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Resumo

As espécies que pertencem ao género Aphaereta estdo distribuidas praticamente por todo o
mundo, e vivem associadas a dipteros sinantrépicos e outros dipteros. Foi encontrado um total de
12 individuos, da populagdo em estudo, em duas pupas de Ceratitis capitata (Wiedemann)
(Diptera: Tephritidae), estes individuos sdo endo-parasitdides gregarios larva-pupa.
Foram estimados pela primeira vez os parametros biolégicos de Aphaereta sp., em relacdo ao
tamanho do hospedeiro e temperatura. Foram testados trés estados larvares, o primeiro
(pequeno), o segundo (médio) e o terceiro (grande) estado, e cinco temperaturas (12, 15, 20, 25 e
30°C). O tamanho do hospedeiro afecta significativamente o tempo de desenvolvimento, o
nimero de individuos por pupa, a taxa de parasitismo, 0 sexo récio, a fecundidade e a
longevidade das fémeas de Aphaereta sp. O segundo estado larvar de C. capitata, de todos os
estados larvares testados, € 0 que promove uma maior taxa intrinseca de desenvolvimento (rm).
Observou-se que o parasitoide e o seu hospedeiro possuem diferentes constantes térmicas e
limites de desenvolvimento. Verificou-se também que a taxa de desenvolvimento de
Aphaereta sp. aumenta linearmente com a temperatura, e esta efeito significativo sobre os

parametros reprodutivos (Ro, rm, A, DT e o T) deste parasitoide.

Palavras-Chave: Aphaereta sp.; Ceratitis capitata; desenvolvimento do parasitoide;

tabelas de vida; tamanho do hospedeiro; temperatura.



Abstract

The species of the genus Aphaereta occurs almost everywhere around the world and lives
associated to sinatropic dipterous and other Diptera. Our population was collected from two
pupae of Ceratitis capitata (Wiedemann) (Diptera: Tephritidae), in a total of 12 adults, and is a
gregarious larval-pupal endoparasitoid. Biological and life table parameters of the Aphaereta sp.
were evaluated for the first time, in relation to the size of host and temperature. Three host larval
instars, first (small), second (medium) and third instar (large) and five temperature levels (12, 15,
20, 25 and 30°C) were studied. The development time, progeny per pupa, number of offspring
per female parasitism, female longevity and sex ratio of the Aphaereta sp. are affected by host
larval sizes. From all larval instars of the C. capitata tested, the second instar promotes a higher
intrinsic rate of increase (rm). The lower developmental threshold and thermal constant of the
host and the parasitoids differ. The rate of development of the parasitoids increased with a linear
trend as the temperature increased from 15°C to 30°C. Temperature had a significant effect on

the net reproductive rate, intrinsic rate of increase, finite capacity for increase and doubling time.

Keywords: Aphaereta sp.; Ceratitis capitata; parasitoid development; life tables; host size;

temperature.



CHAPTER 1

General Introduction



Introduction

The order Hymenoptera is one of the four major orders of insects, with approximately
115 000 species described. These species correspond to only 1/10 of the population of this group,
which includes an impressive variety of shapes, sizes and lifestyles. Just, a few groups of insects
are ecological and economically important to mankind as the Hymenoptera, but its
mismanagement can cause enormous costs for ecosystem (Rasplus et al., 2010).
For example, Babendreier et al. (2003) found in laboratory study conducted to that
Trichogramma brassicae Bezdenko parasitizes eggs of 22 out of 23 lepidopteran species tested,
including some, which are listed on the Swiss red list of endangered species.
Biological control is a potentially valuable control strategy against invasions of insect pests in
agricultural and forest ecosystems. However, doubts about this strategy have grown due to fault
of monitoring of the effects of biological control agents on target and non-target species, after his
release (Delfosse, 2005).

