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This study aims to evaluate the predatory behavior, preference, and functional 
response of S. aurantiacus in color polymorphism larvae of S. exigua. The 
predatory behavior and preference test of S. aurantiacus using green and dark 
brown color larvae of S. exigua. A functional response test was carried out 
with 5 treatments of larvae population density with 10 replications. The 
results showed that S. aurantiacus prefers to dark brown larvae of S. exigua 
than green. The time was taken by predators to find the first and subsequent 
prey was faster in dark brown larvae than in green, both on low or high larval 
density. The search time for the first prey on dark brown larvae was 22.7 
minutes (at high density) and 39.3 minutes (at low density) while those on 
green larvae were 26.5 minutes and 42.7 minutes. S. aurantiacus showed type-
II functional response to the density rate of S. exigua larvae both dark brown 
and green with the line equation respectively Y = 1,284x / 1 + 0,056x; R2: 0.96; 
a: 0,107; Th: 0.52 (dark brown larvae) Y = 1.32x / 1 + 0.063x; R²: 0.952; a: 
0,109; Th: 0.58 (green larvae). The predator predation rate increases 
asymptotically against the level of prey density. 
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1   Introduction 
 

The onion armyworm, Spodoptera exigua (Hubner) (Lepidoptera: Noctuidae) is one of the major pests that 
attack shallots in Indonesia. Losses caused by S. exigua larvae attacks could reach 100% if proper control is 
not carried out. S. exigua attacks onion plants especially on the leaves, both young and old leaves. Under 
certain conditions, S. exigua attacks are also found on the bulbs of the onion plant. After hatching from the 
eggs, the young worms immediately pierce the leaf tips and then entering the leeks, as a result, the leaf tips are 
appeared to be hollowed or cut. The worms then conducting self-feeding activities by scraping the inner 
surface of the leaf, while the outer epidermis is left unscraped so that the surface of the leaf appears 
transparent (Moekasan et al., 2012; Supartha, et al. 2019). 

S. exigua larvae that attack shallots undergo five phases of instar changes followed by changes in body 
color that varies from green to dark brown. Research on body color changes known as polymorphisms had 
been done before. Rauf (1999) reported the body color pattern of  S. exigua is closely related to the number of 
larval populations in the field. At the time of low population (endemic) larvae are generally bright green, while 
at the time of population explosion (epidemic) most larvae are dark in color. The population explosion is often 
accompanied by the appearance of polymorphism and behavior changes. Other types of Noctuidae which are 
known to cause frequent population explosions are also reported to show the phenomenon of larval 
polymorphisms such as those of Spodoptera exempta (Walker) and Mythimna separata (Walker) (Rose, 1979; 
Iwao, 1961; Broadley, 1978; Brown & Dewhurst, 1975). Cruz et al. (2018) reported that the incidence of color 
polymorphisms in S. exigua larvae is triggered by the influence of the quantity and quality of feed consumed 
by larvae. Other research also stated that the polymorphisms that occur on insects are closely related to the 
self-defense of insects against their natural enemies. The existence of these color changes could disrupt the 
predator's vision for its prey. Predators tend to prefer prey types that are visually more beneficial to them 
(Poulton, 1890; Fukuda et al., 1993). 

In the process of prey hunting, the predators take the advantage of visual color of the larva's body to 
determine their choices. Therefore, the phenomenon of color polymorphism could be taken into consideration 
in the practice of integrated pest control (IPM) through the use of natural enemies, especially from predatory 
groups. The use of natural enemies, especially from predators, has been reported to show positive results and 
could reduce the use of chemicals that have a damaging impact on the environment. Sycanus aurantiacus 
Ishikawa et Okajima (Hemiptera: Reduviidae), is a type of predator that has the main prey of Lepidoptera 
larvae, grubs, plant lice, and other pests (Matheson, 1951; Huby-Chilton et al., 2006). Research on predation of 
predator species had been done previously by Yuliadhi et al. (2015) on larvae of Plutella xylostela and 
Croccidolomia pavonana (Lepidoptera). This research was focused on looking at the response and behavior of 
these predators to the prey color differences or the color polymorphisms of Lepidoptera larvae, namely 
Spodoptera exigua. The polymorphism is a well-known phenomenon, one of which is a basic mechanism of 
defending itself from the attacks by natural enemies. However, to date, a detailed report on the response of S. 
aurantiacus to the occurrence of color polymorphisms of S. exigua has never been reported before. Therefore, 
this study was conducted to evaluate the S. aurantiacus predation response to color polymorphisms of S. 
exigua through several test stages, namely (1) predation behavior test, (2) preference test and (3) S. 
aurantiacus functional response to color polymorphism of S. exigua larvae. 
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2   Materials and Methods 
 
