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Abstract of the thesis presented to the Senate of Universiti Putra Malaysia in fulfillment 
of the requirement for the Degree of Doctor of Philosophy 

BIOECOLOGY OF RICE LEAFFOLDER, Cnaphalocrocis medinalis Guenee 
(LEPIDOPTERA: PYRALIDAE) 

By

MARINA BINTI ROSELI 

July 2019 

Chairman : Associate Professor Nur Azura binti Adam, PhD 
Faculty : Agriculture 

Rice leaffolder, Cnaphalocrocis medinalis Guenee is amongst the most destructive 
pests for rice causing significant damage of rice yield in many Asian countries 
including Malaysia. However, the information on biology and ecology on this pest in 
Malaysia is still lacking. Therefore, this study was conducted to i) determine the major 
lepidopteran rice pest and its associated parasitoids, ii) investigate population 
fluctuation of C. medinalis, iii) determine the life cycle of C. medinalis, and iv) 
construct life table and demographic parameters of C. medinalis. The distribution and 
abundance of lepidopteran rice pests and associated parasitoids were studied at four 
rice stages (30, 45, 60 and 75 days after sowing, DAS) in four locations namely Beseri 
(Perlis), Parit Buntar (Perak), Semanggol (Perak) and Tanjung Karang (Selangor). 
Population fluctuation of C. medinalis was studied in weekly interval during two 
consecutive seasons (main and off season) by picking the larvae from 10 hills which 
randomly selected in each three plots. Life cycle of C. medinalis was studied for 
determination of larval instar as well as the life table of C. medinalis. Results showed 
that C. medinalis was the most dominant species (88.00 ± 8.92 larvae) in all sampling 
locations. Its associated parasitoids were identified as Apanteles cypris, Apanteles sp., 
Bracon sp., Macrocentrus philippinensis and Argyrophylax cinerella. There was no 
significant difference in abundance of C. medinalis between main and off season. The 
population trend was similar in both seasons as the population was low at the beginning 
of season (vegetative phase) and gradually increase until the peak during reproductive 
phase. This is due to the morphology of rice plant during reproductive phase offers
great suitability for larvae feeding. All three abiotic factors namely relative humidity, 
temperature and rainfall have contributed to the changes in population of C. medinalis
with relative humidity contributed more than others. The factors greatly influence the 
insect population directly by limiting or expanding their distribution, growth, 
reproduction, diapause and dispersal. Cnaphalocrocis medinalis undergoes five larval 
instars with developmental period for egg, larva, prepupa and pupa ranged from 3-5, 
17-26, 1-2 and 6-12 days, respectively. Age-specific survival (lx) indicated that 32.26% 
of C. medinalis eggs has successfully reached adult stage with average sex ratio of 
0.96:1.00 (Female: Male). The highest mortality was recorded in first instar larvae 
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(22.58%) with K-value of 0.125 and can be concluded as the key factor in regulating C. 
medinalis population. The pattern of survivorship curve falls into type III. Age-specific 
fecundity (mx) shows the earliest egg laying was on day 30 and the last female died on 
day 43. The female laid on average 104.33 ± 5.43 eggs. The intrinsic rate of natural 
increase (rm) was 0.08, net reproduction rate (Ro) of 14.48 and doubling time of 8.19 
days. It shows that the population has built up in short time period. In conclusion, the 
rice leaffolder, Cnaphalocrocis medinalis was the major lepidopteran rice pests in 
Malaysian rice fields. The knowledge gained on the population fluctuation, natural 
enemies, life cycle and life table will facilitate farmers into better management on this 
lepidopteran rice pests.
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 
memenuhi keperluan untuk Ijazah Doktor Falsafah 

BIOEKOLOGI PELIPAT DAUN PADI, Cnaphalocrocis medinalis Guenee 
(LEPIDOPTERA: PYRALIDAE) 

