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Abstract. Naimah F, Sartiami D, Maryana N, Anwar R, Pudjianto. 2023. Parasitoid of cassava mealybug, Anagyrus lopezi 
(Hymenoptera: Encyrtidae): mummy size, adult emergence, sex ratio, and parasitization level. Biodiversitas 24: 1629-1634. The 
presence of Anagyrus lopezi as a natural enemy can reduce the population of Phenacoccus manihoti. This parasitoid was introduced 
from Thailand to Indonesia in 2014 to control cassava mealybugs. This research aims to determine the mummy length and width, adult 
emergence time, sex ratio, and parasitization level. This study was conducted in July-November 2022, while parasitoids and mealybugs 
were obtained from Bogor, Indonesia. The size of mummies was measured under Dino-light digital microscope; the emergence time was 

counted for 24 hours within six days, and the sex ratio of parasitoids was calculated based on the number of males and females 
emergence. The parasitization level was observed from four female parasitoids at 120, 160, and 200 of host population densities. The 
study showed the length and width of female mummies (n: 100) were 0.71 mm and 1.64, while the length and width of male mummies 
(n: 100) were shorter than female with 1.00 mm and 2.18 mm. The peak time of adult emergence is A. lopezi, i.e., during the daytime at 
09:01-12:00 AM and 03:01-06:00 PM. The sex ratio of parasitoids from the field and laboratory was 1:0.49, 1:1.05, and 1:1.09, 
respectively. The one-way ANOVA and Tukey's test at a 5% significance level showed that the host population density of 120 nymphs 
was significantly different from other densities, with a parasitization level of 66.7%.  
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INTRODUCTION  

Cassava production was already obstructed by 

mealybugs infestation. The cassava mealybug Phenacoccus 

manihoti (Hemiptera: Pseudococcidae) is the most abundant 

and destructive species among other mealybugs which 

attack cassava plants in Indonesia (Wardani et al. 2019). 

Mealybug P. manihoti reached and invaded Indonesia 

Indonesia for the first time in 2010 (Muniappan et al. 2011) 

and shows a strong preference for cassava plants (CABI 

2022). This pest's lack of effective control has caused 

losses with yield losses of up to 85% in Africa (Zeddies et 

al. 2001). 
Biological control has often proven to be invasive 

species' most cost-effective management tool (Street 2015). 

One of the biological and environmentally friendly controls 

is using natural enemies, parasitoids. Successful control of 

cereal, vegetable crops, and other agricultural pests in 

China uses the role of parasitoids (Wang et al. 2019a). 

Anagyrus lopezi (Hymenoptera: Encyrtidae) is a parasitoid 

introduced to Indonesia for the first time and released to a 

cassava plantation in Bogor to control P. manihoti (Fanani 

et al. 2020). In the most recent development, 3000 A. lopezi 

wasps were released in a field in Bogor, western Java, 
Indonesia in September 2014, as a first step toward what 

might eventually become a nationwide mealybug control 

effort in Indonesia (Wyckhuys 2014). The recorded 

parasitoids spread to some regions of cassava plantations 

infested with P. manihoti showing a parasitization rate 25% 

in 2017 at Java Island. (Abdulchalek et al. 2017) and 

59.1% in 2019 at East Java (Fanani et al. 2019). 

Successful mass rearing of biological agents is a critical 

factor for the success of biological control programs. 

However, mass or laboratory rearing can affect insect 

performance through laboratory adaptation, inbreeding 

depression, deliberate selection, or direct rearing effects 

(Sorensen et al. 2012). Some biological factors as the sex 

ratio of A. lopezi; in the field, the sex ratio of Epidinocarsis 

lopezi became more male-biased at higher host densities 
(Dijken et al. 1991). The capability of A. lopezi cassava 

mealybugs has been recorded since the host entered the 2nd 

stage instar, and most prefer the 3rd instar (Adriani et al. 

