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ABSTRACT - This study was carried out in two different times. The first study was carried in year 1993 

at Quoin Hill Research Station Tawau. The second times of study was carried out in year 2017 at Cocoa 

Research and Development Centre, Tawau. The experiment was repeated using similar method with the 

previous study. Three (3) studies were carried out on egg stage of Cocoa Pod Borer (CPB). Study were 

carried out on fecundity of CPB on actual and potential egg of the female CPB, egg laying pattern of the 

CPB and egg mortality of the CPB.  The result was compiled to compare either the egg laying activities of 

Cocoa Pod Borer (CPB) change in 24 years times. This study was carried out to compare the natality, 

fecundity, fertility and mortality of the CPB egg within 24 years times. Results from this study showed that 

the climate change may give an impact on fecundity of CPB on actual and potential egg in 24 years times. 

It is shown that the total number of egg laid by female CPB was reduced tremendously. Climate change 

within 24 years times also affected on egg laying pattern by female CPB. It caused that the female CPB 

reduce the capability to laid egg in longer period. It showed that the female CPB are less productive to laid 

egg in longer period. It is shown that the changes in temperature might change the capability of female 

CPB in duration of egg laying process. Study on CPB egg mortality showed that climate change has not 

affected the egg mortality factor during the last 24 years. 

Keywords: Cocoa pod borer, egg, fecundity, mortality, climate change. 

 

INTRODUCTION 

 

Natality is considered or defined as the number 

of births rate of the proportion of births to some 

segment of the general population (John et al., 

2014). It is also known as the number of living 

egg laid. Natality also known as the reproductive 

rate or the number of young produced per 

reproductively mature female of animals. 

Fertility and fecundity can also define under 

natality study. Fertility describe as the number of 

viable eggs laid by female. Meanwhile, fecundity 

is known as measure of the total egg production 

by the female and it is always easier to calculate 

(Southwood, 1978). Some insect where the eggs 

are matured on emergence or during laying 

process, the total potential fecundity may 

calculate directly by keeping females caged 

under laboratory.  

Potential fecundity of female also can be 

measured directly under natural condition as 

possible in the field to record the total number of 

eggs laid (Huffaker and Spritzer., 1950; Spiller, 

1964). Whereas, some insect such like CPB, total 

potential fecundity calculated two ways by direct 

counting and estimated the number of ovaries 

(Davidson, 1956). Estimation of the ovaries can 

be done by dissecting the sphermatophore inside 

the reproductive organ of the female dead CPB 

after egg laying process is complete. Direct 

counting on the number of egg laid by the female 

CPB can be conducted either in laboratory or in 

the cocoa field.  

 

Fertility of the CPB can be measured by viable 

eggs distinguished from non-viable ones 

(Fewkes, 1964). Fecundity factor can be included 

egg cannibalism which can interfere the 

fecundity estimation. This can be calculated by a 

known number of marked eggs (Rich, 1965). One 

of the major factor affected the rate of 

oviposition is climate especially temperature. 

This study was carried out to compare the 

natality, fecundity, fertility and mortality of the 

CPB egg within 24 years times. In fact, study by 
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(Meriam, 2017; Meriam, 2018) showed that the 

composition of the insect in Madai and 

composition of ants in Tawau was affected by the 

climate change. Study by (Curtis and Abby, 

2019) and (Curtis et. al., 2018) showed that 

global warming could increase both the number 

and appetite of insect pests. This study also 

showed that for the three most important grain 

crops such as wheat, rice, and maize, the yield 

lost to insects will increase by 10 to 25% per 

degree Celsius of warming in the temperate zone. 

Study by (John et. al., 2019; Nigel et. al., 2013; 

Sigrid and Axel, 2010) also showed that climate 

change will give biological impact on many 

aspects of insect and other animal life history. 

Therefore, this study was carried out in year 1993 

at Quoin Hill Research Station Tawau to 

compare with the study conducted in year 2017 

at Cocoa Research and Development Centre, 

Tawau. 

 

 

 

 

MATERIALS AND METHODS

Study on egg stage of CPB 

a. Fecundity study on actual and potential egg of the female CPB 

 

Three pairs of male and female CPB which is  

merged from rearing pupa cage 48 hours for 

mating. Female CPB then transfer into the cage 

which is contain hang cocoa pod for egg laying. 

Cocoa pod replace with a new one and with new 

female CPB and examined every day for egg. 

Adult CPB were feed with honey solution as food 

source. Dead female CPB were dissected under 

the microscope for ovarioules as a potential egg. 

The same process in year 1993 was repeated in 

year 2017. Matured cocoa pod was hanged up 

into the plastic aquarium tank as a cage for egg 

laying process (Figure 1(a)).  

It was examined every day up to eight day and 

the number of egg lay recorded Figure 1 (b). 

