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Introduction

Nasonia vitripennis (Walker, 1836) (Hymenoptera: Pteromalidae) has 
been used as a model in several studies involving genetic, ecological (King 
and D’Souza, 2004), behavioral (Baeder and King, 2004), evolutionary 
(Van den Assem and Jachmann 1982) and developmental aspects 
(Rivers et al., 1999). This species is worldwide distributed and can be 
found attacking more than 60 species of Cyclorrhapha (Diptera) and 
can also use other arthropods as host, including ticks (Acari) (Noyes, 
2019). Rivers and Denlinger (1993) studied the action of N. vitripennis 
female venom and observed that dipterans belonging to Calliphoridae 
and Sarcophagidae families were the most affected hosts. This can be 
related to the preference by the parasitoid to this dipterous in nature 
(Ullyett, 1950; Cardoso and Milward-de-Azevedo, 1995).

It is important to know the time of postembryonic development 
of parasitoids in different host species, to assist some areas, including 
biological control of medical importance insects, such as Chrysomya 
putoria (Wiedemann, 1830) (Diptera: Calliphoridae), an exotic 
species native from Afrotropical region. This blowfly is an important 
mechanical vector of pathogens for humans and the larvae can cause 
facultative myiasis (Ferraz et al., 2011). As the immature of C. putoria 
are also decomposers of dead bodies, this species is used in forensic 
entomology to assist in estimating the postmortem interval (PMI) of a 
corpse (Leclerq and Tinant-Dubois, 1973; Anderson and Cervenka, 2002). 
The presence of a parasitoid in the host may influence the duration 
of the postembryonic developmental period or even interrupt the 
development of their hosts, causing an interference in the population 
growth and density of flies. All these aspects can alter the estimates 
of the PMI (Mello and Aguiar-Coelho, 2009).
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A B S T R A C T

Nasonia vitripennis (Walker, 1836) (Hymenoptera: Pteromalidae) is a parasitoid involved in the biological control 
of several insects, including blow flies (Diptera, Calliphoridae) of economic importance. The aim of this study was 
to describe the morphological aspects of the immature stages of N. vitripennis and to record the postembryonic 
development time, using pupae of Chrysomya putoria (Wiedeman, 1830) as host. The experiment was conducted 
in a climatic chamber at 27°C/ day and 25°C/ night, with 60 ± 10% relative humidity and 14h photophase. Three 
experiment were conducted, each one with different host-parasitoid exposure times, of 12 hours, 16 hours and 
24 hours respectively. In each experiment, the host:parasitoid relation applied was three host pupae of C. putoria 
to one parasitoid female. The experiment lasted 17 days, and it was used nine pupae per day totalizing 153 host 
pupae. The parasitoidism rate was 16.3% (12h), 40.5% (16h) and 94.1% (24h), respectively. The immature development 
duration of N. vitripennis with 16 and 24 hours of exposure, was as follows: egg stage (1st day), larvae (2nd to 
6th day), prepupae (7th day), pupae (from 8th to 13th day) and pharate adult (14th day). The emergence of the 
adult parasitoids occurred on the 16th and 15th day with the exposure times of 16 and 24 hours, respectively. The 
exposure period of 24 hours was the ideal to observe the development time and to characterize the immature 
of N. vitripennis when compared to the 16 and 12 hours.
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The majority of the biological control techniques used is imported 
from North Temperate zone and not always adequate to the reality of 
the tropical countries (Neves et al., 2005). With the aim to support 
the implementation of biological control of economic and medical 
importance flies, many studies on the parasitoidism of species of 
Chrysomya and Cochliomyia pupae by N. vitripennis in laboratory have 
been undertaken in Brazil (Cardoso and Milward-de-Azevedo, 1996; 
Mello, 2007; Mello et al., 2007; Barbosa et al., 2008, 2010).

However, for a better understanding of the biology of N. vitripennis 
and its use in biological control, there is a need for a greater understanding 
of the development time of the parasitoid on different species of 
hosts at different exposure times to parasitoidism, besides knowing 
the morphological changes of the different immature stages of this 
parasitoid (Proença et al., 2022).

