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Spodoptera frugiperda is an invasive pest that causes severe
damage to maize crops in Kulon Progo Regency. One biological
control effort against this pest is the use of the egg parasitoid
Telenomus remus. This study aimed to analyze the parasitization rate,
parasitism rate, sex ratio, and their correlations in T. remus
parasitizing S. frugiperda eggs in maize fields in Kulon Progo
Regency. Egg samples were collected from maize fields using a W-
pattern scouting method and reared under laboratory conditions
until adult parasitoids or host larvae emerged. The number of
parasitized eggs, successful parasitoid emergence, and the
proportion of female and male individuals were recorded. The results
showed that T. remus exhibited a relatively high parasitization rate,
while the parasitism rate was moderate, with a female-biased sex
ratio. Correlation analysis indicated that parasitization rate,
parasitism rate, and sex ratio were not significantly correlated. These
findings indicate that the developmental success of T. remus is
influenced more by the biological condition of host eggs than by the
number of eggs parasitized.
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INTRODUCTION

Parasitoids are organisms that spend part of their life cycle as larvae inside the host's body, eventually
causing the host's death (Muliani & Srimurni, 2022). This process is known as parasitism, in which parasitoids use
the host as a breeding ground (Mercer, 2020). According to Purba et al. (2023), parasitism occurs when one organism
lives on or within another organism and exploits its resources, thereby causing disturbance or harm to the host. One
parasitoid that plays an important role in agricultural ecosystems is Telenomus remus (Hymenoptera: Scelionidae),
which plays a role in the biological control of pests from the Noctuidae family, especially Spodoptera frugiperda (J.E.
Smith) or the fall armyworm. This pest is one of the main organisms that disrupt corn crops and various other
important commodities around the world (Kenis et al., 2019). Parasitisation by T. remus prevents S. frugiperda eggs
from hatching into larvae (Sari et al., 2020), thereby significantly suppressing pest populations (Lacerda et al., 2023).
The success of T. remus as a biological control agent is due to its ability to penetrate and attack eggs throughout the
entire egg mass, including the deepest parts that are difficult for other parasitoids to reach. One of the distinctive
characteristics of T. remus is the well-developed ovipositor in females, which is used to inject parasitoid eggs into the
host eggs as the initial stage of parasitization. In contrast, males possess short and broad genitalia with a concave
central plate, which functions in the reproductive process (Oktaviana et al., 2022; Harahap & Siregar, 2024).

Research in various regions shows variations in T. remus parasitism on S. frugiperda eggs. Laminou et al.
(2020) reported a parasitism rate of over 80% in Sadore, Niger. Similar values were found by Oktaviana et al. (2022)
in Bogor, West Java (91%), while Mursyidin et al. (2024) on Sumbawa Island recorded a range of 23.54—61.22%. Mass
release programmes of T. remus in various countries have also shown promising results, with field parasitism rates
of 30-90% in Venezuela and Dominica, and high effectiveness in Brazil at a release rate of 600,000 individuals per
hectare (Colmenarez et al., 2022). In addition to the parasitism rate, the effectiveness of T. remus control is also
assessed by its parasitism rate, which is a measure of the success of parasitoids in producing adults from parasitised
eggs (Laminou et al., 2020; Qu et al., 2020). Research results show that the parasitism rate of T. remus in the laboratory
can reach more than 80% (Bueno et al., 2010), while in the field it ranges from 14.74-71.97% (Nurkomar et al., 2024).
In addition to parasitism and parasitism, the effectiveness of parasitoids is also influenced by the sex ratio in their
population (Hardy, 2002).