In Azores (Portugal), we tried to search for parasitoids adapted to the conditions of the
region. In recent years, we focused on capturing and recording parasitoids of the
Ceratitis capitata. It also designated as the Mediterranean fruit fly or medfly.
It was first reported in the Azores in 1829 (MacLeay, 1829), but in the last years due to the
severe damages in fruit crops that have an important impact on the Azorean economic
agricultural outputs. It is considered one of the most important fruit pests in the world because it
develops in fruit species, most of which are of high commercial value (Medeiros, 2004). Of all
parasitic Hymenoptera foraging on fruits in the field, only three, Asobara rufescens (Forster)
(Braconidae), Tachinaephagus zealandicus Ashmead (Encyrtidae) and Aphaereta sp. n
(Braconidae), parasitized medfly larvae and successfully completed a generation under

laboratory conditions. The last one is a small braconid wasp of the Alysiines tribe
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(genus Aphaereta), found in October 2008 in Sao Miguel Island, inside two pupae of C. capitata
from infected peppers, identified by K. van Achterberg (not publish).

All alysiines are endoparasitoids (internal parasitoids) of flies. The adult female lays her
eggs keen on the egg or larva of the host fly, and her progeny emerged from the host puparium
(Berry, 2007). Aphaereta is the only genus in its subfamily currently known to contain
gregarious species (Wharton, 1980). The gregarious nature of some Aphaereta species is well
established from rearing records, experimental studies of clutch size and developmental studies
(Evans, 1933; Salkeld, 1959; Houser & Wingo, 1967; Vet et al., 1993, 1994; Visser, 1994,
1996). On the other hand, few studies exist on the substantial knowledge of their biology and
ecology.

The establishment of life tables is an essential constituent to know the population
dynamics of a species (Southwood, 1978), and is now generally used in insect ecology to
develop an understanding of age-specific mortality and reproductive rates (Carey, 1993).
These life history parameters give useful information on the effectiveness of biological control
agents, particularly when comparing them with the ones of the target pest. Development,
reproduction and survival of parasitoid insects are life history components that depend on
physiological and environmental factors (Harbison et al., 2001; Ucckan and Ergin, 2003).
These factors can be either abiotic (e.g. temperature, relative humidity) or biotic (e.g. size, age,
and density of the host).

For gregarious parasitoids, body size depends upon resource availability during
development (Harvey et al., 1998), for the reason that siblings within the same brood develop on
a single host and compete for a fixed quantity of resources. Thus, to optimize progeny fitness,
the female estimated to vary the allocation of eggs to a host depending on the host’s size or
quality (Thorne et al., 2006). However, the influence of host size on koinobiont parasitoids is

complex (Harvey, 2005). Larval development of koinobiont parasitoids such as Aphaereta sp.
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subsequent to  parasitization reliess on the growth rate of the host
(Brodeur & Boivin, 2004; Harvey, 2005; Pennacchio & Strand, 2006). The host stage selected
for oviposition by a koinobiont female is primarily based on the first host evaluation.
There is a host size (larval instars) threshold below which the female parasitoid rejects the host
for parasitization (Brodeur & Boivin, 2004). Large hosts can exhibit defensive behavior, and this
can interfere with the possibility of parasitization (Brodeur et al., 1998).

It has long been recognized that temperature is the most important factor determining
development rates of the immature stages and the adult maturation rates of the majority of
insects (Robinson & Hooper, 1989). As a generally accepted guideline, low temperature results
in a slower growth rate (Sibly & Atkinson, 1994). In host/parasitoid system, the host and the
parasitoid larvae coexist and closely interact until the end of the parasitoid development, and
temperature thus affects the length of time the parasitoid and the host are physiologically
integrated. For example, at high temperatures, the short young development increases adult
parasitoid chance for resource access, reduces the generation time (Pandey & Singh, 1999).
The relationship among temperature and developmental rate has been described as negative and
linear over most of the temperature range. The environmental adaptation of the introduced
parasitoid is one of the factors that determine your success as a biological control agent

(Kalyebi et al., 2006).



Objectives of this research

This study is included within a fraction of a larger project to investigate new
environment-oriented tools to control C. capitata. The objectives of this research were to study
some biological parameters, especially the reproductive capacity of Aphaereta sp., with the host
C. capitata, in order to understand their biology.

