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1. Abstract 

  
Liocheles australasiae (Dwarf forest scorpion) is a kind of non-poisonous scorpions           

that usually inhabits in rotten tree trunks.1 They are found in countries in southeast Asia and                
Oceania.2 It is said that these scorpions will retract and hide under conditions with strong               
and bright light.3 

In this project, our objective is to study the significance of fluorescence under UV,              
investigate the significance of fluorescence of scorpions as well as the behaviour and the              
most preferable temperature, humidity and light intensity of Dwarf forest scorpions under            
conditions with different types of lighting in a natural habitat. 

After analyzing the data collected from the experiments, it is concluded that Dwarf             
forest scorpions would retract under strong light and would not do so when being exposed to                
red light. However, the effect of UV light on the scorpions could not be determined and no                 
conclusion could be drawn for the significance of fluorescence in Dwarf forest scorpions. 
 

 
2. Introduction  

 
2.1 Introduction to the Research Topic 

With the aid of modern technology, scientists have found one of the chemicals,             
namely β-carboline which accounts for scorpions' glowing under the exposure of ultraviolet            
light (UV light).4 However, it remains a mystery why scorpions developed such an unique              
characteristic. All five of our group members found the fact that scorpions glow under UV               
light fascinating and we want to explore the reasons behind.  
 
2.2 Objectives 

1. To find out the most preferable temperature, humidity and phase of moon for Dwarf forest                
scorpions to come out. 
2. To find out how do Dwarf forest scorpions react to light differently with a different colours. 
3. To find out how Dwarf forest scorpions react to light with different intensity levels.  
4. To study the significance of the fluorescence of Dwarf forest scorpions under UV light. 
 
2.3 Research Questions 

1. Under what temperature and humidity will Dwarf forest scorpions be the most active?  
2. Among white, purple light (from the UV flashlight) and red light, which colour of light are                 
Dwarf forest scorpions most sensitive to? 
3. How will the reactivity of scorpions change when light intensity increases? 
4. What is the function of the fluorescence of scorpions when exposed to UV light? 
 
2.4 Background Information of Liocheles australasiae 

As scorpions are nocturnal animals, they usually become active at night. Also, the             
exoskeleton of scorpions will glow under moonlight or UV light according to the observation              
of some biologists.5 Therefore, we can easily see them staying outside their lair at night               
under UV light because of their fluorescent exoskeleton. 
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Liocheles australasiae has a body length of 35mm.6 The claws are proportionally            
large compared to the body, and the tail is dark brown in colour, sometimes almost black.                
This species of scorpion is often considered to be not dangerous. Dwarf forest scorpions are               
found in gaps between rocks on a stone wall, leaf debris etc. Generally they prefer areas                
that do not flood or remain moist but are humid. 

 
Fig. 1 & Fig. 27. Photos of Liocheles australasiae  (Fig. 2 adopted from Ondřej Machač7) 
 
2.4.1 Classification 

Kingdom Animalia  

Phylum Arthropoda  

Class  Arachnida 

Order Scorpiones 

Family Liochelidae 

Genus Liocheles 

Species Liocheles australasiae 

 
2.5 Hypothesis  

The fluorescence on the cuticle of scorpions 
8 is for the detection of light intensity by                

converting UV light in moonlight into visible light. We believe that scorpions can send nerve               
impulse to their central nervous system in the process of converting UV light into visible light                
to assist light detection in the dark. They can detect the light intensity level and come out in                  
darker environment conditions. This can help them avoid being spotted by predators, while             
also hunting for prey. 

If the above hypothesis is correct, scorpions should be able to detect light intensity              
level and come out in a darker environment. We expect the number of scorpions counted on                
New Moon to be the greatest and that on Full Moon to be the smallest, as scorpions are                  
nocturnal and prefer environment with less light.  
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3. Methodology 

 
3.1 Field study 

A total of four field studies were conducted. All four field studies were carried out on a                 
stone wall at Tai Po Kau Nature Reserve. 
 