Figure (c) showed close up photos of pair CPB 

with cocoa pod hanged in the plastic aquarium 

cage. Figure (d) showed the dead female CPB 

was dissected under the microscope for 

ovarioules as a potential egg. Figure (e) showed  

the newly dead female of CPB ready to be 

dissected under the microscope. The gravid 

female of CPB newly dissected to be exposed the 

ovarioules shown in Figure 1 (f). Figure (g) 

showed closed up ovarioules pull out from the 

sphermatophore inside the reproductive organ of 

the female CPB. 

Three pairs of male and female CPB which is 

emerged from rearing pupa were cage for 48 

hours for mating. Female CPB was then transfer 

into the cage which contain hang cocoa pod for 

egg laying. After 24 hours hang in the plastic 

aquarium tank, cocoa pod was replaced with a 

new one and examined every day for egg. Adult 

CPB was feed with honey solution as food. Dead 

female CPB was dissected under the microscope 

for ovarioules as a potential egg by female CPB. 

The same process in year 1993 was repeated with 

new female CPB in year 2017. 
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Figure 1 (a)  

Figure 1 (b) 

 
Figure 1 (c) 

 
Figure 1 (d) 

 
Figure 1 (e) 

 
Figure 1 (f) 

 
Figure 1 (g) 

Figure 1(a-g): Actual and potential egg process. 
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Egg laying pattern of the CPB 

 

The process was similar with study 1(a) on actual 

and potential CPB egg laying. Cocoa pod replace 

with a new one and examined every day until no 

egg laid by female CPB.  

 

 

Egg mortality study of the CPB 

 

For egg laying process, three (3) pairs of adult 

CPB was caged to the cocoa pod under natural 

field condition. The cocoa pod contains CPB 

eggs expose to the egg mortality factors up to 

three days (3). Then, the cocoa pods were 

brought back to the laboratory. The cocoa pod 

with CPB eggs were cut into a small pieces then 

placed in the petry dish and checked under the 

microscope for egg hatchability and egg 

mortality factors. The same process in year 1993 

was repeated with new female CPB in year 2017.  

 

Total number of egg laid by female CPB was 

recorded daily. Adult CPB were fed with honey 

solution as food. The same process in year 1993 

was repeated with new female CPB and in year 

2017.  

 

Figure 2 (a) showed the female CPB cage to the 

cocoa pod in field condition using muslin cloth 

for egg laying. The cocoa pod was protect from 

mammalian pest and rainfall using the wire mesh 

cage and cover with a plastic sheet. It was shown 

in Figure 2 (b). The cocoa pod was examined 

daily for the CPB egg as shown in Figure 2 (c) 

then the CPB egg egg was marked as a cycle as 

shown in Figure 2 (d).  Figure 2 (e) showed that 

the cocoa pod contain CPB egg cut into small 

pieces and placed in the petry dish. The CPB egg 

was examined for egg mortality under the 

microscope. It is showed in Figure 2 (f). 
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Figure 2 (a) 

 
Figure 2 (b) 

 
Figure 2 (c)  

Figure 2 (d) 

 
Figure 2 (f) 

 
Figure 2 (g) 

Figure 2 (a – g): Egg mortality study carried out under field condition. 
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RESULTS AND DISCUSSION 

 

Study on egg stage of CPB 

a. Actual and potential egg of the CPB 

 

 

 
Figure 3: Potential and actual number of egg lay by gravid female CPB. 

 

 

 

 

This study showed that most of the total number of  

egg laid by the gravid female fall in class 1 and class 

2 which the total number of egg is in range from 0 

to 100 eggs. Result from study in year 1993 showed 

that the gravid female from cocoa area at Quoin Hill 

Tawau had a potential to have total number of eggs 

fall in Class 6 which is total number of egg are more 

than 300 eggs.  Whereas, study carried out in year 

2017 showed the gravid female from Tawau only 

have total number of egg fall in Class 1 and 2. This 

result showed that gravid female from Tawau cocoa 

area had less total number of egg compared to the 

gravid female from Quoin Hill cocoa area. Even 

CPB found mated more frequent but the total 

number of egg laid by female CPB is reduced 

tremendously from year 1993 to year 2017. Study 

by (8) and (9) showed that the temperature was 

increased 20C within year 1993 and year 2017 in 

Tawau area. Result in Figure 3 also showed that 

increasing of temperature will give an impact on the 

decreasing the total number of egg lay by female 

CPB. 

