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Abstract. Wahyuni S, Supartha IW, Ubaidillah R, Wijaya IN. 2017. Parasitoid community structure of leafminer Liriomyza spp. 
(Diptera: Agromyzidae) and the rate of parasitization on vegetable crops in Lesser Sunda Islands, Indonesia. Biodiversitas 18: 593-600. 
Parasitoids such as leafminer have long been known to play an important role in reducing potential pest populations. However, detailed 
information about the parasitoid community in many agroecosystems is still very limited. To attempt to address this data gap, we 
assessed the rate of parasitism, diversity, abundance and dominance of leafminer parasitoids in different agroecosystems. The survey 
was carried out from February to July 2015 in Lesser Sunda islands of Lombok, Sumbawa, Flores and Timor. Samples were taken from 
three different vegetable ecosystem types the forest edge (H1), agricultural (H2) and settlement (H3). In each ecosystem, 50 leaves were 
sampled from 20 kinds of vegetable crops attacked by Liriomyza spp. Samples were taken five times per location every week. The 
sampling results found three distinct species of leafminer flies present: Liriomyza huidobrensis, L. sativae, and Chromatomyia horticola. 
The sampling also successfully identified 7 other parasitoids with parasitization rates between 0.09%-32.58% i.e. Neochrysocharis 
formosa (8.20%-32.58%), Hemiptarsenus varicornis (4.57%-24.21%), Opius chromatomyiae (0.88%-22.35%), Opius dissitus (0.49%-
5.08%), Neochrysocharis okazakii (0.69 %-1.24%), Asecodes deluchii (0.51%-5.89%) and Gronotoma micromorpha (0.09%-0.34%). 
Indices of abundance (R) and diversity (H') were also calculated, with the highest species abundance being found on the Lombok and 
the lowest on the Sumbawa. Neochrysocharis formosa abundance was found in all the islands sampled, while the dominance (D = 0.43) 
was found on the Sumbawa. N. formosa was found to have the highest population abundance and parasitism rate, and was found on 
every island in Lesser Sunda including on the Lombok (1853 adult; 31.16%), Sumbawa (472 adult; 8.2%), Flores (1117 adult; 15.96 %) 
and Timor (984 adult; 22.18%). The results of these studies suggest a strong need for effective pest control policies for Liriomyza spp. in 
the research locations, as well as for other vegetable crops in Indonesia 

Keywords: Agronomy, community structure, Indonesia, Lesser Sunda Islands, Liriomyza, parasitoids, vegetable crop  

INTRODUCTION 

Liriomyza (Diptera: Agromyzidae) is a cosmopolitan 
insect which is an important pest for a variety of vegetable 
crops in tropical and subtropical countries. It can spread 
quickly within vegetable and ornamental crop ecosystems 
in the uplands and lowlands in Indonesia (Shepard et al. 
1998; Rauf et al. 2000; Supartha et al. 2005). Almost all 
commercial vegetable crops in Indonesia and especially 
those in important growing regions like Java, Bali, 
Sumatra, Sulawesi, Kalimantan and Lombok, have been 
attacked by Liriomyza (Supartha 1998; Rustam et al. 2008). 
There are nine leaf miner species which have been 
recorded in Indonesia, namely L. brassicae, L. caulophaga, 
L. chinensis, L. huidobrensis, L. katoi, L. pusila, L. sativae, 
L. chinensis, L. katoi, L. yasumatsui and Chromatomyia 
horticola (Malipatil and Ridland 2008). Two species which 
have been found in Bali and Lombok are L. huidobrensis 
and L. sativae, each of which is dominantly distributed 
through the highlands and lowlands (Supartha 2003; 
Supartha et al. 2005). Liriomyza spp. infestation of potato 
crops in Bali can reduce yields up to 60% (Supartha 2003) 

and in Palu, losses of up to of 81.96% have been recorded 
(Lologau 2010). In 2012, a research found that Liriomyza 
spp. infestation had also to the failure of 24 Ha of onion in 
Palu (Sahabuddin et al. 2012). 

Liriomyza spp. control efforts have been made in some 
areas in Indonesia with scheduled insecticide applications, 
but such efforts have not been able to suppress the 
population or damage done to crops (Baliadi 2009). In 
addition, the application of insecticides has also had a 
negative effect on beneficial non-target organisms, 
particularly parasitoids and can trigger the development of 
resistance to the pests to insecticides (Georghiou and Saito 
2012), which makes pest control efforts even more 
difficult. Alternative use of biological agents, particularly 
parasitoids for Liriomyza spp. population control, has not 
been carried out intensively in Indonesia because there is a 
lack of information on its species composition as well their 
potential roles in parasitism. In some countries, biological 
control efforts have been carried out by utilizing 
information on the parasitoids whereabouts (Trumble 1990; 
Murphy and La Salle 1999; Chow and Heinz 2004; van der 
Linden 2004; Abd-Rabou 2006). At least 23 parasitoids 
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species have been used in biological control programs to L. 
trifolii Burgess and L. sativae Blanchard (Diptera: 
Agromyzidae) in Senegal, California, Hawaii, Barbados, 
Marianas, Tonga, Taiwan and Guam (Petcharat 2002). 
Today, research on the existence and role of parasitoids in 
populations of Liriomyza spp. in nature has gained the 
attention of the researchers from various countries around 
the world. Some researchers in Indonesia have discovered 
as many as 17 species of parasitoids which parasitize 
Liriomyza spp. (Rauf et al. 2000; Ubaidillah 2003; 
Supartha et al. 2005; Syamsudin 2008). Among those 
parasitoids, H. varicornis has been found to be adapted to 
the vegetable crops of Indonesia (Baliadi and Tengkano 
2010) and has been found to be able to parasitize L. 
huidobrensis at rates of 40.63% (Setiawati and Suprihatno 
2000), however, the potential of this parasitoid has not 
been widely considered as a means of pest control. The 
composition and distribution of agricultural pest and their 
parasitoids are known to be influenced by differences in 
ecosystems, climate, and by the diversity of biotic and 
abiotic factors found in the various regions of the 
Indonesian archipelago (Hondikson and Casson 2008). 
Geographically, Lesser Sunda has a climate and ecosystem 
which are unique and different from the Western part of 
Indonesia (Monk et al. 2013). Due to this unique 
agroecology, these areas many have a different community 
of agricultural pest and their parasitoids. In order to 
develop a better understanding of the structure of the 