Oleh 

MARINA BINTI ROSELI 

Julai 2019 

Pengerusi : Profesor Madya Nur Azura binti Adam, PhD 
Fakulti : Pertanian 

Pelipat daun padi, Cnaphalocrocis medinalis Guenee merupakan antara perosak yang 
paling menyebabkan kerosakan besar terhadap tanaman padi yang menyebabkan 
kehilangan hasil padi yang signifikan di kebanyakan negara Asia termasuk Malaysia. 
Walau bagaimanapun, maklumat biologi dan ekologi serangga perosak ini masih 
kurang. Oleh itu, kajian ini dijalankan bertujuan untuk i) menentukan perosak padi 
Lepidoptera utama dan parasitoid, ii) menyiasat turun naik populasi C. medinalis, iii) 
menentukan kitar hidup C. medinalis, dan iv) membina jadual hayat dan parameter 
demografi C. medinalis. Taburan dan kelimpahan species C. medinalis dan 
parasitoidnya dikaji pada empat peringkat umur padi (30, 45, 60 dan 75 hari lepas 
tabur, HLT) di empat lokasi iaitu Beseri (Perlis), Parit Buntar (Perak), Semanggol 
(Perak) and Tanjung Karang (Selangor). Kajian turun naik populasi C. medinalis telah 
dijalankan secara mingguan dalam dua musim berturutan (musim utama dan luar 
musim) dengan mengutip larva dari 10 rumpun padi yang dipilih secara rawak dalam 
setiap tiga plot. Kitar hidup C. medinalis telah dikaji untuk penentuan instar larva 
begitu juga dengan jadual hayat C. medinalis. Hasil menunjukkan bahawa C. medinalis
merupakan species paling dominan (88.00 ± 8.92 larva) di semua lokasi kajian. 
Parasitoidnya telah dicamkan sebagai Apanteles cypris, Apanteles sp., Bracon sp., 
Macrocentrus philippinensis dan Argyrophylax cinerella. Tidak terdapat perbezaan
yang signifikan dalam kelimpahan C. medinalis di antara musim utama dan luar 
musim. Aliran populasi C. medinalis dalam dua musim tersebut sama iaitu populasi 
rendah pada awal musim (fasa vegetatif) dan meningkat secara berkala hingga ke 
puncak semasa fasa reproduktif. Hal ini disebabkan oleh morfologi pokok padi semasa 
fasa reproduktif memberi kesesuaian terhadap pemakanan larva. Ketiga-tiga faktor 
abiotik iaitu kelembapan relatif, suhu dan hujan menyumbang kepada perubahan 
populasi C. medinalis dengan kelembapan relatif menyumbangkan lebih banyak 
berbanding faktor lain. Faktor-faktor tersebut sangat mempengaruhi populasi serangga 
secara langsung dengan menghadkan atau mengembangkan taburan, pertumbuhan, 
pembiakan, diapaus dan penyebaran. Cnaphalocrocis medinalis mengalami lima 
peringkat instar larva dengan julat tempoh perkembangan untuk telur, larva, prepupa 
dan pupa masing-masing adalah 3-5, 17-26, 1-2 dan 6-12 hari. Kemandirian spesifik 
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umur (lx) menunjukkan bahawa 32.26% telur C. medinalis berjaya mencapai tahap 
dewasa dengan purata nisbah jantina 0.96:1.00 (Betina: Jantan). Kematian tertinggi 
direkodkan pada instar larva pertama (22.58%) dengan nilai K sebanyak 0.125 dan 
boleh disimpulkan sebagai faktor utama yang mengawal populasi C. medinalis. Corak 
lengkung kemandirian tergolong dalam jenis III. Fekunditi umur spesifik (mx) 
menunjukkan telur paling awal dihasilkan adalah pada hari ke-30 dan individu betina 
terakhir yang mati adalah pada hari ke-43. Betina menghasilkan telur secara purata 
sebanyak 104.33 ± 5.43 telur. Kadar pertambahan semula jadi intrinsik (rm) adalah 
sebanyak 0.08, kadar pembiakan bersih (Ro) sebanyak 14.48 dan masa gandaan berlaku 
dalam 8.19 hari. Ia menunjukkan bahawa populasi meningkat secara pantas dalam 
masa yang singkat. Kesimpulannya, pelipat daun padi, Cnaphalocrocis medinalis 
merupakan perosak padi Lepidoptera utama di sawah padi Malaysia. Pengetahuan yang 
diperolehi terhadap turun naik populasi, musuh semula jadi, kitar hidup dan jadual 
hayat akan dapat membantu para petani ke arah pengurusan perosak padi lepidoptera 
yang lebih baik.  
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LIST OF ABBREVIATIONS 
 