 

 

 

 

 

 

 

 

 

Female actual egg
QH 1993

 Female potential
egg QH 1993

Female actual egg
Tawau 2017

Female potential
egg Tawau 2017

337 326

398

252

9 14
47

68

7 8 0 05 6 0 01 4 0 00 1 0 0

Class 1 (0 - 50 eggs) Class 2 (51 - 100 eggs) Class 3 (101 - 150)

Class 4 (151 - 200 eggs) Class 5 (> 200 eggs) Class 6 (> 300)
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b. Egg laying pattern of the CPB 

 

 
Figure 4: Egg laying pattern of CPB  

 

 

 

Result from this study showed that highest egg 

produced by gravid female CPB on day 1, day 2 

and day 3 after mated at least 24 hours. This 

result also showed that after mated at least 24 

hour, study in year 2017 found that female CPB 

from Tawau only capable to laid egg up to day 7 

compare to study in year 1993 showed that 

female CPB from Quoin Hill capable to laid egg 

up to day 8. This result showed that female CPB 

from Quoin Hill capable to lay egg longer than 

female from Tawau. Result from Figure 4 

showed that highest number of eggs laid by 

female CPB from Tawau is on day 2 followed by 

day 3 and day 1 and decreasing tremendously 

from day 4 up to day 7. This study showed that 

the change in temperature would reduce the 

capability of female CPB to lay egg in longer 

period. Study by (John et al., 2014) and (Meriam, 

2017) showed that the increasing temperature by 

20C in Tawau area within 24 years’ time will 

reduce a day of the capability for female CPB to 

lay egg from 8 to only 7 days. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Day1 Day2 Day3 Day4 Day5 Day6 Day7 Day8

873

1245 1192

537

221
83 24 0

1699

589

346

116 64 2 49 1

TWU 2017 - Egg laid by female CPB - Total egg 4175

QH 1993 - Egg laid by female CPB - Total egg 2386
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c. Egg mortality study of the CPB 

 

 
Figure 5: Egg mortality of CPB by duration under field condition. 

 

 

Result study on egg mortality of CPB egg at 

germplasm area CRDC Tawau in year 2017 from 

Figure 5 showed similar pattern of CPB egg 

losses with the study which is conducted in year 

1993 at five (5) different fields at cocoa area in 

Quoin Hill Tawau. The result showed that CPB 

egg lost due to the predator was higher on day 

three (3) after released in the field. This result 

may be consequences by the time of the egg 

going to had hatched on day three (3) after laid 

by the gravid female (Roger, 1985).  Study by 

(Enid and Wigglesworth, 1913) proved that a 

spoon-shaped depression often appears on either 

side of the insect egg a few days before hatching 

and even up to the time of hatching, the egg can 

be deformed by the slightest force the embryo 

certainly increases in size very rapidly before 

hatching. This is the reason why the insect egg 

easily detected by the predator on the third day 

after laid by the gravid female. 
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Figure 6: Egg mortality of CPB by natural factor under field condition 

 

Study in year 2017 at CRDC Tawau on egg 

mortality of CPB showed the similar trend of 

study carried out in year 1993 at Field 18 and 

Field 36 Quoin Hill for total number egg hatched, 

egg taken by the predator, egg parasitized by the 

egg parasitoid, egg unfertile and egg un-hatched. 

Mostly, number of egg taken by the predator is 

higher compared to others CPB egg mortality 

factors. Only at Field 34 and 35 Quoin Hill 

showed the result which is total number of egg 

hatched are higher compared to the other field. 

This results showed  

 

 

 

that natural enemies such as ants, praying mantis, 

spider and other natural enemies exist abundantly 

in cocoa field which is seldom use chemical as 

management agent for controlling insect 

infestation. For record, Field 18 and 36 Quoin 

Hill and germplasm field CRDC Miles 10 Tawau 

using an egg parasitoid as biological control 

agent for CPB management. Result from Figure 

6 showed that the changes in climate within 24 

years’ time especially on the increasing of 

temperature would not give an impact on the 

trend of mortality for CPB egg due to natural 

mortality factors such as by predator and parasite. 

 

CONCLUSION 

 

The result from actual and potential egg showed 

that in 24 years times the total number of egg laid 

by female CPB was reduced tremendously. This 

may be due to climate in Tawau area especially 

temperature was increased within this period of 

time (Meriam, 2018). Result from study on egg 

laying pattern by female CPB showed that the 

female CPB reduce the capability to laid egg in 

longer period within 24 years times. It showed 

that the female CPB are less productive to laid 

egg in longer period. It is showed that the 

changes in temperature might change the 

capability of female CPB in duration of egg 

laying process.  

 

The result on egg mortality study showed that 

CPB egg lost due to the predator was higher on 

day three (3) after released in the field. This 

situation happened because of a spoon-shaped 

depression often appears on either side of the 

insect egg a few days before hatching and even 

up to the time of hatching. The egg also can be 

deformed by the slightest force the embryo 

certainly increases in size very rapidly before 

hatching. This is the reason why the insect egg 

easily detected by the predator on the third day 

after laid by the gravid female. 

Study on egg mortality of CPB showed the 

similar for total number egg hatched, egg taken 

by the predator, egg parasitized by the egg 

parasitoid, egg unfertile and egg un-hatched. 

Mostly, number of egg taken by the predator is 

higher compared to others CPB egg mortality 

factors. This results showed that natural enemies 

such as ants, praying mantis, spider and other 
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natural enemies exist abundantly in cocoa field 

which is seldom use chemical as management 

agent for controlling insect infestation. This 

result also showed that the climate change not 

much affected the egg mortality factor within 24 

years times. 
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