The aim of this study is to describe the morphological aspects of the 
immature stages of N. vitripennis on the host C. putoria (Wiedemann, 
1830), by recording the body size and coloration changing of immature 
stages, the postembryonic development time of N. vitripennis and 
provide a photographic database of the immature stages of N. vitripennis.

Materials and methods

The experiment was conducted in a climatic chamber at 27°C 
during the day and 25°C at night, with 60 ± 10% relative humidity 
and 14 hours photophase, which started at 06:00 AM. Three host-
parasitoid exposure times were evaluated: 12 hours, 16 hours and 
24 hours. The host:parasitoid ratio applied was three host pupae of 
C. putoria, with up to 24 hours age, exposed to one parasitoid female. 
The insects were allocated into test tubes sealed with nylon fabric, using 
51 repetitions per experiment (nine pupae per day, totalizing 17 days 
of the experiment). The host-parasitoid relationship was selected due 
to the efficiency of the parasitoid (Proença et al., 2022). The females 
of N. vitripennis were fed with honey and hydrated with water, both 
deposited in the test tube.

After the end of the host-parasitoid exposure time, the females of 
N. vitripennis were discarded and the freezing of nine pupae (three 
repetitions) a day until the 17th day after the beginning of the experiment 
was initiated. In the experiments using 12 and 16 hours of exposure, 
the pupae were frozen for about – 15º C, while in the experiment with 
24 hours of exposure, the hosts were frozen only for 1 hour. Such 
variation in the time of freezing was taken to verify if the immature 
would present the morphological differences observed in the experiment 
conducted by Proença et al. (2022) using Chrysomya megacephala 
(Fabricius, 1794) as host, 18 and 48 hours of host-parasitoid exposure 
time and the freezing of the host pupae after exposure to parasitoidism.

By the end of the freezing time of each experiment, the pupae 
were dissected under a stereoscopic microscope and the immature and 
pharate adults of N. vitripennis were removed from the puparium of 
the host. The stages of the parasitoid were determined based on the 
development time, according with previous studies by Whiting (1967) 
and Werren (2000).

All parasitoid were measured from the egg to emerged adults stages, 
respecting its natural body curvature. The parasitoid stages were imaged 
with a Leica digital camera attached to a stereomicroscope (Leica, Wetzlar, 
Germany) and automated by a Syncroscopy® Auto-montage software.

The colored photos were useful to record data related to the changes 
in coloration and size of the adults and of the immature stages used in 
the study, because the preservation of these insects in alcohol probably 
would damage the color of the specimens, compromising further 
analysis of these data.

Results

The parasitoidism rate in the experiment of 12 hours of exposure was 
16.3%, not allowing the observation of both morphological characterization 
and development time of the immature parasitoids. The parasitoidism 
rates with 16 hours and 24 hours of exposure was higher, 40.5% and 
94.1%, respectively. In both experiments, it was possible to visualize 
the immature stages from the first to the 17th day of development 
after the exposure time. Different stages of the parasitod larva were 
observed in a single host specimen only with 16 hours of exposure.

The duration of N. vitripennis immature development with 16 and 
24 hours of host-parasitoid exposure was as follows: egg stage (1st day), 
larva (2nd to 6th day), prepupa (7th day), pupa (from 8th to 13th day) and 
pharated adult (14th day). The emergence of the adult parasitoids was 
earlier in 24 hours occurring at the 15th day, while in 16 hours of exposure 
occurred at the 16th day. The parasitoid eggs showed ellipsoid shape 
and white corium, and were found over the last abdominal segment 
of the host. Along the development, the larval body grows in size and 
becomes fusiform, slightly curved, and gradually darker.

The results of the postembryonic development time, morphometry 
and morphological characters of N. vitripennis, after 16 and 24 hours of 
host-parasitoid exposure are presented on Tables 1 and 2. The images 
of the immature stages are presented in Figs 1 to 4.

Discussion

A low parasitoidism rate was observed after 12 hours (16.3%) and 
16 hours (40.5%) of exposure, showing that these times were insufficient 
for the female wasp attack all three hosts. According to Wylie (1966), 

Table 1 
Morphological characteristics of Nasonia vitripennis (Walker, 1836) (Hymenoptera: 
Pteromalidae) immature after 16 and 24 hours of host-parasitoid exposure (one 
parasitoid: three hosts) at temperature of 27º C day/25º C night, 60 ± 10% of 
humidity and 14 hours of photofase).