 
a.i. Active ingredient 
ANOVA Analysis of Variance  
BLAST Basic Local Alignment Search Tool 
BOLD Barcode of Life Data 
cm centimeter 
COI cytochrome oxidase subunit 1 
DAS day after sowing 
DAT day after transplanting 
DNA Deoxyribonucleic acid 
DOA Department of Agriculture of Malaysia 
DOSM Department of Statistics Malaysia 
FAO Food and Agriculture Organization 
FGG Federal Government Gazette 
g gram 
h hour 
ha hectare 
IADA Integrated Agricultural Development Area 
IPM Integrated Pest Management 
IRRI International Rice Research Institute 
KADA Kemubu Agricultural Development Authority 
kg kilogram 
L. Linnaeus 
L:D Light: Dark 
m meter 
MADA Muda Agricultural Development Authority 
MARDI The Malaysian Agricultural Research and Development Institute 
mg milligram 
mm millimeter 
mM milimolar 
NCBI National Centre for Biotechnology Information 
ng nanogram 
NPK Nitrogen Phosphorus Kalium 
PCR Polymerase Chain Reaction 
r correlation coefficient 
R2 coefficient of determination 
RH Relative humidity 
SE standard error 
SSL self-sufficiency level 
UPM Universiti Putra Malaysia 
ºC degrees Celsius 
μl microliter 
μM micromolar 
 
 



© C
OPYRIG

HT U
PM

  

1 
 

CHAPTER 1 
 
 
 

INTRODUCTION 
 
 
 

Rice, Oryza sativa which belongs to family Poaceae is the most important staple food 
and plays a vital role for the food security of over half of the world population. It is due 
to the nutrition supply to worldwide population including Asia, parts of Latin America 
and the Caribbean, and Africa (FAO, 2018). More than 90% of the world’s rice is 
produced and consumed in Asia. There are eight countries that become major 
producers namely China (198.471 million tonnes), India (123.012 million tonnes), 
Indonesia (50.632 million tonnes), Bangladesh (28.183 million tonnes), Vietnam 
(26.397 million tonnes), Thailand (21.280 million tonnes), Myanmar (18.900 million 
tonnes) and Philippines (11.269 million tonnes) with 55% of the production was 
accounted by only China and India (Papademetriou, 2000; Milovanovic and Smutka, 
2017).  
 
 
Malaysia is not listed as major rice producer country as the national production was 
only between 0.915 to 1.685 million tonnes per year recorded from 1970 until 2013 
(Rajamoorthy et al., 2015). In 2015, the production increased to the value of 1.767 
million tonnes which was produced from 681, 559 hectares of total area under rice 
cultivation (DOA, 2016). However, the production only catered about 72% of rice self-
sufficiency level (SSL) while the rest was imported. The similar SSL value was 
reported from year 2013 until 2016 (DOSM, 2015; Hamzah, 2016). This result shows 
that national rice production is not enough for sustainable consumption due to yield 
losses which was contributed by several factors including insect pests. According to 
DOA (2016), a total of 61% of rice crop area damage in Peninsular Malaysia 
throughout 2015 has been reported due to insects’ infestation. The value was generated 
with regards to only area damage caused by three major pests namely insect, weed and 
disease. 
 
