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1. Abstract 
 
Periplaneta americana is commonly called as American cockroach.  They intrude 
everywhere by exploiting their flexible exoskeleton.  Humans invent all kinds of 
technologies to get rid of cockroaches – ultrasound machines, insect sprays, cockroach 
traps, etc.  However, these little organisms, easily identified by its large size and reddish 
brown colour with faded yellow edges on the thorax, are still hard to be wiped out. 

 
In this project, our objectives are to study their ability in 3 aspects: crevice traversing 
ability, noises and waves detecting ability and poisonous food distinguishing ability and 
see whether these abilities comes to a conclusion that cockroaches are so adaptive and 
hard to be killed.  

 
American cockroaches were collected in Kwai Hing and Tsuen Wan respectively on two 
days.  They were used to carry out experiments in the school laboratory for our research 
topics.  Their behaviors were observed and recorded throughout the experiments. 

 
From the results of the experiments, it was found that American cockroaches are able to 
pass through narrow crevices which are a fraction of their height (about 5mm).  Moreover, 
they are able to avoid poisonous bait used in cockroach traps.  However, it was found that 
they may not have instant responses to sound waves (audible sound and ultrasound). 

 
 
 
 
 
 

 
Fig.1 Periplaneta americana in a bottle 
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2. Introduction 

 
Fig.2 Structure of Periplaneta americana 

 
2.1 Introduction of investigation 

 
Cockroaches are one of the most common and ancient insects.  Fossil fuels evidence 
indicates that cockroaches have been living on Earth for over 300 million years and 
have developed adaptations towards the varying local environment.  They are 
considered as one of the most successful groups of animals because they adapt 
readily to a great variety of environments. They have successfully adjust themselves 
to living with humans, surviving through threats that humans may create onto them. 
 
Among the most common types of cockroaches found in Hong Kong, American 
cockroach (Periplaneta americana) is the most frequently seen and probably the 
most horrifying cockroach.   Hence, we develop curiosity in their survival abilities. 
We mainly focused on their ability to crawl through narrow crevices and ability to 
avoid food that is life-threatening to them. Their abilities to detect noise and 
vibration are also examined. 
 

2.2 Objectives of investigation 
 

2.2.a To study the ability of a cockroach to squeeze through a narrow crevice 
2.2.b To study the ability of a cockroach to detect poisonous food. 
2.2.c To study the ability of a cockroach to detect sound waves and vibrations. 
 

2.3 Background information of Periplaneta americana 
 
2.3.a Classification 

 

Kingdom Animalia 

Phylum Arthroprda 

Class Insecta 

Order Blattodea 

Family Blattidae 

Genus Periplaneta 

Species Periplaneta americana 
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2.3.b Description 
 
Periplaneta americana (Fig.1), with a common name of American cockroach, 
is a reddish brown insect.  Adults are approximately 1-1.2 inches long with 
fully developed wings that cover the entire length of the abdomen.  Both male 
and female are fully winged but the wings of male extent slightly beyond the 
tip of its abdomen while females are about the same length as the abodomen. 
For pregnant female, their abdomen becomes bigger and their wings are 
hence shorter than the abdomen.  They are also identified with a fade yellow 
edges on the thorax.  Nymphs of cockroaches are similar except that they do 
not have wings.  American cockroaches are capable of flying but they seldom 
do.  Their foots are full of stinks and will secret oily secretions in a small 
amounts (secretion measured in µ ). Also, their antennae are long, as long as 
their body length or even longer in some cockroaches.  The antennae can 
move in many planes for detection. 
 

 
Fig.3 Structure of the head of Periplaneta americana 

 
2.3.c Behaviour 

 
Cockroaches avoid light whenever possible and are nocturnal.  They prefer to 
rest in small places that are inaccessible to humans such as cracks between 
walls and floors, underneath appliances or inside walls.  They also prefer 
warm and moist environments.  Periplaneta americana feed on a large variety 
of food.  They will eat pet food, wallpaper paste, leather, bar soap, wirings 
and human food….whatever available. 
 
