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Abstract 

Anagyrus lopezi (De Santis) is an endo-specific parasitoid of the cassava 

mealybug, Phenacoccus manihoti Matile-Ferrero. The objective of the study was 

to determine the efficiency and effectiveness of parasitoids by estimating the 

parameters of functional response. A fertile female of A. lopezi was tested on the 

2nd and 3rd instar nymphs of P. manihoti with six groups of densities (2, 5, 10, 

20, 50, and 100 mealybugs) in the laboratory. The estimation of the logistic 

regression analysis showed A. lopezi exhibited type II functional response on the 

2nd or 3rd instar, both for parasitism and host-feeding. A random parasitoid 

equation model was used to fit the data. The search rate of A. lopezi (a) was 

0.0332 and 0.0281 per hour on 2nd instar nymphs, 0.0565 and 0.0068 per hour 

on 3rd instar nymphs for parasitism and host-feeding, respectively. The estimated 

handling times (Th) on the 2nd instar were 1.9998 and 0.4557 h on the 2nd instar, 

and 1.205 and 4.1265 h on the 3rd instar mealybugs for parasitism and host-

feeding, respectively. The parasitism of A. lopezi showed a significantly different 

in the 95% confidence interval for the parameter a and Th among 2nd-instar and 

3rd-instar nymphs. Our study contributed to a better understanding insight of the 

host-parasitoid relationships and can be used for mass-rearing purposes than for 

A. lopezi mass-release programs under field conditions.  

Keywords: Biological control, Cassava pest, Handling time, Host-density, 

Parasitoid insect.  
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1.  Introduction 

The cassava mealybug, Phenacoccus manihoti Matile-Ferrero (Hemiptera: 

Pseudococcidae), is a native pest to South America, invaded the African continent 

widely, and became the most important pest insect on cassava in the early 1970s 

[1]. This pest spreads rapidly and widely in Asia. This pest relates to the people 

how to treat such as using chemicals or pesticides [2-7], while they can create issues 

in environment [8]. This pest poses a clear and present danger to food production 

for many poorest farmers in the world [9]. Based on Barilli et al. [10], P. manihoti 

finishes its life cycle in approximately 45 days, over than 80% of the eggs P. 

manihoti are viable, and its fecundity exceeds 240 eggs per female in every 

generation, allowing for a population increase significantly damaging the cassava 

crop. P. manihoti was first detected in Indonesia in 2010 and spread widely into 

several provinces [11].  

Parasitoid Anagyrus lopezi De Santis (Hymenoptera: Encyrtidae) is the most 

essential wasp of P. manihoti. In early 2014, A. lopezi was introduced to Indonesia 

to control P. manihoti. This biological control agent was successfully worked, 

established, and spread well through several Southeast Asia countries, including 

Indonesia [12]. It suppresses the mealybug populations and attains a level of 8-59% 

in different locations [9]. The maximum number of mealybugs parasitized by A. 

lopezi over a 24-h period was 20.2 mealybugs [13]. However, synorogenic 

parasitoid kills hosts through parasitism and host-feeding [14]. Therefore, it is 

important to study the efficiency and effectiveness of A. lopezi as a biocontrol tool 

for P. manihoti.  

One way to assess the successful parameter of this parasitoid in suppressing P. 

manihoti can be determined using functional response studies. Three functional 

responses have described the arthropod biological agent to its target species. Type 

I shows that the proportion of parasitized hosts is constant or linear between host 

density and the number of parasitized hosts. The host density and attack efficiency 

in type II are curvilinear, whereas type III shows a sigmoid curve type [15]. The 

success of parasitoid insects is greatly influenced by their behavior and population, 

especially concerning the time of host handling. This is an important key to success 

in biological control.  

The effectiveness of parasitoids depends on the ability to find and handle their 

hosts in various conditions such as temperature, humidity, rainfall, quality, quantity, 

and density of the host [16]. Host density is an important aspect that influences the 

high level of parasitism [17]. The efficiency of parasitoid wasps can be explained 

through the estimation value of functional response parameters [18]. Parameters used 

to evaluate the effectiveness of parasitoids are the instantaneous search rate (a) and 

handling time (Th) as measured by parasitoid or predator functional responses [15]. 