Table 1. Overview and weather conditions of the four field trips 

Field 
Study 

Date Time Events 

1st field 
study 

21/05/18 
(Waxing 
Crescent, 
47% of Full)9 

2000-2200 -Collection of data of the number of scorpions 

2nd field 
study 

28/06/18 
(Full Moon, 
100% of Full) 

2000-2200 -Collection of data of the number of scorpions 
-Retraction time measurement of scorpions to different 
light intensity 

3rd field 
study 

12/07/18 
(New Moon, 
0% of Full) 

2000-2200 -Collection of data of the number of scorpions 
-Retraction time measurement of scorpions to different 
light intensity and wavelengths 

4th field 
study 

17/08/18 
(Waxing 
Crescent, 
46% of Full) 

2030-2300 -Collection of data of the number of scorpions 
-Retraction time measurement of scorpions to different 
light intensity and wavelengths 

 
Some experiments were conducted on the stone wall, which will be shown in the              

sections below. 
 
3.2 Objective 1: To study the proportion of active scorpions under various external             
physical factors (temperature, humidity, state of moon) 
 

In order to study the relationship between the active level of Dwarf forest scorpions              
and abiotic factors (i.e. temperature, humidity, and state of moon), the number of Dwarf              
forest scorpions on the surface of a stone wall along the Tai Po Kau Nature Trail at Tai Po                   
Kau Nature Reserve was counted under different weather conditions and states of moon. UV              
flashlights were used to make the scorpions’ fluorescence glow for easier counting. Photos             
of the stone wall were taken under UV light in order to make the scorpions glow in the dark                   
so that we could count the number of Dwarf forest scorpions.  

Two counting methods were used in this study, direct counting and photo counting.             
Direct counting was used to estimate the total population of scorpions on the stone wall, both                
inside and outside their lair. Groups of two were divided and all the scorpions were counted.                
For photo counting, it was used to estimate the number of scorpions outside their lair.  

The proportion of photo count to direct count can be calculated by the formula: 
(Photo Count Density / Direct Count Density) x 100% 
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Procedure of the experiment: 
1) A UV flashlight was turned on to make the scorpions glow in the dark. 
2) A camera (Camera used: Sony NEX-3) was set up on a stand. The camera settings were                 
as followed: self-timer of 2 seconds, exposure time of 8 seconds, ISO 3200. 

  
Fig. 3. UV flashlight used in the experiment   Fig. 4. Camera used in the experiment 
 
Table 2. Distance from the wall to the camera (in cm) 

Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 Average 

260 260 260 280 240 260 

3) A total of eight photos of the wall were taken.  
 
4) Fluorescent spots in the photos were counted and recorded. A fixed area of each photo of 
the wall where there was the strongest UV light was studied and the total number of 
scorpions from the eight photos was counted. The fluorescent spots on photos in each day 
were counted three times by different group mates and average was taken 
Assuming that all the fluorescent spots were scorpions that glow in the dark and were not 
hiding inside their lair.  
 
5) The total number of scorpions on the wall were then counted three times by groups of two 
using a UV flashlight and the average was taken. Assume the number of scorpions counted 
was the total population on the wall. 
 
6) Density of the scorpions on the wall was calculated by: Density = Total count of scorpions 
/ Area of the wall (number of scorpions per m

2) 

 
 Fig. 5. Measurement of the length of the wall 
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Table 3. Data of the Wall (Numbers are corrected to 3 significant figures) 

Length of Measuring Tape Used 1.5m 

Width of the Wall 30.0m 

Height of the Wall 2.47m 

Area of the Wall 74.0m
2 

 
3.3 Objective 2 : To study the reactivity of Dwarf forest scorpions to light with               
different colours 

To further explore the relationship between Dwarf forest scorpions and light, an            
experiment was conducted to find out if Dwarf forest scorpions are sensitive to light with               
another colour (i.e. red light). Red light is commonly used by ecotourists during night trips in                
the hope of minimising disturbance to wildlife. We would like to verify whether such idea is                
true or not by studying how Dwarf forest scorpions react when exposed to red light. The                
application of UV light is inevitable and crucial when doing this experiment as we cannot see                
the scorpions without the application of UV light.  
 