community of leafminer pests and their parasitoids, a 
survey was conducted in different agricultural landscapes 
spread across four islands of Lesser Sunda. It is hoped that 
determining the parasitoid community structure of 
Liriomyza spp. affecting vegetable crops may help in 
optimizing the control of the pest, especially in the 
development of localized control strategies.   

MALTIERIALS AND METHODS 

Study area 
Leafminer and their parasitoids were sampled 

simultaneously on the island of Lombok, Sumbawa, Flores 
and Timor from February to July 2016 in selected 
vegetable ecosystems. Three types of these ecosystems 
were selected, namely (i) the edges of forests, (ii) 
agricultural areas, and (iii) residential areas located in both 
highlands and lowlands (ranging in elevation from 42 
meters above sea level-1,301 meters above sea level) 
(Figure 1). Climate information including temperatures 
ranging from 24.7-35.6oC and humidity ranging from 48-
86% were recorded. The samples were identified by genera 
and species using the key provided by Spencer and 
Steyskal (1986) and Malipatil et al. (2004) for flies and 
parasitoid based on the key of South East Asian Leafminers 
provided by Fisher et al. (2005) and Li (2011).  

 
 
 

 

 
 

Figure 1. The sampling location of leaves infested by Liriomyza spp. in Lesser Sunda Islands, Indonesia. 1. Darmasaba, 2. Sembalun, 3. 
Jereweh, 4. Sakuru, 5. Welak, 6. Kelimutu, 7. Oetune, 8. Kasangnana 
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 Procedures 
Sampling was done by purposive method (Tongco 

2007; Montong et al. 2015) of 20 varieties of vegetable 
crops which were indicated with leaf miner attack 
symptoms. All leafminer infested leaves were collected 
every day for one week. All the collected samples were put 
in plastic bags separately for each sample unit (50 leaves 
attached per varieties) which were then stored temporarily 
in a cool box to be brought to the laboratory. All samples 
were then transferred into a growth chamber and 
maintained at room temperature (28oC, 80oH) for further 
development of flies and their parasitoids. The emerged 
adults of leafminer flies and their parasitoids were carefully 
separately, and each was kept in a small vial containing 
96% alcohol for further identification.   

Data analysis 
Rate of parasitization according to Russell (1987) 
 
Rate of parasitization =  

 x 100% 

 
 
Abundance index using Margalef index (Magurran 

2004) 
 
R1=  
 
Where:  
R1= Abundance index    
S= Total species found    
N= Total individuals 
 
 
Species diversity index calculated by Shannon-Winner 

(Magurran 2004) 
 
H '=-ΣPi.ln Pi 
 
Where:  
H'= diversity index    
Pi= Proportion types to-i 
 
 
Dominance index calculated using Menheinick index, 

(Magurran 2004) 
 
D = Σ  

 
Where:  
D = Dominance index   
Ni= Total individuals types to-I  
N= Total individuals 
 
 

RESULTS AND DISCUSSION 

Results 
Three leaf miner species were found in Lesser Sunda 

(Liriomyza huidobrensis, Liriomyza sativae and 
Chromatomyia horticola) along with 7 parasitoid species 
(Hemiptarsenus varicornis, Neochrysocharis formosa, 
Neochrysocharis okazakii, Opius dissitus, Opius 
chromatomyiae, Gronotoma micromorpha and Asecodes 
deluchii). The diversity and abundance of leaf miner 
species and their parasitoids on each island studied show 
variations of parasitoids and different number of total 
individuals (Table. 1) 

Sumbawa Island was found to have the lowest species 
abundance of Liriomyza spp. (S = 2) and parasitoids (S = 
5), the highest individual abundance of Liriomyza spp. 
(5284 adults) and the lowest parasitoid abundance (825 
adults, R1 = 0.60) among the sampled islands. Meanwhile, 
the diversity index in Sumbawa was the lowest (H '= 0.75) 
among other islands but it had the highest the dominance 
index value (D = 0.43). This condition indicated that 
agricultural ecosystems in Sumbawa are less stable 
ecologically, especially in the relationship among plant-
host-parasitoids. Instead, Flores has the highest diversity 
index value (H'= 1.44) indicating a more stable agricultural 
environment in comparison to other sampled islands  

In this study, five parasitoids species have been found 
on four islands and two types, G. micromorpha and N. 
okazakii are found only on the Lombok and Flores. The 
highest levels of parasitization from the five parasitoids 
species was N. formosa (32.58%), H. varicornis (24.21%), 
O. chromatomyiae (22.35%), O. dissitus (5.08%), and A 
.deluchii (5.89%). This level of parasitization indicates that 
there are five parasitoid species that have the ability to 
spread and adapt well to the environment of vegetable 
crops in Lesser Sunda. The type of ecosystem plays an 
important role in determining the structure of insect host 
communities and their natural enemies. Table 2 shows the 
community structure and level of parasitization from 7 
parasitoids on three types of agroecosystem in Lesser Sunda.  