 
Among rice insect pests, rice leaffolder, Cnaphalocrocis medinalis is particularly 
important and become a major threat to rice production in many Asian countries 
including China, Sri Lanka, Vietnam Pakistan, Japan, Korea, Malaysia and India 
(Padmavathi et al., 2017). Shanmungam et al. (2006) stated that C. medinalis is one of 
the most serious pest among various rice pests in India. The pest was categorized into 
the most destructive lepidopteran larvae besides yellow stem borer, Scirpophaga 
incertulas (Khan et al., 1991). According to Bhatti (1995), C. medinalis has been 
reported to gain the major pest status in some important rice growing areas of India. In 
Malaysia, there has been no record of its outbreak in the last 20 years but the risk of the 
outbreak is possible. This is because its existence in local paddy field has been reported 
in many reports (Chang, 1993; KADA, 2011; “Kerjasama KADA-ACM”, 2011; 
“Kawalan Perosak Tanaman Padi”, 2015).  
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Cnaphalocrocis medinalis has history of outbreak in Sekinchan as reported by Ooi and 
Yazid (1982) and considered as minor pest before evolving as major pest in late 1980’s 
in many parts of the world including Malaysia due to increase in abundance (Hafeez et 
al., 2010). The evolvement was influenced by the agricultural practices used by 
farmers, climatic conditions and pest management regimes (Bergé and Ricroch, 2010). 
According to Nayak et al. (2017), heavy use of pesticides and high fertilizer rates have 
influenced the outbreaks of leaffolder. In other insect pests, Kumar et al. (2014) 
reported that the ever-increasing degree of anthropogenic changes to the environment 
has caused the outbreak of a looper (Perixera illepidaria) on litchi trees. The intensive 
insecticide use to control cotton bollworm (Helicoverpa armigera) had contributed to 
the evolvement of cotton aphid (Aphis gossypii) as a primary pest of cotton in the mid-
1970s (Wu and Guo, 2005). These evidences show that there is high possibility of C. 
medinalis outbreak reoccur in Malaysia if their population are not been properly 
managed. They will cause significant economic losses. 
 
 
Many reports on significant rice yield losses that caused by heavy damage and 
infestation of C. medinalis has been reported in other Asian countries. A range of 30 to 
80% of rice yield losses was assessed from severely damage fields under epidemic 
situation in India (Kushwaha, 1988; Nanda and Bisoi, 1990; Satish et al., 2007) while 
Shanmungam et al. (2006) have reported the losses amount of 11.18% in paddy crop. 
Finding from Chhavi et al. (2017) study revealed that C. medinalis caused leaf damage 
of 5.3 to 8.1% at reproductive stage while the damage ranged from 47.1 to 77.2% at 
maturity stage in different varieties. The damage has affected rice yield with range of 
11.9 to 37.9% losses. Pandya et al. (1987) have found rice yield decrease at 14% with 
every unit of infestation increase during summer season while 1.46% in wet season. 
According to Padmavathi et al. (2013a), the rice plants able to compensate for 
leaffolder infestation in tillering stage. However, the rice yield has lost with 20% 
unfilled grains as the result of larval densities at more than three larvae per hill at the 
maximum tillering stage. A total of 50% unfilled grains resulted from more than 25% 
flag leaf damage at flowering stage. 
 
 
The economic importance of C. medinalis has triggered almost all farmers to use 
chemical insecticides even in early rice crop season (vegetative stage) as folded leaves 
was visible regardless the amount. They decided to apply chemical insecticides as 
control action because of the fast and short-term result (Asghar et al., 2013). Thus, they 
mostly rely on pesticides which the practice lead to insecticide misuse and overuse 
(Bandong et al., 2002). The situation had contributed to resistance development in the 
pest to major insecticides group. High level of resistance percentage of chemical 
chlorpyriphos, cartap hydrochloride and profenophos to C. medinalis has been reported 
by Nayak (2017). Therefore, reliance only on chemical insecticides has negative impact 
to the ecosystem diversity, human health and environment (Aktar et al, 2009). 
Moreover, the misuse of pesticides is one of major constraints on Integrated Pest 
Management (IPM) practicability (Grzywacz et al., 2014). 
 
 
Integrated Pest Management is a system that encourage and increase the utilization of 
non-chemical control methods and reduce the reliance of chemical pesticides at the 
same time (Norton et al., 1999). It has several components namely cultural control, 
mechanical and physical control, chemical control, host plant resistance and biological 
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control (Karim and Riazuddin, 1999). The components are applied together in a 
compatible manner in IPM in order to keep the pest populations below economic injury 
levels (Elakkiya and Sujeetha, 2014). However, the uptake of IPM in most regions was 
slow due to several reasons include poor knowledge of IPM and lack of information on 
pests (Nyamwasa et al., 2018). According to Nyamwasa et al. (2018), the information 
on pest population dynamics is vitally important in selection of IPM strategies.  
 