The sex ratio is the ratio of males to females (Hossain et al., 2012) that can influence mating behaviour and
reproductive success (Stone et al., 2007). The T. remus population generally shows a bias towards females (Laminou
et al., 2020), and research by Oktaviana et al. (2022) reported a male to female ratio of 1:2.03. A high female ratio
contributes to increased parasitism rates because females play a direct role in the oviposition process (Pabbage &
Tandiabang, 2007). Control of S. frugiperda generally still relies on the use of chemical pesticides such as deltamethrin,
which is effective but has the potential to cause negative impacts on the environment and human health (Wulandari
et al., 2021). Therefore, biological control strategies are a safer and more sustainable alternative. This approach is able
to suppress pest populations naturally and in an environmentally friendly manner, while reducing dependence on
synthetic pesticides (Pu'u & Syatrawati, 2022). The presence of T. remus parasiting S. frugiperda eggs has been widely
reported in Indonesia, including in West Java (Sari et al., 2021), West Nusa Tenggara (Mursyidin et al., 2024), North
Sumatra (Harahap & Siregar, 2024), and South Sumatra (Herlinda et al., 2023). In the Special Region of Yogyakarta
Province, research by Nurkomar et al. (2024) reported the diversity of parasitoids, one of which is T. remus, in several
areas including Kulon Progo. However, in-depth studies on the effectiveness of T. remus in controlling the S.
frugiperda population in this region have not been widely conducted. Based on this, this study aims to analyse the
level of parasitism, parasitism, and the comparison of the sex ratio of T. remus to S. frugiperda eggs in corn plantations
in Kulon Progo Regency. The results of this study are expected to provide scientific information on the natural
potential of T. remus as a biological control agent for S. frugiperda, as well as to serve as a basis for the development
of environmentally friendly integrated pest management strategies in the region.

MATERIALS AND METHODS
Materials

The materials used consisted of S. frugiperda eggs collected from the field, T. remus imagoes hatched from
parasitised eggs, 96% alcohol, and 6 x 3 cm paper labels.
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Methods
Determination of samling locations

The research location was determined through a survey of 12 subdistricts in Kulon Progo Regency (Figure 1)
using Google Earth to map the sampling locations. Three villages were selected using purposive sampling from each
subdistrict using a stratified method, and one corn field was purposively selected in each village based on criteria
such as the presence of S. frugiperda attack symptoms, such as characteristic bite marks and larval faeces on the leaves.
Sampling was carried out using a modified ‘W’ pattern scouting method (Nonci et al., 2019; Nurkomar et al., 2024),
with eight observation stations in each field and ten plants observed sequentially at each station. Spodoptera frugiperda
eggs were collected directly from the leaf surface using the hand-picking technique and then placed in labelled plastic
clips according to the collection location.

Research Map : Legend
Feature 1

Figure 1. Sampling location in Kulon Progo Regency. 1: Kanoman; 2: Panjatan; 3: Banjarsari; 4: Banjararum; 5:
Banjarharjo; 6: Kalirejo; 7: Hargomulyo; 8: Hargorejo; 9: Plumbon; 10: Banjarsari; 11: Hargorejo; 12: Purwoharjo; 13:
Gerbosari; 14: Pagerharjo; 15: Purwosari; 16: Giripurwo; 17: Triharjo; 18: Bendungan; 19: Giripeni; 20: Sendangsaro;
21: Pengasih; 22: Karangsari; 23: Bumirejo; 24: Damangrejo; 25: Nomporejo; 26: Wahyuharjo; 27: Karangsewu; 28:
Banaran; 29: Bugel; 30: Salamrejo; 31: Banguncipto; 32: Sentolo; 33: Donomulyo; 34: Tanjungharjo; 35: Banyuroto; 36:
Pendoworejo.

Measurement of Abiotic Factors

The abiotic factors measured at each location included air temperature, air humidity, wind speed, and light
intensity. Air temperature and humidity were measured using thermohygrometer, light intensity measured using
lux meter, and wind speed was measured using anemometer. Measurements were taken three times, namely at the
beginning, middle, and end of sampling.

Rearing of S. frugiperda eggs and Parasitoid Observation

Each egg packages that were obtained from the field was transferred to a 130 mL plastic cup and labelled with
the location. The eggs are incubated until they hatch into S. frugiperda larvae or T. remus parasitoids. Fibres on the
eggs were cleaned with a soft brush, then the eggs are counted using a hand counter to determine the number of
parasitised (black) and unparasitised (white) eggs. The hatched parasitoids were preserved in microtubes containing
96% alcohol.

Telenomus remus identification

Identification of T. remus was carried out using a stereo microscope based on morphological characteristics
referring to Yang et al. (2019), Oktaviana et al. (2022), and Harahap & Siregar (2024). The characteristics observed
included body colour, antenna shape, wing shape, abdomen shape, and morphological differences between males
and females.
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Calculation of the Parasitization Rate of T. remus on S. frugiperda Eggs

The parasitization rate of T. remus was calculated by counting the number of parasitised eggs, then averaging
the value based on the number of egg groups observed. The parasitization rate was calculated using the formulae of
Buchori et al. (2010) and Jamili & Haryanto (2015):

x 100% (1)
The percentage of T. remus parasitism on S. frugiperda eggs will be categorised based on predetermined
percentage ranges and modified according to the parasitization ranges according to Williams and Williams, (1998)

(Table 1).