This study aimed to determine the type of functional response and its parameters and 

evaluate the parasitism and host-feeding pattern by A. lopezi on the 2nd and the 3rd 

instar nymphs of P. manihoti with different host densities. 

2.  Method  

2.1. Host-plants, Mealybugs and parasitoids       

Cassava cuttings of Manihot esculenta were collected from the field and maintained 

in plastic containers for the rearing of the mealybug [19]. Waterleaf, Talinum 
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triangular was used as an alternate host plant for experiments. The rearing of 

insects was carried out in a laboratory. The leaves that were attacked by P. manihoti 

were cut into pieces and transferred to other cassava cuttings. Two weeks later, the 

1st became the 2nd instar, and the 3rd instar nymphs were ready to be used as hosts 

for the culture of A. lopezi and experiments.  

2.2. Functional response  

A female parasitoid was exposed to the 2nd and 3rd instar P. manihoti with six 

different host densities (2, 5, 10, 20, 50, and 100) mealybugs. Leaf water was placed 

in a petri dish. A few drops of 10% honey solution were utilized for parasitoid feed. 

A ventilation hole of gauze with a diameter of 3 cm was made in each lid of a petri 

dish. Each parasitoid was fasted 24 hours before exposure and then exposed to the 

nymph of P. manihoti for 24 hours; after that, parasitoids were removed. The 

mealybug mortality by host feeding was observed for 7-8 days. The mealybug was 

killed by parasitism visually detected on the mealybug as mummies, while a sign 

for the hosts killed by host feeding was flattened, desiccated, and then drying [20].    

2.3. Data analysis 

The proportion of parasitized hosts vs the initial host number is the best effective 

way to identify the functional response [21]. In the first step, the polynomial 

function was used to find the relationship between Na/No and No in Eq. (1).      

Na

N0
=

exp (P0+ P1N0 +P2N0
2+P3N0

3)

1+ exp (P0+ P1N0 +P2N0
2+P3N0

3)
                                                          (1) 

where P0, P1, P2, and P3 are respectively the constants for the parameters of 

intercept, and coefficients of linear, quadratic, and cubic are estimated through 

non-linear logistic regression. Na is the total number of parasitized or injured 

mealybug nymphs, and N0 is the initial total number of mealybugs. These 

parameters were estimated using the PROC CATMOD SAS procedure in SAS 

9.4 software.  

The signs P1 and P2 were utilized to distinguish the type of functional response 

curve. The linear coefficient P1 with a negative value indicates the type II 

functional response and the proportion of hosts being parasitized decreased with an 

increase in the host density, whereas if the coefficient P1 is positive and P2 is 

negative indicates a type III functional response, the proportion of hosts being 

parasitized previously increases.  

The cubic equation resulted in a non-significant cubic parameter (P3), the model 

was reduced by eliminating the cubic term from the equation, and then the other 

parameters were retested [18]. The Levenberg-Marquardt method of Curve Expert 

1.4 was used to draw the functional response curve. The parameters of the handling 

time (Th) and the instantaneous search rate (a) were estimated using the least square 

non-linear regression based on the parameters of Rogers [19] in Eq. (2).   

  N𝑎  = N0[1 −  exp (−
𝑎𝑇

1+𝑎𝑇ℎN0 
)]                                                                            (2) 

where Na is the total number of hosts killed due to host-feeding or parasitism, N0 

is host density, and T is the time duration of each experiment (24 hours).  



132      M. Z. Fanani et al. 

 
 
Journal of Engineering Science and Technology             Special Issue, 3(2023) 

 

3. Results and Discussion  

Parasitoid A. lopezi showed parasitism behavior by laying its eggs at all stages 

(instar) of the mealybug (Fig. 1a), although instar-3 and adult P. manihoti were 

preferred as the primary host. This is due to the availability of adequate quality and 

quantity of host nutrition [16]. A. lopezi can also cause mortality in P. manihoti by 

host-feeding behavior, namely the symptoms of shrinkage on the body of the 

mealybug due to the insertion of the ovipositor A. lopezi followed by the activity 

of sucking fluid from the host's body by this parasitoid adult (Fig. 1b). The most 

host-feeding occurs in instar-1 nymphs P. manihoti. In addition to parasitizing the 

host, A. lopezi can also invade the host by taking about 6-22% of the host's body 

fluids (regarding host feeding behavior), then the parasitoids invade a further 11-

34% with mechanical injuries caused by laying eggs by using the ovipositor [19].  