Procedure of the experiment: 
1) A scorpion was randomly selected on the wall. 
2) The scorpion was exposed to UV light (to make the scorpions glow in the dark) at a                  
distance of 50cm.  
3) 30 seconds were counted to see how long was needed for the scorpion to retract.                
Assuming that the retraction of the scorpion was only due to the UV light. 
4) Step 1-3 was repeated for three more times. 
5) Red light was then added and step 1-4 was repeated twice. Assuming that the retraction                
of the scorpion was only due to the red light added. 
 
3.4 Objective 3 : To study the reactivity of Dwarf forest scorpions to lights with               
different intensity levels 

In order to find out the effect of light intensity on the retraction of Dwarf forest                
scorpions, we used light with different intensity levels to measure the retraction time of a               
scorpion under different lighting conditions. A UV light was used to make scorpions glow in               
the dark in order to locate them and see their movement more clearly. A flashlight with                
different light intensity settings was also used in the experiment. A lux meter was used to                
measure the lux of different light intensity settings. 

 
For the experiment of objective 2 & 3, the reactivity of the scorpions is represented by                

a sensitivity index of the formula: 1 / reaction time (in seconds). That is because the                
reactivity of scorpions is negatively related to reaction time. The more sensitive the scorpions              
were to the light, the less time was needed for them to retract. 
 
Procedure of the experiment on 28th June 2018 and 12th July 2018: 
1) A scorpion was randomly selected on the wall. 
2) The scorpion was exposed to UV light at a distance of 50cm for 30 seconds to see how                   
long is needed for the scorpion to retract. Assuming that the retraction of the scorpion was                
only due to the UV light. 

 
6 



  

3) White light at the lowest light intensity setting of the flashlight was added (UV light was                 
kept to make the scorpions glow in the dark) at a distance of 50cm after the 30th second if                   
the scorpion did not retract under the UV light in the first 30 seconds. 
4) Another 30 seconds were counted to see how long is needed for the scorpion to retract.                 
Assuming that the retraction of the scorpion was only due to the white light added. 
5) Step 1-4 was repeated using higher light intensity by changing the settings of the               
flashlight. 

 
Fig. 6. White flashlight used in the experiment       Fig. 7 The light experiment 
 
Procedure of the experiment on 17/08/2018: 
1) A scorpion was randomly selected on the wall. 
2) The scorpion was exposed to white light with UV light (to make the scorpions glow in the                  
dark) at the lowest light intensity stage of white flashlight at a distance of 50cm for 30                 
seconds to see how long is need for the scorpion to retract. Assuming that the retraction of                 
the scorpion was only due to the white light. 
3) Step 1-2 was repeated using higher light intensity by changing the settings of the               
flashlight. 
 
Table 4. Light intensity of different light sources 

 Light Intensity (lux) 
(Numbers are corrected to 3 significant figures) 

Date 28/06/2018 
Full Moon, 

100% of Full 

12/07/2018 
New Moon, 
0% of Full 

17/08/2018 
Waxing Crescent, 

46% of Full 

Background light 0 0 0 

UV light + white light 46.1 105 83.0 

/ 342  230 

/ 3410 650 

/ 7590 870  

/ / 1250 

UV light + red light / 33.2 / 
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Fig. 8. Light sensor used in the experiment 
 

Different amount of battery power left in the flashlight is a possible reason that the               
light intensity of the flashlight differed in each field study. Also, the light intensity of moonlight                
could not be measured as the reading of the light sensor was zero when all the external light                  
were switched off. This might be due to the low sensitivity of our light sensor. 

