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Abstract 

Artificial light at night is a global phenomenon that has become a critical convenience for 

human activities. However, artificial light is increasingly recognised as having unintended effects on 

terrestrial and aquatic ecosystems. For example, artificial lights can attract adult insects from their 

flight path along rivers, result in reduced insect recruitment back into the river, and cause fatigue or 

death of insects from flying near lights. Light-emitting Diodes (LEDs) have become the predominant 

artificial light source globally due to their energy and economic efficiencies. In New Zealand, there 

has been a recent conversion of streetlights from high-pressure sodium (HPS) bulbs to LEDs. LEDs 

emit a broad spectrum of white light and higher colour temperatures of LED (e.g. 6500 K) produce a 

higher peak in intensity of light in the blue light wavelength range than lower colour temperature 

LEDs (e.g. 3000 K). Research on the response of freshwater adult insects to LEDs is limited. In my 

thesis, I have investigated the effects of LED light on adult caddisflies (Trichoptera) to varying colour 

temperatures of LED light. Caddisflies are expected to be strongly attracted to high colour 

temperature LEDs because they are understood to be particularly sensitive to lower wavelengths of 

lights (UV, blue, and green). The two main objectives were to investigate the effect of; (1) four 

different colour temperatures of LEDs (3000 Kelvin (K), 4000 K, 5650 K, 6500 K), and (2) LEDs 

placed at varying distances of 0 – 100 m from the water’s edge on the abundance, species richness, 

and sex ratios of adult caddisflies. These objectives were tested over 22 nights of field trials at two 

rivers; the Avon (urban) and the Hawdon (high country braided) Rivers in Canterbury, New Zealand. 

My study focused primarily on adult caddisflies, but also other co-occurring insects.  At both 

locations, LEDs of all colour temperatures attracted insects from a range of orders, including a high 

abundance and diversity of caddisflies. The paired light trapping experiments with four different 

colour temperatures of LEDs found that over 1.6 times as many caddisflies were caught by the 6500 

K compared to 3000 K LEDs, and also the 5650 K compared to 4000 K LEDs, respectively. This is 

likely caused by a higher peak in blue light intensity in the higher colour temperature 5650 K and 

6500 K LEDs. There was a significant decline in caddisfly abundance when light traps were set out at 

distances of 0 to 100 m from the Hawdon River. The decline in abundance was greatest 0 – 30 m from 
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the river, with 65% of all caddisflies caught by 20 m from the water’s edge. Most caddisfly families 

and species showed a similar response in both the colour temperature and distance experiments. This 

is with the exception of the Polycentropodidae family and the leptercerid Hudsonema amabile which 

showed no significant difference in abundance between LED colour temperatures. In addition, the 

Polycentropodidae family and the hydrobiosid Psilochorema leptoharpax, showed no significant 

decline with distance. Caddisfly species richness did not significantly differ between any pair of 

colour temperatures but decreased significantly with distance. In total, 56% of caddisflies (excluding 

the Hydroptilidae family) caught were female and 44% were males. Neither LED colour temperature 

nor the distance from the river had a significant effect on sex ratios. These findings suggest that LED 

lighting placement near rivers where freshwater insects could be threatened needs consideration. To 

minimise attraction of caddisflies for the purpose of conservation, my results suggest that lower 

colour temperature LEDs (i.e. 3000 K) would be recommended for artificial lighting at night. 

Furthermore, LED light placement should be restricted within 0 – 10 m of a river and avoided 

between 10-30 m if feasible. Overall, my research has extended knowledge of the effects of LED 

lights on adult caddisflies near waterways in New Zealand, and indicates that ecologically-considered 

artificial lighting design is achievable by considering light colour temperature and the distances at 

which they are placed from waterways.  
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Chapter 1 

Introduction 

 

Artificial lighting as a global phenomenon 

Ecological systems are strongly influenced by daily and seasonal patterns of light (Gaston et 

al. 2014; Sanders et al. 2021). The timing and length of light influences many physiological and 

metabolic processes, behaviours, and ecosystem scale cycles (Bradshaw & Holzapfel 2010; Gaston et 

al. 2014). Many organisms rely on cues from light, including plants (Giavi et al. 2020), reptiles 

(Tuxbury & Salmon 2005), birds (Dominoni & Partecke 2015), amphibians (Dananay & Benard 

2018), mammals (Robert et al. 2015), and insects (Perkin et al. 2011). Therefore, disruption by 

artificial lighting may have a multitude of profound effects on ecological systems (Sanders et al. 

2021).  

Artificial lighting has become a critical part of the modern world (Gaston et al. 2014; Davies 

& Smyth 2018). As a result, the presence of artificial outdoor lighting has been increasing worldwide, 

with the global extent of artificial lights and areas which are continuously lit growing by 2.2.% per 

year (Hölker et al. 2010; Kyba et al. 2017). Whilst urban areas globally tend to be where the greatest 

skyglow is observed (Figure 1.1), artificial light is also widespread along roadways and in rural areas 

(Owens et al. 2020). Based on current trends, the extent of global artificial lighting is likely to 

increase and ecosystems are likely to be increasingly impacted (Sánchez de Miguel et al. 2017).  
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Figure 1.1 Artificial night sky brightness at sea level for New Zealand 2014 (from Stats NZ 2018, Falchi et al. 2016). 

 

Human activities have reduced the separation of the temporal niche between diurnal and 

nocturnal species (Owens et al. 2020). The extent of the disruption of artificial lights to the day/night 

cycle is concerning since rarely in evolutionary history have organisms been exposed to this kind of 

disturbance (Owens et al. 2020). The consistent presence of artificial light has caused some species in 

urban areas to markedly change their behaviour in response to these new environmental conditions 

(Ditchkoff et al. 2006). In a survey spanning from 1968 – 2002, Wilson et al. (2018) found some of 

the first evidence of long-term effects of artificial light on moths. A significant decline in moth 

abundance in the United Kingdom during this survey was caused by low-medium artificial light 

illumination at particular sites. This indicates that light may be another stressor contributing to insect 

decline worldwide (Owens et al. 2020). Altermatt & Ebert (2016) described lower proportions of 

adult moths were attracted to artificial light when habituated to light polluted areas than a dark sky 

area, indicating some insects may also adapt to the presence of artificial light. 
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Artificial lighting can disrupt a variety of behaviours including movement, foraging, 

predation, reproduction, and development (Owens et al. 2020). Movement can be disrupted, for 

example, in the presence of artificial light sea turtle hatchling movement becomes disorientated 

(Tuxbury & Salmon 2005), and there are lower aquatic insect drift rates under artificial lighting (Henn 

et al. 2014). Foraging can also be disrupted, such as shorebirds switching from tactile to visual 

foraging under artificial lights (Dwyer et al. 2013), and wētā reducing foraging activity to avoid 

predators at sites with artificial lights (Farnworth et al. 2018). Changes in predation behaviour can 

occur, for example under streetlights predators and scavengers were more common than other groups 

(grazers, detritivores, parasites) (Davies et al. (2012), and giant water bugs attracted to light were 

frequently consumed by magpies or rats (Yoon et al. 2010). In estuarine systems the presence of 

larger bodied predators was higher when lit by artificial lights than when dark (Becker et al. 2013), 

and moths (prey) performing evasive manoeuvres in response to bat (predator) calls was reduced 

under artificial lights (Wakefield et al. 2015). Furthermore, reproductive behaviour can be disrupted, 

for example, artificial light can disrupt the nocturnal pollination behaviour of insects, and plant-

pollinator interactions (Knop et al. 2017; Giavi et al. 2020). The synchronisation of seasonal 

reproduction in wallabies is altered by artificial light (Robert et al. 2015), and urban blackbirds 

exposed to 49 minutes longer perceived day length reached reproductive maturity 19 days earlier than 

in rural locations (Dominoni & Partecke 2015). The sex ratio of parasitoid wasps is altered depending 

on exposure to different amounts of red (50% male) or blue (80% male) light (Cochard et al. 2019). 

The development of organisms can also be affected, including reduced metamorphic duration in toads 

to lighting (Dananay & Benard 2018). 

Effects of artificial lights on freshwater ecosystems 

Artificial light may impact freshwater ecosystems including by altering primary producer 

biomass, insect community composition and behaviour, and fish feeding behaviour (Davies & Smyth 

2018). For example, some nocturnal fish may become less active under artificial light through fear of 

predation (from day-active fish) as it cues daytime (Moore et al. 2006). Food resources for fish may 

be altered due to depressed juvenile invertebrate drift under lights, and less adult insects returning to 
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the water with eggs due to their attraction to lights elsewhere (Moore et al. 2006; Perkin et al. 2011). 

Terrestrial predators such as spiders may also take advantage of light and consume a greater amount 

of freshwater prey that fly near lights (Manfrin et al. 2018).  

Whilst there has been considerable research on the impacts of artificial light on terrestrial 

insects such as moths, aquatic insects have been less studied (Perkin et al. 2011). Freshwater and 

riparian ecosystems are especially likely to be affected by artificial light since these ecosystems are 

often close to areas with high human populations, and lighting often follows paths or roads near rivers 

(Perkin et al. 2014; Reid et al. 2019). Artificial light poses an additional threat to freshwater insects in 

urban rivers which are already stressed by pollution and degradation of in-stream habitat 

(Blumenstein et al. 2018). This is of conservation concern since 9.5% of the total global number of 

animal species inhabit freshwaters, but freshwaters comprise only 0.01% of the world’s surface area 

(Reid et al. 2019). Thus, there is a disproportionately large number of species in freshwaters per area, 

and 60.4% of these are insects (Balian et al. 2008). Caddisflies (Trichoptera) are one order of 

freshwater insects, which have more known species than all other primarily aquatic insect orders 

combined (Morse et al. 2019). Caddisflies provide multiple beneficial freshwater ecosystem 

processes, including food for fish and other organisms, and stabilisation of the stream bed and its 

sediments (Perkin et al. 2011; Morse et al. 2019).  

Caddisflies have a complex lifecycle, and they provide terrestrial-freshwater subsidies (Smith 

et al. 2009; Figure 1.2). Caddisflies live in the freshwater environment as juveniles, then form pupae 

and emerge as winged adults. As adults they disperse into the terrestrial environment and mate. 

Caddisfly adults live longer than other freshwater insects, such as mayflies and stoneflies because 

they can draw sugary liquids like nectar or honeydew into their digestive systems (Morse et al. 2019). 

This also means that they are more likely to rest in the terrestrial environment than other freshwater 

insects. Adult caddisflies may become disorientated and fixated on an artificial light source, which 

may result in fatigue or death, from burning or predation due to flying fixated near lights (Perkin et al. 

2011).   
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Figure 1.2 Caddisfly life cycle between freshwater and terrestrial ecosystems (adapted from Smith et al. 2009). The effects 

of artificial light are primarily on the adult stage of caddisflies (red oval), when they predominantly inhabit the terrestrial 

zone. Artificial light can also affect the stream and aquatic-terrestrial interface since these are all interconnected.  

 

Understanding freshwater insect attraction to light 

Adult freshwater insects are highly phototactic and recognise their habitat by the horizontally 

polarised light that is reflected off these waterbodies (Schwind 1995; Horvath & Varjú 1997), which 

can be affected by angle of view and illumination conditions. Whilst there is limited knowledge of the 

exact spectral sensitivities of caddisfly colour vision (Van Der Kooi 2021), it is understood that most 

insects have photoreceptors which are sensitive to light in the ultraviolet, blue, and green wavelength 

spectrum between 360 nm (UV) and 550 nm (yellow/green) (Schwind 1995; Briscoe & Chittka 2001).  

Man-made surfaces such as asphalt roads, pathways, and windows can also reflect horizontally 

polarised light like water. Therefore, urban environments may cause additional, synergistic effects to 

caddisflies including causing females to oviposit on these man-made surfaces instead of in the river, 

as they perceive these surfaces to be water (Kriska et al. 1998; Horváth et al. 2014). This behaviour 

may also result in a loss of juvenile recruits in freshwater ecosystems. 

Artificial lighting technologies and their known ecological effects 

A variety of different outdoor lighting technologies have been used globally. Different light 

types produce different spectral profiles of light which may differ in their attraction to insects (Gaston 
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et al. 2014). These include metal halide, fluorescent, mercury vapour, high- and low-pressure sodium, 

and more recently light-emitting diodes (LEDs)(Table 1.1). Metal halide, mercury vapour, and 

fluorescent bulbs have been found to stimulate the visual range most for insects, HPS and LEDs had 

similar moderately attractive effects for insects, and LPS was the least attractive (Davies et al. 2012; 

Van Grunsven et al. 2014, Poiani et al. 2015; Wakefield et al. 2018). Martín et al. (2021) found LEDs 

to attract the least terrestrial insects when compared with HPS, metal halide, and high-pressure 

mercury. 

LEDs are becoming the predominant outdoor artificial light source globally (Sánchez de 

Miguel et al. 2017; Kyba et al. 2017). The shift to LEDs causes a shift in spectra of artificial light. 

This is because most white LEDs span a broad spectrum and emit some of their light at wavelengths 

below 500 nm (blue), although there are also alternatives which do not have blue light (Kyba et al. 

2017; Longcore et al. 2018; Deichmann et al. 2021). Whilst LEDs do not usually emit UV light which 

is highly attractive to insects, many LEDs have a peak in intensity in the blue light wavelength range 

which is also very attractive to insects (Gaston et al. 2012). For example, highly attractive metal 

halide and mercury vapour bulbs emit approximately 33-36% of their light in the blue wavelength 

range, whilst 4000 K LEDs are estimated to emit approximately 26%-33% of their light in the blue 

wavelength range (Royal Society 2018; Davies et al. 2013). Therefore, certain colour temperatures of 

LED may have different impacts on insects. 