Table 1. Categories of T. remus parasitization rates on S. frugiperda eggs (modified from Williams & Williams, 1998)

Parasitism rate (%) Notes
90 - 100 Very high
51 -89 High
30-50 Moderate
1-29 Low

Calculation of the Parasitization Rate of T. remus on S. frugiperda Eggs

The parasitism rate was calculated by comparing the number of parasitoids that successfully emerged with
the number of host eggs that had been parasitised (Delpopi et al., 2015). The parasitism rate was calculated using a
formula adapted from Hakiki (2015).

x 100% 2)

Determination of T. remus sex ratio

The sex of T. remus was determined by observing specimens under a stereo microscope, examining the
morphological characteristics that distinguish males and females (Figure 2). Based on the results of research by Yang
et al. (2019) and Oktaviana et al. (2022), the sex differences in T. remus can be seen from the number and shape of the
antenna segments, body colour, and the presence of an ovipositor. Females have antennae that are longer than the
head with 11 segments and a distinct ‘clava’ tip, while males have shorter antennae with 12 segments without a
prominent clava. In addition, females are darker in colour with a prominent ovipositor at the end of the abdomen
that looks like a fine needle, while males are brighter yellowish in colour without an ovipositor. The following is an
image showing the morphological differences between male and female T. remus.

a b
Figure 2. The difference between male and female Telenomus remus, a. male and b. female.
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Calculation of sex ratio of T. remus
The sex ratio was calculated to determine the ratio of male to female T. remus imagoes emerging from S.
frugiperda eggs. The calculation was performed using the formula according to Oktaviani et al. (2022).

Sex ratio = total offemale. imagoes (3)
total of male imagoes
Data Analysis

Descriptive analysis was used to describe the levels of parasitism, parasitisation, and sex ratio comparison of
T. remus. Correlation test was used to determine the relationship between the number of S. frugiperda eggs and the
levels of parasitism and parasitisation.

RESULTS AND DISCUSSION
Parasitisation rate of Telenomus remus on S. frugiperda

Based on field observations, the results varied considerably. The highest level of T. remus parasitisation of S.
frugiperda eggs was found in Wates and Girimulyo subdistricts. Meanwhile, the lowest levels of parasitism were
found in Sentolo and Samigaluh (Figure 2). The level of parasitisation of T. remus on S. frugiperda eggs in Kulon Progo
Regency was found to be high, ranging from 60.62 to 76.42%. The subdistricts with the highest parasitisation were
Wates (76.42%) and Girimulyo (74.79%), while the lowest parasitisation was found in Samigaluh (60.62%) and
Sentolo (62.24%).
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Figure 3. Number of eggs and percentage of T. remus parasitisation on S. frugiperda eggs in Kulon Progo

This high parasitisation rate indicates that T. remus is capable of parasitising most of the S. frugiperda eggs
found in the field. The high parasitisation rate is influenced, among other things, by the abundance of hosts. The
more S. frugiperda eggs are available, the greater the chance for T. remus to find and parasitise the eggs. This is in line
with the opinion of Junaedi et al. (2016), who stated that the abundant availability of hosts can increase the activity
and parasitisation rate of parasitoids. The abundance of eggs is supported by the behaviour of S. frugiperda, which
lays eggs in large groups, so that the eggs are concentrated in one place and make it easier for parasitoids to find
hosts and lay eggs (Liao et al, 2019).

The egg mass of S. frugiperda has morphological protection in the form of scale-hair and a layered egg
arrangement, which can be an obstacle for egg parasitoids. However, certain egg parasitoids have been reported to
overcome these barriers by cleaning the scales, exploiting gaps between eggs, and shifting the upper layer of eggs so
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that the lower eggs remain accessible (Yang et al., 2019). This ability may support the high egg parasitism found in
this study. Cave (2000) explained that the scale cover and layered egg arrangement in Spodoptera egg masses are
strong barriers to small egg parasitoids such as Trichogramma, so that generally only some eggs (especially the top
layer) can be parasitised. However, T. remus is reported to be more aggressive due to its larger body size, enabling it
to reach eggs deep within the egg mass despite the scales and layers. This aligns with the report by Kenis et al. (2019)
that T. remus can parasitise the entire egg mass, whereas Trichogramma tends to parasitise only the outer layer.

