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ABSTRACT 
 

Helopeltis theivora is a significant pest of tea, causing economic losses through direct feeding damage 

to tender shoots in various tea-growing regions of Asia, including Malaysia. Understanding the 

population dynamics of this pest through life table analysis and demographic parameters is essential for 

identifying critical stages in its life cycle that influence population growth. Therefore, this study aimed 

to construct life tables and demographic parameters to assess the population dynamics of H. theivora on 

tea shoots. The experiment was conducted under controlled laboratory conditions at a temperature of 25 

± 1°C, a relative humidity of 70 ± 5%, and a 12:12 h light-dark photoperiod, using three cohorts of H. 

theivora, each consisting of 103, 105, and 113 one-day-old eggs. Observations were recorded daily on 

survival, mortality, and fecundity for each cohort to construct age-specific life tables and determine key 

demographic parameters. The life table analysis revealed that H. theivora exhibited a Type III 

survivorship curve, characterized by high mortality during the early developmental stages. The first 

instar nymphs experienced the highest mortality rate (22.47%), corresponding to a K-value of 0.111, 

indicating that this stage is crucial for managing the H. theivora population. Life expectancy (ex) for H. 

theivora decreased gradually as the individuals grew and developed. Overall, 40.81% of individuals 

reached adulthood, with a female-biased sex ratio of 1.0:0.92 (female to male). Female emergence 

began on day 23, while the last female died on day 69. Oviposition commenced on day 27 and continued 

until day 65, with a peak in egg-laying observed between days 34 and 45, accounting for 58.32% of the 

total egg production. On average, a female lived for 38.60 ± 1.60 days and laid approximately 

160.47 ± 16.33 eggs during her lifetime. Demographic analysis revealed a high reproductive potential, 
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1 Introduction  

Helopeltis theivora Waterhouse (Hemiptera: Miridae), 

commonly known as the tea mosquito bug, is a polyphagous 

insect pest that causes significant economic losses in both yield 

and quality in tea-growing regions of tropical and subtropical 

Asia, including Malaysia (Bharathi et al. 2024; Naskar et al. 

2025). The adults and nymphs of this pest feed by sucking cell 

sap from young leaves, tender stems, and buds, which are critical 

for tea production (Borthakur and Bora 2023; Yao et al. 2025). 

Infested shoots develop numerous sucking spots, causing them to 

curl, dry out, and turn black. In severe cases of infestation, the 

bushes may cease to produce new shoots, and affected areas can 

remain without new growth for weeks (Yao et al. 2025). Crop 

loss due to this pest can range from 10% to 50%, with the risk of 

total crop loss if timely and effective management strategies are 

not implemented (Borthakur and Bora 2023; Das et al. 2024). 

Tea is one of H. theivora's preferred host plants; however, this 

pest is also known to damage various economically important 

plants, including coffee, cocoa, cashew, acacia, pepper, and 

camphor. Additionally, it can complete its life cycle on various 

weed species that serve as alternative hosts (Bharathi et al. 2024; 

Yao et al. 2025). 

Life tables are valuable resources for studying the growth, 

survival, and reproductive behaviours of insect species (Zhang et 

al. 2023; Liu et al. 2025). While life tables and demographics are 

related, they are not identical. Demographic studies focus on the 

quantitative aspects of populations, specifically the relationships 

between population growth, resilience, and mobility (Zhai et al. 

2025). Therefore, life tables and demographic parameters are 

critical for identifying the leading causes of high mortality rates in 

populations (Chen et al. 2025; Zhai et al. 2025). Moreover, these 

parameters are vital for developing ecological pest management 

strategies by integrating various biological factors such as 

development, survival, and fecundity to assess their collective 

impact on population growth (Ribeiro et al. 2022; Pelli et al. 2023; 

Chen et al. 2025). Ecologists typically use two forms of life tables: 

age-specific and time-specific. The age-specific, or horizontal, life 

table tracks a real cohort of individuals of the same age from birth 

to death. In contrast, the time-specific, or vertical, life table 

involves periodic sampling of a population under the assumption 

of a stable age structure, with vital rates inferred using 

mathematical models (Gómez 2023). 