It is important that the possible ecological effects of LEDs be studied as they are also 

becoming the predominant bulb in streetlights in New Zealand due to an initiative by Waka Kotahi to 

convert streetlights to LEDs. HPS bulbs were the previous predominant streetlighting source in New 

Zealand and needed replacement every three to four years (16,000 hours). LEDs last around 20 years 

(85,000 hours) which is a large monetary and energy efficiency gain (Waka Kotahi 2014). There are 

many benefits to the use of LEDs, for energy efficiency, and the ease at which their brightness can be 

altered or turned off during low demand (Waka Kotahi 2014). Therefore, white LEDs were the most 

pertinent options to examine in my project for their ecological effects on freshwater insects.  
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The ecological consequences of artificial light at night may be reduced by selecting a colour 

temperature which is least attractive to insects. Different colour temperatures of LED display differing 

spectral profiles and notably, differences in the peak in intensity in the blue light wavelength range. 

LED colour temperatures range from 7000 K with a large peak in blue light intensity, down to 

yellow/amber LEDs (2200-2700 K) with a phosphor coating to remove blue light output. The range of 

studies to date provide an inconsistent picture of whether selecting a bulb based on the spectral output 

can positively mitigate ecological impact, because the specific set-up of the studies is highly variable 

(Table 1.1). For example, studies vary between the lighting types compared, as well as between the 

LED colour temperature range selected. There may also be variability in spectral profiles of similar 

colour temperatures of LED between manufacturers. 
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Table 1.1 Compilation of studies which have investigated the effects of artificial light on terrestrial and/or aquatic insects. 

These include studies which have considered comparative attractiveness of light types or LED colour temperature, and 

influence of distance on insect attraction. The studies listed are the most similar to my thesis research and the similarity of 

findings to my research outcomes is noted. 

Authors 

(year) 

Location Study 

design 

Species Findings Similar findings to 

project? 

Pawson & 

Bader 

(2014) 

New 

Zealand 

Colour 

temperature 

Terrestrial 

insects 

White LEDs caught more insects than 

HPS, no difference between LED 

colour temperature 

No. Found a 

difference 

between LED 

colour 

temperatures. 

Wakefield et 

al. (2016) 

England Colour 

temperature 

Mostly 

terrestrial 

insects (diptera 

and 

lepidoptera), 

some aquatic 

No significant difference in attraction 

between cool-and warm-white LEDs 

No. Found a 

difference 

between LED 

colour 

temperatures. 

Longcore et 

al. (2015) 

United 

States 

Colour 

temperature 

Mostly diptera, 

lepidoptera. 

Differing spectral profiles of LED 

can change insect attraction rates. 

Yes. Bulbs with 

intensity lower 

wavelength 

attracted more 

insects. 

Justice & 

Justice 

(2016) 

United 

States 

Colour 

temperature 

Terrestrial 

insects 

No significant difference in attraction 

between cool (3000 K) and warm 

(5000 K) white LEDs 

No. 

Bolliger et 

al. (2020) 

Switzerland Colour 

temperature 

Terrestrial 

insects 

No significant difference in catch 

between 2700 K and 6500 K LEDs 

No. 

Deichmann 

et al. (2021) 

Peru Colour 

temperature 

Terrestrial 

insects and 

some aquatic 

insects 

Significantly more insects in white 

LED (3200 K) than yellow (2700 K) 

or amber (2200 K) 

Yes, although all 

were lower CCT.  

Van 

Langevelde 

et al. (2011) 

Netherlands Wavelength 

differences  

Lepidoptera Highest abundances caught by 

fluorescent light with shortest 

wavelength (UV/blue) 

Yes, although 

different bulb. 

type. 

Van 

Grunsven et 

al. (2014) 

Netherlands Bulb type 

comparison 

Terrestrial and 

some aquatic 

insects 

Found that out of 6 bulb types, LED 

attracted the least insects, high-

pressure mercury attracted most  

N/A 

Poiani et al. 

(2015) 

Brazil Bulb type 

comparison 

Terrestrial 

insects 

Significantly more insects captured 

by compact fluorescent lamp than 

LED with same colour temperature 

(2700 K). 

N/A 

Wakefield et 

al. (2018) 

England Bulb type 

comparison 

Terrestrial 

insects 

No significant differences in number 

of insects attracted to HPS and LED 

lights 

N/A 

Martín et al. 

(2021) 

Spain Bulb type 

comparison 

Terrestrial 

insects 

LED attracted the least insects 

compared with HPS, MH, and High-

pressure mercury 

N/A 

Kovats et al. 

(1996) 

Canada Light trap 

Distance 

Hydropsychidae 

caddisfly, 

Ephermidae 

mayfly 

Trichoptera mean dispersal distances 

to light traps (15W UV lamp) was 

650-1845 m (spp. dependent), and 

found up to 5 km inland 

Partially, distance 

was much further. 

Similar decline 

slope with 

distance. 

Collier & 

Smith 

(1997) 

New 

Zealand 

Light trap  

Distance 

Trichoptera Total caddisfly abundance at 20 m 

was <21% of count at stream edge, 

>30% of spp. found at stream edge 

were found at 70 m (UV fluorescent 

tube) 

Yes. Sharp 

decline in first 10-

20 m, but range of 

species still found 

up to 100 m. 

Graham et 

al. (2017) 

New 

Zealand 

Light trap  

Distance 

Aquatic insects Caddisflies found in light traps (UV 

LED) up to 1500 m from water for 

multiple species, no significant 

difference between family. 

Partially, no 

significant 

differences 

between families. 

Blumenstein 

et al. (2018) 

Switzerland  Light trap  

Distance 

Trichoptera, 

Ephemeroptera, 

Diptera 

Significant decreases in light (1500 

Lumen LED) trap catch from 20-40 

m from river for Ephemeroptera, 

between 0-10 m for Trichoptera  

Yes.  
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For previous studies comparing LED colour temperatures, Pawson & Bader (2014), 

Wakefield et al. (2016), and Bolliger et al. (2020) all demonstrated no significant difference in the 

responses of insects (predominantly terrestrial) between cool-white and warm-white LEDs, which was 

expected to vary due to differences in peak blue light intensity (Table 1.1). Deichmann et al. (2021) 

found the lowest colour temperature bulb attracted less insects (predominantly terrestrial) than the 

others, although all three bulbs used in the study are quite low colour temperature (amber 2200 K, 

yellow 2700 K, and white 3200 K LEDs). These amber and yellow LEDs used were achieved through 

filters to reduce blue light section of spectrum in the light. Due to the large range of different bulb 

types with differing spectral outputs, Longcore et al. (2018) developed a method to predict responses 

of example organisms (including insects) to particular types and spectral outputs of light bulbs. This 

method predicted that yellow-green and amber LEDs would have lowest effects on organisms, 

compared with other light types with higher amounts of blue light (>2200 K), with predicted effects 

on organisms increasing as the colour temperature increased. 

Whilst there are many studies comparing different types of bulbs for terrestrial insects (Table 

1.1), there has been research on the impacts of LED lights on freshwater insects. Therefore, my study 

intends to fill this research gap by focusing on the effect of different colour temperatures of LED on 

the attraction rates of freshwater insects. 

Perkin et al. 

(2014)     

Germany Distance  

and Height 

Aquatic insects Large decrease in light trap catch 

with distance, even between 0-3 m 

including for Trichoptera 

Yes. 

Beck & 

Linsenmair 

(2006) 

Borneo Recapture 

distance/ 

Attraction 

 radius 

Lepidoptera 50% attraction radius of 30 m or less 

(125W metal vapour light). 

Yes. 

Truxa & 

Fielder 

(2012) 

Germany Recapture 

distance 

Lepidoptera Very few recaptures beyond 40 m, 

large decline after 15 m from light 

(15W UV) 

Yes. 

Merckx & 

Slade (2014) 

England Recapture 

distance 

Lepidoptera Rate of recapture was greatly reduce 

after 15 m away from light (actinic 

6W blue light) 

Yes. 

Degen et al. 

(2016) 

Germany Attraction 

radius 

Lepidoptera 23 m around each light (7W HPS). 

No sex differences in attraction rate 

or radius. 

Yes. 
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Research aims and thesis outline 

My research fits within a wider MBIE Smart Ideas project run by NIWA (Reducing impacts 

from LED streetlight conversions. Contract no: COIX1810). I have focused on one part of the project 

and my research has two main objectives: 

1) Investigate the effects of four different colour temperatures of LED lights (3000 Kelvin (K), 

4000 K, 5650 K, 6500 K) on the abundance, species richness, and sex ratios of adult 

caddisflies. 

2) Investigate the effects of placing LEDs at varying distances from a river (0 – 100 m) on adult 

caddisfly abundance, species richness, and sex ratio of adult caddisflies. 

 

This thesis consists of three data chapters, and a discussion. Chapters Three and Four are 

written in a draft manuscript style, so they include an Abstract however all references cited in the text 

are presented at the end of the thesis to avoid repetition. 

Chapter Two is a photo identification atlas of adult caddisfly species created from lab 

microscope imagery of the specimens captured as part of this research, annotated with key identifying 

features. It is not an exhaustive list of adult caddisflies, nor does it include all the species captured at a 

particular study site. It is comprised of all the species I identified in the samples captured on my study 

nights at three rivers.  

Chapter Three presents the results of the experiments which compared LEDs of four different 

colour temperatures to identify if there is variability in the attraction rates of adult caddisflies, and 

other co-occurring insects. 

Chapter Four presents the results of the experiments which investigated how setting LEDs at 

different distances of 0 – 100 m away from the river affected the attraction rates of adult freshwater 

insects, and other co-occurring insects. 

At the end of the document there is also one appendix included with additional data. Appendix 1 

provides a description of the pilot study I completed



   

 

Chapter 2 

Photo Identification Atlas for Common Adult Caddisflies 

(Trichoptera) in some Canterbury Rivers 

 

Co-Authors: Jon Harding, Brian Smith. 

Note: This photo identification document is comprised of the 26 species identified from the light trap 

specimens captured, at three rivers.  
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Preface 

All images of caddisflies included in this identification guide were taken of specimens collected from 

light trapping at Hawdon River, Avon River, and Otukaikino Stream in Canterbury (Figure 2.1).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1 The three locations where lighting trapping occurred to catch the species displayed in this atlas: Hawdon River, 

Avon River, Otukaikino Stream. 

 

These taxa were caught using a series of LED light traps (20 per night) between December 2019 – 

March 2020 (Figure 2.2). Over this period, light traps were set out. Caddisflies are known to select 

nights with an air temperature of preferably over 13 °C to emerge (Norrie 1969; Smith et al. 2002) 

and are highly unlikely to be active below 9-10 °C (Ward et al. 1996; Pohe et al. 2018). Therefore, 

during the summer months higher abundances of caddisflies can be observed compared with cooler 

months. In total, 157,402 caddisflies were caught comprising eight families (including Hydroptilidae 

and Helicopsychidae which are not included in this guide) and 30 species. Of these, 12,096 were male 

individuals which could be identified to species level.  

Hawdon River 

Avon River 

Otukaikino Stream 
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Figure 2.2: Light traps used to catch the caddisfly species displayed in the images below. Image is taken of a light trap set 

up at the Hawdon River. 

 

Adult Caddisflies (Trichoptera) in New Zealand 

Juvenile caddisflies live in freshwaters. Once they have matured through a larval and pupal stage they 

emerge as winged adults. At this point these caddisflies can disperse into the terrestrial environment, 

and light trapping is a commonly used method to catch these adult caddisflies. However, it is possible 

that not all caddisflies are attracted to lights and some species may not emerge in summer.  

There are approximately 250 described species of caddisfly comprising 15 genera in New Zealand. 

Juvenile caddisfly taxonomy has been more comprehensively studied than adult taxonomy. To date, 

there are no comprehensive adult keys or photo atlases for New Zealand caddisflies, with the 

exception of Neboiss (1986) and keys created by Brian Smith. This atlas was created to assist me to 

correctly and consistently identify species, and to assist others in future identification work. 

I note that the Aoteapsyche caddisfly genus has been revised to Hydropsyche. I have retained the use 

of Aoteapsyche in this document.
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Important Identifying Structures of Adult Caddisflies 

These diagrams are modified from the taxonomic work of Neboiss (1986), and display the key 

identifying features described in the quick reference table for common families below. 

Several structures can assist with rapid identification of caddisflies to family level. These features are; 

- Presence/absence of ocelli 

- Number and length of maxillary palps 

- Number of tibial spurs on each for-, mid-, and hind- leg 

- Venation in wings 

- Shape of structures in male genetalia  

 

 

Ocelli 

 

 

 

 

 

 

 

 

 

Ocelli 

present 
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Maxillary palps 

 

 

 

 

Tibial spurs 

 

 

Terminal 

segment 

longer 

than 3+4 

2:4:4 

tibial 

spur 

pattern 

Maxillary 

palps 

Foreleg 

Midleg 

Hindleg 

Tibial 

spurs 
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Wing structure 

 

 

 

Male genetalia 

 

 

Join before  

wing margin 

10th segment 

Phallus/Phallic complex 

Superior appendage 

Inferior appendage 

Parapod 
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Quick reference table for common families 

Jon Harding May 2019, Jessica Schofield contributed February 2021 

Note: Bold text indicates families which are photographed in this guide. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Family Ocelli Maxillary 

palps 

Tibial 

spurs 

(fore, mid, 

hind leg) 

Antennae 

length 

General 

Hydroptilidae 

(very common)  

No  None on  

forelegs 

 Tiny animal, 

5mm or less 

Conoesucidae 

 

No 2 or 3 

segments held 

up in front of 

head 

2:2:4 1st segment 

long & very 

hairy 

Hairy wings 

Economidae 

(Rare) 

 

 5 segments, 

terminal 

longer than 

3+4 together 

3:4:4  Small 

animal, 

5mm 

Helicopsychidae 

 

No 2 segments   Wings may 

be very pale. 