Cockroaches, including Periplaneta americana, are social insects. A larger 
species of them are either gregarious or inclined to aggregate. Daily rhythms 
may also be regulated by a complex set of hormonal control which affects one 
another.  
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3. Materials and methods 
 
3.1 Working schedule 

 

Date Time Event Venue 

28/2 2200-2300 Field trip Tsuen Wan Park 

29/2 1200-1230 Field trip Street in Kwai Ching 

2/3 1550-1730 Experiment: crevice experiment trial 1 

4/3 1600-1730 Experiment: crevice experiment trial 2, noise test 

5/3 0900-1730 Experiment: noise test, poison food test 

9/3 1550-1730 Experiment: noise test, poison food test 

11/3 1600-1730 Experiment: poison food test 

23/3 1550-1730 Experiment: poison food test  

24/3 1000-1245 Recording of their height, length and weight 

 
3.2 Collection of cockroaches 

 
3.2.a Field details 

 
The collections of cockroaches were taken place on 28/2, 29/2. A total 
number of 13 cockroaches were collected. 
 

 28/2/2016 29/2/2016 

Venue Streets in Tsuen Wan Streets in Kwai Chung 

Time 2200-0100 2100-1200 

Temperature 16℃ 18.6℃ 

Relative Humidity 62% 58% 

No. of cockroaches caught 5 8 

 
3.2.b Method 

 
Whenever discovering a cockroach, we use 2 specially designed bottle (Fig.2) 
to catch them.  Placing one bottle in front of its antennae and the other one 
at it back, we then slowly move the bottles towards each other to trap the 
cockroach. 

  
Fig.4 using water bottle as trapping tool  
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Fig.5 Tools for catching cockroaches 
 

3.3 Keeping of cockroaches 
 

Container: Plastic bottles 

Food: Cereal mixed with bread pieces 

Water: Cotton ball soaked in water 

Light provided: Subjective to the surroundings 

Venue: School laboratory 
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4. Experiment Results 

 4.1 Information of the cockroaches 
 

Due to time limitation, there are only 5 cockroaches left which undergo all the 
experiments.  Others died without finishing the three experiments.  So, we only 
take the data from the 5 cockroaches which finished all experiments. 
 

Cockroach A B C D E 

Height*(cm) 0.90 1.10 0.95 0.80 0.70 

Length 1**(cm) 3.80 4.10 4.10 4.15 2.80 

Length 2***(cm) 10.90 9.50 10.0 10.2 6.30 

Weight (cm) 1.54 1.80 1.79 1.19 0.66 

 

Key: *We take height as the highest body part of the cockroach. 

 **Length1 only takes the body parts into account. 

 ***Length 2 takes also its antennae into account. 

 
 4.2 Experiments 
 

4.2.a Ability to traverse crevices 
 
 Objective 
 
 To study the ability of a cockroach to squeeze through narrow crevice. 
 
 Design of experiment 
 
 To determine the smallest horizontal crevice that a cockroach could traverse, 

we challenged the cockroaches with an increasing crevice heights.  A 
cockroach is trapped in a small beaker.  The distance between the month of 
the beaker and the flat plate is fixed by moving up and down along the stand 
and clamp.  We start the crevice height from 3mm.  For every 2 minutes, if the 
cockroach still couldn’t squeeze out, we raise the beaker for 0.05mm and 
observe it. 

 
Fig.6 Set-up of the experiment                 Fig.7 Periplaneta Americana in a beaker 
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 Variables 
  

Independent variable: Different crevice height by adjusting the 
position of stand and clamp. 

Dependent variable: The ability to crawl in the confined place 
measured by whether the cockroach can pass 
through the crevice. 

Controlled variable: -The same beaker and same plate used for 
every trial and every cockroaches. 
-Same temperature and humidity and light 
intensity by doing the trials in one day at the 
same laboratory. 