Despite the economic significance of H. theivora as a major pest in 

Malaysian tea production, comprehensive life table studies on this 

species remain limited. In contrast, life table analyses of Helopeltis 

species have been conducted on various host plants in other 

countries (Izzati et al. 2023; Jakkoksung et al. 2023; Zhai et al. 

2025), providing valuable demographic insights that have directly 

informed pest control strategies. Consequently, the absence of life 

table data for H. theivora in Malaysian tea plantations represents a 

significant research gap. This study aims to develop a life table and 

analyze the demographic parameters of H. theivora. The findings 

will help bridge existing knowledge gaps and contribute to 

improved pest management practices for H. theivora in the tea 

ecosystem. 

2 Materials and Methods 

2.1 Construction of life table 

The life table was created by adapting and modifying procedures 

from Izzati et al. (2023) and Liu et al. (2025) based on survivorship 

and fecundity studies from three cohorts. A cohort refers to 

individuals of the same species that are born or hatched during the 

same period and are subsequently observed throughout their entire 

lifespan (Jayanth et al. 2025; Liu et al. 2025). This cohort serves as 

a standardized unit for demographic analysis, enabling precise 

estimation of vital population parameters. The cohort method is 

particularly valuable for species with discrete generations and is 

widely utilized in entomological studies to inform population 

modeling and pest management strategies (Gomez 2023; Pelli et al. 

2023). The experiments were conducted in the Insectary of the 

Department of Plant Protection, Faculty of Agriculture, Universiti 

Putra Malaysia, under conditions of 25°C ± 1°C temperature and 

70% ± 5% relative humidity, with a 12:12-hour photoperiod from 

June to October 2020. 

2.1.1 Survivorship study 

Three cohorts of one-day-old eggs, comprising 103, 105, and 113 

eggs, were used to investigate the survivorship of H. theivora from 

egg to adult. The eggs were sourced from a stock culture maintained 

in the insectary. Tea shoots bearing the eggs were placed into water-

filled glass vials (28 ml), with approximately 10-15 eggs per rearing 

cage, measuring 29 x 19 x 18 cm. Each cage was properly labeled 

with the date of the first-day egg, cohort number, and the total 

number of eggs. Once the first instar nymphs emerged, they were 

with a net reproductive rate (R0) of 29.56 female offspring per female per generation, a mean 

generation time (Tc) of 38.68 days, an intrinsic rate of natural increase (rm) of 0.09 offspring per 

female per day, a finite rate of increase (λ) of 1.09 female offspring per female per day, and a 

population doubling time (DT) of 7.92 days. The results of this study indicate that management 

strategies should be implemented during the early nymphal stages, particularly during the first 

instar, to suppress the H. theivora population effectively. 
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provided with fresh tea shoots. The tea shoots were replaced daily 

throughout the observation period, and the nymphs were fed until 

they matured into adults. The survival and mortality rates of eggs, 

nymphs, and adults were monitored and recorded daily. Observations 

and counts were conducted using a magnifying glass for the eggs and 

all nymphal stages. For adults, the observation process was done 

with the naked eye, as their size is easily visible. 

2.1.2 Fecundity study and adult longevity 

The fecundity study involved fifteen pairs of one-day-old adult H. 

theivora, with each cohort consisting of five pairs. Each pair of 

adult males and females was housed in a cage measuring 30 x 30 x 

44 cm, which contained tea shoots placed in a glass vial filled with 

water, serving as both oviposition sites and food for the adults. The 

shoots with eggs were collected daily and counted using a 

magnifying glass. Fresh tea shoots were provided every day as 

oviposition sites for the female H. theivora. The eggs deposited by 

each female were counted and recorded daily until the individual 

died. The study documented the adult longevity of both males and 

females, as well as the pre-oviposition, oviposition, fecundity, and 

post-oviposition durations for the females of H. theivora. 

2.2 Data analysis 

Three cohorts (three replications) were utilized to record the 

survival and mortality rates of eggs, nymphs, and adults of H. 

theivora. Additionally, the following parameters were assessed for 

five pairs (five replications) from each cohort: adult longevity, pre-

oviposition period, oviposition period, fecundity, and post-

oviposition period. A paired t-test was conducted using SAS 

version 9.4 to compare adult longevity between males and females. 

