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Abstract--The functional composition of arthropods and 

population density of Conopomorpha cramerella Snellen larvae 

(Lepidoptera: Gracillariidae) and natural enemies in different 

shade cocoa plantations play an important role in maintaining 

sustainability by using natural resources without damaging the 

environment. Observation of the number of arthropod species 

using Light Trap and Pitfall Trap, population density of C. 

cramerella larvae, and natural enemies in a single shade and 

multi-shade cocoa plantations. The results of the study on the 

percentage of ecological services of functional species of 

arthropods accumulatively on cocoa plantations were Herbivores 

(29.91%), Predators (37.38%), Parasites (8.41%), and other 

functional species (24.30%). The population density of C. 

cramerella larvae in one-shade cocoa plantations (8.08 

heads/cocoa pod) was higher than in multi-shade cocoa 

plantations (5.21 heads/cocoa pod). multi-shade and one-shade 

cocoa plantations found one type of natural enemy, namely 

Predator Solenopsis xyloni (Hymenoptera: Formicidae) 
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I. INTRODUCTION  

Cocoa plantations are one the important plantations in 
Indonesia because they generate foreign exchange for the 
country, are a source of income for farmers and other 
communities [1]–[3], create jobs [4]. and make a major 
contribution to the national economy [5]. Indonesia's cocoa 
production ranks third after Ivory Coast and Ghana [6]. see 
the third place after palm and rubber commodities [7]. 
Indonesian cocoa that is exported is generally not fermented 
so the quality is not good [4]. If Indonesian cocoa is 
fermented, it can produce a strong volatile aroma [8] and 
avoid price discounts on the world market (Raharto, 2016), 
fermented cocoa has a high melting point [9]. Indonesian 
cocoa powder does not contain pyrethroid residues and has 

no non-carcinogenic effect so it is safe for consumption 
[10]. The area of Indonesian cocoa plantations in 2020 is 
1,611,014 ha consisting of 98.33% community plantations 
and the rest are private plantations (0.90%) and state 
(0.77%). Cocoa production reached 1,315,800 tons/year. 
[11]. Cocoa is growing because of the demand for products 
that have a high cocoa content in the agro-industry sector 
[12]. 

The challenge facing cocoa plantations today is 
“sustainability” [13] by using natural resources without 
using or damaging the environment [14]. Efforts for the 
development of cocoa plantations are carried out by the 
government by revitalizing cocoa plantations through cocoa 
gernas [15]. Expansion of cocoa plants is carried out by 
planting cocoa plants in primary and secondary forests [14], 
but expanding cocoa plants is not followed by an increase in 
cocoa yields [16], this is due to the attack of the Cocoa Pod 
Borer (CPB) Conopomorpha cramerella Snellen [17]. C. 
cramerella larvae attack by burrowing cocoa pods has 
caused damage to the fruit and cocoa, reduced the quality 
and quantity of beans, and lost yields [18]. Another 
contributing factor is the change in habitat, causing the 
ecosystem to become vulnerable to plant-eating insects. 
[19]. Farmers grow cacao under multi-shade trees (fruit 
trees and forest trees), and cocoa under one shade tree 
(candlenut trees). One-shade cocoa plantations have 
sacrificed natural vegetation causing reduced diversity [14]. 

Ecosystems with various spatial structures have arthropod 
compositions from simple to complex, so that on a wider 
scale (landscape) can affect local biodiversity and ecological 
functions [20]. In the cocoa plantation ecosystem, the 
diversity of arthropods varies from simple to complex [21]. 
The functional composition of Arthropods in general has a 
very important strategic role in providing ecological 
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services to the ecosystem in maintaining stability. 
Agricultural production and simplification of landscape 
structures have harmed the arthropod community [20], 
without the presence of arthropods, the stability of the 
ecosystem will be disturbed and balance will not be 
achieved [22]. The ecological services of arthropods in the 
ecosystem include herbivores, decomposers, predators, and 
parasitoids, which have different functional compositions 
from arthropods [23]. Changes in the strata of the cocoa 
plantation shade cause changes in the habitat of the cocoa 
plantation ecosystem. Information on this change is not yet 
available enough as an effort to develop a C. 
cramerella pest control strategy. Therefore, it is necessary 
to research to determine the functional composition of 
arthropods, the population density of C. cramerella larvae, 
and their natural enemies in cocoa plantations with different 
shade 

II. MATERIAL AND METHODS 

A. Research Place and Time  

The research was carried out on one-shade and multi-shade 
cocoa plantations in Rahmat Village, Palolo District, Sigi 
Regency, Central Sulawesi Province. The research was 
conducted from March 2022 to December 2022. 