Firstly, the effect of the host larval size on biological and life table parameters of
Aphaereta sp., such as development time, longevity, fecundity, sex ratio, and parasitization rate
were investigated. Secondly, we examined the temperature effect on biological and life table
parameters of Aphaereta sp., using the host larval instars than directly providing the best
development of this parasitoid in the previous assay. Finally, we tested two models
(one linear and one non-linear) to describe the relationship between temperature and the rate of

development (1/D).
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CHAPTER 2

Life history of Aphaereta sp. n, a newly discovered larval parasitoid of Ceratitis capitata



Life history of Aphaereta sp. n, a newly discovered larval parasitoid of Ceratitis capitata

Tania Teixeira” and Luisa Oliveira

Abstract

Given the economic importance of Ceratitis capitata Wiedemann (Diptera: Tephritidae) in fruit
growing and the few non-evasive means to combat this pest, we pretend with this work explore
the ability of a new braconid wasp of the Alysiines tribe (genus Aphaereta), found in
the Azores in 2008. We evaluation the biological and life table parameters of this parasitoid,
in relation to the size of the host and temperature. Larvae of different sizes
(first, second and third instar larvae) of C. capitata and five temperature levels (12, 15, 20, 25
and 30°C) were used. Of all the biological parameters evaluated, only development time,
progeny per pupa, number of offspring female per female, female longevity, and sex ratio of the
adults of the Aphaereta sp differed significantly between the first instar and the other two instars
tested. The combination of these results with those obtained with the life table parameters tell us
that the second instar to directly providing higher fitness of the adults of the parasitoid.
Temperature had a significant effect on the net reproductive rate, intrinsic rate of increase, finite
capacity for increase and doubling time. Data were adjusted to the linear degree-day model and
the nonlinear Gaussian function model. According to the linear model the lower developmental
threshold and thermal constant of the host and the parasitoids differ. The rate of development of

the parasitoids increased with a linear trend as the temperature increased from 15°C to 30°C.

Keywords: Aphaereta sp.; Ceratitis capitata; parasitoid development; life tables; host size;

temperature.



Introduction

Ceratitis capitata Wiedemann (Diptera: Tephritidae) is a pest that causes substantial economic
losses in the Mediterranean fruit due to their high dispersal ability and ecological plasticity
(Liquido et al., 1991; Gillani et al., 2002). Traditionally, the management of the fruit fly has
been based primarily on organophosphate insecticides, such as malathion, fenthion and
trichlorphon witch cause serious environmental problems like pest resurgence and secondary
pest outbreaks, insecticide resistance, environmental pollution, and increased human health risks
(Dantas et al., 1999; Ekesi, 1999). This situation originates a need to find alternative methods to
control this pest. Headrick & Goeden (1996) consider that the parasitic Hymenoptera are the
most promising candidates for Medfly biological control.

In Azores (Portugal), several studies have addressed the distribution of the C. capitata in
S. Miguel Island (Medeiros 2004), as well as their control, biology and ecology (Medeiros, 2004;
Lopes et al., 2006; Oliveira et al., 2008). In recent years, we have been focusing on capturing
and recording parasitoids of the C. capitata, in order to prevent the introduction of exotic species
that can cause adverse effects on the parasitoids native and non-target species.
Of all parasitic Hymenoptera foraging on fruits in the field only three present a sufficient number
for parasitized Medfly larvae and successfully completed a generation under laboratory
conditions: Asobara rufescens (Forster) (Braconidae), Tachinaephagus zealandicus Ashmead
(Encyrtidae) and Aphaereta sp. n (Braconidae).