Table 1 Formula and definition of different demographic and life table parameters 

Parameter Definition Formula Reference 

x The age interval is measured in days or developmental stages.  Roseli et al. (2019) 

lx 
The percentage of individuals alive at the start of a given age interval 

is denoted by the fraction of individuals still alive during that interval 
 Chen et al. (2024) 

Lx The mean number of individuals alive between age x and x+1 (lx + lx+1)/2 Mohamed et al. (2019) 

dx The total number of dead individuals in a specific age interval x  Mohamed et al. (2019) 

100qx The percentage of apparent mortality (dx/lx)100 Roseli et al. (2019) 

Sx The rate of survival in a specific developmental stage  Chen et al. (2024) 

Tx The total number of individuals that are still alive at age x and beyond Lx + Lx+1…Lx+n Izzati et al. (2023) 

ex Individuals life expectancy of at age x Tx/lx Izzati et al. (2023) 

mx The average number of female eggs laid per female at age x  Izzati et al. (2023) 

Ro Net reproductive rate ∑lxmx Chen et al. (2024) 

Tc 
Mean generation time in days- the time between the birth of an 

individual and the birth of its offspring 
∑xlxmx/∑lxmx Chen et al. (2024) 

rm The intrinsic rate of natural increase lnRo/Tc Chen et al. (2024) 

λ 
Finite rate of increase, the number of female offspring per female per 

day 
erm Chen et al. (2024) 

DT 
The population doubling time is the time it takes for a population to 

double in size 
ln2/rm  Ribeiro et al. (2022) 

GRR 
The gross reproduction rate, representing the theoretical natality rate of 

a female organism over its lifespan 
∑mx Izzati et al. (2023) 

Pre-oviposition 

period 
The time from the final molt to the first egg-laying  Roseli et al. (2019) 

Oviposition period Duration from the first reproduction to the last reproduction.  Mohamed et al. (2019) 

Post-oviposition 

period 
The time from the final reproductive event to the individual's death.  Roseli et al. (2019) 

Fecundity Total number of eggs laid by females during their lifetime.  Mohamed et al. (2019) 

Daily reproduction The average daily production of eggs over a female's lifetime  Roseli et al. (2019) 

Female longevity The lifespan of a female  Mohamed et al. (2019) 

Male longevity The lifespan of a male  Mohamed et al. (2019) 
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The other parameters, including pre-oviposition, oviposition, post-

oviposition periods, and fecundity, were analyzed to calculate the 

arithmetic mean and standard error (SE). Daily survival, mortality, 

and fecundity data from each cohort were collected to determine 

the life table parameters and population age structures. Data 

analysis was performed using Microsoft Excel 2019. The symbols, 

formulas, and definitions used for the life table parameters and 

other calculations are summarized in Table 1, which serves as a 

reference for interpreting the results. 

3 Results 

3.1 Age-specific survival life table for H. theivora 

Figure 1 illustrates the survivorship pattern of H. theivora across 

three separate cohorts reared on tea shoots. The results revealed 

consistent trends in developmental success and stage-specific 

mortality for this insect. The survivorship curve (lx) showed a steep 

decline during the early life stages, followed by a more gradual 

reduction as the individuals aged. This pattern indicates a Type III 

survivorship, characterized by high early-stage mortality, with 

survival probabilities stabilizing for those individuals that progress 

beyond the initial vulnerable stages. Egg hatchability was high 

across all cohorts, ranging from 80.95% to 85.84%, with first-instar 

nymphs emerging on day 8 in all groups. Adult emergence rates 

varied among cohorts, with 35.24% to 45.13% of individuals 

reaching adulthood, and sex ratios ranging from 1:0.85 to 1:0.96 

(female: male). The first instar consistently exhibited the highest 

mortality rate across all cohorts, ranging from 17.65% to 27.06%, 

followed by the egg and second instar stages. Mortality progressively 

decreased in the later instars, with the fifth instar exhibiting the 

lowest mortality rates, ranging from 5.13% to 8.51%. Adult female 

emergence began between days 23 and 24, with the last recorded 

adult female death occurring between days 60 and 69. 

 
Figure 1 Survival curves for three cohorts of H. theivora cultured on tea shoots. 