In this study, it was found that the index of diversity, 
abundance, and dominance of parasitoids in all vegetable 
crops in highland areas was higher than in lowland areas. 
Table 2 also shows that the index values of diversity, 
abundance, dominance, and level of parasitization on 
agroecosystem at the edge of forest (H1) is higher than the 
index value in agricultural areas (H2) and around 
residential areas (H3) despite the fact that individual 
abundance (N) in H1 is lower compared to H2 and H3. 

The level of parasitization was found to vary from crop 
to crop (Table 3) both in agricultural ecosystems of 
highlands and lowlands. The results show that long beans, 
red bean, and tomato tend to have pests with a high level of 
parasitization compared to other varieties. These results 
prove that Liriomyza spp., parasitoids and host plant 
communities developed in accordance with the surrounding 
environment. Parasitoid diversity, abundance, and 
dominance on the various types of vegetables is displayed 
in Table 3. 
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The highest levels of parasitization sequentially 
occurred in long bean (23.02%), tomato (21.36%), 
common bean (17.25%), red bean (13.18%), dolichos bean 
(12.46%), and potato (12.23%). In this study, it was also 
found that several species of wild plants that grow in 
similar environments to food crops were also under attack 
by Liriomyza spp. with high parasitoid abundance index 
value (R> 5.0), such as Emilia sonchifolia (R: 6.697), 
Tephrosia candida (R: 6.228), Centrosema pubescens (R: 
5.823), Indigofera suffruticosa (R: 5.387), and Crotalaria 
juncea (R: 5.346), 5 species of those plants included in the 
Leguminosae family.  

Discussion 
The high individual abundance of Liriomyza spp. in 

Sumbawa (Table 1) is supported by the availability of year-

round vegetable crops grown in monoculture by most 
farmers. From this phenomenon, it can be assessed that the 
vegetable farming systems applied in Sumbawa greatly 
affect the low diversity of parasitoid species and high 
abundance of pests. Previous research has proven that 
monoculture farming systems may increase pests (Bianchi 
et al. 2006), as occurred in Sumbawa. The implications of 
this research are that monoculture farming systems in 
Sumbawa may increase the risk of Liriomyza spp. attack. In 
theory, monoculture systems are unsustainable 
environments, in particular for the relationship between the 
host plant, pests, and their parasitoids (Bianchi et al. 2006) 
which are what pest dominance tends to be higher in these 
systems.   

 

 
 
 
 
Table 1. Structure of leaf miner Liriomyza spp. parasitoid community in Lesser Sunda 
 

Parasitoid species / Indications Lombok Islands Sumbawa Islands Flores Islands Timor Island 
Total Individuals (adult) / Parasitization rate (%) 

H. varicornis 1225 / 24.21 253 / 4.57 832 / 12.32 674 / 16.34 
N. formosa 1853 / 32.58 472 / 8.20 1117 / 15.87 984 / 22.18 
N. okazakii 48 / 1.24 0 / 0 41 / 0.69 0 / 0 
O. dissitus 205 / 5.08 26 / 0.49 162 / 2.66 177 / 4.88 
O. chromatomyiae  491 / 22.35 47 / 0.88 319 / 5.11 303 / 8.07 
A. deluchii 240 / 5.89 27 / 0.51 277 / 4.47 164 / 4.54 
G. micromorpha 13 / 0.34 0 / 0 2 / 0.03 3 / 0.09 
  
N parasitoids 4075 825 2750 2305 
N Liriomyza spp. 3834 5284 5921 3452 
S parasitoid 7 5 7 6 
S Liriomyza spp. 3 2 3 3 
R1 0.76 0.60 0.73 0.65 
H’ 1.36 0.75 1.44 1.38 
D 0.32 0.43 0.28 0.29 
Note: N = Individual abundance, S = Species abundance, R1= Abundance Index, H' = Diversity index, D = Dominance Index 
 
 
 
Table 2. Structure of leaf miner Liriomyza spp. parasitoid community in three types of agroecosystem in the highlands and lowlands in 
Lesser Sunda 
 

Parameter Lombok Island Sumbawa Island Flores Island Timor Island 
H1 H2 H3 H1 H2 H3 H1 H2 H3 H1 H2 H3 

Lowland data 
N 82 1662 471 34 572 219 95 566 376 86 521 403 
S 5 6 6 5 5 5 5 6 6 5 5 5 
R1 0.91 0.67 0.81 1.13 0.63 0.74 0.88 0.79 0.84 0.9 0.64 0.67 
H’ 1.49 1.22 0.82 1.59 0.75 0.80 1.32 1.35 1.22 1.16 1.52 1.01 
D 0.24 0.38 0.58 0.21 0.63 0.63 0.33 0.330 0.41 0.38 0.24 0.44 
TP 29.38 25.86 19.35 5.75 5.03 3.87 19.93 12.22 3.76 18.87 17.94 12.40 
 