2020). The cassava mealybugs which have been 

successfully parasitized will be formed as pupae. This 

pupae look like a capsule and is called a mummy. The 

mummy helps protect the developing larval parasitoid 

(Daane et al. 2008). Adult parasitoids will appear through 

an opening of the tip of the mummy, while the size of the 

mummy will determine the sex of the parasitoid (Adriani et 

al. 2020). However, the measurement has not been done to 
differentiate the sex. The behavior of insect emergence 

from pupae occurs in a specific time, and emergence time 

is reflected due to host quality-driven development or host 

phenology (Rull et al. 2009); however, the adults of A. 



 BIODIVERSITAS  24 (3): 1629-1634, March 2023 

 

1630 

lopezi time emerging are still unknown.  

 Mass rearing and production of parasitoid A. lopezi 

cannot be separated from the information on many aspects, 

i.e., the rearing technique, cage specification, and quality 

control under laboratory rearing conditions. This study was 

conducted to understand the factors that must be prepared 

and carried out before the mass release of parasitoids in the 

form of mealybug mummies. Furthermore, to support this 

program, information about the biological factors of 

parasitoids needs to be known. There is no data yet on the 
size of mummy male and female A. lopezi, the sex ratio in 

the field and laboratory, and the emergence time of adult A. 

lopezi. A study on the capability of parasitization of A. 

lopezi laboratory-scale has been reported by Maharani et al. 

(2019) by 35% and Fanani et al. (2020) by 17.04%. 

However, these results have not met the optimum rearing 

requirements. This research aims to determine the mummy 

length and width, adult emergence timing from mummies, 

sex ratio, and level of parasitization. 

MATERIALS AND METHODS  

The research was conducted from July to November 
2022 at the Laboratory of Insect Biosystematics and 

Bionomi and Insect Ecology, Department of Plant 

Protection, Institut Pertanian Bogor (IPB). The average 

daily temperature and relative humidity were 26 ± 1.1oC 

and 52 ± 9.2%, respectively, at the time of the study. 

Samples of mealybugs and parasitoids were obtained from 

the cassava fields of Sukaraja, Cimahpar, and Sentul 

Villages, North Bogor District, Bogor, West Java, 

Indonesia. The rearing of P. manihoti and parasitoid A. 

lopezi used cassava cuttings. 

Host plant and mealybugs cassava rearing 
The cassava variety used is the Manggu variety. About 

15 cm of cassava cuttings were put into plastic cups (d: 15 

cm; t: 9.5 cm) containing AB mix nutrients covered with 

styrofoam and a circular space in the middle to place the 

cuttings stand. Cassava cuttings are allowed to grow until 

leaf buds appear. 

The rearing of mealybugs follows the rearing method of 

Adriani et al. (2020). One imago of P. manihoti is infested 

on cassava cuttings aged two weeks. Rearing is carried out 

inside a cage measuring (l: 75 cm; w: 51 cm; h: 54 cm) 

containing ten cassava cuttings. Rearing of P. manihoti is 

carried out up to P. manihoti reaches the 3rd instar, which 
will be used in this study. 

Rearing of parasitoids 

The rearing of parasitoids follows Fanani et al.'s 

method (2020). Adult A. lopezi males and females were put 

into a cage containing cassava plants infested with 3rd 

instar of P. manihoti. The cage was made (l: 75 cm; w: 51 

cm; h: 54 cm) with walls made of organdy fabric and 

plastic inside, which contains a cotton ball containing a 

10% honey solution. Two weeks after exposure, the 

mealybugs mummified are collected and put into the 

Eppendorf tube separately. Rearing was carried out under 

temperature and relative humidity conditions of 26 ± 1.1oC 

and 52 ± 9.2%, respectively, and irradiation of 12 hours of 

light and 12 hours of darkness. 

Mummy size of Anagyrus lopezi 

Mummy P. manihoti from the rearing of parasitoids is 

collected and put into Eppendorf. Mealybug mummies are 

measured using the Dino-lite app based on the size of the 

mummy's length. After measurements, observations of the 
daily appearance of imago from each sample of mealybug 

mummies were carried out.  