‘C’ shaped 

lateral view 

of genitalia 

Hydrobiosidae 

 

Yes ≤5 segments, 

terminal not 

longer than 

previous 2 

together 

2:4:4   

Hydropsychidae 

 

No 5 segments, 

terminal 

longer than 

3+4 together 

2:4:4  Large – 

forewing 7-

18mm  

Kokiridae 

 

No  <5 segments, 

terminal not 

longer than  

previous 2 

together 

2:4:4   

Leptoceridae 

 

No 5 segments, 

each segment 

long 

2:2:2 Very long 

e.g. x2 

body 

 

Oeconesidae 

 

No <5 segments, 

terminal not 

longer than  

previous 2 

together 

2:4:4  No lobe on 

rear margin 

of forewing, 

Golden 

circles on 

wing 

Philopotamidae 

 

Yes 5 segments, 

terminal 

longer than 

3+4 together 

2:4:4   

Polycentropodidae 

 

No ≤5 segments, 

terminal longer 

than previous 2 

together 

3:4:4 

 

 Small animal, 

1cm  
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Photo identification guide to adult caddisflies 

Note: for species identification using genitalia, male individuals are required. Therefore all images 

included in this guide are male caddisflies only. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.3 Caddisfly species found in each of the three rivers sampled in this study. 

 
 

Aoteapsyche colonica 

Aoteapsyche tepoka 

Hydrobiosis clavigera 

Neurochorema 

confusum 

Psilochorema tautarou 

 

Confluens olingoides 

Costachorema xanthoptera 

Edpercivalia fusca 

Edpercivalia maxima 

Hydrobiosis charadraea 

Hydrobiosis frater 

Hydrobiosis harpidiosa 

Hydrobiosis silvicola 

Hydrobiosis soror 

Hydrobiosis spatulate 

Olinga jeanae 

Plectrocnemia machlachlani 

     Synchorema zygoneurum 

 

 

Polyplectropus puerilis 

Triplectides obsoletus 

HAWDON RIVER AVON RIVER 

OTUKAIKINO 

STREAM 

Hudsonema amabile 

Hydrobiosis parumbripennis 

Oecetis unicolor 

Oeconesus maori 

Psilochorema bidens 

Psilochorema leptoharpax 

Pycnocentria evecta 

Pycnocentrodes aureolus 

Triplectides cepahlotes 

 

 

Olinga feredayi 

 



 

25 

 

Photos 
Where possible four or five photos are shown of each species, in the below order: 

1. Full body; 

2. Head showing ocelli and maxillary palp structure; 

3. Ventral view of male genetalia with key features; 

4. Lateral view of male genetalia with key features; 

5. Where appropriate distinctive wing venation. 

 

TRICHOPTERA (Caddisflies) 

CONOESUCIDAE 

Ocelli: No 

Maxillary palps: 2 or 3 segmented 

Tibial spurs: 2:2:4 

Antennae length: long first segment 

CONOESUCIDAE: CONFLUENS  

Confluens olingoides  (Tillyard 1924) 

  

  

 

 

1st segment 

long 

Lateral  Ventral 

Inferior appendage 

strongly upturned  
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CONOESUCIDAE: OLINGA 

Olinga feredayi  (McLachlan 1868) 

  

  

 

 

 

Hockey stick 

shape wing line 

Ventral process 

 

1st segment 

long & very 

hairy 

Lateral  Ventral “C” shaped 

end of 10th 

segment  

Hooked end 

of inferior 

appendage  
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Olinga jeanae  (McFarlane 1966) 

  

  
 

CONOESUCIDAE: PYCNOCENTRIA 

Pycnocentria evecta (McLachlan 1868) 

  

Ventral process 

 

1st segment 

long & hairy 

1st segment 
long, very 
hairy 

Lateral  Ventral 

Maxillary 

palps hairy 

in front of 

head 

Inferior 

appendage 

wide 
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CONOESUCIDAE: PYCNOCENTRODES 

Pycnocentrodes aureolus  (Cowley 1976) 

  

  
 

Ventral process 

 

Hairy 

palps, held 

in front of 

head 

Distinct 

“C” shape 

Lateral  Ventral 

Lateral  Ventral 

Thin process, 

with acute tip 
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HYDROBIOSIDAE 

Ocelli: Yes 

Maxillary palps: <5 segments, terminal not longer than 3+4 together 

Tibial spurs: 2:4:4 

HYDROBIOSIDAE: COSTACHOREMA 

Costachorema xanthoptera    (McFarlane 1939) 

  

  

 

HYDROBIOSIDAE: EDPERCIVALIA        

Edpercivalia fusca (McFarlane 1939) 

   

End segment 

not longer 

than previous 

two combined 

“L” shaped 

superior 

appendage 

 

Ocelli 

Lateral  Ventral 

Large golden 

wing 
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Edpercivalia maxima  (McFarlane 1939) 

   

  

Ventral process 

“Comb-like” hairs inside 

of inferior appendage 

Large phallic complex 

with hook-shaped 

process in centre 

Lateral  Ventral  

Ventral  Lateral 

Cylindrical 

phallic complex 

with acute  

tips  
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Hydrobiosis charadraea (McFarlane 1951) 

  

  

  

Hydrobiosis clavigera       (McFarlane 1951) 

  

Lateral  Ventral  

Spines on 

parapod 

Long inferior 

appendage 

Ocelli 
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Hydrobiosis frater (McLachlan 1868) 

   

  

  

Hoof shaped phallic 

complex in ventral 

Inferior 

appendage 

with upturned 

end 

“Comb-like” hairs inside 

of inferior appendage 

Ventral  Lateral 

Ventral  Lateral 

“Bone-shaped” 

end of superior 

appendage 



   

 

 

Hydrobiosis parumbripennis 

 

(McFarlane 1951) 

  

Hydrobiosis harpidiosa (McFarlane 1951) 

  

  

Ventral  Lateral 

Short, wide 

inferior 

appendage 
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Hydrobiosis silvicola (McFarlane 1951) 

  

   

        

Hydrobiosis soror  (Mosely 1953) 

  

Thin  

upturned 

hook of 

inferior 

appendage 

Ventral  

Lateral 

Long inferior 

appendage 

Ventral  

No spines on 

parapod 

Lateral 
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Hydrobiosis spatulata   (McFarlane 1951) 

  

  

Inferior 

appendage 

long 

Ventral  Lateral 

Split arrow shape 

Lateral Ventral  



 

36 

 

HYDROBIOSIDAE: NEUROCHOREMA       

Neurochorema confusum (McLachlan 1868) 

  

  

 

HYDROBIOSIDAE: PSILOCHOREMA        

Psilochorema bidens  (McFarlane 1951) 

  

“Comb-like” 

inside of inferior 

appendage 

End of phallic 

complex 

kinked 

inwards 

Ventral  Lateral 
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Psilochorema leptoharpax (McFarlane 1951) 

  

  

Wide inferior 

appendage, 

curved ends 

Wide inferior appendage  

Comb-like fringe on 

curved upper edge 

Ventral  Lateral  

Ventral  Lateral 
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Psilochorema tautoru  (McFarlane 1964) 

  

  

 

HYDROBIOSIDAE: SYNCHOREMA 

Synchorema zygoneurum  

  

Wide inferior 

appendage, 

distinct shape 

Large 10th 

segment 

Flat head 

shape 

Ventral  Lateral 
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HYDROPSYCHIDAE 

Ocelli: No 

Maxillary palps: 5 segments, terminal longer than 3+4 together 

Tibial spurs: 2:4:4 

HYDROPSYCHIDAE: AOTEAPSYCHE       

Aoteapsyche colonica  (McLachlan 1871) 

  

  

Inferior  

appendage hooked 

upwards with acute tip 

Large phallic complex 

with multiple prongs 

protruding at end 

Ventral  Lateral 

Lateral Ventral 

Terminal 

longer than 

3+4 
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Aoteapsyche tepoka   (Mosely 1953) 

  

  

 

LEPTOCERIDAE 

Ocelli: No 

Maxillary palps: 5 segments, each segment long 

Tibial spurs: 2:2:2 or 2:2:4 

Antennae length: Long e.g. 2x body 

Hoof shaped phallic 

complex in lateral 

Large phallic 

complex with 4 

prongs protruding 

at end 

Ventral Lateral 

Terminal 

longer than 

3+4 
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LEPTOCERIDAE: HUDSONEMA        

Hudsonema amabile  (McLachlan 1868) 

  

  

LEPTOCERIDAE: OECETIS       

Oecetis unicolor  (McLachlan 1868) 

  

Long 

segments 

Upturned inferior 

appendage 

Spots on 

wing 

Ventral Lateral 

Long 

segments 

Curved 

inside of 

inferior 

appendage 

in ventral 
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LEPTOCERIDAE: TRIPLECTIDES      

Triplectides cepahlotes  (Walker 1852) 

  

  

       

Hoof shaped phallic 

complex in lateral 

Hook 

Ventral Lateral 

Ventral Lateral 

Long 

segments 

Same length 

as phallic 

complex 

Straight 

inside of 

inferior 

appendage 

in ventral 
Upturned, 

narrow end 

of inferior 

appendage 
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Triplectides obsoletus  (McLachlan 1862) 

  

  

OECONESIDAE 

Ocelli: No 

Maxillary palps: <5 segments, terminal not longer than 3+4 together 

Tibial spurs: 2:4:4 

OECONESIDAE: OECONESUS         

Oeconesus maori (McLachlan 1862) 

  

Long 

segments 

Ventral Lateral “V” shape  

in phallic 

complex in 

lateral 

Shorter 

than phallic 

complex  
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POLYCENTROPODIDAE 

Ocelli: No 

Maxillary palps: 5 segments, terminal not longer than 3+4 together 

Tibial spurs: 3:4:4 

 

POLYCENTROPODIDAE: POLYPLECTROPUS      

Polyplectropus puerilis  (McLachlan 1868) 

  

Golden circles on wing 

3 spurs on 

foreleg 

Ventral Lateral 

All appendages 

short 
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POLYCENTROPODIDAE: PLECTROCNEMIA       

Plectrocnemia maclachlani (Mosely 1953) 

  

  

 

 

 

 

Ventral Lateral 

Ventral 

Wide inferior 

appendage 

Inferior 

appendage 

long, hairy 

Long, cylindrical 

with acute tip 
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Chapter 3 

The effect of different LED light colour temperatures on the 

attraction of freshwater insects 

 

 

 

 

 

 

LED light traps set up in Arthur’s Pass National Park, Canterbury, New Zealand. 
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Abstract 

Artificial light at night is increasingly recognised as a global phenomenon causing unintended 

impacts to terrestrial and aquatic ecosystems. However, current research on the response of freshwater 

adult insects to artificial lights is limited. In New Zealand, the recent conversion of streetlights from 

high-pressure sodium (HPS) bulbs to Light Emitting Diode (LED) bulbs has provided a cause to 

investigate the impacts of artificial light on adult caddisflies (Trichoptera). The effects of LED 

lighting on adult caddisflies may be mitigated by selecting an LED colour temperature which is least 

attractive to these insects. To investigate this, I tested the comparative effects of four LED colour 

temperatures (3000 Kelvin (K), 4000 K, 5650 K, 6500 K) on the abundance, species richness, and sex 

ratios of adult caddisflies. My study primarily focused on adult caddisflies, but also included other 

insects that co-occurred (Diptera, Lepidoptera, Ephemeroptera, Neuroptera).  LEDs were compared in 

15 nights of field trials at two rivers; the Avon (urban) and the Hawdon (high country braided) Rivers 

in Canterbury, New Zealand. A total of 149,138 insects were trapped across the two rivers. At both 

locations, all colour temperatures were found to attract insects from all five orders. Across locations, 

over 1.6 times as many caddisflies were caught by the 6500 K LEDs compared to 3000 K, and by the 

5650 K LEDs compared to 4000 K, respectively (LRT, χ2
3=63.4, P=<0.001). Most caddisfly families 

and species showed a similar trend in attraction to high colour temperature LEDs over low colour 

temperatures, except Polycentropodidae and the leptocerid Hudsonema amabile which showed no 

significant effect of colour temperature. There was a significant effect of colour temperature on 

species richness, mostly introduced by differences in species richness between rivers, but no 

significant difference in sex ratios was observed between colour temperatures. These results suggest 

that spectral composition of the LED light source plays a role in determining the impact it has on 

freshwater insects. To minimise the attraction of caddisflies for the purpose of conservation, my 

results suggest that the lowest colour temperature LEDs (3000 K), would be recommended for 

streetlights and other lights at night.  
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3.1 Introduction 

Artificial light at night is increasingly recognised as a global phenomenon causing a wide 

range of ecological impacts (Gaston et al. 2014; Sanders et al. 2021). Despite this lighting at night has 

become a growing, integral part of urban environments (Kyba et al. 2017). Ecological systems are 

strongly influenced by daily and seasonal patterns of light (Gaston et al. 2014; Sanders et al. 2021). 

Therefore, the increasing presence of brightly lit areas at night has the potential to disrupt a range of 

ecological systems by altering nocturnal organism behaviour, including the behaviour of flying insects 

(Longcore & Rich 2004; Davies & Smyth 2018).  

Many nocturnal flying insects, including adult freshwater insects, exhibit a positive 

phototactic response to lights (Boda et al. 2014). These insects have photoreceptors which are 

sensitive to light in the ultraviolet, blue, and green wavelength spectrum between 360 nanometres 

(nm) (UV) and 550 nm (yellow/green) (Schwind 1995; Briscoe & Chittka 2001; Shimoda & Honda 

2013). It is thought that this attraction to artificial light is a maladaptive response of insects’ innate 

behaviour of using lunar light sources for navigation (Altermatt et al. 2009; Szaz et al. 2015).  

