 20, 25 and 30°C, relative air hu-
midity of 70 = 10% and photophase of 14 hs.
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Age-Dependent Fecundity. Twenty newly emerged
couples of B. vulgaris were studied at each of the three
temperatures. Each couple was kept in a clear plastic
box, measuring 10.5 cm in diameter and 5.5 cm in height.
Every day each couple received distilled water, honey
and five third-instar larvae of A. grandis sealed individ-
ually in parafilm cells, as described by Wanderley and
Ramalho (1996). The supply of water and humidity to
the parasitoid was done by placing a wad of cotton wool
soaked in distilled water inside each plastic box. Honey
was offered in its pure form to the parasitoids, in small
drops distributed among the moulded parafilm cells
using a disposable syringe.

Each couple of B. vulgaris was observed at a 24 h
interval, and the number of dead adults, eggs laid by
each parasitoid on A. grandis larva and parasitized lar-
vae were recorded. The number of eggs and larvae para-
sitized were quantified with a stereomicroscope. The
parasitized larvae, together with the parasitoid eggs,
were placed in Petri dishes (9.0 x 1.5 cm) and kept in
climatic chambers under the same conditions of their
parents until hatching of the B. vulgaris larvae.

Preoviposion and oviposition length, daily and
maximum fecundity, number of parasitized larvae per
female per day, and male and female longevity were
recorded for 20 couples of B. vulgaris. The means were
compared with the Student-Newman-Keul test (P =
0.05).

The age-dependent fecundity of B. vulgaris was
divided into three general periods, as described
by Morales-Ramos and Cate (1992) for Catolaccus
grandis (Burks) (Hymenoptera: Pteromalidae). The
three periods included (1) the preovipositional period,
which starts at emergence and ends with the first ovi-
position; (2) the fecundity plateau, which starts when
50% of the females reach maximum fecundity and ends
when the oviposition rate of the females starts a constant
decline; and (3) declining fecundity, which begins at the
end of the fecundity plateau period and ends with the
death of the female.

The fecundity plateau was determined from the
cumulative oviposition of 20 female parasitoids. The
declining fecundity period was determined by subtract-
ing the age at which the fecundity plateau ended (when
at least 60% of total fecundity was produced) from the
mean longevity of the female.
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Life and Fertility Tables. The parameters that make
up the life and fertility tables of adult parasitoids were
calculated using data derived from the study described
above.

Survival of immature stages was obtained from
P.A. Wanderley, unpublished data, who used the same
methodology from this study. The probabilities of sur-
vival from birth to age x (Iy) for all the immature stages
and adult ages of the parasitoid were calculated.

The life expectancy was calculated by ey = Ty/lx
(Southwood 1968), where Ty is the total number of in-
sect X age units beyond the age x, which is given by: Ty
=Ly + Ly41 + Lysz ... + Ly, where w = the last age.

The intrinsic rate of population increase (rp) was
calculated, using the Lotka equation (1907), i.e.:

w
Z eCmYm, =1
x=0

where x is the age group, w is the oldest age group,
and my is the number of females produced by a female
aged x.

The net reproductive rate (R,) is the number of fe-
males produced by a single female throughout its whole
life and was calculated using the Krebs (1994) formula:

W
R, = Z lymy .
x=0

The generation time (GT) is the time taken by a para-
sitoid population to increase by a factor equal to the net
reproductive rate, which is calculated using the formula:
GT =In(R,)/ry, (Carey 1993).

The time required by the parasitoid population to
double the number of individuals (DT), was calculated
using the formula: DT = In(2)/ry, (Carey 1993).

The reproductive value (RVy), according to Carey
(1993), is the contribution that a single female of age
x will make to the future population. The analytic ex-
pression of the reproductive value of an individual of age
(RV,) is given by the equation:

w
RV, = (e:‘éx-&-O.S)) / Z e;,r(y+0'5)lymy
y=x
where ry, is the intrinsic rate of population increase; Iy is
the rate of survival of age 0 at the start of age x, 1y is the
rate of survival at age y, my is the reproduction at age y
and w is the last age group.