B. Materials and Tools  

The materials used in this study were arthropods found in 
cocoa plantations, eggs, larvae, and imago of C. cramerella, 
cocoa pods, liquid soap, and 70% alcohol. The tools used 
include plastic bags, paper labels, knife cutters, traps, light 
traps, gauze, tweezers, brushes, refrigerators, digital 
cameras, aspirators, USB microscopes, and writing 
instruments. 

C. Arthropod Trapping Procedures 

Arthropod trapping in two models of cocoa plantations, each 

with an area of 2 Ha, namely 1). Cocoa plantation with one 

shade, namely candlenut tree (Aleurites moluccana Willd). 

2). Multi-shade cocoa plantation (fruit trees and forest 

trees). 

Observation of the number of arthropod species was carried 

out using 2 types of traps, namely: 1). The light trap is 

placed on top of a basin containing 500 cm³ of water and 2 

cm³ of detergent at a height of 1m from the ground, turned 

on at 18.00 - 06.00 WITA. Distance between traps 18 m. 2). 

The pithfall trap is planted until the top surface is parallel to 

the ground level. In the trap is put 100 cm³ of water and 0.5 

cm³ of detergent. placed for 24 hours, the distance between 

the traps is 20 m as many as 5 traps. Sampling was carried 

out once a week 5 times. Observation Population density of 

C. cramerella larvae. based on the line transect method on 

cocoa plantations. The sampling of cacao pods was adjusted 

to the phenology of C. cramerella, namely cacao pods 

measuring 8 - 20 cm long. The sampling was carried out at 

10.00 – 12.00 WITA. Observations of predators were 

carried out by observing predators that preyed on the larvae, 

pupae, and imago of the C. cramerella pest.  

D. Observation Variable 

The variables observed in this study were: 
a. Number of functional species of arthropods 
b. Population density of C. cramerella larvae 

c. Natural enemies 

Arthropoda specimens were collected based on taxonomy 
and trophic structure, carried out at the Laboratory of the 
Department of Plant Pests, Faculty of Agriculture, Tadulako 
University. 

E.  Data Analysis 

The research data were analyzed using tabulation and graph 
analysis with the help of Excel 2010 and using the t-test. 

III. RESULTS 

A. Number of Functional Species of Arthropods 

The The results of the study on the composition of 
functional species of arthropods in cocoa plantations found 
that there were 4 functional statuses of arthropods, namely 
herbivores, parasitoids, predators, detrivores, and other 
insect groups. All functional species statuses of arthropods 
were found in all types of cocoa plantations with different 
functional species compositions of arthropods and a varying 
number of functional species. 

Table 1. Composition of ecological services of Arthropoda 

functional species in different shader strata of cocoa 

plantations. 

No 
Functional 

species 

Multi-shade 

cocoa 

plantation 

One-shade 

cocoa 

plantation 

1. 

2. 

3. 

4. 

Herbivora 

Parasitoid 

Predator 

Etc 

14 

4 

16 

11 

18 

5 

24 

15 

 
Number of 

species 
45 62 

   

The results of the study on the composition of the ecological 

services of arthropod functional species in multi-shade 

cocoa plantations (Table 1.) found that there were 45 

arthropod species divided into 4 functional status groups 

that play a role in the ecological services of the cocoa 

plantation ecosystem, namely 14 herbivorous species, 4 

parasitoid species, 16 species. predators and 11 other 

functional status species. In the cocoa plantation, one shader 

of the ecological service composition of arthropod 

functional species was found as many as 62 arthropod 

species which were divided into 4 functional status groups, 

namely 18 herbivorous species, 5 parasitoid species, 24 

predatory species, and 11 other functional status species. 

Accumulatively, the percentage of ecological services of 

functional species of arthropods in cocoa plantations are 

Herbivores (29.91%), Predators (37.38%), Parasites 

(8.41%), and other functional species (24.30%) (Figure 1.). 
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Figure 1. Diagram of the percentage of ecological services 
of functional species of arthropods in cocoa plantations. 

 

B. Population Density of C. cramerella Larvae  

The results of the t-test analysis of the population density of 
C. cramerella larvae in one-shade cocoa plantation (8.08 
heads/cocoa pod) were significantly higher than the multi-
shade cocoa plantation model (5.21 heads/cocoa pod) 
(P=0.001) (Figure 2). 