 
 Set up 
  

1) Clamp and stand x 1 

2) 100-mL beaker x 1 

3) Flat plate x 1 

4) Cockroach x 1 

 
                                                  Fig.8 the set-up of the experiment  

 
 Procedure 
 

1) A cockroach is trapped in an inverted beaker. 
2) The beaker is then fixed into the clamp. 
3) Crevice height is adjusted to 3mm. 
4) After 2 minutes, if the cockroach can’t escape, crevice is increased by 

0.05cm by adjusting the position of the beaker. 
5) Repeat step 4 until the cockroach can squeeze out.  Record the crevice 

height. 
 
Result 
 
The table below shows the crevice height in which 5 cockroaches achieved. 

Cockroach: A B C D E 

Trial 1 0.55cm 0.55cm 0.50cm 0.45cm 0.45cm 

Trial 2 0.50cm 0.55cm 0.55cm 0.55cm 0.45cm 

Average 0.525cm 0.55cm 0.525cm 0.5cm 0.45cm 
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                            Observations 
 
The duration for each cockroach to escape varies, but it was observed that 
they all have the same pattern of setting through crevices. 

1) Exploration and crevice detection: 
1)                            Once it is placed in the apparatus, they use the antennae to detect and 

explore the environment, until one of their antennae passed through the 
crevice. The cockroach reoriented themselves facing the opening in 
which its antennae just detected. It moves its antennae up and down 
between boundaries of the crevice. It is suspected that this behavior 
enables them to estimate the size of the crevice and determine whether 
it is safe to escape. 

 
Fig.9 Exploration and crevice detection 

2) Head and thorax transversal: 
It may pause itself for sometimes before getting out the crevices once it 
starts, it jam its head and hit the gate for several times. The leg cycled 
rapidly to create sufficient friction. We suspect that the transversal of 
thorax is the most challenging stage for cockroach because it is at it 
tallest part throughout the body. The cockroaches made forward by 
thrusting their legs rapidly and continuously.                                

 Fig. 10 Head traversal                                                                            

3) Abdomen transversal: 
It got easier after the thorax has got out the device suspected because of 
its decreasing height. It continues to generate thrust by cycling its leg 
non-stop. Finally, the whole cockroach gets out. 

 
 

Discussion 
 
1. Possible sources of errors 

- The cockroaches’ activity might be affected by the slipperiness of the 
plastic box which fails to provide sufficient friction for its movement. 
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- The ability of squeezing through the crevice might be affected by 

cockroaches’ physical condition. For example, if they have sufficient 
energy intake, they may be able to produce sufficient thrust to 
squeeze out a narrower crevice. Furthermore, if a female cockroach is 
at its last stage of pregnancy, the eggs in their abdomen may increase 
the height it is able to pass through. 
 

2. Limitations 
- Measurement of crevice height is done by putting a ruler near the 

crevice and taking the reading by eye judgement.  This may be 
inaccurate due to objective judgement and figures correct to 2 decimal 
places only. 

 
- Time allowed (2mins) for each crevice height may not be enough for 

some cockroaches.  They may need slightly longer time to pass the 
crevice before we increase the crevice height but we do not know. 

 
- The final crevice height they pass through may not reflect their real 

ability.  They may rely on us to increase the crevice height instead of 
trying more times by their own before we increase the crevice height. 

 
3. Improvements 

- Simulate real floor roughness during the experiment by undergoing the 
experiment on the floor so that the result is closer to real life. 

 
- Choose cockroaches of the similar physical states (height, weight and 

body length) as much as possible.  Avoid pregnant cockroach if 
possible because the egg in the abdomen may cause stuck in the 
crevice. 

 
- Measure the crevice height using Vernier caliper to obtain more 

accurate crevice height. 
 

- Time limit for the cockroach to escape in each crevice height can be 
increased. 