 

Fig. 1. Parasitism (a) and host-feeding (b) behavior on mealybug P. manihoti.  

The functional response contains useful information for explaining the 

efficiency of parasitoids in suppressing insect pest populations [16]. Several studies 

reported that the female wasps not only become strongly synorogenic and 

destructive host feeders by parasitism but also co-exhibiting various host-killing 

behaviors by host-feeding [17]. The results of polynomial logistic regression 

analysis between the proportion of hosts parasitized (Na/No) and initial host density 

(No) provided positive quadratic coefficients linear and significant negative (Table 

1), showing the significant difference of linear coefficient (P1) with the estimated 

value being negative by parasitism and host-feeding in difference instar of P. 

manihoti nymph (Table 1). These results indicate that A. lopezi exhibited a 

functional response type II. Thus, the functional response type is not affected by 

differences in host instar in both cases of parasitism and host feeding. Parasitoid 

functional responses can be influenced by the parasitoid's density and its hosts [16]. 

The functional response of Anagyrus kamali (Hym.: Encyrtidae) on 

Maconellicoccus hirsutus (Hemiptera: Pseudococcidae) shows type II. In addition, 

this parasitoid was reported to be a successful biological control agent of M. 

hirsutus [21]. In general, type II functional responses show a decreasing pattern in 

the proportion of parasitism or host-feeding rate by parasitoids with increasing host 

density [15]. Therefore, A. lopezi can be more efficient in controlling P. manihoti 

at the low insect pest population in the field. The effort to release this parasitoid 

will be more effective and efficient at the initial time when the mealybug population 

is still low. The type II functional response possessed by A. lopezi illustrated the 

role of the parasitoid in suppressing the cassava pest to maintain the low pest 

population. This functional response model can be expected to be able to show that 



Functional Response of Endoparasitic Wasp . . . . 133 

 
 
Journal of Engineering Science and Technology                Special Issue 3/2023 

 

A. lopezi is a promising biological agent to control P. manihoti remained the low 

population in the field.  

The proportion of P. manihoti nymph was successfully killed by A. lopezi 

decreased sharply with increasing host density then the model approached at the end 

almost achieve the constant level, Figs. 2a-d showed that parasitism and host feeding 

increased with increasing host density until the parasitoid reaches its maximum 

reproductive capacity. But the activity of host-feeding by parasitoid on the 2nd instar 

nymph based on the predicted model (line in Fig. 2b) still showed a slight decrease 

even at the highest host density. This means that parasitoids prefer to feed on smaller 

hosts than bigger ones. Host-feeding by a parasitoid aims to obtain additional protein 

and increase egg production [17]. In contrast, a study found that A. lopezi prefers to 

paralyze its host in the 3rd instar nymph with a larger body size. Likewise, the 

opposite of the 2nd instar nymph with a smaller body size becomes preferable to be 

chosen by this parasitoid for host feeding. This is following the study of Adriani et 

al. [21] which stated that the parasitism of A. lopezi is more common in larger hosts 

while host-feeding is more common in smaller hosts. The results of NLIN regression 

showed that both parameters of the instantaneous searching rate (a) and handling time 

(Th) were significantly different in parasitism and host-feeding on the 2nd or 3rd 

instar nymph of P. manihoti, respectively (Table 2). The parameter a (searching time) 

indicated that the proportion of the total area was successfully explored per unit of 

time. Parameter a shows how quickly the functional response curve reaches the 

asymptote. It can describe the farthest distance of the parasitoids to detect the host, 

the movement speed of the parasitoids to the host, and the proportion of successfully 

parasitized hosts [22]. 