According to the manual of the light sensor, the range of wavelengths of light that can                
be detected by the light sensor is from 410 nm to 750 nm with the most sensitive range of                   
wavelength from 550 nm to 570 nm. Note that UV light (i.e. wavelength from 10 nm to 400                  
nm) cannot be detected by the light sensor as its wavelength does not lie within the                
spectrum. Thus, the light intensity detected from the UV flashlight was all due to the visible                
purple light. 

Fig. 9. Location of the experimental area 
3.5 Objective 4 : To study the significance of the fluorescence of Dwarf forest              
scorpions under UV light 

If the hypothesis mentioned in section 2.5 is correct, the following results should be 
obtained in the experiments. 
 
Table 5. Expected proportion of active scorpions during different phases of moon 

Experiment Conditions 

Proportion of active 
scorpions during 
different phases of 
moon 

Different Phases 
of Moon 

New Moon Waxing 
Crescent 

Full Moon 

Expected 
Proportion 

Highest Intermediate Lowest 
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4. Results  
 
 
Fig. 10. A photo that shows an 
area used in photo counting 
 
Blue-green spots (in red circles) 
which represent scorpions are 
counted. 
 
 
 
 
 
 
 
 
 

4.1 Objective 1 & 4: To study the proportion of active scorpions under different              
temperature, humidity and state of moon 
Table 6. Number of scorpions at Tai Po Kau Nature Reserve counted (Represented by the 
number of fluorescent spots counted on the wall) 

Source Date  Weather Number of Scorpions Counted  
(Number are corrected to nearest 

integer) 

Standard 
Deviation 

(Corrected to 3 
sig. fig.) 

1st 
time 

2nd 
time 

3rd 
time 

Average 

Photo 
Count 

21/05/18 
(Waxing 
Crescent, 
47% of Full)7 

Temperature: 28.0℃ 
Humidity: 56-85% 

14  12 12 13 1.15 

28/06/28 
(Full Moon, 
100% of Full) 

Temperature: 
29.6℃ 
Humidity: 75% 
Very Hot Weather 
Warning 

14 14 14 14 0 

12/07/18 
(New Moon, 
0% of Full) 

Temperature: 26.2℃ 
Humidity: 96% 
Rainy 

15 17 18 17 1.53 

17/08/18 
(Waxing 
Crescent, 
46% of Full) 

Temperature: 27.6℃ 
Humidity: 88% 

1 1 1 1 0 

Direct 
Count 

21/05/18 
(Waxing 
Crescent, 
47% of Full) 

Temperature: 28.0℃ 
Humidity: 56-85% 

115 170* 177* 127 12.0 

28/06/18 
(Full Moon, 
100% of Full) 

Temperature: 
29.6℃ 
Humidity: 75% 

112 126 131 
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Very Hot Weather 
Warning 

12/07/18 
(New Moon, 
0% of Full) 

Temperature: 26.2℃ 
Humidity: 96% 
Rainy 

111 140 132 

17/08/18 
(Waxing 
Crescent, 
46% of Full) 

Temperature: 27.6℃ 
Humidity: 88% 

149 120 136 

*Extreme data that have to be discarded 
 

With reference to table 6, the number of scorpions that were not hiding inside their               
lair is the most on 12th July (i.e. 17 scorpions) and the least on 17th August (i.e. 1 scorpion).                   
The average number of scorpions, which was the total population, is 127 scorpions. By              
comparing the data, the number of scorpions counted has a significant fluctuation. The             
number of scorpions counted directly was assumed to be the population of scorpions on the               
wall, which should be unchanged in each field study. As the greatest difference in number of                
scorpions counted among the four days is 51, which is a huge percentage error of 36.4%,                
we think that our assumption about total population of the scorpions remains unchanged in              
these four field studies is wrong.  