 
Conclusion 
 
Cockroaches of 0.9-1.0cm mostly pass through crevices of 0.5-0.55cm.  They 
are able to compress themselves for 50% when crawling through narrow 
crevices. (Fig.4) 

 
Fig.11 The oval shape represents the height of a cockroach 
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Significance 
 
Most cockroaches can transverse through 0.5cm crevice, which is only the 
height of two stacked $0.5 coin and $1 coin.  Cracks of this height in walls of 
buildings often provide the opportunity for cockroach to intrude into buildings.  
Also, with this compressible ability, they are able to hide from human by 
squishing themselves into inaccessible places, especially like cracks in walls, 
crevices under appliances, between walls, etc.  That’s why cockroaches are 
hardly wiped out. 

 
  4.2.b Ability to prevent poisonous food bait in traditional cockroach trap 
 
           Objective 
 

To study the ability of cockroach to distinguish between poisonous 
traditional food built in traps and non poisonous food. 
 
Design of experiment 
 
A cockroach is put in a box containing 2 samples of food:  poisonous food 
taken from traditional cockroach traps, and non-poisonous food.  It is let 
freely to choose a kind of food to eat.  From the path of its movement and 
all the behaviour, we deduce whether it is able to detect poisons in food 
and not eat it. 
 
Variables 
 

Independent variable: 
 

Poisonous food bait prepared from taking 
food bait from traditional cockroach trap and 
non-poisonous prepared by crushing 
digestive biscuits and stick the biscuits 
together by water. 

Dependent variable: The ability of a cockroach to distinguish 
between poisonous bait and non-poisonous 
food by observing its behavior towards the 
poison food and non-poisonous food.  
 

Controlled variable: The food is of same colour, same size, and 
same odour. 

 
Set up: 
 
1. Plastic box with its edges painted with oil. 
2. 2 samples of poisonous bait taken from traditional cockroach trap. 
3. 2 samples of non-poisonous food made of crushed digestive biscuits 

mixed with small amount of distilled water. (Fig.12) 
4. A cockroach. 
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Fig.12 In the middle of the photo is the non-poisonous food and the food 
in the right of the photo is taken from traditional cockroach trap.  
 
Procedure: 
 
1. Prepare a box. 
2. Paint oil onto the edges of the box to prevent cockroach from escaping 

along the edges. 
3. Place the 2 samples of poisonous food and 2 samples of non poisonous 

food on the sides of the box respectively. 
4. Stick black cello tapes around the food samples. 
5. Put a cockroach in and observe its path and behaviours for 10 minutes. 

 
Fig.13 Set-up of the poisonous food test 

 
Results (Observations) 
 
1. At the first few minutes, they didn’t show interest in both samples of 

food.  Instead, they use the antennae to discover the environment. 
2. Occasionally, they try to escape from the oily edges but they could not. 
3. Even though they may step over and encounter the poisonous food bait 

taken from traditional cockroach traps, they: 
• Just walk over/pass it. 
• Use their antennae to detect it and did not show interest in eating. 
• Stay still for a while (3-10 sec) 

4. When they encounter the non poisonous food: 
• Start eating for more than 30 sec. 
• Stay around the food for a long time (within 3-5cm near the food) 
• Step on it and suck its legs. 

5. They frequently clean their antennae.  We suspect that it groomd its 
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antennae to improve sensations for better inspection. 
6. 2 cockroaches(A,C) showed interest in eating the non poisonous food 

after lingering and passing two poisonous and non poisonous sample . 
Other 3 cockroach (B,D,E) did not eat any of the food sample. The 
pathway of sample A and C are shown below. 

 

SAMPLE A 

 
Fig.14 Diagram showing the path taken by sample A 

 

SAMPLE C 

 
Fig.15 Diagram showing the path taken by sample C 

 

Key: 
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                                   Conclusion 
 
Cockroaches are able to distinguish traditional food bait that may trap 
cockroaches and normal, non-poisonous food. 
 
Significance 
 
From the experiment, we may deduce the conclusion that cockroaches in 
household would rather eat household foods that food baits in 
cockroaches trap, no matter the bait is so tasty towards them.  So, usually, 
when cockroach traps were introduced that contained a poisonous food 
bait, the traps stopped being effective within a matter of years according 
to research, (because they are able to develop an aversion to sweets to 
help them resist the lure of traps and pass the aversion to their offspring)  
Therefore, barely can a cockroach trap works on cockroaches. 
 