Paratisim Rate of T. remus to S. frugiperda Eggs

The results showed variations in the number of parasitised eggs, the level of parasitism, and the number of T.
remus imagoes that successfully emerged between locations. In general, the number of parasitised eggs ranged from
244 to 484 eggs, with a parasitism rate of 36.17-54.14%, while the emergence of T. remus ranged from 89 to 245
individuals (Table 2).

Table 2. Number of parasitised eggs, parasitism rate and occurrence of T. remus imagoes in Kulonprogo.

Emerging of T. remus imagoes

Sub-districts Parasitized eggs (grain)  Parasitism rates (%) (individual)
Temon 422 38.86 164
Pengasih 409 36.19 148
Wates 376 36.17 136
Girimulyo 359 36.77 132
Lendah 348 42.53 148
Sentolo 244 36.48 89
Samigaluh 351 37.61 132
Panjatan 369 47.15 174
Kokap 447 54.14 242
Galur 428 45.09 193
Kalibawang 484 50.62 245
Nanggulan 443 39.39 117

Based on previous research, T. remus was able to parasitise S. frugiperda eggs at a relatively high rate in Kulon
Progo. However, when viewed from the success of development to the imago stage, Table 2 shows that the parasitism
rate was only in the range of 36.17-54.14%, meaning that not all parasitised eggs successfully produced adult T.
remus. This failure may occur because the development of parasitoids is influenced by the age of the host eggs.
Telenomus remus is known to prefer and be more successful with young eggs (1-2 days old), while older eggs are less
suitable, so that many remain parasitised but their emergence success rate decreases (Pefiaflor et al., 2012).

The age of S. frugiperda eggs can be estimated descriptively based on colour changes. Young eggs usually
appear whitish green, while older eggs that are close to hatching tend to turn greyish brown (Karlina et al., 2022).
Based on observations, the large number of dark brown eggs indicates that some of the eggs found are likely to be
in an advanced stage of development (close to hatching). This condition can reduce the chances of T. remus
successfully developing into imagoes even if oviposition occurs, thereby lowering the parasitism rate. Another
influential factor is superparasitism (the host egg receives more than one parasitoid egg), for example when the
parasitoid density is high or the eggs are exposed for too long. This situation can cause competition between larvae
inside the egg, so that some fail to develop and do not emerge as imagoes (Lii et al., 2024).

In addition to these biological factors, exposure to pesticides has the potential to widen the gap between
parasitism and parasitism. Pesticides not only affect parasitism, but can also reduce parasitism through death or
decreased activity of imagoes when searching for hosts. The more imagoes exposed to pesticides, the more imagoes
will die. This can reduce the level of parasitism of parasitoids on their hosts. However, under certain conditions,
pesticides do not always immediately stop the activity of T. remus. For example, T. remus may have already
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oviposited before spraying, or the adults may only have been lightly exposed so that they are still able to search for
hosts. In such situations, parasitism can still occur and appear to remain high. However, pesticide residues adhering
to leaves or egg masses can interfere with the development of T. remus in the immature stage inside the host egg,
resulting in lower parasitism rates (Carmo et al., 2010).

The parasitism and parasitisation rates were then tested using a correlation test to determine whether there
was a relationship between the parasitism rate and the parasitisation rate of T. remus on S. frugiperda eggs. The results
of the correlation test showed that the relationship between the level of parasitism and the level of parasitism of T.
remus on S. frugiperda eggs obtained a p value > 0.05, so it can be concluded that the two variables are not correlated
(Table 3).

Table 3. Correlation between parasitisation rate and parasitism rates of T. remus to S. frugiperda eggs

Parasitization Parasitisme (Parasitism)
Correlation coefficien 1.000 -.028
Parasitasi (Parasitization) Sig. (2-tailed) 931
N 12 12
Parasitisme Correlation coefficien -.028 1.000
(Parasitism) Sig. (2-tailed) 931
N 12 12

The results of this study confirm that the success of T. remus in parasitising host eggs does not directly
determine the success of the parasitoid in developing into an adult imago (Lii et al., 2024). Thus, the success of
becoming an adult is more influenced by post-oviposition factors, particularly the age or quality of the host egg when
parasitised (Penaflor et al., 2012) and the internal condition of the egg, which determines the adequacy of nutrients
for the development of the parasitoid larva (Ulva et al., 2023). In addition, pesticide exposure in the field also has the
potential to reduce emergence success because it can inhibit the development of the immature phase within the egg,
even though oviposition has already occurred (Silva et al., 2016).