The fluctuation of the number of scorpions counted directly may be due to the              
experimental error in direct count as the scorpions hiding deep inside crevices of the wall               
could not be observed and counted. In addition, some of the scorpions that were covered by                
the plants might not been included. Thus, the number of scorpions counted directly is similar               
in every field study except an extremely high value that was recorded on 21st May. 

The advantage of photo count is that the actual number of scorpions outside the lair               
can be determined by counting the number of fluorescent spots on the photos taken.              
However, there could be inaccuracies as some of the scorpions might be covered by plants               
nearby and as a result they would be missed and the dead exoskeletons of scorpions might                
be included in the counting process. 

The advantage of direct count is that dead exoskeletons could be distinguished and             
scorpions covered by plants could be counted. Also, scorpions that were staying deeper in              
their lair might also be counted, and they may not be seen in photos. 
 
Table 7. Density of scorpions in the experimental area 

Time Density (Number of scorpions per m
2) 

(Numbers are corrected to 3 significant figures) 

Photo Count Direct Count Average 

21/05/18 (Waxing 
Crescent, 47% of Full) 

0.986 1.72 

28/06/18 (Full 
Moon,100% of Full) 

1.07 

12/07/18 (New Moon, 
0% of Full) 

1.26 

17/08/18 (Waxing 
Crescent, 46% of Full) 

0.0811 
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With reference to table 7, the highest density of scorpions from photo count is on                 
12th July (i.e. 1.26 scorpion per m

2), which is during New Moon, and the lowest is on 17th                  
August (i.e. 0.0811 scorpion per m

2), which is during Waxing Crescent On the other hand,               
the density of scorpions from direct count is the highest on 21st May (i.e. 2.35 scorpion per                 
m

2), which is during Waxing Crescent, and the lowest on 28th July (i.e. 1.66 scorpion per                
m

2), which is during Full Moon.. 
 
Table 8. Proportion of photo count density to direct count average density 

Date Proportion 
(Photo Count density / Direct Count Average density) x 100% 

(Numbers are corrected to 3 significant figures) 

21/05/18  
(Waxing Crescent, 47% of Full) 

57.3% 

28/06/18  
(Full Moon, 100% of Full) 

62.2% 

12/07/18  
(New Moon, 0% of Full) 

73.3% 

17/08/18  
(Waxing Crescent, 46% of Full) 

4.72% 

 
Referring to table 8, the proportion of the scorpions is the highest with 73.3% on 12th                

July 2018, which is on New Moon. The active level on 28th June 2018 is also relatively high                  
with 62.2% on Full Moon. However, the active level of scorpions on 17th August 2018 is                
significantly lower than other data, which is 4.72% on Waxing Crescent. This might be due to                
the experimental error as the plants near the wall had grown up and covered up crevices of                 
the wall, thus the number of scorpions counted from photos on that day is lower than the                 
other three days. 
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Graph 1. 

 
With reference to Graph 1, the data shows the relationship between the average             

number of Dwarf forest scorpions outside their lair and temperature. The temperature with             
the most number of scorpions outside their lair counted is at 26.2℃ and the least number is                 
at 27.6℃. The standard deviation (S.D.) for the data collected from photo count is relatively               
low with an average of 0.67. Therefore we believe that the error is insignificant, and the data                 
has its reference value. 
 
Graph 2: 

 

Graph 2 shows the relationship between the active level of scorpions and relative             
humidity of the weather. The data reflects that they would be the most active under               
conditions with 96% humidity and relatively less active under conditions with 88% humidity.             
The standard deviation (S.D.) for the data collected from photo count is relatively low with an                
average of 0.67. Therefore we again believe that the error is insignificant, and the data has                
its reference value. 
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Graph 3: 

 
Graph 3 shows the average number of Dwarf forest scorpions outside their lair during              

different moon phases. The data from photo count shows that the number of Dwarf forest               
scorpions was the highest when the moon phase was New Moon, and the least when the                
moon phase was Waxing Crescent.  
 