Artificial lights can disorientate freshwater insect navigation and may cause insects to become 

fixated on the light (Perkin et al. 2011). Flying near lights may cause fatigue or death through burning 

or predation (Altermatt et al. 2009; Perkin et al. 2011; Manfrin et al. 2017), interfere with mate-

finding (Desouhant et al. 2019), and may cause an effective loss of reproduction since some females 

may not oviposit back in the water (McLay et al. 2017; Desouhant et al. 2019). All of these effects 

may contribute to a loss of insects as a resource in the freshwater food web (Perkin et al. 2011; 

Parkinson et al. 2020) and a disruption of subsidies between the terrestrial and freshwater 

environment (Richardson et al. 2010). 

Caddisflies (Trichoptera) are one order of aquatic insects that are diverse and abundant in 

many rivers and lakes. There are approximately 250 described species of caddisfly comprising 15 

families in New Zealand (Smith & Storey 2018). Many of these species are nocturnal, and phototactic 

(Smith & Storey 2018; Larsson et al. 2020).  Caddisfly juveniles mature in freshwater through a larval 
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and pupal stage then emerge as winged adults, and in this stage they disperse into the terrestrial 

environment and mate (Smith et al. 2009). Generally, the emerged female adult caddisflies have 

immature eggs that need to develop after fertilisation, and they may remain in the terrestrial 

environment until these develop (Morse et al. 2019). Once their eggs mature, the females return to 

water to oviposit on rocks, wood, or organic detritus (Smith & Storey 2018). It is in this winged adult 

stage that artificial lights can attract caddisflies. 

Light-emitting diode bulbs (LEDs) are becoming the predominant source of artificial night 

lighting globally due to their energy efficiency (Sánchez de Miguel et al. 2017; Kyba et al. 2017; 

Schulte-Römer et al. 2019). However, the increased use of LED lighting may result in adverse 

ecological effects for adult caddisflies (Davies et al. 2012; Gaston et al. 2015). There are a range of 

different bulb colour temperatures of white LEDs. These range from around 7000 K with a high peak 

in the blue light wavelength range (which is understood to strongly attract insects), down to 

yellow/amber LEDs (2200 – 2700 K) with a phosphor coating to reduce the blue light output 

(Longcore et al. 2015). This peak in intensity in blue light is not present in high-pressure sodium 

bulbs (HPS), which were the most common bulb used in New Zealand streetlights prior to a recent 

change to LEDs for energy efficiency improvements (Waka Kotahi 2014).  It is possible selecting a 

lower colour temperature of LED could reduce possible ecological impacts, although lower colour 

temperature LEDs generally use more energy to produce the same brightness. However, there is 

currently a lack of research on the effects of LEDs on freshwater insects to balance out the economic 

costs.  

Studies published so far have reported inconsistent findings on the effect of different colour 

temperatures of LEDs on insects. These inconsistences may be partially due to differences in the 

specific colour temperature of LEDs selected between studies. There may also be variability in 

spectral profiles of similar colour temperatures of LED between manufacturers The ecological effects 

of light may be reduced by selecting a certain LED colour temperature to use in lights at night. For 

example, Longcore et al. (2015) and Deichmann et al. (2021) found that LEDs with a peak in intensity 

at lower wavelengths (blue light wavelength range) attracted more insects than LEDs that did not have 
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a peak in intensity in the blue light wavelength range. However, Wakefield et al. (2016) found no 

significant difference in the attraction of insects (largely terrestrial) between 5000 K and 2700 K 

LEDs, which was expected to vary due to differences in blue light spectral intensity. Similarly, Justice 

& Justice (2016) found no significant difference in attraction of terrestrial insects between 3000 K and 

5000 K LEDs. Furthermore, Bolliger et al. (2020) found no significant difference in the attraction of 

insects (largely terrestrial) and bats between 2700 K and 6500 K LEDs. Pawson & Bader (2014) 

completed the only published study on the effects of LED light on insects in New Zealand. This study 

set out light traps in the Hawkes Bay and Rakaia regions, and found no significant difference in the 

attraction of insects (mostly terrestrial) to LEDs regardless of the colour temperature. The LED colour 

temperature range in this study included 6 colour temperatures from 2700 K to 6500 K. Despite this 

result, New Zealand’s freshwater insect species have high national and local endemism (Smith & 

Storey 2018), and therefore may respond differently to these reported findings and to overseas studies. 

It is relatively unknown how different colour temperatures of LEDs will impact freshwater 

insects. The effects of artificial light may be reduced by selecting a colour temperature which is least 

attractive to insects. Therefore, the aim of this study was to investigate how four different colour 

temperatures of LEDs (3000 Kelvin (K), 4000 K, 5650 K and 6500 K) impact the abundance, species 

richness, and sex ratios of adult caddisflies. These four colour temperatures of LED bulbs were 

selected because they represent a range of currently used white LEDs in streetlights, with many 

councils around New Zealand implementing 4000 K LEDs (Waka Kotahi 2021). I expected 

caddisflies to be strongly attracted to LED lights, and that the higher colour temperature LEDs (6500 

K, 5650 K) with a greater peak in blue light, would attract a greater number of individuals and species 

than lower colour temperatures with less blue light (3000 K, 4000 K). The attraction rates of insects 

are expected to be the same between sites, although large differences in community composition 

could cause differential responses. The attraction of other co-occurring insect orders was also noted. 
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3.2 Methods 

Study sites features  

This experiment was completed over 15 nights during December 2019 – March 2020 at two 

rivers in Canterbury: the Avon River, an urban river in Christchurch City, and the Hawdon River, a 

braided river in Arthur’s Pass National Park (Figure 3.1). These rivers were selected because they had 

minimal ground-level riparian vegetation (e.g. shrubs and bushes), which allowed clear visibility of 

the LED light from the water’s edge and rendered it feasible for light traps to be set-up perpendicular 

to the river over a long reach (> 800 m). The Hawdon River is a large 2nd order river, with an open, 

braided riverbed that has exposed boulders/cobbles on the banks and no substantial riparian vegetation 

for at least 100 m from the flowing channel. The upstream catchment is forested, though the nearest 

vegetation to my experimental reach was over 200 m away in one direction only. In contrast the Avon 

River site had several fully grown oak trees that were approximately 10 m apart and at distances of 10 

– 40 m from river. The riparian zone was covered with grasses and isolated sedges. Whilst efforts 

were taken to avoid them, some of the light traps at the Avon River were set out within 10 m of fixed 

park lighting sources. Both an urban and a braided river were chosen, as taxa in each location may 

have different responses to LEDs due to differences in history of exposure to light and differences in 

species present between locations.  
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Figure 3.1 Study sites and experimental set up (A) Locations of field experiments at the Avon River in Hagley Park, 

Christchurch city and the Hawdon River, Arthur’s Pass National Park, Canterbury. (B) Experimental set up was comprised 

of an alternating sequence of 20 light traps which were all separated by 40 m, and positioned 20 m from the river’s edge. 
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Light trap set up 

Light traps were comprised of one LED bulb attached to an aluminium L-shaped frame 

(Figure 3.2). In front of each LED, a white plastic tray (27 cm x 40 cm x 7 cm) was half-filled with 

water and 10 mL of dish detergent to reduce the surface tension of the water allowing for the 

entrapment of insects. The control trap was comprised of a white plastic tray half-filled with water 

and detergent with no light source. White Luxeon SinkPAD-II SP-03 Tri-Star LEDs were used in 4 

colour temperatures with 10 units each: 3000 K, 4000 K, 5650 K, and 6500 K. There were also five 

4000 K Luxdrive Indus XP-G Stars LEDs used. Three different colour temperature combinations 

were used in the field experiments (Table 3.1), where all combinations alternated the colour 

temperature of LED along the length of the river (Figure 3.1B). Power was supplied by DiaMec 12 V 

2 AH batteries attached to the back of the light trap frame. The maximum run time of the LEDs using 

these batteries was around 5 hours, suitable for the 2-hour experimental period. A dimmable constant 

current LED driver module attached allowed for calibration. These LEDs were calibrated to 2300 Lux 

(lx) at 26.5 cm distance (trap length) before each use to using a DER EE DE-3350 digital light meter. 

Lux (illuminance), a measure of the amount of light and its intensity on a particular surface (Lenk & 

Lenk 2017), was selected as the unit of calibration since it represents light as viewed by the human 

eye, which is the way that streetlights will be calibrated since they are for human use. It was important 

to calibrate illuminance between LEDs to ensure the differences between them was caused by colour 

temperature spectral differences rather than illuminance (Kerbiriou et al. 2020). The current that each 

colour temperature drew at the same calibrated Lux level was noted. 
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Figure 3.2 A light trap used in my experiments comprised of an L-shaped aluminium frame with one Tri-Star LED attached 

and a white tray filled with water and detergent. The colour temperature of the LED varied between light traps. A 12 V 

battery is attached to the rear of the frame.   

 

Experimental design 

Each night, 20 LED light traps and one control trap were placed 20 m perpendicular to the 

river’s edge at 40 m intervals apart (Table 3.1). I initially set out 10 replicates of each light type since 

discrepancies in insect catch along the reach of each river was expected to be high due to variability in 

in-stream habitat and riparian vegetation. This consequently required testing pairs of colour 

temperatures only. 3000 K and 6500 K were selected as pairs to be set out on the same nights since 

the biggest differences in insect responses were expected between these colour temperatures. On other 

nights 4000 K and 5650 K were set out together and were expected to show less of a difference in 

insect attraction. All four colour temperatures were tested together on two nights also, which required 

fewer replicates (5 LEDs per colour temperature). The experiment ran from dusk (around 9pm) for 2 

hours each night, and at the end of each night (around 11 pm) the contents of all light traps were 
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collected and preserved in 70% ethanol. A period of 2 hours was chosen as previous sampling in New 

Zealand indicated that peak activity of the freshwater adult insects occurred in the period immediately 

around dusk and dawn (Walker & Galbreath 1979; Jon Harding pers. com). Experiments were run on 

nights with low wind speeds (<15 km/hr), warm temperatures (> 13 °C at dusk), and low chance of 

rain, as based on previous knowledge of their phenology the largest number of emerging caddisflies 

were expected under these conditions (Ward 1996). Ward et al. (1996) found the arrival of three 

common species in light traps was greatest shortly after sunset. The temperature and wind speed were 

noted at the start and end of each two-hour experiment using a Digitech weather station (XC0432). 

Table 3.1: Experimental set-up for light trapping colour temperature comparisons 

 

Spectral profiles of LEDs 

Each colour temperature of LED had a different spectral profile, and I assumed the attraction 

of different adult caddisflies may be affected by the spectral profile variation. Therefore, spectral 

irradiance testing was completed in a controlled darkroom in the University of Canterbury optics 

laboratories. Spectral irradiance, intensity, is the light energy per time received by a surface for a 

particular wavelength. Spectral profiles were obtained for each of the four colour temperatures of 

LED. A fibre optical spectrometer (Model USB2000+, Ocean Optics) with a spectral resolution of 1.5 

nm, wavelength range of 200-850 nm, 1mm fibre optic aperture, and integration time set to 1 m/s, was 

used to measure absolute spectral irradiance (µW/cm2/nm). During testing, the spectrometer was 

positioned 15 cm above the light source and data were captured in Oceanview software version 1.6.7.  

Colour 

temperature 

comparison 

Location Date 
Number 

of LEDs 

Number 

of 

Nights 

Mean Temperature 
Mean Wind 

Velocity (km/h) 

3000 K and 6500 K 

Avon 

River 

28/12/19 

9/02/20 

9/03/20 

12/03/20 

10,10 4 (n=80) 

13.5 

13.5 

21 

12 

11.5 

9 

17.5 

10 

Hawdon 

River 

16/01/20 

17/01/20 

20/01/20 

10,10 3 (n=60) 

13 

14.5 

15.5 

6 

5 

5.5 

4000 K and 5650 K 

Avon 

River 

17/02/20 

18/02/20 

19/02/20 

10,10 3 (n=60) 

22 

15.5 

16.5 

11.5 

5.5 

6 

Hawdon 

River 

22/01/20 

23/01/20 

24/01/20 

10,10 3 (n=60) 

15 

16 

16.5 

9.5 

4 

6 

3000 K, 4000 K, 

5650 K, 6500 K 

Avon 

River 

25/02/20 

27/02/20 
5,5,5,5 2 (n=40) 

16 

17.5 

18.5 

15 
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There was a thin (2 mm) plastic protective cap in front of the LEDs during the testing as this is how 

they were set up in the field. Two 4000K LEDs were measured since LEDs of this colour temperature 

came from two different manufacturers. 

The spectral profiles showed differences in their peak in light intensity in the blue wavelength 

range between the four LED colour temperatures. 3000 K showed the lowest peak in blue light, 

followed by 4000 K, 5650 K, and 6500 K (Figure 3.3). The 3000 K in particular LED had a much 

smaller peak in intensity in the blue wavelength range than all other colour temperatures. The 5650 K 

and 6500 K LEDs have a relatively similar peak in intensity in the blue wavelength range. The 3000 

K LEDs required the highest current out of all the colour temperatures to obtain the calibrated lux 

level (433 mA on average), followed sequentially by 4000 K (350 mA), 5650 K (312 mA), and 6500 

K (275 mA). For this experiment the overall irradiance (W/m2) was relatively small (around 0.005 

W/m2) for all colour temperatures over the 800 m x 20 m riparian reach area that the 20 LED light 

traps were set up in. It is important to note that much a higher irradiance will be produced by the 

implementation of LEDs into streetlights based on the recommendations of Waka Kotahi (2021) for 

an LED streetlight in the same Wattage category.  