RESULTS AND DISCUSSION

Age-Dependent Fecundity. The preoviposition period
of B. vulgaris was much longer (F = 17.62; P = 0.05)
at 20°C (8.55 £ 0.91 days) than at 25(5.80 £ 0.65
days) and 30°C (3.80 %+ 0.53 days) (Table I), suggest-
ing a delay in the maturation of the eggs. This delay
may be explained by temperature stress. In natural con-
ditions, the preoviposition period of Bracon mellitor
Say, a parasitoid of boll weevil, is 2 days (Adams et
al. 1969). However, Barfield et al. (1977) stated that
the preoviposition period of B. mellitor decreases with
the increase in temperature, from 13.4 days (at 15.6°C)
to 4.96 days (at 32.2°C). Engroff and Watson (1975)
reported that the average preoviposition period of
Bracon kirkpatricki (Wilkinson) varies from 6.9 (at
20°C) to 2.5 days (at 35°C) on boll weevil larvae.
According to M.G. Rojas (unpublished data), although
some females of Bracon compressitarsis Wharton be-
gin oviposition at two days of age, this occurs with
greater intensity from 4 to 5 days of age on boll wee-
vil larvae. Between 24 and 27°C, females of Catolaccus
grandis (Burks), an ectoparasitoid of boll weevil, dis-
play a preoviposition period of 3 days (Johnson et al.
1973). Morales-Ramos and Cate (1992), using as host
boll weevil larvae fed on an artificial diet, recorded an
average period of preoviposition for C. grandis of 3.8
days at 25°C, and 1.8 days at 30°C. Therefore, with
the increase in temperature occurs a more rapid ma-
turing of the sexual organs of female parasitoids, re-
ducing the period of preoviposition (Andrewartha and
Birch 1954). Jervis et al. (2008) reported that the life-
time potential fecundity varies markedly among para-
sitoid species and may be high in some taxa (e.g.,
Braconidae, Ichneumonidae). Parasitoid species gener-
ally have a short preoviposition period, which in some
cases is due to extreme synovigeny. However, thereafter,
the temporal pattern of egg deposition resembles other
species, except that the fecundity curve is depressed and
lifetime realized fecundity is low (Jervis et al. 2008).
However, there are other species that also emerge with
no eggs; they may have a long preoviposition period
(due to extreme synovigeny), and lay eggs at a lower
rate, but for an extended period of time (Jervis et al.
2008). Important trade-offs have been observed among
parasitoid wasps. Blackburn’s (1991a, b) comparative
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TABLE I

FRANCISCO S. RAMALHO et al.

Influence of temperature (mean + SE)! on biological variables of Bracon vulgaris
(Hymenoptera: Braconidae) females with boll weevil larvae obtained from cotton bolls
at 70 & 10% RH and photoperiod of 14:10 (L:D) h.

Biological variables

Temperature (°C)

20 25 30
Preoviposition period (day) 855+091a 5.80£0.65b 3.80£0.53b
Oviposition period (day) 25.25 +3.71 ab 3030+£293a 1355+ 181b
Eggs/female (no.) 4340 £9.58b | 124.65+15.27a | 49.60 £8.49b
Eggs/female/day (no.) 096 £0.16 b 3.06 £0.28a 2.66 £0.18 ¢
Eggs/larva (no.) 1.39 £ 0.04 a 1.75£0.06 b 1.96 £ 0.02 ¢
Parasitized larvae/female (no.) 3140 £ 740D 7175 £6.82a 25154+4.03b
Parasitized larvae/female/day (no.) 0.69+0.11b 1.75+£0.14a 1.24 £ 0.18 ac
Fecundity plateau (day) 11-28 9-27 3-14
Declining fecundity period (day) 29-43 2841 15-21
High parasitism (day) 11-31 9-29 3-14
Female longevity (day) 42.60 £4.17 a 41.10+2.73 a 2120+ 1.67b
Male longevity (day) 2735+3.09a 31.55£1.79a 1330+ 1.16 b

analysis revealed a fast-slow continuum in a suite of
key reproductive and related traits among 474 species.
Fast parasitoid taxa were typically more fecund, pro-
duced smaller eggs, laid these eggs more rapidly into
hosts, and reproduced earlier in life (correlated with
shorter preoviposition periods) than slow taxa. More-
over, more fecund parasitoid species and/or those that
invest more in early life reproduction have shorter life
spans than parasitoids with contrasting traits. Correla-
tions among each of these traits are independent of body
size and phylogeny (Blackburn 1991b).

