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Importance of the topic, objectives of the research 

The number of the Earth population increases briskly and due to this 

the number and the extent of settlements grows. The streets, places, 

buildings lightened in the night mean safety for the inhabitants of 

cities; however the positive effects include also the negative 

environmental effects connected with developed civilization.  

The illumination level of the natural night environment is changed by 

the lights resulting from human activities, which is called light 

pollution (CINZANO et al. 2001).  

Insects are creatures in the biggest number among every group of the 

animal kingdom. According to some estimates their global race 

number on Earth is approx. 1 – 30 million (MINELLI 1993), according 

to other sources 5 – 10 million, from which approx. 1 million insect 

species were described and officially named (NEW 2009). The race 

number of the moths (Macrolepidoptera) occuring in Hungary is 1274, 

within the number of the nocturnal moth races (Lepidoptera: 

Macroheterocera) is 1102 (VARGA 2010). The insects of night life 

mode, within the nocturnal moths are very important plant pollenizers 

(McGREGOR et al. 2015), further they mean important aliment basis 

for several animal groups e.g. spiders (HEILING 1999), reptilian, 

amphibia (HENDERSON & POWELL 2001) birds and bats 

(RYDELL 1992). 

Light pollution alters the seeing, life rhythm, protection mechanism, 

alimentation and reproduction (oviposition and copulation) of insects 

of night life mode and especially moths (SOWER et al. 1970, NEMEC 

1969, PFRIMMER et al. 1955, BROWN 1984) and the orientation thereof 

(FRANK 1988).  

The purpose of the essay is to investigate the composition of insect 

communities collected in light-trap on examination areas with 

different light pollution, to discover the relationship between the light-

source types, further the value of the background illumination of the 

environment and the individual numbers. Based on literature 



Edit Pintérné Nagy – These of doctoral (PhD) dissertation 

 

4 

 

information the essay represents the most important negative effects 

of light pollution to fauna and especially night insects.  

The author has looked for the answer to following questions: 

1. Based on literature information which is the effects of light 

pollution related to individual animal? 

2. To which rate do the observed night insects (on order level), 

further nocturnal moths (on the speciel level) attract to artificial 

light-sources of different performance and colour temperature 

applied in the research?      

3. Can significant difference be experienced between the individual 

numbers of insect orders light-trapped in an environment of 

different light pollution?   

4. Which insect orders are dominant in the individual time interval 

of the night? 

5. Is a relationship between the background illumination of the 

environment and the number of light-trapped individuals 

demonstrable? 

6. What kind of deviations can be demonstrated in the spring and 

autumn light-trapped periods between diversity values according 

to the specific light-sources?  

7. Can light pollution be determined on the basis of different light 

measurement data (lux, magnitude)?  
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Matherials and methods 

Study area  

We selected three areas of different illumination intensity in 

Sopron and its surrounding for light-trapping. We termed the sites 

as follows: seminatural, transitional and urban. The seminatural 

study area is devoid of artificial lights, has virtually no light 

pollution, and is located in the Sopron highlands. The transitional 

area had slight to moderate light pollution in the area caused by 

street lamps and illumination of local residences. The transitional 

site of our study is located in Bánfalva, which is a suburb of 

Sopron. The urban area is located at the meteorological station, 

which is in the centre of Sopron; there is significant light pollution 

from artificial light in this area.  

Sampling design  

Nocturnal insects specimens were collected with Jermy-type light-

traps in the summers (June, July and August) of 2012 and 2013 as 

well as in the spring (March, April) and autumn (October, 

November) of 2014. I used the following three kinds of light 

sources: a high-pressure sodium lamp, a HMLI mixed-light lamp, 

and a compact fluorescent tube The sampling times were in three 

day cycles adjusted to the new moon, the prime of the moon, the 

wane of the moon, and full moon. Light trapping went on for the 

entire duration of the night, from sunset to sunrise. The individuals 

collected by light-trapping were killed with ethyl acetate. I 

measured the light in different area.        
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Data analysis  

I have identified the collected insect individuals on the order level 

in 2012 and in 2013, and the collected lepidopteran on the species 

level in 2014. In the first two years, the number of individuals 

was evaluated, while in year three, the number of 

Lepidopteran species was evaluated. 