The study was conducted in 2 stages, firstly collecting S. exigua larvae from the field. The larvae were taken 
from the shallots that were attacked in the shallot planting center of Songan Village, Kintamani District, and 
the collection of S. aurantiacus imago in the vegetable land owned by farmers of Pancasari Village, Buleleng 
Regency. The insect collection activity was intended for the propagation of test materials. The second stage, is 
research at the Integrated Pest and Disease Management Laboratory (IPMLaB), Faculty of Agriculture, 
Udayana University. The types of tests carried out include (1) predator preference for the dark and green 
color polymorphisms of the larvae (2) predatory behavior of predator S. aurantiacus on the color 
polymorphisms of S. exigua larvae, for those with dark brown and green colors, and (3) predatory functional 
response to the population density of the two types of larvae colors. The material used for test cages were 
boxes made of transparent plastic measuring 15 x 10 x 7 cm which was topped with a mylar cloth. 

Test of S. auranticus preference on S. exigua larvae that are green and dark brown, each predator were 
fasted for 12 hours before been given to choose the prey as many as 5 green larvae and 5 dark brown larvae. 
The study was repeated 10 times. The number of prey that had been eaten and left uneaten were recorded 
(Yuliadhi et al., 2015). Predator preferences for green and dark brown larvae were calculated using the Manly 
(1974), preference index namely: 

 
i = log pi / log pi + log pj 

 

Annotation:  
i  :  i th prey color preferences 
pi and pj  : the proportion of ith and jth-type of prey left uneaten at the end of the experiment.  
Preferred index values () range from 0 to 1. Higher index values indicate a stronger preference rate. 
 

A study on the predatory behavior of the predator was carried out in conjunction with functional response 
research. Observation of the process of prey hunting and preying process beginning shortly after the 
inoculation of predators on prey which started from 07.00 - 19.00. The prey density treatment tested was 2, 4, 
6, 8, and 10 prey. Each treatment of prey density was repeated 10 times. The treatment was carried out for 
both forms of larvae color polymorphism, the green and dark brown colored larvae. The observed variables 
for the study of predatory behavior were the instantaneous prey hunting rate (a) and the prey handling time 
of the predator (Th). The time of one prey handling was taken and calculated from the time since the predator 
caught, ate, then left the prey. The model used to determine the rate of S. aurantiacus predatism on prey 
density (Holling, 1959): 

 
Na = a TN / (1 + aThN) 
 
Annotation: 
Na : number of prey eaten 
a : rate (coefficient) of prey hunting 
T : predation time (12 hours) 
N : Prey density and 
Th : time taken by a predator to handle a prey. 
 

Observation of predatory behavior of predator on prey was carried out continuously by observing and 
recording any events related to the discovery, and handling processes of the prey and the number of 
predations that occurred at each rate of prey density. Observations were made on prey with a density of 2 
animals representing low density and 10 densities to represent high density. Observation of predation 
behavior was carried out for 1 hour with an interval of 2 hours per treatment. To calculate the predator's 
response to prey density, the number of larvae that were preyed by predators at each level of larval 
population density at the end of the observation were recorded, in which 12 hours after the predator was 
released. 
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To determine the type of functional response shown by S. auranticus predators against both green and 
dark brown colored S. exigua larvae, a regression analysis was performed. The type of regression analysis 
used was linear regression (for type I functional responses), logistics (for type-II functional responses), and 
sigmoid (for type III functional responses). Determination of the type of functional response had been done by 
comparing the value of R2 and the standard deviation from the results of the regression, linear, logistical and 
sigmoid analysis. The regression model chosen was the model that has the highest R2 value (close to 1) and 
the lowest standard deviation value among the three regression models (Jones et al., 2003; Yuliadhi et al., 
2015; Wahyuni et al., 2017). 
 