Day Exposure time Stage Body color

1 16 Egg Translucent white

1 24 Egg Translucent white

2 16 Larva Translucent white

2 24 Larva Translucent white

3 16 Larva Dark yellow

3 24 Larva Yellow

4 16 Larva Brown

4 24 Larva Dark yellow

5 16 Larva Dark brown

5 24 Larva Brown

6 16 Larva Black

6 24 Larva Gray

7 16 Prepupa Black

7 24 Prepupa White

8 16 Pupa Yellow

8 24 Pupa Yellow

9 16 Pupa Begining of eyes’ pigmentation

9 24 Pupa Begining of eyes’ pigmentation

10 16 Pupa Mesosoma darker than metasoma

10 24 Pupa Yellow body and red eyes

11 16 Pupa Black mesosoma and yellow metasoma

11 24 Pupa Black head and metasoma. Yellow mesosoma

12 16 Pupae Head darkening

12 24 Pupae Black and yellow metasoma

13 16 Pupa Black

13 24 Pupa Black
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one N. vitripennis female attacks about two hosts, in 18 hours, even if 
there is a major number of hosts available. This author also comments 
that the decrease in the parasitoidism rate can be also explained by 
the stress caused by the removal of the female from the colony and the 
transference to the test tube, the loss of olfactory attraction of the pupa 
during its handling as well as the inability of the female to parasitize 
all hosts offered in the established exposure time.

Therefore, in the presented study, it was observed that the time of 
24 hours was sufficient for the female lay her eggs in all three hosts, 
with a 94.1% parasitoidism rate. This time was also ideal to describe 
the immature and the development time, because enabled the female 
parasitoid explore one host at time. This also contributed that each 
host presented similar immature stages. However, Proença et al. (2022) 
observed that one female of N. vitripennis is capable of laying eggs 
in all three hosts offered, in only 18 hours, but these authors used C. 
megacephala as host. These differences could be explaineb by biological 
differences presented by the different host species.

The different immature stages, in a single host pupa, observed in 
16 hours were not expected due to the short exposure time, which could 
not enable various ovipositions of the parasitoid female in a single host 
pupa, nor the presence of immature in different stages of development. 
According to Slansky and Scriber (1985) the best performance of gregarious 
insects, meaning the survivorship rate of individual parasitoid insects, 

is obtained in a particular range of density of hosts with a decline of 
their survival occurring above or below this range, due to induction of 
unfavorable micro-environmental conditions for their development. 
Therefore, the low number of immature parasitoids per each host pupa 
in 16 hours would result in a heterogeneous development time of these 
immature. A heterogeneous developmental time was also observed in 
N. vitripennis by Barbosa et al. (2010) using Cochliomyia macellaria 
(Fabricius, 1775) (Diptera, Calliphoridae) as host.

Wylie (1964) suggested that the duration of the ontogenetic 
development of a parasitoid insect may be altered by environmental 
factors, presence or absence of superparasitism conditions, host age 
and quality. The quality of the host can be changed due to some factors, 
including the presence of toxins, competition between parasitoids andthe 
health of the host, which should affect the nutritional status of this 
one and therefore the duration of the ontogenetic development of the 
parasitoids (Harvey and Gols, 1998; Husni and Honda, 2001). All these 
factors could explain the differences between the post-embryonic 
development of the immature in the different times of host-parasitoid 
exposure used in this study.

The morphological characters as well as the development time 
of the immature stages of N. vitripennis, observed in this study, 
resemble those found by Werren (2000) and Proença et al. (2022) 
using C. megacephala as host. In this study, the eggs showed form 

Table 2 
Morphometry and number of Nasonia vitripennis (Walker, 1836) (Hymenoptera: Pteromalidae) immature and adults after 16 and 24 hours of host-parasitoid exposure (one 
parasitoid: three hosts) at temperature of 27º C day/25º C night, 60 ± 10% of humidity and 14 hours of photofase). *range of variation of the insects’ body measurement (in millimeters).