4.2 Objective 2 & 3 : To study the reaction of Dwarf forest scorpions to lights with                 
different wavelengths and light intensity levels 

Table 9. Retraction time measurement 

Phase of 
Moon 

Light 
Intensity 

(lux) 

Time Measurement (Seconds) 
(Numbers are corrected to 2 decimal places) 

Sensitivity 
index 
(1/ time) 

Standard 
deviation 
(corrected 
to 3 sig. 
fig.) 

 Trial 1 Trial 2 Trial 3 Trial 4 Average   

28/06/18 
(Full Moon, 
100% of full) 

46.1* 
 

26.05 9.03^ 20.01 49.77^ 
 

23.03 0.0474 4.27 

17/08/18 
(Waxing 
Crescent, 
46% of Full) 

52 (UV only) NR** 24.01 NR 14.43 19.22 0.0520 6.77 

52 (UV 
only)*** 

NR NR NR NR NR ≤0.0167^^ / 

135 9.55 27.60 NR NR 18.58 0.0538 9.03 

282 NR 9.51 13.35 14.24 12.37 0.0808 2.05 
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702 23.14 16.68 NR NR 19.91 0.0502 3.23 

922 20.55^ 6.50 NR 4.00 5.25 0.190 1.25 

1302 29.03^ 4.34 4.88 10.70 6.64 0.151 2.88 

12/07/18 
(New Moon, 
0% of Full) 

104.6* NR NR NR / NR ≤0.0167^^ / 

341.9* 43.29 56.93 NR / 50.11 0.0200 6.82 

3409* 34.05 47.46 32.52 / 38.01 0.0263 6.71 

7590* 33.10 42.20 49.69^ 38.37 37.89 0.0264 4.55 

33.2* 
(UV+ red) 

NR NR NR / NR ≤0.0167^^ / 

* Light with different intensity levels was added after the 30th second if the scorpions 
did not have any retraction under the UV flashlight in 30 seconds 
** NR = No Retraction: The scorpion did not retract back into rock crevices after 60 
seconds. 
*** With normal conversation 
^ Extreme data that have to be discarded 
^^        Sensitivity index = 1/ the longest time tested(i.e. 60 seconds) 
 

When scorpions were exposed to light, they would first stay still in their original              
position. Then they would suddenly retract backward with chelicerae covering their front.  

With reference to table 9, the retraction time was the shortest when the light intensity               
reached 922 lux. The longest retraction time was when the light intensity reached 341.9 lux.               
When the light intensity was too low, the scorpions did not have retraction. There was almost                
no retraction of scorpions to UV light. Also, they did not retract to red light in the experiment. 
 
 
Graph 4. 
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Graph 5. 

 
Our experiment was carried out at two days, 12/07/18 and 17/08/18. As we             

discovered that the data collected in the two days were polarizing at similar light intensity               
level, for example, at 282 and 341.9 lux, the sensitivity index was 0.0808 and 0.0200               
respectively, which is more than 4 times in 0.83% of our light intensity range of 7250 lux. We                  
think this abnormal data is due to the different phases of moon and humidity in the two days,                  
so two graphs were used separately in each day. 
 

Graph 4 & 5 described the effect of light intensity on the sensitivity index on two days                 
of experiment. The general trend is that sensitivity index increases with light intensity. On              
17/08/18, when the light intensity increases from 135 to 1250, the sensitivity index also              
increases with slight fluctuations from 0.0538 to 0.151. On 12th August 2018, when the light               
intensity increases from 105 to 7250 lux, the sensitivity index also increases from 0.02 to               
0.0264.  
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5. Discussion 
 
5.1 Discussion on Objective 1: To study the proportion of active scorpions under             
different phases of moon, temperature and humidity 

According to table 7, On 12th July 2018, Waxing Crescent, it has the highest              
proportion of number of scorpions of photo count to direct count, which is 73.3%. Therefore,               
the scorpions were the most active during Waxing Crescent. For the result on 17th August               
2018, there could be measurement error due to more lush environment. Moreover, on 17th              
August 2018, there is also heavy rainfall, which may contribute to the absence of active               
scorpions. 