 

3   Results and Discussions 
 

3.1 S. aurantiacus preference on S. exigua larvae 
 
Preference towards prey is defined as the rate of predatory preference or distaste for the prey, which 
indirectly influences the predation. The degree of preference of predator S. aurantiacus towards the dark 
brown colored S. exigua larvae is shown by the total predation value which reached 94 percent for the dark 
brown colored larvae compared to the green-colored larvae pad which was 46 percent (Table 1). 

 
Table 1 

Predator preference for the dark and green color polymorphisms of the larvae 
 

Test Time (hour) 
Total Predation (%) 

3 6 9 12 
 
Green 

 
0.3 ± 0.15 a 0.4 ± 0.16  a 0.6 ± 0.16 a  1 ± 0,21 a 

 
46 

Dark Brown 2 ± 0.14  b 1.6 ± 0.16 b  0.7 ± 0.21 b 0.4± 0,16  b 
 
94 

      

 
The high rate of predator preference in dark brown larvae has been seen since the beginning of prey selection, 
namely in 3 hours after inoculation reaching 2 adults (40%) while in green larvae only 0.3 adults (6%). The 
rate of predatory preference for dark brown larvae was markedly stronger from the start of the selection at 3 
hours, 6 hours, and 9 hours after inoculation. However, the preference rate was reversed at the 12 hours 
selection after inoculation because the number of dark brown larvae remaining were far less in number than 
the number of green larvae. The rates of predatory preference for dark and green-brown larvae were 
presented in Figure 1. 
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Figure 1. Preference Indeks  S. aurantiacus against larva S. exigua 
 

The highest preference index value and close to +1 was in the dark brown S. exigua larvae with an index value 
of 0.93 while the green larvae was 0.07. The index values indicate that S. aurantiacus predators have a very 
strong preference for S. exigua larvae which are dark brown. The strong preference is thought to be due to the 
influence of the dark brown larvae wavelength which is more contrasting and more beneficial for predators. 
Predators take advantage of visual prey factors that have a contrasting color with their environment and are 
more beneficial to them (Poulton, 1890; Yin & Chippendale, 1974). Losey et al. (1997) showed that predator 
Coccinella septempunctata prefers prey that is colored in contrast to its environment that is the red aphids of 
Acyrthosiphon pisum compared to green A. pisum which were kept in green containers. Likewise, the predator 
prefers A. pisum to be green-colored in the red container. The number of green prey eaten by C. 
septempunctata was 1.45 ± 0.26 while green colored A. pisum was 2.10 ± 0.31. The same case also occurred 
when prey infested in a green-colored container, the number of green-colored A. pisum that had been eaten 
(1.45 ± 0.31) were less than red-colored A. pisum (2.10 ± 0.31). That fact showed that red-colored A. pisum is 
more easily found by predators in green colored environments. These facts are strongly being suspected as 
the reason why the dark brown colored larvae are more contrasting so that it is easier to be recognized by S. 
aurantiacus than other signals such as the vibrational signals produced by the larvae when searching for food 
and chewing food. Research by Pfannenstiel et al. (1995) about the predator Podisus maculiventris that also 
uses the vibration of a mammal, worm Platypena scabra (F) when chewing food (soybean leaves) as a signal to 
find the prey. The study used six types of beetles namely Carabus monilis and other types of beetles from the 
order Coleoptera and cockroaches from the Blattodea species in Madagascar. Each prey was given dry litter, 
wood, and sand media, each of which could make a sound when the prey is walking. Dry litter media produces 
a more noisy sound that is 48 h- 65dB SPL (MaxRMS 0.2 ms) by C. monilis beetles. The sound produced by 
each type of media is closely related to the size of prey insects that affect the detection distance. The sound 
generated by small beetles when walking across the sand, bark, and leaf litter media ranges from 60 - 72dB 
SPL, while the range from 62-84 dB SPL (MaxRMS 0.2 ms) for large beetles. These signals affect the detection 
distance of predators to their prey in the wild habitats. The predator could detect small beetles ranging from 
0.9 m (sand) to 3.7 m (leaf litter). While for large beetles ranging from 1.2 - 12.2m (40dB tropical threshold) 
(Pfannenstiel et al., 1995). 