Emergence time of Anagyrus lopezi 

Mealybug mummies formed from the rearing results are 

collected and put into Eppendorf separately and arranged 

on styrofoam. Observations were made over six days with 

an observation time interval of 3/24 hours under light 

conditions and relative temperature and humidity of 26 ± 

1.1oC and 52 ± 9.2%, respectively. Adults' parasitoid 

emergence is recorded every three hours and distinguished 

between males and females.  

Sex ratio of Anagyrus lopezi 

Samples of mealybug mummies from cassava fields in 

Sukaraja and laboratory rearing were collected and put into 

Eppendorf separately. Eppendorf is composed of styrofoam 

to facilitate the observation of the emergence of adult 

parasitoids. The emergence of adult parasitoids was 

recorded. The calculation of the sex ratio is carried out 

based on a comparison of the number of male and female 

adult emergence. 

Parasitization level at different host densities 

A total of four copulated adult female parasitoids are 
put into cages measuring 9x30 cm with a lid in the form of 

organdy cloth mounted on top of a plastic cup measuring 

15x9.5 cm containing nutrients and cassava cuttings. A 

10% honey solution is applied to the outside of the organdy 

cloth daily. This test used a non-factorial, completely 

randomized design (CRD) with different levels of 3rd instar 

of P. manihoti density consisting of 120, 160, and 200, 

each repeated five times. This test was carried out for two 

weeks until a mealybug mummy was formed under a 

temperature and relative humidity of 26 ± 1.1oC and 52 ± 

9.2%, respectively. The number of mummies of the formed 

mealybug is then recorded. 

Data analysis 

A one-way ANOVA analysis was performed to 

determine the effect of host density on the parasitization 

level of A. lopezi and continued with the Tukey test at a 5% 

significance level. In addition, the test results on measuring 

the mummy, sex ratio, and adult emergence time were 

tabulated in Ms. Excel 2016. All data processing is carried 

out using Ms. Excel 2016 and SAS. 9.4. 
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RESULTS AND DISCUSSION 

Phenacoccus manihoti is often found at the growing 

point of cassava plants, young leaves, and young stems. 

Nymphs will suck sap young cassava plant parts or on the 

buds. Symptoms of attack are characterized by little and 

internode distortion. However, high populations can result 

in leaf drop, shoot death, and severe defoliation. Figure 1 

shows the symptoms in laboratory mealybug rearing. 

Mummy size of male and female parasitoids 

Figure 2.A shows that the size of male mummy's length 
and width is smaller than that of the female mummy. The 

length of the female mummy's minimum value is 1.57 mm, 

and the maximum length value is 2.70 mm. The length of 

the male mummy is smaller than the length of the female 

mummy with a minimum length value of the male mummy 

of 1.33 mm and a maximum length of 2.44 mm. Figure 2B 

shows that the width of the female mummy is greater than 

the width of the male mummy, with a minimum width 

value of 0.64 and a maximum width value of 1.35 mm. The 

median values of both the width and length of the male and 

female mummies are different, with the median values of 
widths of 0.70 mm and 1.001 mm, respectively, and the 

median values of lengths of 1.64 mm and 2.18 mm, 

respectively. Figure 3 shows variation of mummies size. 

Emergence time of Anagyrus lopezi  

Based on the data on the emergence of adult A. lopezi, 

the number of adults with the highest occurrence rate is at 

09:01-12:00 AM, followed by the appearance time at 

03:01-06:00 PM and 06:01-09:00 PM. The lowest time of 

adult A. lopezi emergence is at 09:01-00:00 PM and 00:01-

03:00 AM. The emergence of adult A. lopezi increases at 

06:01-09:00 AM, and the highest increases at 09:01-12:00 
AM and 03:01-06:00 PM and decreases with time (Figure 4). 

Sex ratio of male and female parasitoids 

The sex ratio of male and female parasitoids obtained 

from the Sentul and Sukaraja fields showed differences. 