 
Table 7 shows that the average density of scorpions counted directly is 1.72             

scorpions per m
2 on average. The highest density of scorpions per m

2 counted by taking               
photos (excluding the extreme datum on 17th August 2018) is 1.26 scorpions per m

2 on               
average on 12th July 2018 while the least is 0.986 scorpions per m

2 on average on 21st May                  
2018. Although the moon state of 17th August, 2018 is also Waxing Crescent, the wall was                
more lush than that on 21st May 2018, many of the scorpions and their lair were covered by                  
plants. So even if the scorpions came out that day, we could barely see them on the photos                  
taken. The difference in other physical factors under investigation on these two days caused              
the measurement error.  
 

According to graph 1 and 2, the largest number of Dwarf forest scorpions that could               
be seen is under condition with a temperature of 28℃ and at 85% humidity, which is on the                  
same day, 21st May 2018. Scorpions staying slightly deeper in rock crevices may not be               
bright enough for the camera to capture as they were covered by shadows. As a result, they                 
are not visible in the photos and would not be counted. We think that this is a major limitation                   
of our method of photo counting, as it leads to an underestimation of the number of                
scorpions outside their lair. 
 
5.2 Discussion on Objective 2: To study how Dwarf forest scorpions react to light              
with a different colour 

According to table 9, all the scorpions exposed to red light (i.e. wavelength is              
approximately 620–750 nm) did not react. The result proves that scorpions are less sensitive              
to red light as no retraction of scorpions were observed under red light. We believe that one                 
of the reasons why the scorpions did not react to red light sources is that the red light is not                    
strong enough to stimulate the scorpions. The light intensity used in the red light experiment               
is 33.2 lux, which is lower than the lowest light intensity used in the experiment of different                 
levels of white light (i.e. 46.1 lux). Therefore, the effect of red light on the scorpions is not                  
significant. 

 
Another possible reason is that the time of exposure under the light source was too               

short. Due to time limitation, the time of carrying out each trial was only up to one minute.                  
However, the daily exposure to natural light of scorpions is over hours, which is much longer                
than the time used in this experiment. Thus, the scorpions may not have reaction to the light                 
source. This further shows that the use of red light during night safari by the ecologists to                 
minimise the disturbance to wildlife is correct. 
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5.3 Discussion on Objective 3: To study how Dwarf forest scorpions react to light              
with different intensity levels  

According to table 9, on 17th August 2018, Waxing Crescent, 46% of Full, the              
scorpions retracted most quickly at 922 lux , averaging a retraction time of 5.25 seconds. All                
the scorpions had a long retraction time (i.e. more than 10 seconds), or did not react to dim                  
light (i.e. light intensity lower than 900 lux). All the scorpions reacted faster (i.e. less than 7                 
seconds) to light with higher intensity levels. At 135 lux, two out of the four scorpions tested                 
had no reaction. At 1302 lux, all four scorpions tested retracted. The sensitivity index              
increases from 0.0538 to 0.151. From graph 4, the sensitivity index increases with fluctuation              
when the light intensity increases.  

 
On 12th July 2018, scorpions reacted faster under light with higher intensity levels.             

However, all scorpions had longer retraction time than that on 17th August 2018, even under               
light with much higher intensity level (i.e. 3409 lux and 7590 lux). The sensitivity index               
increases from 0.02 to 0.0264. From graph 4, the sensitivity index increases with the light               
intensity. Therefore, apart from light intensity level, we suggest that the reactivity of             
scorpions to light is also affected by other variables (external physical factors like weather,              
state of moon, humidity). Besides, our sample size is small so reactivity to light of individual                
scorpions may also affect how scorpions react to different light intensity. Another limitation is              
the sensitivity of the light sensor. It can only sense light in a narrow spectrum, which does                 
not include UV light.  