Aphaereta sp. n were found in Sdo Miguel Island, during autumn 2008, in two pupae of
C. capitata collected in red sweet pepper, and identified by K. van Achterberg.
Is the first time that an individual from this genus, is found to parasitize C. capitata. Like another
species of this genus, it is a small gregarious larval-pupal endoparasitoid. As such, it is necessary

to know the main phases of its biology, before thinking about using it in classical biological



control strategy. Life history factors can be used to calculate approximately the possible impact
of the parasitoid on host populations (Bernal & Gonzélez, 1993). These parameters depend on
physiological and environmental factors (Harbison et al., 2001; Uckan & Ergin, 2003).
These factors can be either abiotic (e.g. temperature, relative humidity) or biotic (e.g. size, age,
and density of the host).

Among the biotic factors, host size (= quality) is one of the most important signals to the
female parasitoid, because it is based on this size that the female estimates the amount of egg
laying (clutch size), especially the females gregarious species (Omwega & Overholt, 1997;
Seko & Nakasuji, 2004). The mechanism of estimating host size previous to allocating the
progeny is without doubt a strategy to avoid competition between the developing of the
offspring. It is reported that host size influences parasitoid’s preference, fecundity, and
developmental time (Opp & Luck, 1986; Bai et al., 1992; Smith, 1993) and be positively
correlated to fitness parameters, such as fecundity and survival of parasitoids
(Mackauer & Sequeira, 1993; Godfray, 1994).

Temperature is one of the main abiotic factors influencing the physiological performance
of ectothermic organisms (Krenek et al., 2011). In host/parasitoid system, the host and the
parasitoid larvae coexist and closely interact until the end of the parasitoid development and
temperature thus affects the length of time the parasitoid and the host are physiologically
integrated (Colinet et al., 2007). For example, at high temperatures, the short immature
development increases adult parasitoid opportunities for resource access (food, hosts, mating),
reduces the generation time (Pandey & Singh, 1999). These influences in the life history
parameters of a parasitoid affect their efficiency as biological control agent.

This work is included within a fraction of a larger project to investigate new
environment-oriented tools to control C. capitata. The effect of environmental factors on the

biological characteristics of Aphaereta sp. has never been studied using its host C. capitata.
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In the present study, we investigated the host larval size effect: first instar (small), second instar
(medium) and third instar (large), on biological and life table parameters of Aphaereta sp.
in laboratory conditions. Another set of laboratory experiments investigated the temperature
effect on biological and life table parameters of Aphaereta sp., using the host size than directly
providing the best development of this parasitoid in the previous assay.
We tested two models (one linear and one non-linear) to describe the relationship between
temperature and the rate of development (1/D). The lower developmental threshold and thermal

constant of the parasitoids were also estimated.

Material and Methods
Parasitoid and Host Cultures

Laboratory cultures of Aphaereta sp. were established in October of 2008 using specimens found
on pupae C. capitata in S. Miguel (Azores, Portugal), by the approach of Falcé et al. (2006).
Since that date, this specie has been reared on C. capitata. The adults of Aphaereta sp. were kept
into cylindrical plastic containers (5 cm height x 8 cm diameter), with a source of diluted honey
(30 %), for 72 h to mate. After this period, the containers are closed with a lace cloth, and it is on
this cloth are placed different sized Medfly larvae with artificial diet.

Under the larvae, is placed a lid which keeps the humidity needed for proper development
of the larvae. After 48 h, the larvae were removed and placed in another container
(2.5 cm height x 5 cm diameter), previously prepared with artificial diet for larvae. Then slap the
container with silver paper and place it inside a new cylindrical plastic container with a meshed
lid, until the emergence of the new generation.

The host larvae were maintained on an artificial diet, according to

Albajes & Santiago-Alvarez (1980) with some modifications, in the acrylic container
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(2 L volume). Adults were fed with a mixture of sugar and hydrolysed yeast (3:1, w:w) and

water. The cultures were sustained at 25 + 1°C, 70 + 10% rh and 14:10 h (L: D) photo period.

Influence of host larval size on biological and life table parameters of Aphaereta sp.