The results of the acquisition of mummy samples from the 

field in Sentul showed that the sex ratio of males was 

higher than females, with a ratio of males to females of 

2.03:1 from 348 mealybug mummies. The parasitoid sex 

ratio value from the acquisition from the field in Sukaraja 

shows that females are slightly higher than males with a 

male: female ratio of 1:1.05, respectively, from 306 

mealybug mummies. The difference between the sex ratio 

of males in the two field locations, Sentul and Sukaraja, 

was 1.03. The sex ratio obtained from laboratory 

propagation showed that females were higher than males, 

with a male: female ratio of 1:1.09, respectively. All data 

showed in Table 1. 

Parasitization level of Anagyrus lopezi on various host 

densities 

Based on the analysis using the 5% Tukey test, we 

found that the A. lopezi infestation rate at a density of 120 

hosts was significantly different from the density of 160 

hosts and not significantly different from the density of 200 

hosts (Table 2). Four copulated female adults, A. lopezi at a 

density of 120 hosts, could infest up to 66.6%, and the 

number of mealybug mummies formed from each 

parasitoid was up to 20 mummies. The density of 160 hosts 

shows the lowest parasitization level at 28.5%, while the 
average number of mummies produced by each parasitoid 

was 11.4. The parasitization level at a density of 200 hosts 

was not significantly different from 120 hosts, with a value 

of 31.4% and an average of 15.7 mummies formed by each 

parasitoid. 

 

 
 

  
  
Figure 1. The symptoms caused by Phenacoccus manihoti  

 

 

 
 
Figure 2. A. The size of the mummy length of the parasitoid Anagyrus lopezi male and female; B. The size of the width of the mummy 
of the parasitoid Anagyrus lopezi male and female  
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Figure 3. The mummified mealybugs  
 

 
 

 
Figure 4. Emergence time of adult Anagyrus lopezi 
 
 
Table 1. Parasitoid sex ratio Anagyrus lopezi in the field and 
laboratory 
 

Sample Origin N 
Sex Ratio 

Male Female 

Fields 
Sentul 
Sukaraja 

 
348 
306 

 
2.03 

1 

 
1 

1.05 
Laboratory 3682 1 1.09 

 

 
Table 2. Parasitization level of Anagyrus lopezi at various host 
numbers  
 

Number of 

female 

parasitoids 

Host 

density 

Parasitization 

(%) 

Number of 

mealybug 

mummies per 

parasitoids 

4 120 66.6a* 20a 
4 160 28.5b 11.4b 
4 200 31.4b 15.7ab 

Note: *Mean in a column followed by different letters showed a 
significance at p ≤0.05 

Discussion 

Phenacoccus manihoti was the most destructive pest, 

with high yield losses of up to 85%. It is caused by P. 

manihoti feeding on cassava plants, affecting terminal 

shoots distortion, yellowing and curling of leaves, reduced 

internodes, and weakening of stems used for crop rearing 

(Mani and Shirajavu 2016). Figure 1 shows that the 

symptoms caused curly leaves and the weakening of the 

cassava stem. The colony of P. manihoti was assembled on 

one spot together in every node or under leaves. Because of 

the high losses and damage, P. manihoti must be controlled 
to reduce the yield losses. Therefore, the biological control 

of P. manihoti was introduced in other countries. One of 

the biological controls of P. manihoti is using natural 

enemies, parasitoids. Therefore A. lopezi was known as an 

effective parasitoid controlling cassava mealybugs. FAO 

collaborated with national organizations to spread A. lopezi 

in Laos (2011), Cambodia (2012), and Vietnam (2013), and 

most release locations in mainland Southeast Asia have 

noticed significant development of A. lopezi, which greatly 

controls P. manihoti populations (Lim and Moekchantoek 

2013). Therefore, mass rearing and production of 
parasitoids are carried out to provide biological stocks for 

controlling cassava mealybugs. Several aspects need to be 

known in mass rearing and production, which is the 

biological aspect of A. lopezi. 