 
When the scorpions are exposed to light which has higher light intensity than             

moonlight, they have different reactivity. This shows that the high light intensity of the              
external light used by people at night will disturb them. Thus, people should not use light with                 
high light intensity in field studies at night. 

 
5.4 Discussion on Objective 4: To study the significance of fluorescence of Dwarf             
forest scorpions under UV light 
 

According to section 5.2, the scorpions had very little reaction under UV light torch. It               
is very unlikely that the indirect moonlight has higher UV level than that of our UV torch                 
shining directly onto the scorpions. As the reading of light sensor was zero(i.e. the light               
intensity of moonlight could not be detected) if all the external light were switched off. When                
UV torch have very little effect on scorpions, moonlight should cause even smaller effect on               
scorpions as the light intensity of moonlight is way smaller. In this way, the scorpions may                
only have very little or even no reaction to moonlight.  

 
According to section 5.1, the number of scorpions counted was the most when it was               

Waxing Crescent, rather than new moon which we expected. This further disproves our             
hypothesis as light intensity level should be the lowest during new moon when the moon               
cannot be seen, but scorpions may still use their fluorescence as light detection in another               
way. One possible explanation is that they may still use their eyes as a rough detection to                 
detect the light intensity level of the environment, the fluorescence on their cuticle helps              
them detect a slight difference in light intensity in a precise manner. When the prey block                
part of the light source to the scorpions’ exoskeleton, the nerve impulse the scorpions              
receive at that part of body will diminish. This change of environment may stimulate the               
scorpions which enables them to catch their prey more easily and precisely by detecting              
their shadow under moonlight. After this investigation, the actual significance of fluorescence            
of scorpions is still unknown, but it may be found out in the future. 
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5.5 Further Investigation 
 

As the significance of the fluorescence of scorpions cannot be concluded in this             
study, we suggest that another possible significance of that would be to attract their prey               
using the fluorescence. Dwarf forest scorpions feed on Isoptera. Isoptera is positively            
phototactic 

11 and will be attracted by the refraction of moonlight and the white light. As the                 
fluorescence of scorpions causes them to glow under UV light, their fluorescence will then              
turn into visible light. Thus, we believe that the significance of fluorescence of scorpions is to                
attract their prey by glowing under moonlight. 

Referring to the above information, we suggest the following experiment for further            
investigation. 
 
Procedure of the experiment: 
1) A dark box with a known area is prepared. The temperature and the humidity inside the                 
box are kept constant. 
2) A UV light bulb is hung inside the box. 
3) A camera is set inside the box to monitor and record the experiment. 
4) A Dwarf forest scorpion and a known amount of Isoptera are put inside the box. 
5) The time used for the Isoptera to be eaten by the Dwarf forest scorpion is recorded. 
6) Step 1 to 5 is repeated by substituting the UV light bulb into a visible light bulb with same                    
light intensity as the UV light bulb. 
 

If our hypothesis is correct, the time used for the Isoptera to be eaten by the Dwarf                 
forest scorpion will be shorter than that for the set-up with the visible light bulb instead of the                  
UV bulb. 
 

 
 

6. Conclusion 
 

To conclude, Dwarf forest scorpions react more quickly when they are exposed to             
stronger lights. They are less sensitive to red light than that of white light or UV light. 26.2°C                  
and 96% humidity is the most preferable temperature and humidity for scorpions to come              
out. 

Regarding our research question about fluorescence of scorpions, we found out that            
our data collected is contradictory to our hypothesis. We can conclude that the state of moon                
is not a major factor for scorpions to decide whether to come out or not.  

Therefore, after considering all the factors, we believe that the fluorescence of            
scorpions is not responsible for detecting the slight difference in UV light intensity level. 
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