Day Exposure time in 
hours Stage Sample size Body length 

average in mm Standard deviation Coefficient of 
variance Range of variation*

1 16 Egg 11 0.37 0.03 0.09 0.28-0.41

1 24 Egg 54 0.36 0.05 0.07 0.25-0.45

2 16 Larvae 05 0.45 0.04 0.09 0.39-0.50

2 24 Larvae 12 0.46 0.05 0.12 0.38-0.47

3 16 Larvae 20 0.80 0.12 0.15 0.60-0.92

3 24 Larvae 27 0.77 0.11 0.14 0.60-0.88

4 16 Larvae 16 1.08 0.16 0.15 0.80-1.27

4 24 Larvae 122 1.03 0.13 0.13 0.80-1.05

5 16 Larvae 26 2.28 0.25 0.11 1.83-2.73

5 24 Larvae 90 2.23 0.23 0.10 1.80-2.66

6 16 Larvae 45 2.40 0.39 0.16 1.24-3.06

6 24 Larvae 59 2.37 0.38 0.16 1.20-2.90

7 16 Prepupae 12 2.13 0.22 0.10 1.86-2.66

7 24 Prepupae 63 2.03 0.20 0.08 1.84-2.42

8 16 Pupae 56 2.30 0.11 0.05 2.11-2.43

8 24 Pupae 91 2.28 0.10 0.04 2.08-2.40

9 16 Pupae 30 2.29 0.13 0.06 2.07-2.49

9 24 Pupae 86 2.27 0.12 0.05 2.00- 2.45

10 16 Pupae 29 2.28 0.10 0.04 2.17-2.44

10 24 Pupae 58 2.26 0.09 0.04 2.15-2.42

11 16 Pupae 54 2.18 0.06 0.03 2.07-2.26

11 24 Pupa 37 2.15 0.06 0.03 2.00-2.25

12 16 Pupae 68 2.26 0.11 0.05 2.02-2.42

12 24 Pupae 60 2.24 0.10 0.05 2.02-2.38

13 16 Pupae 48 2.26 0.09 0.04 2.16-2.42

13 24 Pupae 49 2.26 0.07 0.03 2.14-2.40

14 16 Pharated Adult 22 2.23 0.13 0.06 2.20-2.45

14 24 Pharated Adult 74 2.21 0.11 0.04 2.10-2.38

15 16 Pharated Adult 64 2.24 0.13 0.06 2,08-2.45

15 24 Female 271 1.97 0.41 0.21 1.45-2.58

15 24 Male 60 1.93 0.25 0.12 1.48-2.30

16 16 Female 118 2.16 0.37 0.17 1.55-2.92

16 16 Male 23 1.96 0.48 0.24 1.37-2.69
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Figure 1 Nasonia vitripennis (Walker, 1836) (Hymenoptera: Pteromalidae) immature stages observed in 16 hours of exposure experiment (frozen for 17 days). Host-parasitoid 
exposure (one parasitoid: three hosts) at temperature of 27º C day/25º C night, 60 ± 10% of humidity and 14 hours of photofase). A: Eggs on the abdome of Chrysomya putoria 
(Wiedeman, 1830) (Diptera: Calliphoridae) on the 1st day. B: 2nd larva. C: 3rd day larva. D: 4th day larva. E: 5th Day larva. F: 6th day larva. G: Prepupa in defecation period (feces on 
the right side of the prepupa).
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and color similar to those presented by the later authors. The larva 
presented a darker color in 16 hours of exposure, than the larva 
observed in 24 hours of exposure. The freezing of the material may 
cause a change in the coloration of the larva, making its integument 
darker than that observed in the fresh material seen by Proença et al. 
(2022) or those exposed to freezing for a short period of time as 
seen in the 24 hours.

The larva body showed a progressive increase both in width and 
in length, and a gradual darkening of the integument. According 
to Whiting (1967), the darkening of the larval integument and the 
increase in length are caused by the inability of the larva to defecate 
during all instars, accumulating mass. These parameters, increase of 
the body and darkening, associated with the development time were 
employed to characterize and describe the five larval instars found in 
the present study.