 

Table 2 Stage-specific pooled life table of H. theivora 

Growth Stage (x) lx Lx dx 100qx Sx Tx ex K-value 

Egg 321 294.00 54 16.82 83.18 1228.50 4.179 0.080 

Nymph 
        

1st instar 267 237.00 60 22.47 77.53 934.50 3.943 0.111 

2nd instar 207 189.00 36 17.39 82.61 697.50 3.690 0.083 

3rd instar 171 161.50 19 11.11 88.89 508.50 3.149 0.051 

4th instar 152 146.00 12 7.89 92.11 347.00 2.377 0.036 

5th instar 140 135.50 9 6.43 93.57 201.00 1.483 0.029 

Adult 131 65.50 
      

Adult sex ratio (Female: Male) = 1.0:0.92 
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Table 2 presents pooled data from a life table study of H. theivora, 

focusing on three cohorts reared on tea shoots. Out of 267 eggs 

hatched, there was a progressive reduction in survival rates through 

various developmental stages. Ultimately, 40.81% of the individuals 

reached the adult stage, comprising 63 males and 68 females, 

resulting in an average sex ratio of 1.0:0.92 (Female: Male). The first 

instar nymph exhibited the highest stage-specific mortality at 

22.47%, along with the largest K-value of 0.111, indicating it is the 

most vulnerable stage. This was followed by the second instar, with a 

mortality rate of 17.39% (K = 0.083), and the egg stage, at 16.82% 

(K = 0.080). Subsequent stages showed lower mortality rates and 

corresponding K-values. Notably, the fifth instar had the lowest 

mortality rate at 6.43% (K = 0.029). These findings emphasize the 

first instar as the most critical stage affecting population dynamics, 

making it a key target for pest management interventions. 

3.2 Age-specific fecundity table for H. theivora 

Figure 2 illustrates the age-specific survival (lₓ) and fecundity (mₓ) 

patterns of H. theivora plotted against age in days. The lₓ curve 

shows a gradual decline over time, reaching nearly zero by day 67. 

The mₓ curve begins on day 27 and continues until day 65, 

indicating the reproductive activity of adult females. Female 

emergence initially occurred on day 23, with the last recorded 

mortality on day 69. Oviposition began on day 27, just four days 

after females started emerging, and continued until day 65. The 

peak egg-laying activity was observed between days 34 and 45, 

accounting for 58.32% of the total fecundity. In contrast, the 

lowest oviposition rate (2.88%) was recorded between days 60 and 

66. These findings suggest that females exhibit a concentrated 

reproductive effort early in the oviposition period, followed by a 

gradual decline in fecundity as they age. 

Table 3 presents key demographic parameters that quantify the 

population growth potential of H. theivora. The gross reproduction 

rate (GRR) is estimated to be 82.05 offspring per female per 

generation, indicating a high reproductive potential. The net 

reproduction rate (R₀) is 29.56 female offspring per female per 

generation, reflecting a substantial potential for population 

increase. The mean generation time (Tₑ) is calculated to be 38.68 

days, representing the average interval between generations. The 

intrinsic rate of natural increase (rₘ) is 0.09 offspring per female 

 
Figure 2 Daily age-specific survival (lx) and fecundity (mx) of female H. theivora 

 

Table 3 Population growth parameters of H. theivora 

Parameter Values 

Gross reproduction rate (GRR) (offspring per female per generation) 82.05 

Net reproduction rate (Ro) (female offspring per female per generation) 29.56 

Mean generation time (Tc) (days) 38.68 

The intrinsic rate of natural increase (rm) (offspring per female per day) 0.09 

Finite rate of increase (λ) (female offspring/female/day) 1.09 

Doubling time (DT) (days) 7.92 
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per day, signifying positive population growth (rₘ > 0) under ideal 

conditions. Correspondingly, the finite rate of increase (λ) is 1.09 

female offspring per female per day, indicating the growth factor 

per unit of time. The doubling time (DT) is calculated to be 7.92 

days, meaning the population could double in size in just over a 

week under suitable conditions. These demographic parameters 

collectively highlight the high reproductive potential and rapid 

population growth of H. theivora when environmental conditions 

are favorable. 