 
Hence, many studies on ecology and biology of C. medinalis were conducted by 
previous researchers in many countries. Alvi et al. (2003) have studied the population 
trends and chemical control of C. medinalis population, Chakraborty and Deb (2011b) 
studied on incidence of the adults in rice crop in India, Islam and Karim (1997) has 
conducted research on leaf folding behaviour while Kaushik (2010) studied the extent 
of damage by C. medinalis population in India. The effect of abiotic factor namely 
temperature on development of C. medinalis was studied by Padmavathi et al. (2013b) 
in India, Park et al. (2014a) in Korea and Liao et al. (2017) in China. The effect of 
nutrients on C. medinalis growth was investigated by Xu et al. (2011; 2012) in China. 
However, the study on C. medinalis population in Malaysia is very limited especially 
on its biology and ecology. 
 
 
Therefore, the main objectives of this study were: 

1. To determine the major lepidopteran rice pest and its associated parasitoids  
2. To investigate population fluctuation of C. medinalis 
3. To determine the life cycle of C. medinalis 
4. To construct life table and demographic parameters of C. medinalis 
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APPENDICES 
 
 

Appendix A.1: Pictures of lepidopteran rice pest species 
 

 
Chilo polychrysus 
(Source: http://www.padil.gov.au/pests-
and-disease/pest/main/142274/42994) 
 
 

 
Cnaphalocrocis medinalis 
 

 
Marasmia patnalis 
 

 
Marasmia exigua 
 
 

 
Melanitis leda 
 

 
Parnara guttata 
 

a2.0 mma 

a10.0 mma 

a2.0 mma 

a2.0 mma 

a2.0 mma 
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Mythimna venalba 
 

 
Nymphula depunctalis 
(Source: http://www.nppc.gov.bt/insects-
mites) 
 

 
Pelopidas mathias 

 
Scirpophaga incertulas 
 

 
Spodoptera mauritia 

 
 
 
 
 
 
 
 
 
 
 

a5.0 mma 

a5.0 mma 

a5.0 mma 
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Appendix A.2 : Pictures of parasitoid species 
 

 
Apanteles cypris 
 

 
Bracon sp. 
 

 
Cotesia ruficrus 
 

 
Apanteles sp. 
 

 
Cotesia chilonis 
 

 
Euplectrus sp. 
 

a0.5 mma a0.5 mma 

a0.5 mma a0.5 mma 

a0.5 mma a0.2 mma 
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Macrocentrus philippinensis 
 

 
Halidaya sp. 

 
Argyrophylax cinerella 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a5.0 mma 

a2.0 mma 

a1.0 mma 
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Appendix A.3: Average weekly temperature, relative humidity and rainfall in 
main season 

 
Week of 
sampling 

Month Mean temperature 
(°C) 

Mean relative 
humidity (%) 

Mean 
rainfall 
(mm) 

1 October 
2015 26.0 83.9 14.2 

2 October 
2015 26.1 89.6 9.0 

3 November 
2015 26.6 85.3 0.0 

4 November 
2015 28.0 84.2 7.5 

5 November 
2015 26.2 86.3 5.4 

6 November 
2015 27.1 88.7 7.7 

7 December 
2015 27.3 89.1 13.1 

8 December 
2015 27.2 87.3 2.5 

9 December 
2015 26.7 85.7 10.9 

10 December 
2015 27.1 81.7 3.3 

 
 
Appendix A.4: Average weekly temperature, relative humidity and rainfall in off 

season 
 
Week of 
sampling 

Month Mean temperature 
(°C) 

Mean relative 
humidity (%) 

Mean 
rainfall 
(mm) 

1 April 2015 27.7 77.6 2.7 
2 April 2015 27.2 82.9 9.9 
3 April 2015 27.7 76.1 0.7 
4 April 2015 28.0 76.9 0.7 
5 May 2015 28.5 76.4 2.7 
6 May 2015 27.3 83.0 4.4 
7 May 2015 27.9 82.9 4.4 
8 May 2015 27.5 84.7 4.4 
9 May 2015 27.1 77.1 2.3 
10 June 2015 27.0 77.6 0.7 
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Appendix A.5: Analysis of variance for population of C. medinalis at different 
weeks in main season 

 
Source Degree of 

freedom 
Sum of 
squares 

Mean square F-value P-value 

Weeks 9 0.101191 0.011243   15.93   0.000 
Error 20 0.014114   0.000706   
Total 29 0.115305    
 