Female parasitoids' mummy is larger than male 

parasitoids (Figure 2). It is caused by the adult female 

parasitoid laying eggs on a large host (≤ instar 3). 

According to Sarkar et al. (2015), many parasitoid wasp 

species lay male and female eggs in various hosts: male 

eggs are frequently laid in smaller hosts, and female eggs 

in larger hosts. The mummy size of female parasitoids is 
larger, likely due to the quality factor and size of the host. 

Parent size is positively correlated with host qualities. 

Female parasitoids will lay fewer eggs in low-quality hosts 

and develop as male offspring (Nurkomar et al. 2021). It 

can be concluded that the host's size strongly affects the 

parasitoid's size, with large parasitoids emerging from large 

hosts (Ueno 2015). In larger hosts, parasitoids lay fertilized 

eggs (which produce females); in smaller hosts, parasitoids 

lay non-fertilized eggs (which produce males). In some 

conditions, females died at a higher rate in smaller hosts 

because they did not reach pupal weight (Mohamad et al. 
2015). The host instar also affects the parasitoid's pupa size 

of the resulting progeny. The proportion of male 

parasitoids will decrease as the host's size or stage 

increases (Adriani et al. 2020). Female and male A. vexans 

emerging from parasitized hosts at the third instar were 

significantly larger than in other stages. This may explain 

the preference for the third instar and the female-biased sex 

ratio, as size is usually positively correlated with higher 

fitness, especially in females (Bertschy et al. 2000). 

Grouping based on the size of the mummy between male 

and female parasitoids is carried out to determine the 

average size of the mummy of the parasitoids. That will 
come out male or female so that the number of mummies 

released into the field in each release medium can be 

compared. 

The highest emergence time of adult A. lopezi at 09:01-

12:00 AM (Figure 4). Increasing occurrences of adult A. 

lopezi from 06:01-09:00 AM to 09:01-12:00 AM may be 

caused by the temperature factor in the morning to noon 

being relatively increased, and the relative humidity 

decreases. The result is similar to Anagrus sp. the peak 

emergence time is 10:00 AM (Meilin et al. 2012), and the 

parasitoids are active from 5:00 AM to 01:00 PM (Haryati 
et al. 2017). Parasitoids support this as diurnal insects that 

move daily to forage or continue their offspring (Fantinou 

et al. 1998). The timing of adult emergence is important for 

the mass release of biocontrol agents to determine the exact 

time of harvesting of mummies and release before the 
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emergence of adults from parasitoids useful in biological 

control programs. The emergence of adults in the morning 

has been reported in many diurnal insects, and this 

behavior can result from adaptation to certain constraints 

(Karpova 2006). Generally, parasitoids are active in the 

daytime due to parasitism or migration, such as Telenomus 

remus, that mainly active during the daytime (Chen et al. 

2021). Mild climatic conditions in the morning (high humidity 

and low temperature) facilitate the emergence of parasitoids 

and other activities such as wing expansion, mating, and 
dispersion, which is reflected in the rhythm of emergence 

in four species of Trichogramma (Wang et al. 2019b). 

The sex ratio of A. lopezi from the Sentul and Sukaraja 

showed a difference (Table 1). The difference in the 

number of mealybug mummies obtained from Sentul is 

more than Sukaraja. Dijken et al. (1991) stated that the sex 

ratio of Epidinocarsis lopezi in the cassava field is biased 

in males, with males and females each 1:0.5 at high host 

density and females biased in low host density. So, the 

result following our results, the sex ratio of A. lopezi from 

Sentul, with the number of mealybugs mummies obtained, 
is 348 mummies (Table 1). It can be indicated that a large 