To test the influence of host size on biological characteristics of Aphaereta sp., host larvae were
selected by instars and size (1.1 + 0.2, 1.8 £ 0.3, 5.0 £ 0.4 cm length for first, second and third
instars, respectively). The parasitoid females used to have between 48 and 72 h old, in order to
ensure they mated. A caged cohort of parasitoids was established by enclosing five female and
one male into cylindrical plastic containers (2.5 cm height x 5 cm diameter) with a solution of
30 % of honey in a cotton wick. Larval hosts were presented to the cohort in groups of fifteen
larvae with a little artificial diet, as described before. Larvae was removed and replaced by
fifteen new larvae daily, as explained previous, during four days. The parasitized host pupae
were checked daily until the emerged of the parasitoid. After emergence, the adults are placed in
cylindrical plastic containers with honey and water in a cotton wick, until his death.
Development time, the number and the longevity of adults, number of parasitoids dead before
emergence, parasitism rate (number of parasitized pupae/total of pupae), the sex-ratio and the
fecundity (number of females offspring/female) were recorded. After parasitoid emergence, we
had the attention of dissecting all the pupae, except those giving rise to medfly, to verify the
existence of the parasitoid, since, this is gregarious parasitoids and dead insects stay in the
pupae. In this study, a total of 20 caged cohort of parasitoid for each of the larval hosts instars

were set up and held at 25 + 1°C, 70 £ 10% rh and 14:10 h (L: D) photo period.

Temperature effect on biological and life table parameters of Aphaereta sp.

This experience was built the same way as the previous experiment. Larval hosts, in the second

instar, were presented to cohort in groups of thirty larvae with a little artificial diet, as described
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before. After 48 h, the larvae were removed and placed thirty new larvae for over 48 h. A total of
14 caged cohort of parasitoid were set up and held in one of five constant temperature conditions
(12, 15, 20, 25 and 30°C), 70 + 10% rh and 14:10 h (L: D) photo period. The parasitized host
pupae were checked daily until the emerged of the parasitoid. Development time, the number
and the longevity of adults, number of parasitoids dead before emergence, parasitism rate
(number of parasitized pupae/total of pupae), the sex-ratio and the fecundity (number of females
offspring/female) were recorded. As in the previous experiment, we were careful to dissect the

pupae.

Statistics Analysis

The biological parameters such as development time, percent parasitism, mortality, number of
parasitoid emerged per pupa of each host, longevity of descendants and sex ratio were analyzed
by one-way Anova followed by Fisher's least significant difference (LSD) range test (P < 0.05).
Except for the percentage-based data (mortality and sex ratio), which used the arcsine
transformation, the transformation used was the square root transformation.

Population growth rates were calculated by constructing life tables according to
Birch (1948). To construct the life tables, age-specific survival rates (Iy) and number of female
offspring (my) for each age interval (x) per day were used. From these data, the net reproductive
rate (Ro = X 1ymy) which is the number of female progeny per female per generation, the intrinsic

-rmxl

rate of increase (rn = 1 = X e lym,), the finite capacity for increase (A = €™) expressed as
multiplication per female per unit time, the doubling time (DT = (In2)/ry,) and mean generation
time (T = In(Ro/ry), in days) were calculated. After r was computed for the original data (ra,), the
differences in ry, values were tested for significance by estimating the variance using the
jackknife method, which facilitated calculation of the standard errors of r; estimates

(Sokal & Rohlf, 1981; Meyer et al., 1986). The jackknife pseudovalue rj was calculated for n
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samples using the following equation: r; = nry-(n-1)ri . The mean values of (n-1) jackknife
pseudo-values for the mean growth rate in each treatment were subjected to independent one-
sample t-test and to one-way Anova followed by LSD range test (P < 0.05) for host larval size
and temperature effects, respectively.

The effect of temperature on the developmental rate (1/D) of Aphaereta sp. was
examined using mathematic models. We selected the linear regression and simple Gaussian
function models to describe the relationship between temperature and developmental rate of this
parasitoid. Equations of these models are as follows: i) Linear model: 1/D = a+bT, where
1/D is the developmental rate, a and b are regression coefficients, T is the temperature in °C; ii)
1/D (T) =1/Dmax exp[-0.5((T-T0pt)/c)2], where 1/Dmax is the maximal developmental rate at
optimum temperature (Topt) and parameter o is related to the full curve width at 1/Dmaxy,.