 

Appendix A.6: Analysis of variance for population of C. medinalis at different 
weeks in off season 

 
Source Degree of 

freedom 
Sum of 
squares 

Mean square F-value P-value 

Weeks 9 0.08432   0.00937   7.08   0.000 
Error 20 0.02645   0.00132   
Total 29 0.11077    
 
 

Appendix A.7: Stepwise regression analysis for C. medinalis population and 
abiotic factors in main season 

 
Forward selection.  Alpha-to-Enter: 0.25 
Response is Population Main on 3 predictors, with N = 10 
 
Step               1               2 
Constant      -3.576       -7.440 
 
RH-main      0.044         0.048 
T-Value        2.36          3.05 
P-Value        0.046        0.019 
 
Temp-main                    0.130 
T-Value                         2.06 
P-Value                         0.079 
 
S                   0.141        0.119 
R-Sq             41.03        63.23 
R-Sq(adj)     33.66        52.73 
Mallows Cp     3.7            2.0 
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Appendix A.8: Stepwise regression analysis for C. medinalis population and 
abiotic factors in off season 

 
Forward selection.  Alpha-to-Enter: 0.25 
Response is Population Off on 3 predictors, with N = 10 
 
Step                 1             2                3 
Constant        -2.478     -7.981        -9.055 
 
RH-off          0.0328     0.0393       0.0565 
T-Value            2.80         4.40           5.85 
P-Value          0.023       0.003         0.001 
 
Temp-off                        0.181         0.174 
T-Value                            2.78           3.52 
P-Value                          0.027         0.012 
 
Rainfall-off                                     -0.029 
T-Value                                           -2.49 
P-Value                                           0.047 
 
S                   0.119        0.0876      0.0664 
R-Sq             49.57          76.06        88.22 
R-Sq(adj)     43.27          69.22        82.34 
Mallows Cp   19.7              8.2            4.0 
 
 

Appendix A.9: Analysis of variance for width of head capsule of C. medinalis 
larvae in different instars 

 
Source Degree of 

freedom 
Sum of 
squares 

Mean square F-value P-value 

Instars 4 9.04506   2.26127   1757.64   0.000 
Error 85 0.10936   0.00129   
Total 89 9.15442    
 
 

Appendix A.10: Analysis of variance for body length of C. medinalis larvae in 
different instars 

 
Source Degree of 

freedom 
Sum of 
squares 

Mean square F-value P-value 

Instars 4 2117.91 529.48  237.34 0.000 
Error 85 189.62 2.23   
Total 89 2307.53    
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Appendix A.11: Age-specific life table of C. medinalis (Cohort 1) 
 

x lx dx Lx 100qx Sx Tx ex 

1 1.00 0 102.00 0.00 100.00 1654.00 16.22 
2 1.00 0 102.00 0.00 100.00 1552.00 15.22 
3 1.00 0 102.00 0.00 100.00 1450.00 14.22 
4 1.00 8 98.00 7.84 92.16 1348.00 13.76 
5 0.92 17 85.50 18.09 81.91 1250.00 14.62 
6 0.75 7 73.50 9.09 90.91 1164.50 15.84 
7 0.69 5 67.50 7.14 92.86 1091.00 16.16 
8 0.64 8 61.00 12.31 87.69 1023.50 16.78 
9 0.56 6 54.00 10.53 89.47 962.50 17.82 