Highland data 
N 36 1334 490 - - - 102 428 1173 52 390 853 
S 6 7 7 - - - 5 6 7 5 5 6 
R1 2.79 0.83 0.97 - - - 0.86 0.83 0.85 1.01 0.67 0.74 
H’ 1.73 1.43 1.20 - - - 1.61 1.28 1.44 1.50 1.34 1.36 
D 0.19 0.27 0.37 - - - 0.20 0.32 0.26 0.24 0.31 0.30 
TP 30.45 30.07 24.95 23.14 18.07 3.85 26.31 19.75 16.79 
Note: N = Individual abundance, S = Species abundance, R1 = Abundance index, H' = Diversity index, D  = Dominance Index, TP = 
Parasitization rate, H1 = the edges of forests, H2 = ) agricultural areas, H3 = residential areas 
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Table 3. Community structure and level of parasitization of leaf miner Liriomyza spp. parasitoids on any type of host plants in Lesser 
Sunda types of host plants 
 

Common name Scientific name Index value 
N TP R1 H’ D 

Leek Allium fistulosum L. 158 2.298 3.804 0.066 0.26-3

Spinach Amaranthus L. 89 2.487 4.222 0.043 8.15-5

Winter melon Benincasa hispida (Thunb.) Cogn. 55 1.783 3.802 0.029 3.11-5

Chinese cabbage Brassica pekinensis L. 73 1.778 4.195 0.036 5.48-5

Leaf green Brassica juncea L. 72 2.551 3.274 0.01-3 5.33-5

Cabbage Brassica oleracea L. 60 2.135 3.419 0.031 3.71-5

Bok choy Brassica rapa L. 322 3.512 3.262 0.112 1.07-3

Calopo Calopogonium mucunoides Desv. 21 2.482 3.942 0.013 4.54-7

Centella Centella asiatica (L.) Urb 15 0.646 4.431 0.010 2.32-5

Centro Centrosema pubescens Bth. 22 0.543 5.823 0.014 4.98-6

Watermelon Citrullus vulgaris (Schard.) Fursa 90 2.183 4 0.043 8.34-5

Brown hemp Crotalaria ferruginea Grah. 29 0.714 5.346 0.017 8.65-6

Cucumber Cucumis sativus L. 602 8.835 2.703 0.171 0.004 
Pumpkin Cucurbita moschata Duchesne 275 3.827 3.203 0.100 0.78-3

Zucchini Cucurbita pepo L. 361 8.218 3.057 0.121 1.34-3

Lilac tassel flower Emilia sonchifolia L. 6 7.220 6.697 0.005 3.71-7

Guatemalan indigo Indigofera suffruticosa Gaertn. 37 0.918 5.387 0.021 1.41-5

Dolichos bean Lablab purpureus (L) Sweet. 574 12.462 2.833 0.166 0.003 
Angled luffa Luffa acutangula (L.) Roxb. 164 1.653 3.993 0.068 0.28-3

Red bean Vigna angularis Willd.  1233 13.177 2.13 0.260 0.016 
Common bean Phaseolus vulgaris L. 1446 17.25 2.47 0.282 0.022 
Gooseberry Physalis angulata L. 82 2.895 3.177 0.040 6.92-5

Pueraria Pueraria javanica (Benth.) 34 1.221 3.97 0.020 1.19-5

Rorippa Rorippa indica (L.) Hiern 41 1.007 4.847 0.023 1.73-5

Chayote Sechium edule (Jacq.) Sw 183 3.174 3.23 0.074 0.35-3

Tomato Solanum licopersicum L. 1298 21.335 2.422 0.267 0.017 
Eggplant Solanum melongena L. 189 2.131 3.559 0.076 0.04-2 
Potato Solanum tuberosum L. 562 12.234 2.843 0.163 0.003 
White hoarypea Tephrosia candida (Roxb.) DC. 18 0.444 6.228 0.012 3.33-6

Long bean Vigna sinensis (L.) Savi ex Hassk. 1747 23.027 2.352 0.307 0.031 
Note: N = Total individuals in the population, H'= Diversity index, D=Dominance, Index, R = Abundance Index, TP = Level of 
parasitization 
 
 
 
 

According to Aquilino (2005), a stable environment has 
a high diversity index value (H') and high abundance (R1) 
and low dominance (D). Flores has a higher diversity index 
value (H') than the other islands. The high parasitoid 
diversity will encourage the balance of Liriomyza spp. pest 
populations in nature. The mixed farming systems 
commonly found in Flores contribute to the relationship 
stability between Liriomyza spp. pests and their parasitoids, 
in accordance with the findings of previous researchers in 
other places (Robinson and Sutherland 2002). The high 
diversity and abundance of parasitoids in Flores prove that 
mixed farming system can suppress the development of 
pest populations and increase the role of natural enemies 
(Andow 1991; Altieri 1999; Paulsen et al. 2006). The 
increased role of parasitoids in these mixed farming 
environments leads to high levels of parasitization as 
indicated by N. formosa on each island in Lesser Sunda. 
Five of the seven parasitoid species found in Lesser Sunda 
are highly adapted to the islands on which they live, 
possessing distinctive characteristics that allow them to 
adapt to their environment (Doutt et al. 1976). Those 
characteristics are utilized by each parasitoid so that it can 

multiply and spread successfully within the vegetable 
ecosystems in Lesser Sunda. 