It was not observed a pinkish prepupal stage as presented by Whiting 
(1967) and Proença et al. (2022). In 24 hours of exposure experiment, 
gray larvae were observed on the 6th day and 24 hours later, on the 7th 
day, the stage of defecation, which according to Whiting (1967) is also 
known as prepupal stage. Besides the defecation, body modification 
from larvae to pupae, associated with the development time, were 
used to determine the prepupal stage. The color pattern of pupae (the 
darkening starting from the head to the metasoma) in24 hours was 
similar to that reported by Werren (2000) and fresh pupae dissected 
by Proença et al. (2022).

In 16 hours of exposure it was observed that some individuals 
presented a changing on the pupae coloration, with the darkening 
starting from the metasoma instead of the head. This same difference 
in pupa’s color had already been observed by Proença et al. (2022), in 
an experiment with the same conditions in temperature, humidity and 
photophase, same host-parasite ratio (1:3), using as host C. megacephala 
and exposure time of 18 hours. This difference in pupa’s color can 
be produced by the reaction of the parasitoid to cold. Apparently, 

Figure 2 Nasonia vitripennis (Walker, 1836) (Hymenoptera: Pteromalidae) pupae observed in 16 hours of exposure experiment (frozen for 17 days). Host-parasitoid expo-
sure (one parasitoid: three hosts) at temperature of 27ºC day/25ºC night, 60 ± 10% of humidity and 14 hours of photofase). A: 8th day: yellow pupa; B: 9th day - begin of eye 
pigmentation; C: 10th day- Begining of mesosoma pigmentation; D: 11th day- Mesosoma darker than metasoma (inversion of pigmentation); E: 12th day - head darkening; F: 
13th day - black pupa.

N. vitripennis is a species adapted to cold (psychrophilic) and their 
immature stages can develop at temperatures up to 10º C. Experiments 
showed that N. vitripennis is able to gain additional protection at low 
temperatures through the acquisition of cryoprotectant substances 
during its larval growth (Grassberger and Frank, 2003). Larvae of 
N. vitripennis fed on pupae of Sarcophaga crassipalpis Macquart, 
1839 (Diptera: Sarcophagidae), a species that suffers diapause and 
presents high levels of glycerol, are more capable to survive at lower 
temperatures than those who feed in pupae of S. crassipalpis that does 
not undergo diapausing (Rivers et al., 2000).

In the present study, we observed that the immature stages 
of N. vitripennis are resistant to cold, because even after one hour 
exposed to a temperature of - 15º C, the immature remained alive and 
presented body mobility. Another interesting fact was the resistance 
of these insects immersed in 70% ethanol. Even after the immersion 
of them in this liquid for 30 minutes, the larvae remained alive and 
mobile, difficulting the photographic record. The parasitoid larvae 
stopped moving (probably died) only after an uninterrupted hour of 
immersion in 70% ethanol.

According to Jacobi (1939), the body length in adults of N. vitripennis 
varies from 1.0 to 3.5 mm in females and between 0.6 to 2.4 mm in 
males, but these two extremes are rarely found. The body length of 
the adults observed in this study was similar to that found by the later 
author, and the extremes mentioned were observed only in males that 
showed maximum size of 2.69 mm.

The emergence of N. vitripennis adults started on the 16th day in 
16 hours of exposure experiment and on the 15th day in 24 hours of 
exposure experiment. This result is similar to those obtained in studies 
using the same host-parasite relationship (1:3), with C. megacephala 
as host, in which the development time of the parasitoid emergency 
ranged from 13 to 14 days (Proença et al., 2022) or even 16 days 
(Mello et al., 2007).
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Figure 3 Nasonia vitripennis (Walker, 1836) (Hymenoptera: Pteromalidae) immature stages observed 24 hours of exposure experiment (frozen for one hour). Host-parasitoid 
exposure (one parasitoid: three hosts) at temperature of 27º C day/25º C night, 60 ± 10% of humidity and 14 hours of photofase). A: Eggs on the abdome of Chrysomya putoria 
(Wiedeman, 1830) (Diptera: Calliphoridae) on the first day. B: An egg and a 2nd day larva. C: 3rd day larvae. D: 4rd day larvae. E: 5th day larvae. F: 6th day larvae. G: Prepupae in 
defecation period (feces on the right side of the prepupae).
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