3.3 Fecundity, adult longevity, pre-oviposition period, and 

oviposition period of H. theivora 

Table 4 presents a detailed analysis of the reproductive 

characteristics and longevity of H. theivora under controlled 

laboratory conditions. The pre-oviposition period was recorded at 

an average of 4.40 ± 0.21 days, indicating a relatively short phase 

preceding reproductive activity. The oviposition period, on the 

other hand, was significantly longer, averaging 29.87 ± 1.16 days, 

which suggests that females remained reproductively active for a 

considerable duration. The post-oviposition period was brief, with 

a mean duration of 3.60 ± 0.13 days, marking the final stage of the 

female life cycle when egg-laying ceases. Longevity analysis 

showed a significant difference (T = 4.37; df = 14; P < 0.05) 

between the sexes. Females had a longer lifespan, averaging 38.60 

± 1.60 days, compared to males, who lived an average of 30.33 ± 

1.18 days. This difference suggests that females have the potential 

for extended reproductive activity. Additionally, the mean daily 

oviposition rate was recorded at 5.31 ± 0.42 eggs per female, 

resulting in an overall fecundity of 160.47 ± 16.33 eggs per female 

throughout the reproductive period. 

4 Discussion 

In this study, higher mortality rates were observed during the early 

developmental stages of H. theivora, which gradually declined in 

later stages until all individuals eventually died. Analysis of the 

survivorship curves for the three cohorts indicates that H. theivora 

exhibits a Type III survivorship pattern. This finding aligns with 

the classification proposed by Campbell et al. (2025) and Izzati et 

al. (2023), who noted that a Type III survivorship curve typically 

indicates a higher mortality rate during the early stages of an 

insect's life cycle. Similar survivorship patterns have been 

documented in previous life table studies of H. theivora on tea 

(Roy et al., 2015) and swamp weed (Srikumar et al., 2016), which 

supports the current findings. 

The sex ratio is a crucial biological parameter for assessing 

population growth rates, and the present study revealed a female-

biased trend. A predominance of females enhances reproductive 

output and accelerates population growth (Simanjuntak et al. 2022; 

Izzati et al. 2023). The estimated stable age distribution (Lx) 

values for different growth stages of H. theivora in this study are 

comparable to those reported by Simanjuntak et al. (2022), who 

provided Lx values for H. bradyi across various life stages: eggs, 

1st, 2nd, 3rd, 4th, 5th instar nymphs, and adults were 283.0, 230.5, 

185.0, 154.5, 126.0, 112.0, and 55.0, respectively. In this 

investigation, life expectancy (ex) values decreased as the age of 

individuals increased. This trend is consistent with the findings of 

Campbell et al. (2025) and Izzati et al. (2023), who noted that ex 

values progressively declined with age in laboratory experiments 

under non-stress conditions. 

In the present study, the first instar nymph of H. theivora recorded 

the highest K-value, indicating their critical role in population 

regulation. The high mortality observed at this stage may be 

attributed to physiological vulnerabilities and developmental 

instability common to early nymphal instars (Simanjuntak et al. 

2022; Izzati et al. 2023). Additionally, the daily handling and 

counting required for survival assessments may have caused 

mechanical injury and stress, further increasing mortality rates 

during this stage (Simanjuntak et al. 2022). Inadequate laboratory 

ventilation, which hinders gas and heat exchange, may also 

contribute to the high mortality rates in the early instar stages 

(Mohamed et al. 2019). Conversely, the fifth instar nymph 

exhibited the lowest K-value, likely due to its larger size and 

superior physical and physiological capabilities compared to 

Table 4 Adult longevity, oviposition period, and fecundity of H. theivora 

Parameter Mean ± SE 

Pre-oviposition period (days) 4.40 ± 0.21 

Oviposition period (days) 29.87 ± 1.16 

Post-oviposition period (days) 3.60 ± 0.13 

Male longevity (days) 30.33 ± 1.18b 

Female longevity (days) 38.60 ± 1.60a 

Daily eggs (eggs/female/day) 5.31 ± 0.42 

Fecundity (eggs/female) 160.47 ± 16.33 

Means with the same letters are not significantly different at P>0.05 
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earlier instars. Roseli et al. (2019) reported that advanced instars 

possess better adaptive abilities. Furthermore, Laveaga et al. 

(2023) observed reduced mortality in later instars of the spotted 

lanternfly (Hemiptera: Fulgoridae), supporting the observed 

pattern in H. theivora. Thus, the results suggest that the first instar 

nymph is the optimal stage for effectively managing the H. 

theivora population. 