number of inbreeding adult parasitoids are produced, or 

when male reproductive return is low, females are thought 

to reduce the number of male offspring in a structured 

population (Gottlieb et al. 2014). The sex ratio of A. lopezi 

obtained from Sukaraja is biased in females, with the male 

and female value of 1:1.0.5. The sex ratio of male and 

female parasitoids at Bali showed the value of male and 

female, 1:1.33 (Supartha et al. 2020), so it can be said, the 

host densities of the parasitoid in the field are low. The host 

availability, such host stage available, can affect the 
parasitoid's sex ratio. The host stage affects parasitoid 

progeny, with the first instar of the mealybug producing a 

male parasitoid proportion value of 0.90. As the host stage 

increase, the female progenies are produced in a proportion 

value of 0.74 (Adriani et al. 2020). The offspring sex ratio 

(male ratio) decreases with increasing host size. The bigger 

hosts produce the bigger wasps. Mackauer and Chow 

(2016) state female parasitoids may change the sex 

allocation of their offspring depending on the number and 

quality of hosts available. Generally, the sex ratio theory 

assumes that the mother controls the offspring's sex 

allocation (Ueno 2014). The sex ratio tends to be female-
biased is an important aspect of biological control, 

especially the inundation biological control factor, where 

females only carry out the control of the host population. 

The bias of the sex ratio in females can increase 

parasitization because only female adults can kill the target 

pest through parasitism and feeding. Therefore, the 

percentage of female adult parasitoids was the most crucial 

factor in pest biological control efficacy (Wang et al. 

2021). Sex allocation determines the sex ratio, and the 

parasitoid will determine to lay eggs on the appropriate 

host regarding size, nutrition, and host stage. Host selection 
behavior is crucial in determining the sex ratio of 

arrhenotokous parasitoids. Host quality influences 

immature development and the subsequent fitness of the 

emerging parasitoid, with implications regarding the 

offspring sex ratio (Faharani et al. 2016). 

The host density affects the number of parasitized hosts 

(Table 2). The uneven distribution of mealybug colonies on 

plants can cause this. Based on the theory, one imago 

Anagyrus sp. can parasitize ±20 hosts. Thus, our tests 

showed that at 120 host densities, four female A. lopezi 

parasitized until 66.6%, or reaching the number means 80 

mummies. Those reached the optimum number per 

parasitoid at 20 mummies. The result was the same as that 

from Fanani et al. (2020), with 120 hosts, one adult female 

A. lopezi reaching the number parasitism of mealybugs up 
to 20.2. As the density of parasitoids increases in an area, 

the finding on females spends more time interacting with 

the specific one than looking for its host (Saini and Sharma 

2018). The competition among foraging parasitoids can 

reduce the rate of parasitization (Lou et al. 2013). The 

distribution of host colonies is thought to affect the level of 

parasitization. That is because individuals in one host 

colony are stacked on top of each other and, on average, 

are found on the underside of cassava leaves, and on 

average, each plant shoot has 38.67 to 48.55 mealybugs 

(Rebu and Rauf 2018). On the search time to host, the 
parasitoid is challenging to reach the host stacked at the 

bottom of the colony. Thus, the low parasitism level at 160 

host densities is due to the host movement and 

accumulation at one node. That might be owing to the 

parasitoid ovipositor not reaching its host at that depth (Liu 

et al. 2022). The number of parasitoids developed per host 

is one of the most critical factors influencing adult body 

size and future reproductive success (Samkova et al. 2019). 

Based on that, the number of produced parasitoids is the 

same as that of formed mealybug mummies. This solitary 

parasitoid needed an optimum number of hosts for 
biocontrol agent multiplication.  

This study has provided information regarding several 

biological factors, such as the sex ratio of male A. lopezi 

and more samples from the field, while female A. lopezi is 

more than the result of laboratory rearing. The mummy size 

of males A. lopezi is relatively smaller than that of females, 

and the optimum number of host densities obtained from 

this study's results is 120 hosts. Based on the time of 

appearance of imago A. lopezi, it was observed that the 

optimal time for harvesting and releasing mealybug 

mummies into the field is the morning and evening before 

the peak of the appearance of imago A. lopezi. 
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