Identification of light-trapped insects 

Kicknet samples of juvenile invertebrates were taken at each river on a single occasion to 

compare the species diversity in the river with the adults captured in the light traps. These were 

identified to the lowest taxonomic level possible using Winterbourn et al. (2006). All freshwater and 

terrestrial orders of adult insect were subsequently identified in the laboratory with a Nikon SMZ800 

microscope at 1-6.3x magnification. Caddisfly adults were identified to family using an ID matrix 

table (Harding, Chapter 2 Table 2.1), and to species level using Neboiss (1986) taxonomic diagrams. 

Sample images of each adult caddisfly species were captured using the Leica stereomicroscope 

(Model: M125) and camera (Model: Leica DFC295). An expert taxonomist, Brian Smith (NIWA), 

crossed-checked these images to positively confirm species identifications.  

 

B 
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Figure 3.3 Relative spectral emission profiles of four different colour temperatures of white LEDs used in this study, (A) 

3000 K, (B) 4000 K where each line is a separate brand of LED, (C) 5650 K, (D) 6500 K. Spectral emissions were measured 

with a fibre optical spectrometer (Model USB2000+, Ocean Optics) with a spectral resolution of 1.5 nm, wavelength range 

of 200-850 nm, 1mm fibre optic aperture, and integration time set to 1 m/s. Intensity has been normalised to the maximum 

spectral intensity to show relative intensity across the wavelength range. Measurements were taken with a thin plastic 

protective lens cap in front of the LED as it how they are used in the field. 

 

Statistical analysis  

The effect of LED colour temperature on insect abundance, and the species richness and sex 

ratios of caddisflies was examined using a Generalised Linear Mixed-effects Model (GLMM) in R 

software (R Core Team 2020). Colour temperature, average wind speed and average air temperature 

were set as fixed effects, and site, date, and position along the river as random effects. Separate 

analyses were completed for different insect orders, caddisfly families and species. The effect of 

spatial autocorrelation was also accounted for using an autoregressive error structure, ar1. The ar1 

structure assumes an exponential decay in correlation between light traps with distance, given the 

random variation among dates within the two different sites (Piepho et al. 2015).  

A 

C D 

B 
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 Initially a Poisson GLMM was created using the glmer R package. I assumed a Poisson 

distribution due to the count data, and tested for overdispersion and zero inflation to confirm 

appropriate fit following the process outlined in the GLMM FAQ webpage (Bolker 2021) and 

Harrison et al. (2018). There was no zero-inflation observed, however the test for overdispersion 

through the sum of squared Pearson residuals after 1,000 parametric bootstraps yielded a value of 

188.9 and confirmed that this dataset does not meet the assumptions of a Poisson distribution 

(Harrison 2014; Harrsion et al. 2018). Therefore, a GLMM with a negative binomial link function was 

generated using the glmmTMB package (Brooks et al. 2017). 

Final model selection was decided using AIC drop1. ANOVA was used to compare between 

models with and without the autoregressive term to determine its significance (Table S3.1). Marginal 

and conditional coefficients of determination (R2) along with AIC values were used to assess model 

fit using the MuMIn package (Nakagawa & Schielzeth 2013). Graphs of glmmTMB model estimate 

outputs were produced using the emmeans package (Lenth et al. 2018), which was also used to test 

the significance of differences in insect attraction between colour temperatures using pairwise post-

hoc Tukey’s HSD tests.  

I visualised if there were any differences in caddisfly species community composition 

between the four different colour temperatures of LED using non-parametric multidimensional scaling 

(NMDS) analysis in the Vegan package (Oksanen et al. 2013). Species with low occurrences (< 2) at 

either site were removed from the NMDS abundance analysis, as they do not provide an informative 

output. All 10 species found at Avon River site, and 16 out of the 24 total species found at Hawdon 

River site were included. I then compared was whether the main and interactive effects of colour 

temperature and sampling night significantly affected caddisfly species community composition, 

constrained by the strata of sampling night with a permutational ANOVA (PERMANOVA) using the 

adonis function in the Vegan package (Oksanen et al. 2013).  Significant PERMANOVAs were 

followed by testing for homogeneous dispersion (PERMDISP) using betadisper function in the Vegan 

package (Oksanen et al. 2013) and post-hoc Tukey’s HSD for significant differences in community 

composition between paired colour temperature groups. Pielou’s evenness was also used to assess 
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whether there was variability in the homogeneity of caddisfly species community composition 

between colour temperatures and sites (Smith & Wilson 1996). 

3.3 Results  

In total, 149,138 insects were trapped over 15 nights of light trapping in two rivers. The largest 

proportion of these were Trichoptera (caddisflies), followed by Diptera (flies) and Lepidoptera 

(moths) (Table 3.2). Out of a total of 299 light traps, one light trap caught no insects and two caught 

no caddisflies. Out of 15 control traps, four caught insects (16 insects total), none of which were 

caddisflies. A total of 90,206 caddisflies were trapped during this experiment, which consisted of 11 

species at the Avon River and 27 species at the Hawdon River. 11,156 of the caddisfly individuals 

were males that could be identified to species level. All other individuals were female whose anatomy 

does not allow species identification using genitalia, or from the Hydroptilidae family which are small 

individuals (<5mm) therefore unable to be sexed. As the 3000 K and 6500 K LEDs were consistently 

set up on separate nights to the 4000 K and 5650 K LEDs, these are graphed as separate groups.   

Comparison of insect orders between rivers 

There was no significant difference in the total number of all insects combined between rivers 

(Table 3.2). Lepidoptera were significantly more abundant at the Hawdon River than the Avon River 

(LRT, χ2
3=5.1, P=0.02), but all other insect orders (Trichoptera, Diptera or Neuroptera) were similarly 

abundant between rivers (Table 3.2). Ephemeroptera were more abundant at the Hawdon River but 

were not included in any analyses since they were present in low numbers.   
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Table 3.2 Total abundance of five insect orders caught in light traps at two rivers over 15 nights. Brackets indicate the 

relative abundance of each insect order per site. Average number of all insects caught per light trap is included in the last 

row. 

 

 

 

 

 

 

 

LED colour temperature effects on insect orders 

There was a significant effect of LED colour temperature on the abundance of Trichoptera 

(LRT, χ2
3=63.4, P=<0.001), Diptera (LRT, χ2

3=10.7, P =<0.01), Lepidoptera (LRT, χ2
3=13.4, P 

=0.004), and Neuroptera (LRT, χ2
3=8.8, P=0.03) (Table 3.3). All observed insect orders were caught 

in higher abundance in the 6500 K traps compared with 3000 K. All observed insect orders were also 

caught in higher abundance in 5650 K than 4000 K (Figure 3.4). There was no significant pairwise 

difference in mean Diptera abundance between 3000 K and 6500 K LED light traps or between 4000 

K and 5650 K at both sites (Tukey’s HSD, Table S3.3C). Lepidoptera was significantly higher in 

abundance in 6500 K traps compared with 3000 K at the Hawdon River (P=0.01, Table S3.3C) but no 

significant pairwise difference was found between 4000 K and 5650 K, and no significant difference 

was found between either pair at the Avon River.  

LED colour temperature effects for all caddisflies 

 There was overall a significant effect of colour temperature on total caddisfly abundance at 

both the Avon River (LRT, χ2
3=44.7, P<0.001) and the Hawdon River (LRT, χ2

3=23.0, P<0.001). The 

6500 K LEDs comprised the largest proportion of caddisfly individuals caught in total (36%), 

followed by 5650 K (25%), 4000 K (15%), and 3000 K (23%). The 6500 K LED light traps had a 

significantly higher mean caddisfly abundance than 3000 K and trapped 1.6 times more caddisflies 

Insect Order 
Avon 
River 

Hawdon 
River 

Total 

Diptera 
 

25306 
(49%) 

26433 
(51%) 

51739 

Ephemeroptera 
 

1 
(10%) 

12 
(90%) 

13 

Lepidoptera 
 

1341 
(20%) 

5620 
(80%) 

6961 

Neuroptera 
 

82 
(37%) 

140 
(63%) 

222 

Trichoptera 
37359 
(41%) 

52847 
(59%) 

90206 

Total count of 
insects 

64,089 
(43%) 

85,052 
(57%) 

149,141 

Average count of 
insects per trap 

43.4 175.3 99.8 
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than 3000 K at both the Avon (P=0.006, Table S3.3C) and Hawdon rivers (P<0.001, Table S3.3C) 

(Figure 3.4A, C). 5650 K LEDs had a significantly higher mean caddisfly abundance than 4000 K 

LEDs and trapped 1.3 times more caddisflies than 4000 K LEDs at the Hawdon River (P=0.005, 

Table S3.3C), and 1.9 times more at the Avon River (P<0.001, Table S3.3C) (Figure 3.4B, D). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.4 Mean (1±SE) abundance of the three most abundant insect orders for all nights of light trapping. (A) 3000 K and 

6500 K comparison at Avon River in Hagley park, Christchurch (n=50), (B) 3000 K and 6500 K comparison Hawdon River 

in Arthur’s Pass National Park, Canterbury (n=30), (C) Avon River 4000 K and 5650 K comparison (n= 40), and (D) 

Hawdon River 4000 K and 5650 K comparison (n= 29). Asterix above SE bars represents the significance level of the 

difference between a pair in the figure (Tukey’s HSD tests, Table S3.2). Neuroptera and Ephemeroptera were not included 

since they were present in small numbers.   
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The predicted means of total caddisfly abundance show a significant effect of colour 

temperature on mean caddisfly abundance (Figure 3.5) (LRT, χ2
3=63.4, P=<0.001) and predict 5650 

K LEDs to have the highest mean caddisfly abundance. The raw data points added to Figure 3.5 show 

the high variability in the number of caddisflies caught per trap for each colour temperature, with 

greater variability in abundance at the Hawdon River.  The glmmTMB negative binominal model also 

included the main physical environmental variables likely to influence caddisfly emergence patterns 

as fixed effects, however there was no significant effect of measured temperature or wind speed on 

caddisfly abundance (Table 3.4). The “sampling date” contributed the most variability in the model 

(Table 3.4), with small amounts of variation contributed by site and position along the river. 

Table 3.3 Summarising the overall significance of pairwise colour temperature effects for comparisons of insect groups from 

order to species level based on pairwise Tukey’s HSD post-hoc tests (Table S3.3A). Stars to indicate significance level. No 

tests for the four colour temperature nights as the data is not a large group. Rows which are blank in this column are due to 

the small numbers of these families and species. 

Insect group 3000 K and 
6500 K 
comparison 

4000 K and 
5650 K 
comparison 

All four colour 
temperatures 
(2 nights Avon 
river only) 

All Insects 3 < 6*** 4 < 5*** 3 < 4 < 6 < 5 

Diptera N.S. 4 < 5* 3 < 4 < 6 < 5 

Lepidoptera 3 < 6* N.S. 3 < 4 < 6 < 5 

Trichoptera 3 < 6*** 4 < 5*** 3 < 4 < 6 < 5 
Hydroptilidae 3 < 6*** 4 < 5*** 3 < 4 < 6 < 5 

Conoesucidae 
Pycnocentrodes aureolus 

3 < 6*** 
3 < 6*** 

4 < 5*** 
4 < 5*** 

4 < 3 < 5 < 6  
- 

Hydrobiosidae 
Costachorema xanthoptera 
Hydrobiosis clavigera 
Hydrobiosis frater 
Hydrobiosis parumbripennis 
Psilochorema leptoharpax 

3 < 6 *** 
N.S. 

3 < 6** 
3 < 6** 

N.S. 
N.S. 

4 < 5* 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 

- 
- 
- 
- 
- 
 

Hydropsychidae 
Aoteapsyche colonica 
Aoteapsyche tepoka 

3 < 6*** 
N.S. 

3 < 6* 

4 < 5* 
N.S. 
4 < 5 

- 
- 
- 

Leptoceridae 
Hudsonema amabile 
Triplectides cepaphlotes 

3 < 6* 
N.S. 
N.S. 

4 < 5*** 
N.S. 
N.S. 

4 < 3 < 6 < 5 
- 
- 

Polycentropodidae N.S. N.S. - 

 

Table 3.4 Output of fixed and random effects from the glmmTMB negative binomial model for total caddisfly abundance 

over all nights and sites. Associated estimates of total caddisfly count for each colour temperature shown in Figure 3.5 

 

. Fixed effects 
LRT 
(χ2

3) 
p Random effects Variance 

Colour 
temperature 

63.4 <0.001 Site 2.8x10-8 

Mean temperature 1.7 0.2 Date 1.6 

Mean wind speed 2.0 0.2 

Position along 
river 

9.5x10-2 

Ar1 site:date 
2.8x10-1 

(cor. 0.66) 
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Figure 3.5 Predicted mean abundance of all caddisflies attracted by each colour temperature of LED from glmmTMB 

negative binomial model output, with raw data points plotted. Colour of points represents different dates of experiment, 

shape of points represents different rivers. Upper and lower bars represent 95% confidence intervals. 

 

A similar trend was found to the predicted means when mean caddisfly abundance was 

compared between all four colour temperatures of LED on the same night (n=5) for two nights at the 

Avon River. This included a significant effect of colour temperature (LRT, χ2
3=17.1, P<0.001, Table 

S3.2). The 5650 K LEDs caught more caddisflies than all other colour temperatures (Figure 3.6). 

There were also significant pairwise differences between 5650 K LEDs and all other colour 

temperatures (P<0.01, Table S3.3B), but no significant difference between any other colour 

temperature pairs. 