The present study found that female insects exhibited a distinct 

oviposition pattern, with most eggs laid during the early 

oviposition period and a notable decline in fecundity in later 

stages. This pattern aligns with the findings of Bharathi et al. 

(2024) and Serrana et al. (2022), who noted that increased egg-

laying during the early adult phase promotes rapid population 

expansion. In contrast, the reduction in fecundity during the 

senescent stage may help maintain population stability under 

suboptimal environmental conditions. 

The demographic parameters reported in this study are consistent 

with those identified by Izzati et al. (2023) for H. bradyi, where the 

gross reproductive rate (GRR) was 88.0 offspring per female per 

generation, the net reproductive rate (R0) was 19.70 female 

offspring per female per generation, the intrinsic rate of increase 

(rm) was 0.02 offspring per female per day, the generation time 

(Tc) was 39.50 days, and the doubling time (DT) was 40.49 days. 

In contrast, the current study observed a higher rm value of 0.09, 

indicating a greater potential for population increase under 

favorable conditions. This finding supports the work of Roseli et 

al. (2019), who emphasized that higher rm values are indicative of 

faster population growth. The Tc value of 38.68 days found in this 

study closely corresponds to that of Izzati et al. (2023), which 

reported a value of 39.50 days. A shorter Tc value facilitates 

earlier reproduction, thereby accelerating population build-up 

(Simanjuntak et al. 2022). 

Additionally, the low DT value of 7.92 days calculated for H. 

theivora in this study suggests a rapid population doubling time, 

which enhances the GRR and R0 values, contributing to overall 

population growth. The rm value is influenced by multiple factors, 

including generation time, fecundity, and survival rates 

(Simanjuntak et al. 2022; Izzati et al. 2023). Therefore, the 

observed variation in demographic parameters between this study 

and previous research may be attributed to differences in 

reproductive characteristics among populations. 

The durations of pre-oviposition, oviposition, and post-oviposition 

for H. theivora recorded in this study agree with the findings of 

Roy et al. (2015), who reported that the pre-oviposition duration 

ranges from 2 to 5 days, while the oviposition duration varies from 

24 to 36.8 days. The post-oviposition period in the current study 

was slightly lower than that reported by Srikumar and Bhat (2013) 

for H. antonii on Singapore cherry (4.38 ± 1.51 days, with a range 

of 3-7 days) but higher than that documented by Simanjuntak et al. 

(2022) for H. bradyi on cucumber (2.55 ± 0.80 days). These 

differences may be attributed to interspecific variation, differences 

in host plants, and variations in laboratory-rearing conditions.  

In terms of adult longevity, female H. theivora exhibited 

significantly longer lifespans than males, corroborating the 

findings of Antony et al. (2018) in tea and Thube et al. (2019) in 

cocoa, where female-biased longevity was similarly documented. 

The fecundity data collected in this investigation are comparable to 

those of Roy et al. (2015), who recorded approximately 220 eggs 

per female, with a daily oviposition rate ranging from 4 to 10 eggs. 

Previous research has established that the reproductive parameters 

of herbivorous insects, such as female longevity, pre-oviposition, 

fecundity, and post-oviposition periods, are influenced by 

environmental factors, including temperature, relative humidity, 

and host plant availability (Susanto et al. 2024). 

Conclusion 

The study revealed that the population of H. theivora follows a Type 

III survivorship curve, characterized by significant mortality during 

the early life stages and comparatively lower mortality in later 

stages. Among all life stages, the first instar nymph exhibited the 

highest K-value, marking it as a critical stage for mortality and 

population regulation in H. theivora. Female oviposition activity was 

particularly pronounced during the early reproductive period, 

contributing to a rapid increase in population size. The demographic 

parameters further confirmed the species' high reproductive 

potential, with a rapid population growth rate indicated by an rₘ of 

0.09 offspring per female per day, an R₀ of 29.56 female offspring 

per female per generation, and a generation time (DT) of 7.92 days. 

These findings highlight the necessity of implementing control 

strategies that focus on the early nymphal instars, especially the first 

instar, to effectively manage the population growth of H. theivora in 

tea plantations. Future research should investigate the effects of 

abiotic factors, such as temperature fluctuations, and biotic factors, 

including natural enemies, on H. theivora demography to refine 

predictive models and enhance pest control measures. 
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