The oviposition period of B. vulgaris at 24°C
(30.30 £ 2.93 days) was similar to that at 20°C (25.25
4 3.71 days) and longer than that at 30°C (13.55 £
1.81 days) (Table I) (F = 19.77; P = 0.05). It was
probably due to the increase in temperature that pro-
moted a faster maturing of the sexual organs of female
parasitoids, reducing the preoviposition and oviposition
periods. Thus, this research showed that the increase in
temperature reduced the preoviposition and oviposition
periods of B. vulgaris females. As such, it is possible
that, at 30°C, the impact of B. vulgaris on boll weevil
populations occurs earlier.

The fecundity plateau of B. vulgaris decreased
when the parasitoid was exposed to higher temperatures
(Table I). For females exposed to 20, 25 and 30°C, the
fecundity plateau started when they reached 11, 9 and
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3 days, and ended at 28, 27 and 14 days of age, with
durations of 17, 18 and 11 days, respectively. The de-
clining fecundity period of females of B. vulgaris ex-
posed to 20, 25 or 30°C started when they reached 29,
28 and 15 days of age respectively, and ended with
death (Table I). The results showed that the increase in
temperature promoted an earlier decline in the fecun-
dity of females of B. vulgaris, indicating that this nat-
ural enemy is a relatively short-lived parasitoid, with
comparatively short preovipositional and fecundity plat-
eau periods. This information is relevant in determining
the age when females should be released to produce the
highest parasitism of the boll weevil population in the
cotton field.

Bracon vulgaris oviposited a mean of 2.82 +
0.77,7.21 £+ 0.22 and 5.86 £ 0.88 eggs per day during
the fecundity plateau period at 20, 25 and 30°C, respec-
tively. This parasitoid is probably a good candidate to
be used as a biological control agent against the cotton
boll weevil. High fecundity and short preovipositional
period allow an adequate numerical response because a
female boll weevil oviposits an average of 3.7 and 6.5
eggs per day at 23.9 and 26.7°C, respectively (Cole and
Adkisson 1981).

The number of eggs laid by a female of B. vulgaris
varied according to the temperature to which it was
exposed. B. vulgaris females produced a greater num-
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ber of eggs at 25°C (124.65 4 15.27 eggs/female) than
at 20 (43.40 + 9.58 eggs/female) and 30°C (49.60 £+
8.49 eggs/female) (Table I) (F = 39.12; P = 0.05).
This is the most important point resulted from trade-offs
between development time and egg load. The number
of eggs laid per female of B. mellitor was 164 at tem-
peratures varying from 27 to 29°C (Adams et al. 1969);
against 315 of C. grandis, when exposed to temperat-
ures of 24 to 27°C (Johnson et al. 1973). The num-
ber of eggs laid by females of B. kirkpatricki varied
from 182.9 (at 25°C) to 87.3 (at 20°C) (Engroff and
Watson 1975). The endoparasitoid Diaeretiella rapae
(M’Intosh) (Hymenoptera: Braconidae) laid an average
of 17 to 29 eggs per female at 20 and 30°C, respec-
tively (Hayakawa et al. 1990). The variation in tem-
perature probably contributed to the greater production
of eggs by B. mellitor and C. grandis in relation to B.
vulgaris, since a variation in temperature can offer bet-
ter reproductive conditions for an insect than a constant
temperature.

The number of eggs per female per day was greater
at 25°C (3.06 £ 0.28 eggs/female/day) than at 20 (0.96
+ 0.16 eggs/female/day) and 30°C (2.66 + 0.18 eggs/
female/day) (Table I). An increase in temperature pro-
moted an increase in the number of eggs per host larva
(Table I). Thus, it is believed that the temperature ele-
vation contributed to the acceleration in the metabolism
of B. vulgaris, altering the behavior of the females that
laid a greater number of eggs in the same paralysed
larva, reducing the expenditure of energy. When a fe-
male parasitoid selects a host to be parasitized, energy
and time are expended in the host paralysation before
the host is ready to receive the first egg. If the same fe-
male lays two or more eggs in a host, there is a saving of
time and energy that would be expended in the process
of host paralysation.

The number of parasitized larvae per female of B.
vulgaris at 25°C (71.75 £ 6.82) was greater than at
20 (31.40 £ 7.40) and 30°C (25.15 £ 4.03) (Table I).
At 25 (1.75 £ 0.14) and 30°C (1.24 £ 0.18), the av-
erage number of larvae parasitized by female per day
was greater than 20°C (0.69 £ 0.11). During this study,
host larvae showed a greater movement when exposed
to 25°C, and less at 20 and 30°C. This host behavior
probably facilitated its location by females of the para-
sitoid, stimulating them to parasitize fastly. The majority

of parasitoids finds their hosts using short and long dis-
tance cues, such as vibrations, visual effects and release
of kairomones by the host (Strand and Vinson 2008).
The braconids, such as B. mellitor, use these cues to loc-
ate and select their hosts, and are stimulated to oviposit
more quickly in those which move (Gerling 1971, Vinson
etal. 1976).