 

 

 

 

 

 

Figure 3.6 Mean (1±SE) abundance of all caddisflies caught per trap in the two-night period of light trapping where all four 

colour temperatures of LED were set out in the same night (n=40 total, n=10 per colour temperature). Asterix above SE bar 

represent significant difference between a colour temperature and all others in the figure (Tukey’s HSD, P<0.001, full 

outputs in Tables S3.2 and S3.3B). 

** 

A
ve

ra
ge

 C
ad

d
is

fl
y 

A
b

u
n

d
an

ce
 



 

64 

 

Caddisfly family specific LED colour temperature effects 

The most abundant individuals from a single caddisfly family at both rivers were 

Hydroptilidae (79,044 individuals, 53% of total caddisflies). At the Avon River, after Hydroptilidae, 

Leptoceridae (1,539 individuals) and Conoesucidae (353 individuals) were the most abundant families 

for all colour temperatures (Figure 3.7A, C). At the Hawdon River, Hydroptilidae followed by 

Hydrobiosidae (3,642 individuals) and Hydropsychidae (3,223 individuals) were the most abundant 

families (Figure 3.7B, D).  There was a significant difference in abundance between colour 

temperatures for all caddisfly families caught except Polycentropodidae. This included Hydroptilidae 

(LRT, χ2
3=55.3, P<0.001), Leptoceridae (LRT, χ2

3=24.7, P<0.001), Conoesucidae (LRT, χ2
3=52.0, 

P<0.001), Hydrobiosidae (LRT, χ2
3=29.3, P<0.001) and Hydropsychidae (LRT, χ2

3=959.8, P <0.001). 

At the Avon River, a significantly higher mean abundance of Conoesucidae (P=0.01) and 

Leptoceridae (P=0.04) were caught by the 6500 K LEDs compared to the 3000 K LEDs (Figure 3.7A, 

Table S3.3C). The same pattern was observed when 5650 K was compared with the 4000 K LEDs for 

both Conoesucidae (P=0.001) and Leptoceridae (P<0.001) (Figure 3.7C, Table S3.3C). At the 

Hawdon River, there was a significantly higher mean abundance of Conoesucidae (P<0.001), 

Hydrobiosidae (P<0.001), Hydropsychidae (P=0.003), and Polycentropodidae (P=0.03) caught by the 

6500 K LEDs compared to 3000 K (Figure 3.7B, Table S3.3C). Hydrobiosidae, Hydropsychidae, and 

Polycentropodidae showed an opposing trend with a higher abundance in the 4000 K compared to 

5650 K LEDs at the Hawdon River with no significant difference between 4000 K and 5650 K for all 

families (Figure 3.7D). However, the overall proportion of Hydrobiosidae captured each night 

between 4000 K and 5650 K shows a different trend to mean abundance, with 5650 K having a higher 

proportion than 4000 K (Figure S3.2). 
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Figure 3.7 Average abundance (1±SE) of five families of caddisfly attracted by four different colour temperatures of LED. 

(A) 3000 K and 6500 K at the Avon River in Hagley park, Christchurch (n=50), (B) 4000 K and 5650 K at the Hawdon 

River in Arthur’s Pass National Park, Canterbury (n=40), (C) 3000 K and 6500 K at the Avon River (n=30), (D) 4000 K and 

5650 K at the Hawdon River (n=29). Asterix above SE bar represent significant difference between a colour temperature and 

all others in the figure. See Figure S3.1 and S3.2 for further information about the relative pairwise proportions of the five 

families in each colour temperature. 
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Caddisfly species specific LED colour temperature effects  

At the Avon River, the most abundant species caught were Hudsonema amabile, Oecetis 

unicolor and Pycnocentrodes aureolus. At the Hawdon River, the most abundant species caught were 

P. aureolus, Aoteapsyche tepoka, Aoteapsyche colonica, and Hydrobiosis frater. There was a 

significant difference in abundance between colour temperatures for all these caddisfly species except 

H. amabile. This included O. unicolor (LRT, χ2
3=8.7, P =0.03), P. aureolus (LRT, χ2

3=47.5, P<0.001), 

A. tepoka (LRT, χ2
3=12.0, P=0.007), A. colonica (LRT, χ2

3=8.9, P=0.03), and H. frater (LRT, 

χ2
3=15.9, P=0.001), as well as Hydrobiosis clavigera (LRT, χ2

3=23.6, P<0.001). 

 At the Avon River the average abundance of P. aureolus was significantly higher in 6500 K 

traps than 3000 K (P=0.003), and both P. aureolus (P=0.005) and O. unicolor (P=0.02), were 

significantly more abundant in the 5650 K traps than 4000 K (Figure 3.7A,C, Table S3.3A).  At the 

Hawdon River, the average abundance of A. tepoka (P=0.02), H. clavigera (P=0.002), H. frater 

(P=0.003) and P. aureolus (P<0.001) was significantly higher in the 6500 K traps than 3000 K 

(Figure 3.7B, Table S3.3A). Whilst at the Hawdon River six species had a greater average abundance 

in 4000K than 5650K (Figure 3.7D), the overall proportion of these species captured between 4000K 

and 5650K each night shows the opposite trend with 5650 K having a higher proportion of all six 

species than 4000 K (Figure S3.3).
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Figure 3.8 Average abundance (1±SE) of the most common species of caddisfly attracted by four different colour 

temperatures of LED. (A) 3000 K and 6500 K at the Avon River in Hagley park, Christchurch (n=50), (B) 4000 K and 5650 

K at the Hawdon River in Arthur’s Pass National Park, Canterbury (n=40), (C) 3000 K and 6500 K at the Avon River 

(n=30), (D) 4000 K and 5650 K at the Hawdon River (n=29). All species data comprises male individuals only. Asterix 

above SE bar represent significant difference between a colour temperature and all others in the figure. 

 

Caddisfly community composition between colour temperatures and sites 

A total of 11 caddisfly species were caught at the Avon River. There was higher species 

diversity and richness at the Hawdon River, with 27 species caught and an average richness of 6.1 

species per trap (Table 3.5). Nine of these caddisfly species were found at both the Avon River and 

Hawdon River. There was a significantly higher total and average species richness at the Hawdon 

River compared to the Avon River (LRT, χ2
3=16.0, P<0.001) (Table 3.5). There was a significant 

effect of colour temperature on species richness (LRT, χ2
3=10.3, P=0.02), however there was no 

significant difference between any pairwise colour temperature comparison in the post-hoc Tukey’s 
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HSD tests. This indicated the number of species was consistent between colour temperatures within 

each location. There was no significant difference in Pielou’s evenness values between colour 

temperatures and values were all over 0.6 indicating homogeneity of caddisfly community 

composition within each colour temperature (Table S3.2, S3.3B). At the Avon River, 6500 K has the 

most homogeneous community (0.82), and at the Hawdon River 5650 K has the most homogeneous 

community (0.88). 

Table 3.5 Caddisfly abundance, species diversity, richness and evenness between all four LED colour temperatures and two 

river sites. All species data comprises male individuals only. 

 
Avon River Hawdon River Combined 

Total 3000K 4000K 5650K 6500K Total 3000K 4000K 5650K 6500K Total 

No. of 

individuals 

trapped 

5168 8113 15595 8483 37359 15665 5509 7280 24393 52847 90206 

No. of samples 50 40 40 50 180 30 30 29 30 119 299 

No. of species 

trapped 
9 7 9 8 11 16 17 20 19 27 29 

Average Species 

Richness per 

trap (±SE) 

1.9 

(1.5) 

1.9 

(1.6) 

2.5 

(1.4) 

2.4 

(1.1) 

2.2 

(1.4) 

6.8 

(1.9) 

4.5 

(2.9) 

5.1 

(2.6) 

7.8 

(1.8) 

6.1 

(2.7) 

3.7 

(2.8) 

Pielou’s 

evenness 
0.62 0.62 0.76 0.82 0.71 0.76 0.82 0.88 0.72 0.79 0.74 

 

Both colour temperature group dispersions (distance from centroids) and caddisfly species 

composition appear similar between colour temperature groups at the Avon River (Figure 3.9A), since 

all colour temperature polygons overlap. At the Avon River there was no significant difference in 

caddisfly species community composition between colour temperatures (PERMANOVA, F3,133=3.2, 

P=0.3), sampling night (PERMANOVA, F8,133=4.1, P=0.4), or the interaction between these 

groupings (PERMANOVA, F10,133=0.9, P=0.8), and colour temperature groups also showed 

homogeneous variances of community composition (PERMDISP, F3,151=3.6, P=0.01). However, for 

the Hawdon River the 4000 K and 5650 K communities have larger polygons than the 3000 K and 

6500 K (Figure 3.9B). There was a significant difference in caddisfly species community composition 

between colour temperatures (PERMANOVA, F3,102=15.0, P=0.003) and night of sampling 

(PERMANOVA, F4,102=7.2, P=0.007), with no significant interaction effect between these variables 

(PERMANOVA, F4,102=0.7, P=0.8). There was also a significant difference in colour temperature 

group dispersions (no homogeneous variance) (PERMDISP, F3,110=27.0, P=<0.001).  These effects 

applied specifically to colour temperatures which were set out on different sampling nights, as there 
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was no significant difference between 3000 K and 6500 K, or 4000 K and 5650 K pairs set out on the 

same nights (Tukey’s HSD, P>0.05).  This indicated differences between sampling nights were likely 

the likely cause of variability in community composition, however I am not able to clearly separate 

the effects of night from colour temperature for which is driving community composition.  

Sex ratios of caddisfly families  

At the Avon River 38% of all caddisflies were females, and at the Hawdon River 56% of all 

caddisflies were females, which was a significant difference between sites (LRT, χ2
3=12.8, P<0.001). 

There was no significant difference between colour temperatures in the total proportion of female 

individuals for either location (LRT, χ2
3=3.4, P=0.3) (Figure 3.10A, B), and also no significant 

difference in the proportion of females between colour temperatures for each caddisfly family at 

either location (Figure 3.10C, D). At the Avon River the average proportion of Conoesucidae (18.0%) 

and Leptoceridae (36.0%) which were females was below 50% (Figure 3.10C). At the Hawdon River, 

the average proportion of Conoesucidae (31.6%) which were females was also below 50%, but the 

average proportion of Hydrobiosidae (66.9%) and Hydropsychidae (55.6%) which were females was 

above 50% (Figure 3.10D).  The proportion of females between caddisfly families was significantly 

different (LRT, χ2
3=31.2, P<0.001), and there were pairwise differences between Conoesucidae and 

all other families (Tukey’s HSD, P < 0.001) but no significant differences between any other family 

pairs.  
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Figure 3.9 NMDS abundance plots based on Bray-Curtis dissimilarities comparing species composition between the four 

colour temperatures of LED light included in the experiments at (A) Avon River in Hagley Park, Christchurch (10 species 

represented, n=155), (B) Hawdon River in Arthur’s Pass National Park (16 species represented, n=114), completed with 4 

dimensions. 

 

A   
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Figure 3.10 Average (1±SE) proportion of caddisflies which are female attracted by four different colour temperatures of 

LED (A) at the Avon River (n=50,40,40,50), (B) at the Hawdon River (n=30,29,29,30), (C) the two most abundant families 

at the Avon River, (D) the three most abundant families at the Hawdon River. The average abundance and the average 

percentage of female caddisflies for each caddisfly family is added below each family label on the x axis. 
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3.4 Discussion 

LED colour temperature significantly affected the abundance of both freshwater and 

terrestrial insect orders in my study. Paired colour temperature experiments found that 6500 K 

attracted a significantly higher insect abundance than 3000 K, and 5650 K attracted a significantly 

higher abundance than 4000 K. This result was consistent with my predications. The LED light traps 

collected large numbers of caddisflies compared to the unlit control traps, confirming that caddisflies 

were very attracted to LED lights (Larsson et al. 2020).  The Avon River (urban) and Hawdon River 

(high country braided) differed in the community composition of caddisfly species but still showed 

similar responses to different colour temperatures, this was that more caddisflies were caught by 

higher colour temperatures of LED. Other abundance insect orders, including Lepidoptera and Diptera 

showed a similar response to colour temperature as caddisflies. 

The findings of my study were consistent with those of three other studies. First, Van 

Langevelde et al. (2011) found that lights with a peak in intensity in lower wavelengths (blue light 

range similar to my 5650 K and 6500 K LEDs) attracted a greater moth abundance and species 

richness. Second, Longcore et al. (2015) found LED bulbs with a peak in intensity in lower 

wavelengths (blue light range) attracted more terrestrial insects. Third, Deichmann et al. (2021) found 

that significantly more insects in white LEDs (3200 K) than yellow (2700 K) or amber (2200 K), 

providing some support for the findings of my study. In contrast, the findings of my study were 

inconsistent with four other studies. Pawson & Bader (2014), a New Zealand study found no evidence 

of differences in insect attraction between six LED colour temperatures within 2700 K and 6500 K, a 

very similar range to my study. My findings were also inconsistent with the findings of Wakefield et 

al. (2016), Justice & Justice (2016), and Bolliger et al. (2020), all of which found no difference 

between warm-white LEDs (low colour temperature) and cool-white LEDs (higher colour 

temperature). The cause of the differences in the findings of my experiment compared to some other 

studies could be due to the freshwater study ecosystem, as the above studies all captured terrestrial 

insects and only small numbers of co-occurring freshwater insects. The terrestrial insects investigated 

by other studies may also respond differently than the freshwater insects. There are also differences in 
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the specific colour temperature and brand of LEDs used between studies, which may produce 

differing responses from insects. 