Data in Table 2 shows that the community structure 
component in the highlands is higher compared to the 
lowlands. These high indexes are due to the 
agroecosystems in the highlands, which have to acclimate 
that supports the implementation of diversified agricultural 
systems so that the supporting components (prey species, 
adequate shelter, etc.) for parasitoid success are available 
continuously. Table 2 also indicates index values of 
diversity, abundance, and dominance of leafminer 
parasitoids in the three ecosystem types that show very 
significant differences in the context of agricultural 
ecosystem management. The diversity displayed in the 
index is not merely measured by the number of species but 
also by the disparity of individuals in each species. The 
data is in accordance with the findings of other studies on 
the diversity of insects in general (Fottit and Adler 2009). 
The average index of diversity, abundance, and dominance 
in Lesser Sunda indicates that there has been a combination 
of ecological processes taking place among the host plants, 
host parasitoids, and the surrounding environment (Hunter 
2002) 
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The stability of the insect community not only depends 
on its diversity but also on the natural density of trophic 
levels (Southwood and Way 1970). The study results show 
that the diversity of insect pests, parasitoids (Thies and 
Tscharntke 1999; Thomson 2010) and predators (Schmidt 
et al. 2008) are also affected by the interaction of 
uncultivated (often native) plants and insects. Multicultural 
cropping systems allow uncultivated plants to grow around 
the agroecosystem, creating a microhabitat that has a strong 
influence on species diversity of the host plant, host, and 
parasitoid (Arthur and Abrahamson 1985; Lawson et al. 
2014; Tantowijoyo and Hoffman 2010). The findings of 
this study suggest a strong ability of parasitoids such as 
Liriomyza spp. to develop within more complex 
ecosystems. This finding highlights the importance of the 
conservation of agricultural ecosystems with refugia plants 
planted in monoculture around cropping areas or that 
employ the use of intercropping so that shelter, food 
resources or other resources for natural enemies such as 
predators and parasitoids can be provided (Letourneau et 
al. 2012). Results of previous studies have proven that 
various types of weed from the family of Umbelliferae, 
Leguminosae, and Compositae play an important role as a 
food source for adult parasitoids to suppress the 
populations of insect pests (Altieri 1999). 

The highest level of parasitization in all three 
ecosystem types is H1 in both highlands and lowlands 
(Table 2). These findings reinforce a better role for 
parasitoids within complex and stable ecosystems. 
Ecosystems on agricultural (H2) and settlement (H3) areas 
are not stable due to the common use of monocultural 
cropping patterns applied leading. The pattern of 
monoculture crops can increase agroecosystem 
vulnerability to pests (Shah et al. 2015) due to the 
availability of food or similar host plants continuously over 
time and space (Mujica and Kroschel 2011). Therefore, the 
action of pest management through the use of natural 
enemies and increasing the diversity of plants through the 
application of intercropping, crop rotation and open lands 
cultivation is highly important because it can increase the 
stability of the ecosystem and reduce the risk of pests 
(Altieri and Nicholls 2004) because it makes it more 
difficult for pests to find the main host (Gurr et al. 2004). 
Several articles have supported the hypothesis that high 
commodity diversification or multiculturalism can reduce 
the role of herbivores and enhance the role of natural 
enemies (Altieri 2012). Additional restrictions on the use of 
pesticides, especially those with broad-spectrum effects, is 
an effort to restore the stability of at-risk ecosystems (Ohno 
et al. 1999). The application of these findings provides 
natural enemies in the ecosystem and has a major role in 
regulating populations of Liriomyza spp. naturally, which 
would then fluctuate dynamically around a position of 
general equilibrium.  

Diversity, abundance, and dominance of parasitoid on 
different varieties of vegetable crops in Lesser Sunda is 
considered moderate. The previous study reported that 
Liriomyza spp. can attack at least 21 plant families (Rauf et 
al. 2000; Supartha 2003; Andersen et al. 2008) but the 
parasitoid in Lesser Sunda still plays a role in controlling 

the population of Liriomyza spp. The research results in 
Table 3 show that the level of parasitization is still high in 
some varieties of vegetable crops, especially for long bean 
(23.02%), tomato (21.36%), common bean (17.25%), red 
bean (13.18%), dolichos bean (12.46%), and potato 
(12.23%). This is consistent with results of previous studies 
that show that Liriomyza spp. is known to have severe 
attacks and has become a major pest in the Solanaceae 
family, especially potato and tomato (Jones and Parella 
1986; Trumble and Nakkakihara 1983) and will also select 
types of plants from legume family (Tryon et al. 1980) as 
the best breeding ground among other crops (Maryana 
2000). The high levels of parasitization for each type of 
plant shows that neither the host nor the parasitoid has the 
main host, since the nutrient content and morphology of 
multiple host plants are useful for the shelter and 
reproduction (Mujica and Kroschel 2011). This 
phenomenon proves that the existence and the level of 
parasitization of parasitoid depend heavily on the 
relationship between the host plant, insect host, and its 
parasitoids. The discovery of five species of wild plants 
around the crops with a value of R> 5.0 proves that the 
refugia plants are required to enhance the parasitoids role. 
These findings are consistent with the findings of Baliadi 
(2009), which used weed Rorippa indica (L.) as refugia 
plants so to improve the H. varicornis performance by 
12%. 