10 0.50 2 50.00 3.92 96.08 908.50 18.17 
11 0.48 3 47.50 6.12 93.88 858.50 18.07 
12 0.45 0 46.00 0.00 100.00 811.00 17.63 
13 0.45 1 45.50 2.17 97.83 765.00 16.81 
14 0.44 1 44.50 2.22 97.78 719.50 16.17 
15 0.43 1 43.50 2.27 97.73 675.00 15.52 
16 0.42 3 41.50 6.98 93.02 631.50 15.22 
17 0.39 0 40.00 0.00 100.00 590.00 14.75 
18 0.39 1 39.50 2.50 97.50 550.00 13.92 
19 0.38 2 38.00 5.13 94.87 510.50 13.43 
20 0.36 1 36.50 2.70 97.30 472.50 12.95 
21 0.35 0 36.00 0.00 100.00 436.00 12.11 
22 0.35 0 36.00 0.00 100.00 400.00 11.11 
23 0.35 0 36.00 0.00 100.00 364.00 10.11 
24 0.35 0 36.00 0.00 100.00 328.00 9.11 
25 0.35 0 36.00 0.00 100.00 292.00 8.11 
26 0.35 2 35.00 5.56 94.44 256.00 7.31 
27 0.33 0 34.00 0.00 100.00 221.00 6.50 
28 0.33 2 33.00 5.88 94.12 187.00 5.67 
29 0.31 2 31.00 6.25 93.75 154.00 4.97 
30 0.29 2 29.00 6.67 93.33 123.00 4.24 
31 0.27 6 25.00 21.43 78.57 94.00 3.76 
32 0.22 4 20.00 18.18 81.82 69.00 3.45 
33 0.18 3 16.50 16.67 83.33 49.00 2.97 
34 0.15 3 13.50 20.00 80.00 32.50 2.41 
35 0.12 2 11.00 16.67 83.33 19.00 1.73 
36 0.10 4 8.00 40.00 60.00 12.50 1.56 
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37 0.06 3 4.50 50.00 50.00 6.50 1.44 
38 0.03 2 2.00 66.67 33.33 3.00 1.50 
39 0.01 0 1.00 0.00 100.00 1.50 1.50 
40 0.01 1 0.50 100.00 0.00 0.50 1.00 

x=developmental stage in days, lx=proportion of number entering stage, dx=number of dying in stage x, 
Lx=number alive between age x and x+1, 100qx=percent apparent mortality, Sx=survival rate within stage, 
Tx=total number of age x beyond the age, ex=life expectancy 
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Appendix A.12: Age-specific life table of C. medinalis (Cohort 2) 
 

x lx dx Lx 100qx Sx Tx ex 

1 1.00 0 103.00 0.00 100.00 1744.00 16.93 
2 1.00 0 103.00 0.00 100.00 1641.00 15.93 
3 1.00 0 103.00 0.00 100.00 1538.00 14.93 
4 1.00 5 100.50 4.85 95.15 1435.00 14.28 
5 0.95 13 91.50 13.27 86.73 1334.50 14.58 
6 0.83 3 83.50 3.53 96.47 1243.00 14.89 
7 0.80 11 76.50 13.41 86.59 1159.50 15.16 
8 0.69 7 67.50 9.86 90.14 1083.00 16.04 
9 0.62 0 64.00 0.00 100.00 1015.50 15.87 

10 0.62 3 62.50 4.69 95.31 951.50 15.22 
11 0.59 4 59.00 6.56 93.44 889.00 15.07 
12 0.55 3 55.50 5.26 94.74 830.00 14.95 
13 0.52 2 53.00 3.70 96.30 774.50 14.61 
14 0.50 2 51.00 3.85 96.15 721.50 14.15 
15 0.49 3 48.50 6.00 94.00 670.50 13.82 
16 0.46 4 45.00 8.51 91.49 622.00 13.82 
17 0.42 1 42.50 2.33 97.67 577.00 13.58 
18 0.41 1 41.50 2.38 97.62 534.50 12.88 
19 0.40 3 39.50 7.32 92.68 493.00 12.48 
20 0.37 1 37.50 2.63 97.37 453.50 12.09 
21 0.36 0 37.00 0.00 100.00 416.00 11.24 
22 0.36 1 36.50 2.70 97.30 379.00 10.38 
23 0.35 0 36.00 0.00 100.00 342.50 9.51 
24 0.35 0 36.00 0.00 100.00 306.50 8.51 
25 0.35 1 35.50 2.78 97.22 270.50 7.62 
26 0.34 3 33.50 8.57 91.43 235.00 7.01 
27 0.31 0 32.00 0.00 100.00 201.50 6.30 
28 0.31 3 30.50 9.38 90.63 169.50 5.56 
29 0.28 1 28.50 3.45 96.55 139.00 4.88 
30 0.27 1 27.50 3.57 96.43 110.50 4.02 
31 0.26 7 23.50 25.93 74.07 83.00 3.53 
32 0.19 6 17.00 30.00 70.00 59.50 3.50 
33 0.14 2 13.00 14.29 85.71 42.50 3.27 
34 0.12 1 11.50 8.33 91.67 29.50 2.57 
35 0.11 2 10.00 18.18 81.82 18.00 1.80 
36 0.09 2 8.00 22.22 77.78 14.00 1.75 
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37 0.07 2 6.00 28.57 71.43 10.00 1.67 
38 0.05 2 4.00 40.00 60.00 6.50 1.63 
39 0.03 1 2.50 33.33 66.67 4.00 1.60 
40 0.02 1 1.50 50.00 50.00 2.50 1.67 
41 0.01 0 1.00 0.00 100.00 1.50 1.50 
42 0.01 1 0.50 100.00 0.00 0.50 1.00 