Discussion 
 
1. Possible sources of errors 

- The cockroaches activity might be affected by the smell of the oil we 
use (peanut oil) on the walls of box which is used to prevent escaping. 

- The cockroach’s activity of approaching the food might be affected by 
their level of hunger. 

- The smell of the non-poisonous food made is not measurable and 
therefore might vary a little. 

- Cockroaches’ preference on the food samples can be affected by 
other factors, e.g. water content in the foods, texture on the surface 
of the food. 

 
2. Limitations 

- After all the composition of the food is different that we cannot 
estimate now the difference in composition in food will affect its 
preference. 

- We cannot control the behaviour of cockroach that they may show 
no interest to both of the foods and just stand at somewhere. 

 
3. Improvements 

- The poisonous food sample should be made by ourselves by crushed 
digestive biscuits, distilled water and the same poisons in the 
traditional cockroach trap to ensure the components of the two 
samples are the same and controlled.  

- Use oil of no smell to prevent oil having any affect on cockroach’s 
detection. 
 

4.2.c  Ability to detect sound and vibrations. 
 
Objective 
To investigate the movements and activities of cockroaches towards    
sound waves produced by different methods. 
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Design of experiment 
In the experiment, one cockroach is put into a runway which is 8 cm 
wide and 1 m long for each trial. When the cockroach stays at one end 
of the runway, different kinds of sound are produced at the end nearest 
to the cockroach. The sound waves tested are 1 human-audible sound 
by clapping hands and 1 ultrasound produced by an ultrasonic pest 
repeller respectively. Then the movements and activities of the 
cockroaches are observed and analyzed. 
 
Variables      

 

Independent 
variables: 

Types of sound waves emitted by clapping hands 
and ultrasonic pest repeller 

Dependent 
variable: 

Movements of the cockroaches / distance ran by 
the cockroaches from the end with sound sources 

Controlled 
variables: 

-Size (width and length) of the runway 
-Distance between the sound emitter and the 
cockroach 
-Sound intensity levels of different types of sound 

 
Control set-up 
Put the cockroach in runway. Observe their movement and the distance 
they moved in 1 minute without disturbance of source of sound. 

 
Set up (Runway) 

 

 
 
Fig.16 Set-up of the sound test  
 

Apparatus  
 

1) Meter ruler x 2 

2) Blue tack  x 1 pack 

3) Ultrasonic pest 
repeller 

x 1 

4) Microwave wrap x 1 roll 

                                                  Fig.17 Set-up of the ultrasound test                        
 
Procedure 

1. Set up the runway shown in figure above. Wrap the runway with 
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microwave wrap to avoid vertical movement of the cockroaches 
for a more significant/2-dimensional result. 

2. Put the cockroach into the runway and wait for it to stay at one 
end of the runway. 

3.  Start emitting the sound by different sources, ultrasound and 
hand clapping. 

4. Observe the movements and the activities behaved by the 
cockroach and record the distance it runs away from the source 
of sound during the testing period of 1min. 

5. Repeat the experiment for different samples of cockroaches. 
 

Result (observation) 
Cockroaches did not have significance responses to the sound emitted 
at the end of runway. They run for a certain distance in the runway and 
stopped in 3 minutes.  

 

COCKROACH 
SAMPLE 

A B C D E 

RESPONSE 
TO 
ULTRASOUN
D 

moved 
from 
beginning 
for 40cm in 
3seconds;  
returned to 
beginning  

moved from 
beginning for 
16cm in 
2seconds; 
stayed still 
for 
remaining 
time 

stayed still at 
the 
beginning of 
runway 

moved to 
the end of 
runway in 
8seconds; 
stayed still 
for 
remaining 
time 

moved from 
beginning for 
56cm in 
6seconds; 
stayed still 
for 
remaining 
time 