The female longevity of B. vulgaris was greater at
20 (42.60 & 4.17 days) and 25°C (41.10 £ 2.73 days)
than at 30°C (21.20 £ 1.67 days) (Table I). At 20 and
25°C, the longevity of both sexes was almost two times
greater than at 30°C. The longevity of B. kirkpatricki
varied from 60.5 (at 20°C) to 33.2 days (at 35°C)
(Engroff and Watson 1975). Males and females of D.
rapae presented longevity of 6.4 days at 20°C, and 0.9
days at 30°C (Hayakawa et al. 1990). Morales-Ramos
and Cate (1992) showed that the longevity of C. grandis
is 64 and 46 days, respectively, at 25 and 30°C.

All information generated about the periods of pre-
oviposition, fecundity and attack is important to select
the best age at which females of B. vulgaris should be
released into the cotton ecosystems, aiming at obtaining
the highest level of attack on the boll weevil larvae by
the female parasitoids.

Life Expectancy Table. B. vulgaris can live until 105,
100 and 50 days when exposed to 20, 25 and 30°C,
respectively. For the first 10 days, a life expectancy of
23.5 days is found for B. vulgaris exposed to 20°C, with
a29.8% risk of this not occurring and, thus, successively
until the final observation (101 to 105 days) when there
is still a life expectancy of 2.5 days, with an 100% prob-
ability of death in this period. This applies to all tem-
peratures from 25 to 30°C, in which life expectancy was
44.8 to 15.3 days, with risks of 9.1 and 33.3% until the
final observation (96 to 100 days, and 46 to 50 days),
respectively, in which life expectancy for both cases
was of 2.3 days, with an 100% probability of death in
the period.

The survival curves for B. vulgaris show an abrupt
initial fall during the juvenile form, followed by a certain
stability, until a new fall at the end of the adult stage
(Fig. 1). The behavior shown by the survival data for B.
vulgaris when exposed to 20, 25 and 30°C, according to
Carey (1993), is common for most insects. The analysis
of our data revealed a tendency for individuals that were

An Acad Bras Cienc (2011) 83 (3)
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exposed to 25°C to show greater survival and longevity
than at 20 and 30°C.

Life and Fertility Tables. The fertility data of B.
vulgaris (Table II) showed that the net reproductive
rates (R,) at 20, 25 and 30°C were, respectively, 0.68,
20.67 and 2.47 female progenies that will produce re-
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productive females in one generation. These values re-
veal a population growth at 25 and 30°C. The temper-
ature of 25°C has risen more than 30 and 8 times in
relation to 20 and 30°C, respectively, the population in-
crease of B. vulgaris, from one generation to the next.
At 20°C, the net reproductive rate was less than 1
(R, = 0.68), which suggests that this temperature nega-
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TABLE 11
Life table parameters of Bracon vulgaris
(Hymenoptera: Braconidae) at three different temperatures.

Parameters

Temperature (°C)

Gross reproductive rate (GRR)

Net reproductive rate (R,)

Generation time (GT) (day)

Doubling time (DT) (day)

Intrinsic rate of increase (rm)
(daily intervals)

Finite rate of 1 increase (1)
(daily intervals)

20 25 30
10.78 | 59.13 | 13.60
0.68 20.67 | 2.47
54.68 | 46.62 | 29.16

-99.54 | 10.67 | 22.34
-0.007 | 0.07 0.03
0.98 1.18 1.07

tively affected the populational growth of the parasitoid.
Gross reproductive rates were 10.78, 59.13 and 13.60
eggs per female at 20, 25 and 30°C, respectively.

The time span of a generation (GT) was 54.68,
46.62 and 29.16 days at 20, 25 and 30°C, respectively,
showing that there can be 7, 8 and 13 generations of
B. vulgaris per year in these temperatures. The time
for females duplicate their populations (DT) at 25 and
30°C were 10.67 and 22.34 days, respectively.