Caddisfly family and species responses to four LED colour temperatures 

There was a significant effect of colour temperature on the abundance of all caddisfly families 

apart from Polycentropodidae, which I caught in only low numbers. There was also a significant 

effect of colour temperature for six out of eleven most abundant species in my study. For these 

families and species which had a significant difference, 6500 K LEDs attracted a significantly higher 

abundance than 3000 K at both rivers, and 5650 K LEDs also attracted a significantly higher 

abundance compared to 4000 K at the Avon River. At the Hawdon River, 4000 K caught higher 

abundances of caddisflies than 5650 K for most caddisfly families. This opposing trend was partially 

caused by high variability in catch rates between those nights, because the proportion caught between 

4000 K and 5650 K within a night showed a higher proportion of caddisflies in 5650 K, rather than 

4000 K for some of these families and species. This could be caused by different ratios of individuals 

from families emerging between nights (Ward et al. 1996), The variability in caddisfly abundance and 

the community composition between sampling nights is the reason why colour temperature pairs 

which were not set out on same night cannot be conclusively compared to each other. 

  Differences in caddisfly abundance between colour temperatures were generally more 

pronounced for the species with higher total abundance, specifically A. tepoka, P. aureolus, and O. 

unicolor. The exception to this were H. frater and H. clavigera which had lower abundances but large 

significant differences in abundance between the 3000 K and 6500 K treatments. H. amabile showed 

the opposite trend as it was present in high abundance but highly variable between light traps (based 

on the error bars), and therefore did not have a significant difference between LED colour 

temperatures. UV light trapping by Collier & Smith (1997) caught a similar proportion of species and 

abundance of individuals between the main caddisfly families; where Conoesucidae (particularly P. 

aureolus in my study) were most abundant family in the light traps, and Hydrobiosidae (15 species in 

my study) made up the largest proportion of species richness which was the same in my study. Van 

Langvelde et al. (2011) also found that multiple moth species responded to light in the same way, all 
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being more affected by lower wavelengths of light. Pohe et al. (2018) found some variability between 

mayfly species in attraction to different light types, with the more abundant three species showing no 

significant differences in abundance between lights, but one other abundant species did. There was a 

lack of mayflies in most light traps my study. This is consistent with the Hawke’s Bay study by 

Graham et al. (2017) and is possibly caused by species spending less time as adults emerged in the 

terrestrial environment compared to caddisflies. 

Community composition is similar between LED colour temperatures 

There was a significant effect of colour temperature on caddisfly species richness. The 6500 

K LEDs caught a higher greater species richness than other colour temperatures of LEDs. However, 

this may be influenced by the range of species that emerged on a particular night, since there was also 

higher species richness in 3000 K LEDs which were set out on the same nights as 6500 K. Whereas 

the 4000 K and 5650 K LEDs were set out on different nights and both had lower species richness.  

This may also be influenced by species richness differences between rivers, with an average of 6.1 at 

the Hawdon River and 2.1 at Avon River. It is likely that each light trap of the same LED colour 

temperature caught a similar community of caddisfly species between nights, and also that similar 

communities were being caught between each of the LED colour temperatures. There was no 

significant difference in the evenness of caddisfly species community composition between colour 

temperatures, and the evenness values were relatively high for each colour temperature (over 60%) 

indicating a similar species range for each colour temperature. The species caught in the light traps 

may have also changed over the summer period that the experiments took place in, which may be 

another cause of variability in overall community composition (Ward et al. 1996). It is understandable 

that caddisfly community composition was similar between light traps of all colour temperatures since 

they were set out in the same 800 m reach at the same sites.  

Caddisfly sex ratio is similar between colour temperatures 

Caddisfly sex ratios did not significantly differ between LED colour temperatures. This was 

inconsistent with my predictions. There was no significant bias towards females caught in light traps 

in this study as was found in malaise traps by Smith et al. (2002) and in light traps by Larsson et al. 
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(2020). There was also no bias towards males, as found for moths by Altermatt et al. (2009) and 

caddisflies by Diken & Boyaci (2008). The sex ratios appear to also be partly influenced by night, 

because for example Conoesucidae at the Hawdon River had higher proportions of female individuals 

caught by both 4000 K and 5650 K LEDs sex out on the same nights, and 3000 K and 6500 K had 

similar, relatively lower proportions. Ward et al. (1996) found a seasonal variation in sex ratio which 

differed between species, e.g. the proportion A. tepoka females increased over the length of the 

summer period. As my study took place over multiple months in summer, it is possible this could be 

observed but was not the main study objective. The Polycentropodidae family showed a large 

variability in sex ratio, this could be caused by low mean abundances, since the addition of a single 

male or female at low abundances results in large proportional variation.  

Environmental influences 

Trap design, placement, and weather conditions are factors which further influence light 

trapping experiments (Patrick 2016; Pohe et al. 2018). All light trap catch is influenced by 

environmental factors including trap position, air temperature, wind speed, season, and moon phase 

(Bishop et al. 2000). Nowinszky & Puskás et al. (2017) demonstrated that moon phase and 

illumination does affect flying activity of caddisflies, possibly in a species-specific manner. 

Temperature and wind speed are known to affect freshwater insect catch. Smith et al. (2002) indicates 

that low wind speeds and temperature of at least 14°C are important weather factors influencing 

emergence to get sufficient caddisfly flight in New Zealand. Ward et al. (1996) suggest at least 9°C in 

New Zealand. Pohe et al. (2018) in New Zealand also seldom caught mayflies with air temperatures 

below 10°C. Diken & Boyaci (2008) found caddisflies did not fly at winds above 20 km/hr and below 

a temperature minimum of 10.2°C in Turkey. For my study, I selected nights where the minimum 

temperature did not reach below 12°C therefore in my results I did not observe a distinct temperature 

threshold. It is also possible that some of the caddisflies which were captured in the light traps had 

emerged and dispersed into the terrestrial environment before the night upon which experiments 

occurred, but this is challenging to quantify. 
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Since there were there were large variations in caddisfly catch between individual light traps 

as well as between nights, other environmental occurrences may also have affected the caddisfly catch 

in my study. These variables include trap angle facing the river, the specific substrate that each trap is 

placed on, variability in riverbank feature geographic features, riparian habitat, in-stream habitat 

(presence of riffles/pools), and variation general insect behaviour along the ~800 m of riverbank used 

and between nights. Setting out a high number of replicate light traps in my study, has been successful 

at negating some of this environmental variability.  

Technical design implications 

It is interesting that 6500 K LEDs drew the lowest current and were more energy efficient 

than the 3000 K bulbs which drew the highest current, because this supplies an argument for the 

implementation of the higher colour temperature LED. However, it also reduces one of the 

confounding variables since the higher colour temperature LEDs are not drawing more current and 

therefore appearing brighter, causing insects to be more attracted to them. The lower colour 

temperature bulbs produced more heat and despite this, higher abundances of caddisflies were caught 

the 6500 K and 5650 K LEDs. Therefore, insects were likely instead attracted due to differences in 

spectral output as hypothesized.   

The purpose of my light traps design was to provide a portable, small-scale method to test the 

effects of LED lights without needing to manipulate council-regulated streetlighting. I acknowledge 

that this light trap design is not a direct representation of a streetlight. A limitation of their design is 

their height near ground level, which may influence taxa differently depending on the heights at 

which they fly (Perkin et al. 2011). Didham et al. (2012) in New Zealand caught 75% of total aquatic 

insect abundance at height (average of 15 m) and in Perkin et al. (2014) most insects were caught in 

top trays with 3 different height of trays (0.5, 1.5, 2.5 m) to capture insects, even when lights were off, 

indicating my light trap design could possibly have missed some individuals or species in the area.  

The high variability in caddisfly attraction rates between nights influenced the comparability 

of LED colour temperatures which were set out on different nights. This made it difficult to compare 

3000 K and 6500 K LED bulbs for which trapping was undertaken on the same nights, to 4000 K and 
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5650 K LED bulbs. The results of this study overall show that there is a significant difference 

between 3000 K and 6500 K LEDs, as well as between 4000 K and 5650 K LEDs, however the 

pairwise differences between all other combinations of these four colour temperatures cannot be 

definitively concluded from the results of this study and would be an informative focus of future 

research.  

Conclusion and Management Implications 

The 6500 K LEDs attracted the highest proportion and total abundance of insects from all 

orders between the four colour temperature LEDs. This indicates that 6500 K LEDs had the largest 

effect of all colour temperatures on the attraction rates of all insects captured, regardless of the 

variability in total abundance caught between nights. However, both the predicted means from the 

model output which used all colour temperature data, as well as the two-night period where all four 

colour temperature LEDs were set up indicate that 5650K captured a greater mean abundance of 

caddisflies than 6500K. Both colour temperatures had similar spectral profiles, therefore it would be 

interesting to investigate more rigorously the differences between 5650K and 6500K further. It is 

possible that these higher colour temperature LEDs are similar enough to not see large differences 

between the attraction rates, therefore it would be recommended that neither 5650 K nor 6500 K 

LEDs be the preferred outdoor lighting choice.  

These results cannot be generalised to all other types of artificial lights (i.e. non LEDs) 

because the spectral composition can vary greatly between bulb type (Gaston et al. 2012). Human 

vision peaks at a wavelength of 555 nm, so at normal lighting conditions humans are most sensitive to 

yellow/green wavelengths of light (Robinson & Schmidt 1984), rather than lower wavelengths (i.e. 

blue), which insects are most sensitive to (Briscoe & Chittka 2001), therefore the way we perceive 

light is also not always an indicator of how attractive it will be to insects. The results of my study are 

particularly concerning since the LEDs used in my experiment are approximately 100 times less 

bright than recommended by Waka Kotahi (2021) for an LED streetlight in the same Wattage 

category, meaning streetlights may attract higher numbers of insects. 
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Based on the findings from this study, I recommend that lower colour temperature LEDs 

(3000 K) are selected for streetlights and other night lighting sources near waterways to reduce effects 

on caddisflies and freshwater insects. Waka Kotahi (2021) has recommended 4000 K as the colour 

temperature to use for LED streetlighting in New Zealand. Therefore, my findings provide good 

evidence that this recommendation is minimising ecological impact of streetlight conversion in New 

Zealand to some extent, however, LEDs with a colour temperature lower than 4000 K could be 

selected near ecologically sensitive areas. 
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Supplementary material 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S3.1 Stacked bar graphs of relative proportion of the abundance of five caddisfly families per colour temperature at 

two locations (A) Avon River in Hagley Park, Christchurch (B) Hawdon River in Arthur’s Pass National Park. 
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Figure S3.2 Stacked bar graphs of the relative proportion of caddisfly family abundance per 4000 K and 5650 K colour 

temperature LEDs each night combined at Hawdon River in Arthur’s Pass National Park. 

 

Figure S3.3 The relative proportion of caddisfly species abundance per 4000 K and 5650 K colour temperature LEDs each 

night at Hawdon River in Arthur’s Pass National Park. 
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Table S3.1 Model selection table for glmer and glmmTMB using anova(mod1,mod2,mod3,…)  

Model structure Description df AIC ∆ AIC LogLik Overdispersion 
parameter 

Marginal & 
Conditional R2 

Total.Caddisfly ~ 
Colour.Temperature +  
1|Site/Date)+ 
Mean.Temp+MeanWind 

Glmer model 
with poisson 
link 

8 45689 - -22836.6 189.7 0.18 0.99 

Total.Caddisfly ~ 
Colour.Temperature  
+(1|Site/Date) 
+Mean.Temp+MeanWind 

glmmTMB 
model with 
nbinom2 link 

9 3619 42070 -1800.5 1.76 0.03 0.16 

Total.Caddisfly~ 
Colour.Temperature + 
(1|Site) + (1|Date) + 
(1|Position) 

glmmTMB 
model with 
nbinom2 link, 
added position 
random effect 

10 3591 28 -1785.5 2.19 0.02 0.08 

Total.Caddisfly ~ 
Colour.Temperature+ 
(1|Site)+(1|Date)+(1|Position) 
+ar1(Position+0|Site:Date) 

glmmTMB 
model with 
nbinom2 link, 
added 
autoregressive 
spatial 
correlation 
component 

12 3563 28 -1769.4 3.96 0.002 0.009 
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Table S3.2 Response variable outputs from the glmmTMB model and drop1 LRT test for colour temperature, with 

estimates of the fixed effect predictors and their associated standard errors and confidence intervals. *Starred rows 

do not include ar1 term in model. 
Response N LRT p Fixed Effect  

Predictors 
(both locations) 

Estimate 
(back 
transformed 
from log 
scale) ) (+-
SE) (both 
locations) 

CIs  
(both 
locations) 

All Insects 
 

299 45.3 <0.001 Colour 
Temperature: 
-3000K 
-4000K 
-5650K 
-6500K 
Mean Temp 
Mean Wind 

 
205 (61.8) 
229 (69.9) 
390 (118.7) 
285 (86) 
15.9 
9.4 

 
113-371 
126-417 
214-710 
157-516 
 

Diptera 
Avon River 
Hawdon River 
 

299 
180 
119 
 

10.7 
6.5 
9.7 

0.01 
0.09 
0.02 

Colour 
Temperature: 
-3000K 
-4000K 
-5650K 
-6500K 
Mean Temp 
Mean Wind 

 
95.7 (28.4) 
99.1 (29.8) 
130.3 (39.2) 
112.7 (33.6) 
15.9 
9.4 

 
53-172 
55-179 
72-235 
63-202 

Lepidoptera 
Avon River 
Hawdon River 
 
 

299 
180 
119 

13.4 
6.6 
11.3 

0.004 
0.09 
0.01 

Colour 
Temperature: 
-3000K 
-4000K 
-5650K 
-6500K 
Mean Temp 
Mean Wind 

 
9.3 (4.9) 
11.3 (5.9) 
14.5 (7.6) 
12.2 (6.4) 
15.9 
9.4 

 
3-26 
4-32 
5-41 
4-34 

Neuroptera* 299 8.8 0.03 Colour 
Temperature: 
-3000K 
-4000K 
-5650K 
-6500K 
Mean Temp 
Mean Wind 