2012 and 2013: 

- Dominance categorization of orders based on dominance 

values   

- Dominance investigation of orders according to different time 

intervals  

- Comparison of light-sources and places with the H-test of 

Kruskal – Wallis (Statistica 12 program) based on the average 

number of light-trapped insect individuals 

- Investigation of coherence between background illumination 

resulting from light-sources and the individual number of light-

trapped insects with linear correlation calculation.. 

2014: 

- To determine the species dominance of the lepidopteran 

communities I utilized the Berger-Parker dominant index 

 

- Comparing investigations: I used the Jaccard and Bray-Curtis 

index and Rényi diversity profiles  

 

- Diversity analysis (Simpson index, Shannon-Weaver index, 

Pielou-type equitability)  
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Summary of results  

In the first two years I have classified 170 688 individuals in 8 orders, 

in the third year I have determined 985 individuals of 23 nocturnal 

moth species.  

In 2012 on the transitional area in July the individual number was the 

highest with HMLI mixed-light lamp, on the seminatural and urban 

area in June with high-pressure sodium and HMLI mixed lamp. In 

June 2013 on the seminatural area the individual number was the 

highest with HMLI mixed-light lamp, in July on the seminatural area 

with the high-pressure lamp and on the transitional area with the 

compact fluorescent tube. Comparing the average individual 

numbers per each area and light-source type there were substantially 

deviation between areas than between light-sources. As result of the 

dominance investigations the Hemiptera order can be classified into 

the eudominant category on the seminatural area in case of all three 

light-source types, while on the transitional and urban area the 

Diptera order. The investigation according to time intervals has 

demonstrated tha the dominance value of the Diptera order was high 

on the urban area; on the seminatural area additional to the Diptera 

order also the dominance value of Hemiptera, Coleoptera and 

Lepidoptera orders was high.       

The values of the indexes used for the diversity analysis of nocturnal 

moths (Simpson, Shannon, Pielou) were different per each light- 

sources and seasonally. According to the comparing investigations in 

the spring months the compact fluorescent tube and the HMLI mixed-

light lamp and during the autumn light-trapping the high-pressure 

sodium lamp and the compact fluorescent tube were most similar; if 

considering also bulk relations in spring time the high-pressure 

sodium lamp and the compact fluorescent tube, in autumn the HMLI 

mixed-light lamp and the compact fluorescent tube were most similar. 

The diversity profile of the nocturnal moth communities trapped at 

the investigated light-sources could be ranked in two cases. Based on 

this diversity is higher in autumn in case of the HMLI mixed-light 
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lamp than in case of the compact fluorescent tube, in spring it is 

higher in case of the fluorescnet tube than in case of the high-pressure 

sodium lamp. Positive correlation ratio could be demonstrated 

between the background illumination value and the individual 

number on the seminatural area at the HMLI mixed-light lamp.  The 

method represented in the essay is suitable for the calculation of the 

light pollution values expressed in lux, which in the possession of 

further data can be succesfully used for researches of entomological, 

ornithological, traffic safety purpose as well.   
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Theses of the dissertation  

 

1 During his investigation the author has stated that the highest 

individual number of insects was attracted to the HMLI mixed-

light lamp on the seminatural area.  

In the summer months of 2012 és 2013 on the seminatural area the 

number of the light-trapped individulas was more in case of every 

light-source type than on the transitional and urban area. In 2012 due 

to the mass swarm of the individulas belongong to the Hemiptera order 

dated June 20 the deviation is extremely high compared to the 

individual number of other orders. In 2013 the most insect individuals 

were clearly collected by the HMLI mixed-light lamp on the 

seminatural area.   

2 The individuals belonging to the Lepidoptera order attract to 

the investigated light-source types in different individual number, 

which is of different extent per each area. 

In 2012 and 2013 in the summer months at the three investigated 

locations I have performed light-trapping with the three investigated 

light-sources types. The individual number of the collected insects was 

examined in case of the Lepidoptera order and I have stated that ont 

he seminatural area the deviation was the biggest between the number 

of the individuals trapped at the high-pressure sodium lamp and the 

compact fluorsecent tube (904 deviation of the individual numbers); 

on the transitional and urban area the deviation was the biggest 

between the HMLI mixed-light lamp and the compact fluorescnet tube 

(792 and 532 deviations of the individuals numbers).I have compared 

the investigation areas for each light-sources and I have experienced 

the biggest deviation in individual numbers at the high-pressure 

sodium lamp between the seminatural and transitional area (2187 

deviation of the individual numbers); at the HMLI mixed-light lamp 

and the compact fluorescent tube between seminatural and urban area 

(1625 and 1363 deviations of the individual numbers).    
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3 The background illumination of the altering investigation 

locations affects the amount of insects arriving to the artificial 

light-sources. 