 

Figure 2. Population density of C. cramerella larvae per 
cocoa pod in multi-shade and one-shade cocoa plantations 

Cocoa plantations with different shades significantly 
affected the population density of C. cramerella larvae. The 
population density of C. cramerella larvae that burrow into 
cocoa pods on one-shade cocoa plantation from the first 
observation to the last observation was higher than that of C. 
cramerella larvae on multi-shade cocoa plantations. 

C. Natural Enemy of CPB C. cramerella 

Observations on multi-shade and one-shade cocoa 
plantations found that one type of natural enemy that was 
active in preying on C. cramerella larvae was Predator 
Solenopsis xyloni (Hymenoptera: Formicidae) (Figure 3). 

 

Figure 3.  A Natural enemy of larvae C. cramerella Predator 
S. xyloni 

 

IV. DISCUSSION  

Arthropods are an important component of ecosystems in 

maintaining balance [24] and ecosystem health [25]. leaves, 

snoring leaves, sucking liquid, and so on. It is because of 

this that arthropods are considered to be detrimental, even 

though the role of arthropods in ecological services is more 

beneficial [26]. 

The roles of arthropod species in the ecosystem include 

predators, parasitoids, and herbivores in an ecosystem [26]. 

This shows that the functional services of arthropods are 

very important in maintaining ecosystem stability. The 

presence of arthropods to maintain the balance of plant-

eating insect populations is important because of the ability 

of parasitoids to parasitize and the ability of predators to 

prey on them [27]. Ecosystem stability can be maintained by 

the composition of parasitoids, predators, and herbivores 

when there is no dominance by these species [28]. 

The population density of C. cramerella larvae on cocoa 

pods was different because the shade between the two cocoa 

plantations was different. In multi-shade cocoa plantations, 

there are fruit trees and forest trees as well as cocoa trees 

whose crowns meet and cover each other so that sunlight 

entering the cocoa is blocked, this causes the cocoa 

plantation to be darker during the day. The microclimate 

conditions formed were suitable for the growth and 

development of C. cramerella, which is not attracted to light 

and likes dark places. A suitable microclimate should 

increase the population density of C. cramerella eggs and 

larvae, but this does not happen because in multi-shade 

cacao plantations there are natural enemies that are actively 

working to suppress the development of C. cramerella 

larvae populations, viz. Predator Solenopsis xyloni 

(Hymenoptera: Formicidae). This natural enemy works to 

suppress the development of the larval population of C. 

cramerella so that the population density of C. cramerella 

larvae in multi-shade cocoa plantations is lower than the 

larval population density of single-shade cocoa plantations. 

Parasitoids and predators as natural enemies of plant pests 

can protect plants from damage caused by herbivorous 

insects [29]. 
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In the one-shade cocoa plantation model, the sunlight that 

enters the cacao plants is suitable for normal cacao growth, 

but because the cacao canopy is not properly maintained, the 

cacao crowns meet and close together, causing the cocoa 

plantation to be quite dark during the day. The microclimate 

conditions formed under the cocoa canopy were suitable for 

the growth and development of C. cramerella. triggered an 

increase in the population density of C. cramerella larvae, 

which was higher than that of multi-shade cocoa plantations. 

The high population density of C. cramerella larvae has a 

very significant function because it poses a threat to cocoa 

production. The high and low population density of C. 

cramerella larvae that fluctuated from time to time could be 

used to determine the factors controlling the population 

density of C. cramerella.  The presence of predators 

controlling C. cramerella larvae is a density-dependent 

factor that causes C. cramerella population density in cocoa 

plantations to be suppressed. The presence of natural 

enemies of predators, parasitoids, and pathogens in a crop 

will suppress the development of insect pest populations and 

the role of this group is important in the natural regulation 

of phytophagous insect populations [30]. that one-shade 

cocoa plantation had a lower number of herbivore species 

than multi-shade cocoa plantations, due to the low number 

of parasitoid and predatory species 

 

CONCLUSION 

Functional species composition of Arthropods in multi-
shade (45 species) and one-shade (62 species) cocoa 
plantations include Herbivores, parasitoids, predators, and 
other roles.  Population density of C. cramerella larvae in 
one-shade cocoa plantations (8.08 heads/cocoa pod) and 
multi-shade cocoa plantations (5.21 heads/cocoa pod).  
Natural enemy species that prey on C. cramerella larvae in 
multi-shade and one-shade cocoa plantations, namely 
Solenopsis xyloni. 
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