The linear model used for describing the developmental rate enables the calculation of the
lower developmental threshold (t;) and thermal constant (K), a kind of physiological time defined
as the amount of heat units required for development. K is the reciprocal of the slope b of the
straight line so b = 1/K; t; = -a/b (when 1/D =0 then T =t) so a =-b t, = t/K; D = K/(T- t).
Linear Regression equations were calculated, and Anova was performed. All statistical analyses
for this study were performed using SPSS software version 15.0 for Windows (SPSS, 2006),
except the non-linear model (simple Gaussian function) was performed using TableCurve 2D

software (version 5.01, Systat Software Inc).
Results

Influence of host larval instar (size) on biological and life table parameters of Aphaereta sp.

From the three host larval instar tested only two (second and third) were successfully parasitized
by Aphaereta sp., but sometimes the first instar can be parasitize. This difficulty is reflected in

the values obtained for the parasitoid life-history parameters, as shown in Table 1.
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The proportion of successfully parasitized larvae was significantly lower for the first and the
third instar compared to second instar (F = 64.495, df = 59, P = 0.000). Depending on the larval
instar, there were significant differences in development time (F = 89.039, df = 59, P = 0.000),
progeny per pupa (F = 65.293, df = 59, P = 0.000), number of offspring female per female
(F = 54.194, df = 59, P = 0.000), female longevity (F = 5.437, df = 303, P = 0.05), and sex ratio
of the adults (F = 29.263, df = 59, P = 0.000) of the Aphaereta sp. On the other hand, there are
no significant differences in male longevity (F = 0.288, df = 178, P = 0.750) or mortality rate
(F=0.767, df = 59, P = 0.469).

All the life table parameters differ significantly (p<0.05) between hosts instars, as Ro, rm,
T, and A are higher, while DT are lower in second than third instar (Table 2), revealing that

second instar is the more desirable for the development of the parasitoid.

Table 1 Reproductive characteristic (Mean + SE) of Aphaereta sp. when reared on three different larval

instars of the Ceratitis capitata

T Host larval instar
Parasitoid life-history parameters

First instars Second instars Third instars

Development time (days) 21.3+0.2a 194+£060D 183+04Db
Progeny per pupa 13+£04 b 57+£02 a 6.3x04 a
Longevity of Females (days) 42+10 a 2701 b 31+01 a
Longevity of Males (days) 28+0.6 a 2701 a 28+£0.1 a
Mortality rate of parasitoid (%) 975+0.1a 36.1£00a 458+0.1a
Parasitization rate (%) 1.7+£08 ¢ 30.8+2.7a 127+13Db
Sex ratio (% of females in the population) 13.3+6.5a 66.4+1.7a 70.7+41a
Female fecundity (number of female per female) 0.06+0.0c 75+£10 a 3.7+06 b

Means within each row followed by the same letters were not significantly different between temperature

P <0.05 (LSD range test)
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Table 2 Life table parameters (Mean + SE) of the parasitoid Aphaereta sp. ovipositing in different host
larval sizes of the Ceratitis capitata. Legend: R, - net reproductive rate,
rn - intrinsic rate of increase, T - mean generation time, A - finite capacity for increase,
DT - doubling time

Jackknife estimation

Parameters

Second instars Third instars
Net reproductive rate (R) 7.46+0.00a 3.62+£0.00Db
Intrinsic rate of increase (ry) 045+0.01a 0.34+0.01b
Generation time (T) 486 +£0.09a 441+£0.13D
Finite capacity for increase (L) 1.54+0.01a 1.37+£0.01b
Doubling time (DT) 1.67+£0.03b 2.37+0.07a

Means within each row followed by the same letters were not significantly different t-test at 5% for

comparison between larvae of the second and third instars.

Temperature effect on biological and life table parameters of Aphaereta sp.