x=developmental stage in days, lx=proportion of number entering stage, dx=number of dying in stage x, 
Lx=number alive between age x and x+1, 100qx=percent apparent mortality, Sx=survival rate within stage, 
Tx=total number of age x beyond the age, ex=life expectancy 
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Appendix A.13: Age-specific life table of C. medinalis (Cohort 3) 
 

x lx dx Lx 100qx Sx Tx ex 

1 1.00 0 105.00 0.00 100.00 1794.50 17.09 
2 1.00 0 105.00 0.00 100.00 1689.50 16.09 
3 1.00 0 105.00 0.00 100.00 1584.50 15.09 
4 1.00 6 102.00 5.71 94.29 1479.50 14.50 
5 0.94 15 91.50 15.15 84.85 1377.50 15.05 
6 0.80 3 82.50 3.57 96.43 1286.00 15.59 
7 0.77 11 75.50 13.58 86.42 1203.50 15.94 
8 0.67 7 66.50 10.00 90.00 1128.00 16.96 
9 0.60 1 62.50 1.59 98.41 1061.50 16.98 

10 0.59 3 60.50 4.84 95.16 999.00 16.51 
11 0.56 3 57.50 5.08 94.92 938.50 16.32 
12 0.53 1 55.50 1.79 98.21 881.00 15.87 
13 0.52 1 54.50 1.82 98.18 825.50 15.15 
14 0.51 3 52.50 5.56 94.44 771.00 14.69 
15 0.49 1 50.50 1.96 98.04 718.50 14.23 
16 0.48 4 48.00 8.00 92.00 668.00 13.92 
17 0.44 4 44.00 8.70 91.30 620.00 14.09 
18 0.40 1 41.50 2.38 97.62 576.00 13.88 
19 0.39 1 40.50 2.44 97.56 534.50 13.20 
20 0.38 0 40.00 0.00 100.00 494.00 12.35 
21 0.38 0 40.00 0.00 100.00 454.00 11.35 
22 0.38 0 40.00 0.00 100.00 414.00 10.35 
23 0.38 1 39.50 2.50 97.50 374.00 9.47 
24 0.37 0 39.00 0.00 100.00 334.50 8.58 
25 0.37 0 39.00 0.00 100.00 295.50 7.58 
26 0.37 2 38.00 5.13 94.87 256.50 6.75 
27 0.35 0 37.00 0.00 100.00 218.50 5.91 
28 0.35 2 36.00 5.41 94.59 181.50 5.04 
29 0.33 4 33.00 11.43 88.57 145.50 4.41 
30 0.30 3 29.50 9.68 90.32 112.50 3.81 
31 0.27 9 23.50 32.14 67.86 83.00 3.53 
32 0.18 4 17.00 21.05 78.95 59.50 3.50 
33 0.14 3 13.50 20.00 80.00 42.50 3.15 
34 0.11 1 11.50 8.33 91.67 29.00 2.52 
35 0.10 2 10.00 18.18 81.82 22.50 2.25 
36 0.09 3 7.50 33.33 66.67 15.00 2.00 
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37 0.06 2 5.00 33.33 66.67 8.00 1.60 
38 0.04 3 2.50 75.00 25.00 3.00 1.20 
39 0.01 1 0.50 100.00 0.00 0.50 1.00 

x=developmental stage in days, lx=proportion of number entering stage, dx=number of dying in stage x, 
Lx=number alive between age x and x+1, 100qx=percent apparent mortality, Sx=survival rate within stage, 
Tx=total number of age x beyond the age, ex=life expectancy 
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