The results of this study reveal that N. formosa is the 
parasitoid species that has the highest of parasitization in 
Lesser Sunda, while the results of previous studies have 
shown that H. varicornis have the highest level of 
parasitization in several areas in Java, Bali, Lombok, and 
Sulawesi (Rustam et al. 2008). This high level of 
parasitization is found in all types of ecosystems and 
vegetable crops. Similar results are shown by Herlianadewi 
et al. (2013) where the N. formosa population is most 
commonly found on various host plants in the lowlands in 
Bali. Neochrysocharis formosa dominates the 
agroecosystem in Sumbawa island (D ≥ from 0.30 to 0.60) 
meaning that N. formosa has a good adaptability to the 
environment, is able to multiply rapidly, and has a 
distribution area used to locate and utilize required 
resources (Murdock 1974). Another interesting finding is 
that an O. chromatomyiae parasitoid, newly found in 
Indonesia and though to be dominant in the highlands 
(Rauf et al. 2000; Supartha 2003; Herlinadewi et al. 2013) 
was found to be able to breed and spread in the lowlands as 
proven by the similar levels of parasitization in both 
highlands and lowlands. The phenomenon indicates the 
shifting role between H. varicornis and N. formosa. 
Meanwhile, O. chromatomyiae is estimated to have been 
able to adapt to L. sativae as its host and is also known to 
have been abundant in the highlands. This shifting role may 
have been caused by the shift of cropping patterns between 
regions and over time (Baideng 2016). It also shows that 
there has been a co-evolution of L. sativae with host plant 
(Westwood et al. 2010) demonstrated by the abundance of 
the L. sativae population in the highlands followed by the 
presence of N. formosa parasitoids which were initially 
only abundant in the lowlands (Baideng 2016) and of O. 
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chromatomyiae in the highlands (Li 2011). These 
conditions are reflected in the vegetable ecosystems in 
Lesser Sunda. 

The results of this study are particularly interesting in 
the context of the unfolding potential of leafminer 
parasitoids, Liriomyza spp. It should be noted that findings 
presented here are the results of an initial assessment of 
parasitoid potential as a candidate for biological agents of 
leafminer pest control in Lesser Sunda. The research 
concluded that among the seven species of parasitoids 
found, the parasitoid with the highest potential as a 
candidate for biological control agents, and therefore for 
further research, was N. formosa. Secondary candidates 
also to be considered are H. varicornis and O. 
chromatomyiae, which are able to demonstrate high levels 
of parasitization and adaptation in various vegetable crops. 
This finding of the potential of the three parasitoids should 
be considered as a control agent for regulating the 
populations of Liriomyza spp. in agricultural crops in 
Lesser Sunda. Further research into mass rearing 
technology and release techniques for these species is 
highly recommended. In addition, diversified 
agroecosystems containing multiple crop species as shown 
in highland agricultures in Lesser Sunda have been able to 
increase the parasitoids role. The future prospect and 
challenges of the potential parasitoid community structure 
leaf miner pest and their parasitoid needs comprehensive 
research to establish the pest management strategies in an 
integrated manner and in the long term. 

ACKNOWLEDGEMENTS 

The authors thank Yapertif and Ministry of Research, 
Technology and Higher Education of the Republic of 
Indonesia for the funding assistance of this study. Faculty 
of Agriculture, Universitas Udayana, Denpasar, Indonesia 
for the facilities. Students of the Faculty of Agriculture, 
Universitas Flores, Ende, Indonesia specialization of Plant 
Protection class of 2010 for their help in sampling. Head of 
the provinces of West Nusa Tenggara and East Nusa 
Tenggara, Indonesia for the licenses and facilities during 
the study. 

REFERENCES  

Altieri MA. 2012. Insect pest management in the agroecosystem of the 
future. Atti Accademia Nazionalle Italiana di Entomologia 60: 137-
144. 

Altieri MA. 1999. The ecological role of biodiversity in agroecosystems. J 
Agric Ecosyst Environ 4: 19-31.  

Andersen A, Tran TTA, Nordhus E. 2008. Distribution and importance of 
polyphagous Liriomyza species (Diptera, Agromyzidae) in vegetables 
in Vietnam. Norw. J Entomol 55: 149-164. 

Andow DA. 1991. Vegetational diversity and arthropod population 
response. Ann Rev Entomol 36: 561-586. 

Arthur EW, Abrahamson WG. 1985. Potential selective pressures by 
parasitoids on a plant-herbivore interaction. Ecol J 66 (4): 1261-1269. 

Altieri MA. Nicholls CI. 2004. Biodiversity and Pest Management in 
Agroecosystems. Haworth Press, New York. 

Aquilino KM, Cardinale BJ, Ives AR. 2005. Reciprocal effects of host 
plant and natural enemy diversity on herbivore suppression: an 
empirical study of a model tritrophic system. Oikos 108: 275/282. 

Baideng EL. 2016. The parasitism types and percentage of parasitoids 
Liriomyza sativae treatment plants with tomato and conventional 
integrated pest management. Sci Pap Anim Sci Ser 65 (2): 216-222. 

Baliadi Y. 2009. Population fluctuation of leafminer flies, Liriomyza spp. 
on soybean in Kendal Payak Research Station and its attacks effect on 
soybean growth. Institute of Beans and Tubers, Malang. [Indonesian] 

Baliadi Y, Tengkano W. 2010. Leafminer fly, Liriomyza sp. (Diptera: 
Agromyzidae), new pest on soybean in Indonesia. J Agric Res 
Develop 29 (1): 1-9. [Indonesian] 

Bianchi FJJA, Booij CJH, Tscharntke T. 2006. Sustainable Pest 
Regulation in Agricultural Landscapes: a Review on Landscape 
Composition, Biodiversity and Natural Pest Control. Proc. R. Soc. B. 
273: 1715-1727. 

Chow A, Heinz KM. 2004. Biological Control of Leafminers on 
Ornamental Crops. In: Heinz KM, van Driesche RG, Parrella MP, 
editors. Biocontrol in Protected Culture. B Ball Publishing, Batavia, 
IL; 21-38. 