Sex ratio of T. remus from S. frugiperda Eggs
Based on Table 4, the T. remus population across all subdistricts shows a predominance of females. The
male:female sex ratio varies between subdistricts, ranging from 1:2 in Samigaluh Subdistrict to 1:48 in Pengasih
Subdistrict.
Table 4. Number of male and female imagoes and the sex ratio of Telenomus remus

Sub-districts Male (individual) Female (individual) Sex ratio
Temon 17 147 1:9
Pengasih 3 145 1:48
Wates 13 123 1:9
Girimulyo 20 112 1:6
Lendah 21 127 1:6
Sentolo 6 83 1:14
Samigaluh 45 87 1:2
Panjatan 21 153 1:7
Kokap 45 197 1:4
Galur 13 180 1:14
Kalibawang 55 190 1:3
Nanggulan 12 105 1:9

This female-biased sex ratio pattern is consistent with the biological characteristics of egg parasitoids of the
order Hymenoptera, as reported in various studies on T. remus and other egg parasitoids (Waage & Hassell, 1982;
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Hardy, 2002). Ustriyana et al. (2025) also reported female dominance in T. remus populations parasiting S. frugiperda
eggs with a male:female ratio of 1:3, while Sari et al. (2020) showed that the proportion of T. remus females developing
from S. frugiperda eggs in the laboratory always exceeded 50%. The similarity of these patterns indicates that the
female-biased sex ratio is a relatively stable biological trait in T. remus.

The female dominance obtained in this study is related to the sex allocation strategy of T. remus towards host
quality. The high proportion of females that emerged in most subdistricts indicates that the parasitised S. frugiperda
eggs were of sufficient quality to support the development of female individuals. According to the sex allocation
theory, parasitoid parents tend to allocate female offspring to hosts with higher nutritional quality, while male eggs
are more tolerant of hosts with lower quality (Hardy, 2002). This condition is in line with the results of research by
Sari et al. (2020), which states that S. frugiperda eggs are suitable hosts for the development of T. remus, especially in
female, thus enabling the formation of a sex ratio biased towards females as observed in this study.

The correlation between the level of parasitisation, the level of parasitism, and the sex ratio of T. remus to S.
frugiperda eggs shows that there is no significant relationship between the three variables. The results of the
correlation test between the level of parasitism, the level of parasitism, and the sex ratio of T. remus to S. frugiperda
eggs are presented in Table 5.

Table 5. Correlation between parasitisation rates, parasitism rates, and sex ratio T. remus to S. frugiperda eggs

Parasitisation .. .
Parasitism rates Sex ratio
rates
Correlation coefficien .147 -476 1.000
Sex Ratio Sig. (2-tailed) .649 118 .
N 12 12 12

The correlation between parasitisation rates and sex ratio was also insignificant (r = 0.147; p = 0.649).
Meanwhile, the relationship between parasitism levels and sex ratio showed a moderate negative correlation
coefficient (r = —0.476), but was statistically insignificant (p = 0.118). The dominance of female individuals in the T.
remus population found in this study indicates that S. frugiperda eggs in the field generally have sufficient quality to
support the development of female offspring. However, when the relationship between sex ratio was further
analysed together with parasitisation rates and parasitism rates, the correlation test results showed that the three
parameters were not significantly correlated with each other.

The absence of a significant relationship between the parasitism rate and sex ratio indicates that the ratio of
males to females in T. remus is more influenced by the quality of the host eggs than by the number of parasitised
eggs. In egg parasitoids, parasitoid parents tend to produce female offspring in hosts of better quality, while lower-
quality hosts more often produce males (Hardy, 2002). The absence of a significant relationship between parasitism
levels and sex ratio indicates that the success of T. remus in developing to the adult stage does not directly determine
the ratio of males to females that emerge. In other words, even though a number of host eggs successfully produce
adult parasitoids, this condition is not always followed by a change in sex ratio.

CONCLUSION

Telenomus remus showed a high level of parasitisation rates of S. frugiperda eggs in Kulon Progo Regency, with
moderate parasitism levels and a sex ratio dominated by females. Correlation test results showed that the level of
parasitism, parasitism rate, and sex ratio were not significantly correlated with each other. These findings indicate
that the success of parasitoid development is more influenced by the quality of host eggs than by the number of
parasitised eggs.
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