Of the five temperatures tested, only in three of them, 15, 20 and 25°C, it confirmed the
emergence of adults of this parasitoid. The development time of Aphaereta sp. decreased
significantly (F = 37.592, df = 41, P = 0.000) with an increase in temperature from 15°C to 25°C
(Table 3). The progeny per pupa was significantly differed depending on the temperature
(F = 3.559, df = 41, P = 0.038), similar at 15 and 20°C (54.1 and 59.8, respectively) and
significantly reduced at 25°C. The mortality rate of parasitoids (F = 0,877, df = 41, P = 0.424),
the parasitization rate (F = 1.783, df = 41, P = 0.182), the sex ratio of the adults (F = 0.243,
df = 41, P = 0.785) and the female fecundity (F = 2.150, df = 41, P = 0.130), did not differed
significantly when Aphaereta sp. developed at study temperatures (Table 3).
Life table parameters are presented in Table 4. In general, the life table parameters predictable by

the method of “Jackknife estimation” are higher at 20°C, except for the DT that is higher at 25°C.
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Table 3 Reproductive characteristics (Mean + SE) of Aphaereta sp. when reared on second instar larvae

of the Ceratitis capitata at three different temperatures

Temperatures regimes
Parasitoid life-history parameters

15°C 20°C 25°C
Development time (days) 410+12a 255+05b 192+16¢C
Progeny per pupa 3.8+£03 a 40+04 a 2904 b
Mortality rate of parasitoid (%) 496+33a 426+37a 495+69a
Parasitization rate (%) 23.0+29a 283+33a 339%x55a
Sex ratio (% of females in the population) 540+5.1a 541+25a 56.7+6.3a
Female fecundity (number of females per female) 28+04 a 36+04 a 2407 a

Means within each row followed by the same letters were not significantly different between temperature

P <0.05 (LSD range test)

Table 4 Life table parameters (Mean * SE) of Aphaereta sp. at different temperature.
Legend: Ry - net reproductive rate, rn, - intrinsic rate of increase, T - mean generation time,

A - finite capacity for increase, DT - doubling time

Jackknife estimation

Parameters

15°C 20°C 25°C
Net reproductive rate (Ry) 2.79+0.00b 3.66£0.00a 2.33+£0.00c
Intrinsic rate of increase (ry,) 0.29+£0.01b 0.35+0.01a 0.28+£0.02¢c
Generation time (T) 3.75+£0.10b 3.87+£0.09a 3.76£0.20b
Finite capacity for increase (1) 1.33+0.01c 142+0.01a 1.35+0.03b
Doubling time (DT) 254 +0.06 b 206+0.05c 3.07+0.16 a

Means within each row followed by the same letters were not significantly different between temperature

P <0.05 (LSD range test)
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The theoretical development threshold was estimated to be 7.0 and 12.3°C for
Aphaereta sp. and C. capitata, respectively (Fig. 1). Based on the development threshold,
completed development required 336 and 253 DD for the parasitoid and their host, respectively.
Linear regression analysis revealed a negative correlation no significant between the temperature
and development time for parasitoid (R* = 0.992; F = 65.130; df = 2; P=0.078) and host

(R®=0.932; F = 13.267; df = 3; P = 0.068).

0.004 -
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< 0.003 -
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& 0.002 -
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"'uo: 0.001 @ Aphaereta sp.
& B Ceratitis capitata
0 - :
15 25 35
Temperature (°C)

Fig. 1 Lower developmental threshold (°C) of the host Ceratitis capitata and the parasitoid Aphaereta sp.

The non-linear models describe the developmental rate over a wider range of
temperatures and provide estimates of maximum and optimum temperatures for development of
the insects. The simple Gaussian function (Fig. 2) acceptably described the relationship between
the development rate and the rearing temperature (R?> = 0.81). The maximal developmental rate

we obtain in estimated optimum temperature (22.3°C) is 0.053.

Discussion

The success of the descendants of survival depends on the selection of a suitable host.
This selection is based on the choice of a host that provides a good quality and quantity of

nutrients for healthy offspring. Necessarily, the size of the host is related to its good nutrition,
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that is, older host larvae supply more nutrients to the parasitoids than younger larvae resulting in

faster growth and development (Pascua & Pascua, 2004).
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Fig. 2 Relationship between the temperature and the developmental rate of Aphaereta sp. as described by

the Gaussian function.