RESPONSE 
TO HAND 
CLAPPING 
NOISE 

stayed still 
at the 
beginning 
of runway 

stayed still at 
the 
beginning of 
runway 

stayed still at 
the 
beginning of 
runway 

moved from 
beginning for 
17cm in 
9seconds; 
stayed still 
for 
remaining 
time 

moved from 
beginning for 
5cm in 
5seconds; 
stayed still 
for 
remaining 
time 

RESPONSE IN 
CONTROL 
SET-UP 

moved 
from 
beginning 
for 40cm;  
returned to 
beginning  

stayed still at 
the 
beginning of 
runway 

stayed still at 
the 
beginning of 
runway 

moved to 
the end of 
runway in 
8seconds; 
stayed still 
for 
remaining 
time 

moved from 
beginning for 
56cm in 
6seconds; 
stayed still 
for 
remaining 
time 

 
Discussion 

1. Possible sources of errors 
-The sound intensity levels of the sounds emitted may vary 
between different sources.   
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-Besides types of sounds, sound intensity levels may also 
contribute to the movements of the cockroaches. 
-Other factors like light intensity or humidity may also affect the 
movements and activities of cockroaches 
-The vertical movement of the cockroaches is limited and not 
taken into account in the experiment. Thus, the investigation 
may not be comprehensive. 

 
Limitations 
-Mechanical vibration of matter due to vibration of air (sound) may 

affect the movement of cockroaches as well. 
-Sound intensity levels of the sounds cannot be controlled due to 

personal errors and limitations, as well as the instrumental limitations 
that the repeller cannot adjust the intensity of ultrasounds emitted. 

-Movements and activities of cockroaches may vary as they are at 
different stages of growth and metabolism. 

 
Improvements 
-Place the cockroaches in different boxes with a fixed height 
respectively for vertical movement observation.  
-Trace movements of the cockroaches using marker pen for more 
accurate and observable results. 
-Record the sound intensity levels of the sound produced as well to be a 
reference of the results. 

 
Conclusion 
Cockroaches did not show obvious repulsion towards two sound 
sources: human audible sound and ultrasound as they returned back to 
or stayed at the beginning near the sound sources. We can conclude 
that ultrasound and human audible sound do not repel or scare 
cockroaches away. 

 
Significance 
Cockroaches hardly response to any sound produced by ultrasonic pest 
repeller and clapping hands. Therefore cockroaches have weaker 
hearing comparing with their other sensations. We believe the reason 
why cockroaches develop weak hearing ability is that they often live in 
noisy environment. They do not rely on hearing for them to search food 
or escaping from enemies. Instead of hearing, they rely on a variety of 
other methods to interact with the world around them. 
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5.  Overall discussion 

Possible sources of error 
1. There are individual differences in size and maturity of the cockroaches collected but 

we cannot know, which may cause errors in the experiments, especially in the crevice 
test 

 
Limitations 

1. Sampling size of the experiment is limited. As cockroaches usually perch in places that 
is shady, it makes us hard to find and collect them outside or in our homes. 
Furthermore, they are mainly nocturnal. But, we did collect cockroaches as many as 
possible. We collected cockroaches in parks. 

2. Arrangement limitation. Cockroaches are social animals. They are much affected by 
their peers. They are either gregarious or inclined to aggregate. Despite of that, we 
have to place them in individual bottles for recognition. But we place some of them in 
one basket. Therefore, behaviour of some cockroaches may be affected and thus 
affect the result of our experiments. Cockroaches are placed in our school laboratory. 
Experiments are carried out afterschool or on Saturday morning. As cockroaches have 
fewer activities in daytime, their behavior might not be so obvious. 

3.  Habitat limitation. The best environment for cockroaches is humid and dim. We 
cannot provide them the most suitable habitat. They are placed in transparent bottle. 
Temperature is not constant too. Temperature in February is relatively lower than in 
March. Humidity in Hong Kong is also high. 

 
Overall conclusion 
In conclusion, as cockroaches are able to pass through small crevices to escape from human 
and avoid eating poisonous food from traditional cockroach traps, they are difficult to kill 
even though they have weaker hearing ability. 
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