Doutt RL, Annecke DP, Tremblay E. 1976. Biology and host relationships 
of parasitoids. In: Huffaker CB, Messenger PS (eds.). Theory and 
Practice of Biological Control. Academic Press, New York.  

Fisher N, Ubaidillah R, Reina P, La Salle J. 2005. Liriomyza Parasitoids in 
Southeast Asia. CSIRO, Canberra, Australia 

Foottit R. Adler PH. 2009. Insect Biodiversity: Science and Society. 
Willey-Blackwell, UK.   

Georghiou GP, Saito T. 2012. Pest Resistance to Pesticides. Plenum Press. 
New York.  

Gurr GM, Wretten SD, Altieri MA. 2004. Ecology Engineering for pest 
management. CABI Publishing, Wallingford.   

Herlinadewi NMS, Supartha IW, Sunari AS. 2013. Community structure 
of parasitoids associated with Liriomyza sativae (Blanchard) (Diptera: 
Agromyzidae) on several host plants in lowland areas. E-Jurnal Agro 
Trop 2 (4): 244-251. [Indonesian] 

Hondikson ID, Casson D. 2008. A lesser predilection for bugs: Hemiptera 
(Insecta) diversity in tropical rain forests. Biol J Linnean Soc 43 (2): 
101-109. 

Hunter MLJ. 2002. Fundamentals of Conservation Biology. Blackwell 
Science, UK. 

Jones VP, Parrella MP. 1986. The movement and dispersal of Liriomyza 
trifolii (Diptera: Agromyzidae) in a Chrysanthemum Greenhouse. 
Ann Appl Biol 109: 33-39. 

Lawson CR, Bennie J. Hodgson JA, Thomas CD, Willson RJ. 2014. 
Topographic microclimates drive microhabitat associations at the 
range margin of a butterfly. Ecography 37: 732-740. 

Letourneau DK, Allen GSB, Strimen JO. 2012. Perennial habitat 
fragments, parasitoid diversity and parasitism in ephemeral crops. J 
Appl Ecol 49 (6): 1405–1416. 

Li J. 2011. Seasonal Abundance and Distribution of Leafminer Liriomyza 
trifolii (Diptera: Agromyzidae) and its Parasitoids on Bean Crop in 
South Florida. [Thesis] Florida University, Florida 

Lologau BA. 2010. Attacked level of leafminer fly, Liriomyza 
huidobrensis (Blanchard) and yield loss of potato. In: Saenong MS 
(ed). Proceeding of Scientific Seminar and 20th Annual Meeting of 
Entomological Society of Indonesia (PEI) and Phytopatological 
Society of Indonesia (PFI) Regional Commissariat of South Sulawesi. 
Pp.358-364. Makassar, 27 May 2010.[Indonesian] 

Malipatil MB, Ridland PM, Rauf A, Watung J, Kandowangko D. 2004. 
New records of Liriomyza Mik (Agromyzidae: Diptera) leafminers 
from Indonesia. Formosan Entomol 24: 287-292. 

Malipatil M, Ridland P. 2008. Polyphagus Agromyzid Leafminer. 
Department of Agriculture, Fisheries, and Forestry, Australia.  

Maryana N. 2000. Studies on the Ecological Aspects of Neochrysocharis 
formosa (Hymenoptera: Eulophidae) Attacking Liriomyza trifolii 
(Diptera: Agromyzidae). [Thesis]. Kyushu University, Fukuoka, 
Japan 

Mujica N, Kroschel J. 2011. Leafminer fly (Diptera: Agromyzidae) 
occurrence, distribution, and parasitoid associations in field and 
vegetable crops along the Peruvian Coast. Environ Entomol 40: 217-
230. 

Monk K, De Fretes Y, Reksodiharjo-Lilley G. 2013. The Ecology of Nusa 
Tenggara and Maluku (Ecology of Indonesia Series, Vol 5). Periplus, 
Hong Kong. 

Montong VB, Maramis RTD, Pelealu J, Salaki CL. 2015.Involvement of 
insects in the transmission of banana blood disease. Intl J Res Eng Sci 
3 (1) 41-44. 

Magurran AE. 2004. Measuring Biological Diversity. Blackwell 
Publishing. Oxford, UK. 



 B IODIVERSITAS  18 (2): 593-600, April 2017 

 

600

Murdock WW. 1974. Diversity, Complexity, Stability and Pest Control. J 
Appl Ecol 12 (3): 795-807  

Murphy ST, La Salle J. 1999. Balancing biological control strategies in 
the ipm of new world invasive Liriomyza leafminers in field vegetable 
crops. Biocontr News Inform 20: 91-104. 

Ohno K, Ohmori T, Takemoto H. 1999. Effect of insecticide applications 
and indigenous parasitoids on population trends of Liriomyza trifolii 
in Gerbera Green Houses. Jap J Appl Entomol Zool 43: 81-86. 

Paulsen HM, Schochow M, Ulber B, Kühneand S, Rahmann G. 2006. 
Mixed cropping systems for biological control of weeds and pests in 
organic oilseed crops. COR 2006, Aspects of Applied Biology, 215-
220.  

Petcharat J. 2002. Larval parasitoids of agromyzid leafminer genus in the 
southern thailand: species and their host plants. Songklanakarin J Sci 
Technol 24: 467-472. 

Abd-Rabou S. 2006. Biological control of the leafminer, Liriomyza trifolii 
by introduction, releasing, evaluation of the parasitoids Diglyphus 
isaea and Dacnusa sibirica on vegetable crops in greenhouses in 
Egypt. Arch Phytopathol Plant Protect 39: 439-43. 