The intrinsic rate of population increase (1) links
R, and GT and demonstrates the biotic potential of
the species (Price 1997). On the other hand, the intrin-
sic rate of population increase (ry), mean generation
time (GT) and doubling time (DT) are useful indices of
population growth under a given set of growing condi-
tions (Tsai 1998). The values of ry, were 0.07 at 25°C
and 0.03 at 30°C, showing that the temperature of 25°C
produced an increase of 133% in the value of 1y, in re-
lation to 30°C. The interpretation of these values is that
the B. vulgaris population at 25 and 30°C would eventu-
ally grow at constant exponential rates of 0.07 and 0.03
per individual per day, respectively. The finite rate of
population increase (1) of 1.07 (25°C) and 1.03 (30°C)
reveals the aggregation of more than one individual per
female, from one generation to the next.

The proportions of individuals surviving through
all immature stages and reaching adulthood (I;) were
0.12 at 20°C, 0.45 at 25°C and 0.26 at 30°C. Thus, an
increase of 0.08 at 20°C, 9.30 at 25°C and 0.64 at 30°C
in the adult progeny per female per generation (Ix x R,)
could be expected under optimal conditions. B. vulgaris
reared at 25°C showed higher intrinsic rates of increase,

which resulted from higher survival and reproductive
rate. According to Rabinovich (1978), the adult stage of
non-social insects is generally marked by a period with-
out reproduction, followed by a phase of reproduction,
when there is commonly a peak period where the repro-
ductive effort is at its maximum, declining rapidly with
the females age. This pattern was observed in the fertil-
ity curves for B. vulgaris at both studied temperatures.

The age-specific reproductive values (RV) provide
information that may be useful to decide the optimal
age of release of B. vulgaris. In temperatures of 25
and 30°C, the maximum values of RV were 0.55 and
0.30, respectively, which are related to the adults of
B. vulgaris with approximately five days old. However,
at 20°C, the maximum value of RV was 0.98, obtained
with adult females of approximately 20 days old. After
the beginning of reproduction, the RV may decrease
or increase depending on whether fecundity increases
faster than the expection of further life decreases. It
declines to zero as an individual approaches to its max-
imum lifespan. Our results suggest that, in biological
control programs of A. grandis using innoculative re-
leases whose reductions in boll weevil populations are
obtained through the parasitoid progenies, the best age
to release B. vulgaris should be that with the highest
value of RV, that is, adult females of approximately five
days old at 25 and 30°C, and adult females of 20 days
old at 20°C. However, when inundative releases are
necessary, the best age for these releases should be
when a high capacity of parasitism occurs (Table ), i.e.,
between 11 and 31, 9 and 29, and 3 and 14 days old,
respectively, at 20, 25 and 30°C.
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RESUMO

Estudamos os efeitos da temperatura na reproducéo de Bracon
vulgaris Ashmead, ectoparasitdide do bicudo-do-algodoeiro,
Anthonomus grandis Boheman, em camaras climatizadas, em
temperaturas constantes de 20, 25 and 30°C, umidade relativa
do ar de 70 £ 10% e fotofase de 14 h. As fémeas do parasitoi-
de produziram mais ovos a 25°C (124,65 ovos) do que aquelas
expostas a 20 (43,40 ovos) e a 30°C (49,60 ovos). O numero
médio de larvas parasitadas por fémea de B. vulgaris a 25°C
(71,75 larvas) foi maior do que a 20°C (31,40 larvas) e 30°C
(25,15 larvas). As taxas diarias de aumento (ry,) foram —0,007
a20°C, 0,07 a25°C ¢ 0,03 a 30°C, indicando que a tempera-
tura de 25°C produziu aumento de 1100 e 133% no valor de
ry em relagdo as temperaturas de 20 e 30°C, respectivamente.
Nos programas de controle bioldgico do bicudo-do-algodoeiro,
usando liberagdes inoculativas deve-se utilizar fémeas adultas
de B. vulgaris com aproximadamente 5 dias (a 25 ou 30°C) ou
20 dias de idade (a 20°C); quando usando libera¢des inundati-
vas, utilizar fémeas adultas de B. vulgaris, com idade entre 11
e 31 dias (a20°C); 9 ¢ 29 dias (a25°C) ou 3 ¢ 14 dias (a 30°C).

Palavras-chave: ectoparasitoide, Anthonomus grandis Bohe-

man, biologia, tabelas de vida e fertilidade.
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