Comparison based on the average of the individual number of light-

trapped insects in case of every investigation location anlampd light-

source type. Based on this it can be stated that the most significant 

difference was between the investigation locations at the HMLI 

mixed-light lamp. In case of the examination of each location the 

investigation has not demonstrated significant difference between the 

light-source types on the seminatural area, however it has on the 

transitional area four cases.  

4 The author has stated that the dominance relations of the 

investigated insect groups are of different extent per each area and 

light-source type.  

On the seminatural area the dominance value of the Lepidoptera, 

Hemiptera and Coleoptera orders is high, on the transitional and urban 

area the dominance value of the Diptera order. Investigating the 

dominance value of the orders according to each light-source type the 

dominance value of the Diptera order was extremely high at the high-

pressure sodium lamp, at the a HMLI mixed-light lamp additional to 

the Diptera order the dominance value of the Hemiptera order and at 

the compact fluorescent tube the dominance value of the Diptera order 

is the highest.    

5 Due to the low number of investigations it is not possible to 

draw clear consequences about the flying activity of the 

individuals belonging to the specific orders per each time 

interval.  

I have performed the time interval investigations on the urban and the 

transitional area at the HMLI mixed-light lamp and the high-pressure 

sodium lamp, on te seminatural area at the high-pressure sodium lamp 

and the compact fluorescent tube. According to the first examination 

on the urban area the dominance value of the Diptera order was the 
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highest in every time interval, on the seminatural area additional to the 

Diptera order the values of the Hemiptera, Coleoptera and Lepidoptera 

orders are also high.The examination of each order has shown variable 

values regarding the case, in which time interval the flying activity of 

the insect individulas within the specific orders is the biggest, so it is 

not possible to draw exact consequence about that.    

6 Positive correlation between the background illumination 

resulting from artificial light-sources and the number of the light-

trapped individuals can be experienced only on the seminatural 

area, which can be caused by the contrasty, strong light, due to 

which collecting distance increases.   

I have examined the relation between the background illumination and 

the individual number with correlation method. On the seminatural 

area in case of the Lepidoptera, Hymenoptera, Coleoptera, 

Neuroptera, Heteroptera and Trichoptera ordres I have stated that there 

is a positive correlation at the HMLI mixed-light lamp between the 

strength of illumination and the number of individuals, namely the 

higher is the strength of the environment illumination the higher is the 

number of the individuals trapped. This correlation could not be 

demonstrated on the other two areas.  

7 The result of the colection of nocturnal moths 

(Macrolepidoptera) is seasonally defined; further the optical 

characteristics of different light-sources play an important role 

regarding species. 

On the seminatural area I have simultaneously light-trapped with three 

light-source in spring and in autumn. The light-traps were separated 

with fence. The evaluation was performed on the basis of the nocturnal 

moths (Macrolepidoptera). In spring at the HMLI mixed-light lamp 

and the compact fluorescent tube I have stated the dominance of the 

species Lycia hirtaria, at the high-pressure sodium lamp that of the 

Colocasia coryli; in autumn in case of all three light-sources types 

Operophtera brumata was the dominant species.   
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8 The light contamination of a particular area can be calculated 

from the values of the environment measured in lux or 

magnitude/arcsecond2. In case the current environment 

illumination is measured in magnitude/arcssecond2 on site, then at 

first it has to be converted to lux value.    

For the calculation of the value of the natural environment 

illumination in lux György Tóth astronomer has elaborated a 

mathematic coherence. In this program data required for the 

characterization of the area are necesarry such as e.g. geographic 

coordinate of the measuring site, calendar date, time of measurement 

in world time and the extent of sky covered by clouds, namely the 

nebulosity code expressed in octa. The measurement can be performed 

with magnitude measuring device or lux measuring device and the 

measuring data shall be converted to the appropriate unit, then light 

pollution shall be calcul.  
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