Rauf A, Shepard BM, Jhonson MW. 2000. Leafminer in vegetables, 
ornamental plants and weeds in indonesia: surveys of host crops, 
species composition and parasitoids. Intl J Pest Manag 48 (4): 257-
266.  

Robinson RA, Sutherland WJ. 2002. Post-war changes in arable farming 
and biodiversity in Great Britain. J Appl Ecol 39: 157-176.  

Rustam R, Rauf A, Maryana N, Pudjianto, Dadang. 2008. Parasitoid 
community of leafminer flies on highland vegetables crop. J Natur 
Indonesia 11 (1): 40-47. [Indonesian] 

Russell DA. 1987. A simple Method for Improving Estimates of 
Percentage Parasitism by Insect Parasitoids From Field Sampling of 
Hosts. N Z Entomol 10 (1): 38-40. 

Thies C, Tscharntke T. 1999. Landscape structure and biological control 
of agroecosystems. Science 285: 893-895. 

Sahabuddin, Anshary A, Gellang A. 2012. Attacked level and leafminer 
flies species on three cultivars of shallot in Palu Valley of Central 
Sulawesi. J Trop Plant Pest Dis 12 (2): 153-161. [Indonesian] 

Schmidt MH, Lauer A, Purtauf T, Thies C, Schaefer M, Tscharntke T. 
2008. Relative importance of predators and parasitoids for cereal 
aphid control. Proc R Soc London B 270, 1905-1909. 

Setiawati W, Suprihatno B. 2000. Utilities of biological agent on 
vegetables plant. Technical Meeting Utilities of Biological Agent, 
Cisarua Bogor, 20-22 September 2000. [Indonesian] 

Shah MMR, Zhang SZ, Liu XT. 2015. Whitefly, host plant and parasitoid: 
a review on their interactions. Asian J Appl Eng 4 (1): 48-61. 

Shepard BM, Samsudin, Braun AR. 1998. Seasonal incidence of 
Liriomyza huidobrensis (Diptera: Agromyzidae) and its parasitoids on 
vegetables in Indonesia. Inter.J.Pest Manage. 44: 33-47. 

Spencer KA, Steyscal BC. 1986. Manual of the Agromyzidae (Diptera) of 
United Stated. USDA, New York. 

Supartha IW. 1998. Bionomics of Liriomyza huidobrensis (Blanchard) 
(Diptera: Agromyzidae) on Potato. [Dissertation]. Institut Pertanian 
Bogor, Bogor. [Indonesian] 

Supartha IW. 2003. Parasitoids fauna diversity of Liriomyza spp. on 
vegetable crop in Bali and Lombok of Indonesia. 4th Congress of 
Indonesian Entomological Society and Symposium 2003. Cipayung 
Bogor (Indonesia) 3-7 March 2003. [Indonesian] 

Supartha IW, Bagus IGN, Sudiarta P. 2005. Population abundance of 
Liriomyza spp. (Diptera: Agromyzidae) and parasitoids on highland 
vegetables crop. Agritrop 24 (2): 51-5.9 [Indonesian] 

Southwood RE, Way MJ. 1970. Ecological background to pest 
management. In: Rabb RC, Guthrie FE (eds), Concepts of Pest 
Management. North Carolina State University, Raleigh, NC. 

Syamsudin H. 2008. Distribution of Hemiptarsenus varicornis Girault 
(Hymenoptera: Eulopidae), Larval Parasitoid of Liriomyza spp. 
(Diptera: Agromyzidae). Lembaga Pertanian Sehat, Jakarta 
[Indonesian] 

Tantowijoyo W, Hoffmann AA. 2010. Identifying factors determining the 
altitudinal distribution of the invasive pest leafminers Liriomyza 
huidobrensis and Liriomyza sativae. Entomologia Experimentalis et 
Applicata 135: 141-153. 

Thomson LJ. 2010. Natural enemy responses and pest control: importance 
of local vegetation. Biol Contr 52 (2): 160-166.  

Tongco MDC. 2007. Purposive sampling as a tool for information 
selection. Ethnobot Res Appl 5: 147-158. 

Trumble JT. 1990. Vegetable Insect control with minimal use of 
insecticides. J Hort Sci 5 (2): 159-163. 

Trumble JT, Nakakihara H. 1983. Occurrence, parasitization, and 
sampling of Liriomyza Species (Diptera: Agromyzidae) infesting 
celery in California. Environ Entomol 12: 810-814. 

Tryon EH, Poe SL, Cromroy HL. 1980. Dispersal of vegetable leafminer 
Liriomyza sativae onto a transplant production range. Florida 
Entomol 63: 292-296. 

Ubaidillah R. 2003. Parasitoid wasps of Eulophinae (Hymenoptera: 
Eulophidae) in East Lesser Sunda, Indonesia. Treubia 33 (1): 43-70. 

Van der Linden A. 2004. Biological control of leafminers on vegetable 
Crops. In: Heinz KM, Van Driesche RG, Parrella MP (eds). 
Biocontrol in Protected Culture. B Ball Publishing, Batavia, IL. 

Van Lenteren JC. 1986. Parasitoids in the greenhouse: successes with 
seasonal inoculative release systems. In: Waage J, Greathead D, 
editors. Insect Parasitoids. Academic Press, London. 

Westwood JH, Yoder JI, Timko MP, de Pamphilis CW. 2010. The 
evolution of parasitism in plants. Trends Plant Sci 30 (5): 1-9 

 

View publication statsView publication stats

https://www.researchgate.net/publication/316461299