 
3.2 Prey Hunting Time 
 
The results showed that predator S. aurantiacus requires significantly different time in the process of hunting 
the prey for green and dark brown larvae in both low (2 larvae) and high (10 larvae) densities (Table 2). 
Predator S. aurantiacus takes longer to find prey green larvae compared to prey dark brown larvae both at 
low and high densities. Similar incidents were also found in the subsequent prey hunting process at both low 
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and high densities. The hunting time for the first prey for green larvae at low densities was 42.7 minutes and 
39.3 minutes for dark brown larvae. Meanwhile, the hunting time for another prey was 129.7 minutes for 
green larvae and 106.1 minutes for dark brown larvae. The rate of predators in finding dark brown larvae 
compared to green larvae is also shown in the hunting time for prey at high densities. The average time 
needed to find the first prey is lower, namely 26.7 minutes for green larva prey and 22.7 minutes for dark 
brown larvae. While for the next prey search was 30.9 minutes for green larva prey and 27.9 minutes for dark 
brown larvae. As mentioned in the previous preference test (Table 1 and Figure 1) that the rate of finding the 
preferred prey requires a shorter time because dark brown larvae have wavelengths of color that are more 
contrasting than the color of green larvae (Losey et al., 1997; Otranto et al., 2000). Also, it is strongly 
suspected that the vibrational signals produced by dark brown larvae are more easily detected by predators 
than green larvae 

 
Table 2 

Prey hunting time for green and dark brown larvae in both low (2 larvae) and high (10 larvae) densities 
 

Test 

Low densities (2 larvae) 
 

High densities (10 larvae) 
 

First Prey Another Prey First Prey Another Prey 
 
Green 42.7 ± 1,40 a 129.7 ± 4,41 a 26.7 ± 1,35 a 30.9 ± 1,51 a 

Dark Brown 39.3 ± 0,76 b  106.1 ± 4,02 b 22.7 ± 0,5 b 27.9 ± 0,76  b 
Numbers followed by the same letter in the same column are different indicates no difference 

real based on the t-test level of 5% 
 
3.3 Prey Handling Time 
 
The handling time of one prey by the predator S. aurantiacus did not show a significant difference in dark 
brown prey and green prey both at low density and high density (Table 3). The average time required by a 
predator to handle a dark brown prey was 31.5 minutes while that of a green prey was 31.8 minutes. The 
average time for prey handling by predators in both dark and green brown larvae were not significantly 
different because the larval body size used was relatively the same. Yaninta et al. (2007) reported that 
predators need the same time to deal with one prey of the same body size. 
 

Table 3 
Prey handling time for green and dark brown larvae in both low (2 larvae) and high (10 larvae) densities 

 
Test Low densities (2 larvae) 

 
High densities (10 larvae) 
 

Green Dark Brown Green Dark Brown 
 
Average first prey handling 
time 

 
31.8 ± 0,91 a 

 
31.5 ± 1,08 a 

 
31.1 ± 0,69 a 

 
30.9 ± 0,72 a 

Average next prey 
handling time 

 
32.05 ± 0,69 a 

 
32 ± 0,72 a 

 
31.7 ± 0,45 a 

 
31.5 ± 0,43 a 

Numbers followed by the same letter in the same column are different indicates no difference 
real based on the t-test level of 5% 

3.4 Functional Response 
 
Functional responsiveness is one measurement to determine the effectiveness of a predator in biological 
control (Rogers 1972; Bianco et al., 1990). Functional responsiveness is a very important component in the 
relationship between predators and prey because it could provide an overview of the potential of these 
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predators in controlling prey populations. The effectiveness of predators could be seen from its functional 
response (Supartha & Susila, 2001). One of the characteristics of a good predator is having a high functional 
response to the rate of prey density (Nelly, 2005). The results of linear, exponential and logarithmic 
regression analysis of predator predation results (Table 4) results showed that S. aurantiacus functional 
response types to the green and dark brown colored S. exigua larvae are the type-II functional responses 
based on the highest R² value or close to one with the lowest standard error value. The predator predation 
rate increases with number of prey. 
 