Table 1. Logistic regression of proportion of  

the 2nd and 3rd  instar nymph P. manihoti in different densities  

killed by A. lopezi due to parasitism and host-feeding.    

Host  Behavior Coefficient   Estimated     SE χ2 value       P  

2nd 

Instar 

Parasitism 

Constant  -0.392600 0.131000   8.9895 0.0027 

Linier  -0.025000 0.005910 17.9234 <0.0001 

Quadratic  -0.000063 0.000050   1.5558 0.2123 

Host-feeding 

Constant   0.301700 0.226400   1.7756 0.1827 

Linier  -0.100600 0.024500 16.7884 <0.0001 

Quadratic   0.002550 0.000602 17.9397 <0.0001 

Cubic  -0.000020 3.80E-06 19.7110 <0.0001 

3rd 

Instar 

Parasitism 

Constant   0.476200 0.123700 14.8224 0.0001 

Linier  -0.037500 0.005390 48.4191 <0.0001 

Quadratic  -0.000160 0.000045 12.6549 0.0004 

Host-feeding 

Constant  -2.372100 0.368700 41.3924 <0.0001 

Linier  -0.011400 0.001890 36.4216 <0.0001 

Quadratic  -0.001570 0.000942   2.7643 0.0964 

The searching rate (a) of A. lopezi on the 2nd instar nymph was 0.0332 and 

0.0281, while on the 3rd instar nymph was 0.0565 and 0.0068 for parasitism and 

host-feeding, respectively. The value of handling time (Th) on the 2nd instar was 
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1.9998 and 0.4557, whereas on the 3rd instar was 1.2050 and 4.1265, for parasitism 

and host-feeding, respectively (Table 2). A theoretical maximum of 20.2 

mealybugs could be parasitized by a single A. lopezi female within 24 h [23]. Based 

on the 95% confidence interval, the parameters of Th and a for host-feeding and 

parameter of Th for parasitism, the data observed was significantly different on 

both hosts of instar nymph P. manihoti. There was indicated no overlapping line 

among them in the predicted model. The difference in parameter values between 

this study and the other studies might have occurred due to the differences between 

the parasitoid species and its host being tested. The result of the study on the 

functional response of parasitoid Eretmocerus delhiensis Mani on Trialeurodes 

vaporariorum Westwood shows that the parameters Th and a resulting in parasitic 

behavior are significantly different at the level of 95% [24]. A. lopezi responded in 

a density-dependent manner that should contribute to the suppression of the pest 

populations before they reach economically damaging levels. Finally, the natural 

enemy is one of the main components of integrated pest control systems.    

 

Fig. 2. Functional response A. lopezi on 2nd instar (a, b) and  

3rd instar (c, d) nymphs of P. manihoti with different densities (symbols: 

parasitism or host-feeding observed, line: predicted by the model). 

Table 2. The functional response of A. lopezi on  

the 2nd and 3rd instar nymphs of P.  manihoti by parasitism and host-feeding.  

Host 

stage 
 Behavior Type Parameter Estimated      SE 

Confident level 95% 

Bottom  Upper  

2nd 

Instar 

  

Parasitism II 
A 0.0332 0.00653 0.0203 0.0462 

Th 1.9998 0.1401 1.7223 2.2773 

Host-feeding II 
a 0.0281 0.00412 0.0199 0.0362 

Th 0.4557 0.0699 0.3173 0.5940 

3nd 

Instar 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

Parasitism II 
A 0.0565 0.0115 0.0337 0.0793 

Th 1.205 0.0761 1.0543 1.3558 

Host-feeding II 
A 0.0068 0.00101 0.0048 0.0088 

Th 4.1265 0.3883 3.3577 4.8954 
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4. Conclusion 

The finding of the present study was A. lopezi showed higher parasitism on the big 

mealybug, whereas host-feeding was higher on the smaller host. A. lopezi exhibited 

Type II functional response, both for parasitism and host-feeding. Our study 

contributed to a better understanding insight of the host-parasitoid relationships and 

can be used for mass-rearing purposes and then for A. lopezi mass-release programs 

under field conditions. 
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