This study reveals that the females of Aphaereta sp. can parasitize all instars of
C. capitata larvae, but it was observed that this parasitoid has more difficulty to parasitize the
first larval instar (< 2%). Such as result associated with low immature survival, which may be
due to limited nutritional resources available in such early instar larvae (Harvey et al., 2004).
Hence, the parasitoid took longer to complete its development on younger larvae.
As it was observed, the host size at oviposition was reported to affect the development time of
koinobiont parasitoids (Colinet et al., 2005; Vet et al., 1993, 1994).

In the most gregarious parasitoids, the number and the size of offspring they produce is
influenced to a large degree by the size of the host (= quality) (Bezemer & Mills, 2003;
Lacoume et al., 2006). The offspring sex ratio of this parasitoid was similar when developing on
second and third instar. The percentage of female that emerged from larvae parasitized at the

second instar was higher, but the longevity of these females is significantly lower compared with
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the females developed in the third instar. This indicates that this females offspring requires more
nutritional resources to complete their development (Colinet et al., 2005), and thus to be able to
convert this energy gained to increase their longevity. The intrinsic rate (rm,) of increase is the
most important parameter for estimating population dynamics (Southwood, 1978).
The ry, of Aphaereta sp. in the small (second instar) and large (third instar) host is 0.45 and 0.34
female eggs/female/day, respectively. These results associated with a higher Ro, A revealed that
second instar of the C. capitata are a more acceptable host for Aphaereta sp. than third instar.

The founding of biological control agents depends upon a countless of factors, such as
climatic conditions in the area of release favorable to survival and growth of the insects
(Dent, 1991). To this end, the studies under controlled laboratory conditions may provide
valuable insight into insect population dynamics, although temperatures are not constant in
nature (Uygun & Athhan, 2000). The results obtained in this study show the effect of
temperature on development time, progeny per pupa, mortality, parasitization rate, sex ratio and
fecundity of this parasitoid. This parasitoid follows the typical pattern where development time
is negatively correlated with temperature during development. The temperature of 20°C was the
optimum for development of Aphaereta sp. among those tested because it yielded a shorter
development time in combination with a higher fecundity. The net reproductive rate and the
intrinsic rate of increase at 25°C was lower than at 15°C and 20°C, the final parameter is a good
indicator of the combined effect of temperature on development, survival and reproduction.
Short development time and high fecundity indicate that the Aphaereta sp. population has the
potential for rapid population growth at 20°C.

Temperature requirements for development (thermal constant) of the host are lower than
is required for the parasitoid. At 12°C and 30°C there was no parasitism, due to the minimum
temperature of development of the host and the fact that this parasitoid does not parasitize at

30°C. The t; values of Aphaereta sp. are relatively lower than the host’s so that development of
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the gregarious parasitoid can start before the temperatures allow the population of the host to
grow in high numbers. However, the probability of a destabilizing effect on the parasitoids/pest

system should be considered (Campbell et al., 1974).

Conclusions

The present study provides basic information on the influence of larval host size and
temperature on some biological parameters of Aphaereta sp. exploiting its host C. capitata, and
IS an essential step in the development of biological control approaches against this pest.
These results indicate that Aphaereta sp. has the potential to be an agent of biological control of
C. capitata, within an Integrated Pest Management Strategies (IPM). However, and taking in the
history of precipitation of researchers in the use of biological control agents and the negative
consequences of these agents in the ecosystem in which are inserted, as mentioned earlier,
further studies are needed to verify the behavior of this parasitoid. For this it is necessary to build
a conscious plan, composed of more laboratory studies (assessment of clutch size, preferably of
different host species, production optimization, etc.), passing later to semi-field studies and only
after the completion of this testing and careful consideration of their results, carried out releases

of this parasitoid, but always taking care to perform monitoring studies.
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