Table 4 
Functional response S. aurantiacus againts  S. exigua larvae with regression analysis 

 
Prey Regression Analysis  R2 value Standard error Functional 

Rensponse Type 
Dark Brown S. exigua 
Larvae 

Linear 
Y = 0,650 + 0,825(x) 

 
0,959 

 
0,208 

 

 
Logarithmic 
Y = 4,109ln(x) – 1,183 

 
 
0,960 

 
 
0,060 

 
 
Type II 

 
Exponential 
Y = 1,729e0,176x 

 

 
 
0,899 

 
 
0,228 
 

 

Green S. exigua Larvae Linear 
Y = 0,700 + 0,800(x) 

 
0,946 

 
0,206 
 

 

Logarithmic 
Y = 3,992ln(x) – 1,089 

 
0,952 

 
0,062 
 

 
Type II 

Eksponensial 
1,727e0,174x 

 
0,891 

 
0,225 
 

 

 
Based on the type of functional response, the predation rate of predator S. aurantiacus to the density of their 
prey, in which S. exigua larvae, could be seen. The predator predation rate is increased by increasing the 
density of prey S. exigua larvae (Figure 2). Hodek & Honek (1996) reported that effective predators could 
adjust their predictive abilities to their prey density. 

                          
Figure 2. Predation of S.aurantiacus for some density of prey S. exigua larvae 
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Important parameters of the functional response are the time of hunting the prey (a) and the time of prey 
handling (Th). The time of hunting the prey or predation rate will affect the ability of S. aurantiacus against S. 
exigua larvae. The higher the predation rate for S. aurantiacus, the more S. exigua will be eaten. However, 
when the prey density is low, the predation process is most of the time being used just to hunting on the prey, 
but in contrast to the condition when the prey density is high, so most of the time is being used to handle the 
prey (Holling, 1959). Value of a in dark brown and green larvae does not have many different values, namely 
0.107 (dark brown larvae) and 0.109 (green larvae). Likewise with the time needed to handle one prey (Th) 
each 0.52 hours/adult in dark brown larvae and 0.58 hours/adult in green larvae. 
 

Table 5 
Functional Response of S.aurantiacus for some density of prey S. exigua larvae 

 
Test S. aurantiacus adult + S. exigua larvae 

Dark brown  Green  
Predation Time (T) 12 Hours 12 Hours 
Prey Hunting Time (a) 0,214  0,218  
Handle one prey (Th) 0,52 Hours 0,58 Hours 
Regression equation Y = 4,109ln(x) – 1,183 Y = 3,992ln(x) – 1,089 
Correlation coefficient (R²) 
 

0,960 0,952 
 

                   
 

4   Conclusion 
 

Predator S. aurantiacus prefers dark brown to green colored S. exigua larvae. The preference index for dark 
brown larvae was 0.93 with total predation of 94% while the green larvae was 0.07 with total predation of 
46%. The time is taken by predators to hunt the first prey and subsequent prey are faster for dark brown 
larvae than in green larvae when the prey density is low or high. The hunting time for the first prey on dark 
brown larvae was 22.7 minutes (present at high density) and 39.3 minutes (at low density) while those on 
green larvae were 26.5 minutes and 42.7 minutes. S. aurantiacus shows type II functional responsiveness to 
the rate of density of both dark brown and green colored S. exigua larvae with the line equation respectively Y 
= 1,284x/1 + 0.056(x); R2: 0.96; a: 0.107; Th: 0.52 (dark brown larvae) Y = 1.32x/1 + 0.063(x); R²: 0.952; a: 
0.109; Th: 0.58 (green larvae). The predation rate of the predator increases asymptotically to the rate of prey 
density. 
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