 
0.173 (0.09) 
0.131 (0.07) 
0.190 (0.1) 
0.517 (0.25) 
15.9 
9.4 

 
0.06-0.5 
0.04-0.4 
0.07-0.5 
0.2-1.4 

Total Caddisfly 
Avon River 
Hawdon River 

299 
180 
119 
 

63.4 
44.7 
23.0 

<0.001 
<0.001 
<0.001 

Colour 
Temperature: 
-3000K 
-4000K 
-5650K 
-6500K 
Mean Temp 
Mean Wind 

 
85.2 (30.1) 
96.9 (34.8) 
210.0 (75.2) 
140.8 (49.7) 
15.9 
9.4 

 
42.5-171 
47.8-197 
103.8-425 
70.3-282 

Total Caddisfly 
Avon River 4 Colour Temperature Nights 

40 17.1 <0.001 Colour 
Temperature: 
-3000K 
-4000K 
-5650K 
-6500K 
 

 
57.6 (73.5) 
39.3 (50.1) 
177.5 
(226.6) 
66.4 (84.5) 

 

Hydroptilidae 
Avon River 
Hawdon River 

299 
180 
119 

55.3 
44.9 
16.5 

<0.001 
<0.001 
<0.001 

Colour 
Temperature: 
-3000K 
-4000K 
-5650K 
-6500K 
Mean Temp 
Mean Wind 

 
61.2 (27.1) 
71.0 (31.9) 
167.3 (75.0) 
101.0 (44.6) 
15.9 
9.4 

 
25.6-146 
29.3-172 
69.2-404 
42.3-241 
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Conoesucidae 
Avon River 
Hawdon River 

299 
180 
119 

52.03 
24.2 
33.1 

<0.001 
<0.001 
<0.001 

Colour 
Temperature: 
-3000K 
-4000K 
-5650K 
-6500K 
Mean Temp 
Mean Wind 

 
2.48 (1.3) 
1.80 (0.9) 
3.6 (1.9) 
5.5 (2.9) 
15.9 
9.4 

 
0.9-6.9 
0.6-5.0 
1.3-9.9 
1.9-15.3 

Hydrobiosidae 
Hawdon River 

299 
119 

29.3 
36.3 

<0.001 
<0.001 

Colour 
Temperature: 
-3000K 
-4000K 
-5650K 
-6500K 
Mean Temp 
Mean Wind 

 
1.85 (2.7) 
0.96 (1.4) 
1.6 (2.3) 
3.9 (5.7) 
15.9 
9.4 

 
0.11-32 
0.05-16.9 
0.09-27.3 
0.23-67.4 

Hydropsychidae 
Hawdon River 

299 
119 

959.8 
15.5 

<0.001 
0.001 

Colour 
Temperature: 
-3000K 
-4000K 
-5650K 
-6500K 
Mean Temp 
Mean Wind 

 
0.52 (1.3) 
0.16 (0.38) 
0.15 (0.35) 
0.91 (2.2) 
15.9 
9.4 

 
0.005-55.1 
0.001-17.3 
0.001-16.2 
0.008-96.6 

Leptoceridae 
Avon River 
 

299 
180 

24.7 
23.0 

<0.001 
<0.001 

Colour 
Temperature: 
-3000K 
-4000K 
-5650K 
-6500K 
Mean Temp 
Mean Wind 

 
1.4 (1.3) 
1.2 (1.2) 
2.4 (2.3) 
2.1 (2.0) 
15.9 
9.4 

 
0.23-9.1 
0.19-7.9 
0.38-15.3 
0.34-13.5 

Polycentropodidae 
 
Hawdon River 
 

299 
119 

7.1 
8.3 

0.07 
0.04 

Colour 
Temperature: 
-3000K 
-4000K 
-5650K 
-6500K 
Mean Temp 
Mean Wind 

 
0.13 (0.08) 
0.2 (0.12) 
0.18 (0.11) 
0.33 (0.2) 
15.9 
9.4 

 
0.04-0.42 
0.06-0.66 
0.05-0.57 
0.11-0.98 

H. amabile 
(Avon River) 

180 7.06 0.07 Colour 
Temperature: 
-3000K 
-4000K 
-5650K 
-6500K 
Mean Temp 
Mean Wind 

 
1.03 (0.45) 
1.3 (0.58) 
2.2 (0.98) 
1.8 (0.75) 
16.4 
11.7 

 
0.4-2.5 
0.5-3.2 
0.9-5.3 
0.8-4.1 

H. parumbripennis 
(Avon River) 

180 3.13 0.4 Colour 
Temperature: 
-3000K 
-4000K 
-5650K 
-6500K 
Mean Temp 
Mean Wind 

 
0.1 (0.08) 
0.07 (0.05) 
0.03 (0.03) 
0.09 (0.06) 
16.4 
11.7 

 
0.03-0.4 
0.02-0.3 
0.006-0.2 
0.03-0.4 

O. unicolor 
(Avon River) 
 

180 
 
 

8.66 
 

0.03 
 

Colour 
Temperature: 
-3000K 
-4000K 
-5650K 
-6500K 
Mean Temp 
Mean Wind 

 
1.4 (0.56) 
0.9 (0.38) 
1.9 (0.77) 
1.6 (0.61) 
16.4 
11.7 

  
0.66-3.1 
0.39-2.1 
0.85-4.2 
0.72-3.4 
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P. aureolus 
(All) 
Avon River 
Hawdon River 

299 
 
180 
119 

47.5 
 
33.7 
22.4 

<0.001 
 
<0.001 
<0.001 

Colour 
Temperature: 
-3000K 
-4000K 
-5650K 
-6500K 
Mean Temp 
Mean Wind 

 
1.4 (0.6) 
1.1 (0.5) 
2.2 (0.9) 
3.1 (1.4) 
15.9 
9.4 

 
0.6-3.3 
0.5-2.4 
0.9-4.9 
1.3-7.4 

T. cepaphlotes 
(Avon River) 

180 1.5 0.67 Colour 
Temperature: 
-3000K 
-4000K 
-5650K 
-6500K 
Mean Temp 
Mean Wind 

 
0.05 (0.05) 
0.03 (0.03) 
0.1 (0.13) 
0.08 (0.07) 
16.4 
11.7 

 
0.007-0.37 
0.005-0.27 
0.009-1.21 
0.016-0.41 

A. colonica 
(Hawdon River) 

119 8.9 0.03 Colour 
Temperature: 
-3000K 
-4000K 
-5650K 
-6500K 
Mean Temp 
Mean Wind 

 
1.5 (0.3) 
1.6 (0.3) 
1.3 (0.3) 
2.7 (0.5) 
15.1 
5.8 

 
1.0-2.3 
1.0-2.4 
0.8-2 
1.8-3.8 

A.Tepoka 
(Hawdon River) 

119 12.0 0.007 Colour 
Temperature: 
-3000K 
-4000K 
-5650K 
-6500K 
Mean Temp 
Mean Wind 

 
7.2 (3.0) 
2.5 (1.1) 
2.2 (0.9) 
11.6 (4.8) 
15.1 
5.8 

 
3.2-16.3 
1.1-6.0 
0.9=5.3 
5.1-26.2 

C.xanthoptera 
(Hawdon River) 

119 4.4 0.22 Colour 
Temperature: 
-3000K 
-4000K 
-5650K 
-6500K 
Mean Temp 
Mean Wind 

 
1.0 (0.6) 
0.5 (0.3) 
0.8 (0.5) 
2.1 (1.2) 
15.1 
5.8 

 
0.3-3.1 
0.2-1.8 
0.2-2.5 
0.7-6.2 

H. clavigera 
(Hawdon River) 

119 23.6 <0.001 Colour 
Temperature: 
-3000K 
-4000K 
-5650K 
-6500K 
Mean Temp 
Mean Wind 

 
1.4 (0.4) 
0.2 (0.08) 
0.3 (0.1) 
3.6 (1.0) 
15.1 
5.8 

 
0.8-2.5 
0.09-0.5 
0.2-0.7 
2.1-6.2 

H. frater 
(Hawdon River) 

119 15.9 0.001 Colour 
Temperature: 
-3000K 
-4000K 
-5650K 
-6500K 
Mean Temp 
Mean Wind 

 
1.8 (1.0) 
0.7 (0.4) 
0.4 (0.3) 
4.5 (2.4) 
15.1 
5.8 

 
0.6-5.4 
0.2-2.1 
0.1-1.4 
1.6-13.0 

P. leptoharpax 
(Hawdon River) 

119 7.1 0.07 Colour 
Temperature: 
-3000K 
-4000K 
-5650K 
-6500K 
Mean Temp 
Mean Wind 

 
1.8 (0.8) 
0.5 (0.2) 
0.3 (0.2) 
2.6 (1.1) 
15.1 
5.8 

 
0.7-4.3 
0.2-1.2 
0.1-0.9 
1.1-6.2 

Number of Species* 
*Poisson model 
Site 

296 
 
296 

10.4 
 
16.1 

0.02 
 
<0.001 

Colour 
Temperature: 
-3000K 
-4000K 
-5650K 
-6500K 

 
3.4 (1.3) 
2.8 (1.1) 
3.3 (1.3) 
4.1 (1.5) 

 
1.6-7.2 
1.3-5.8 
1.6-7.0 
1.9-8.5 
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Pielou’s evenness* 
*Lower obs due to removal through 0 
values for a trap 

257 2.0 0.6 Colour 
Temperature: 
-3000K 
-4000K 
-5650K 
-6500K 

 
67.9 (6.8) 
71.4 (8.1) 
81.3 (8.8) 
79.2 (8.1) 

 
55.7-82.8 
57.0-89.3 
65.8-100.6 
64.8-96.8 

Proportion Female 286 3.4 0.4 Colour 
Temperature: 
-3000K 
-4000K 
-5650K 
-6500K 
 

 
42.8 (4.8) 
44.3 (5.4) 
51.1 (5.9) 
40.5 (4.4) 

 
34.3-53.3 
34.8-56.3 
40.7-64.1 
32.7-50.3 
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Pairs  Total Insects Diptera Lepidoptera Total Caddisfly Hydroptilidae Conoesucidae Hydrobiosidae 

Ratio 
(SE) 

df p Ratio 
(SE) 

df p Ratio 
(SE) 

df p Ratio 
(SE) 

df p Ratio 
(SE) 

df p Ratio 
(SE) 

df p Ratio 
(SE) 

df p 

3000K/4000K 0.89 
(0.17) 

287 0.93 0.97 
(0.19) 

287 0.99 0.82 
(0.18) 

287 0.80 0.88 
(0.20) 

287 0.94 0.86 
(0.22) 

287 0.94 1.4 
(0.4) 

287 0.66 1.9 
(0.83) 

287 0.42 

3000K/5650K 0.53 
(0.09) 

287 0.003 0.73 
(0.14) 

287 0.41 0.64 
(0.14) 

287 0.16 0.41 
(0.09) 

287 <0.001 0.37 
(0.09) 

287 <0.001 0.69 
(0.19) 

287 0.57 1.2 
(0.51) 

287 0.98 

3000K/6500K 0.72 
(0.06) 

287 <0.001 0.85 
(0.08) 

287 0.29 0.76 
(0.07) 

287 0.03 0.61 
(0.06) 

287 <0.001 0.61 
(0.07) 

287 <0.001 0.45 
(0.05) 

287 <0.001 0.5 
(0.06) 

287 <0.001 

4000K/5650K 0.59 
(0.05) 

287 <0.001 0.76 
(0.08) 

287 0.03 0.78 
(0.08) 

287 0.09 0.46 
(0.05) 

287 <0.001 0.43 
(0.06) 

287 <0.001 0.51 
(0.08) 

287 <0.001 0.6 
(0.09) 

287 0.01 

4000K/6500K 0.80 
(0.15) 

287 0.64 0.88 
(0.18) 

287 0.92 0.92 
(0.19) 

287 0.98 0.67 
(0.16) 

287 0.36 0.70 
(0.18) 

287 0.53 0.33 
(0.09) 

287 <0.001 0.2 
(0.11) 

287 0.007 

5650K/6500K 1.37 
(0.25) 

287 0.32 1.12 
(0.23) 

287 0.89 1.19 
(0.25) 

287 0.85 1.49 
(0.33) 

287 0.28 1.66 
(0.42) 

287 0.19 0.65 
(0.17) 

287 0.37 0.4 
(0.17) 

287 0.13 

 Hydropsychidae Leptoceridae Polycentropodidae H. amabile H. parumbripennis O. unicolor P. aureolus 

Pairs  Ratio 
(SE) 

df p Ratio 
(SE) 

df p Ratio 
(SE) 

df p Ratio 
(SE) 

df p Ratio 
(SE) 

df p Ratio 
(SE) 

df p Ratio 
(SE) 

df p 

3000K/4000K 3.3 
(2.3) 

287 0.31 1.16 
(0.31) 

287 0.94 0.64 
(0.28) 

287 0.74 0.81 
(0.38) 

171 0.97 1.7 
(1.3) 

171 0.90 1.6 
(0.6) 

168 0.64 1.3 
(0.4) 

287 0.9 

3000K/5650K 3.5 
(2.4) 

287 0.27 0.6 
(0.15) 

287 0.19 0.74 
(0.34) 

287 0.91 0.5(0.2
1) 

171 0.36 3.8 
(3.3) 

171 0.42 0.76 
(0.29) 

168 0.88 0.6 
(0.2) 

287 0.5 

3000K/6500K 0.6 
(0.08) 

287 <0.001 0.7 
(0.09) 

287 0.02 0.4 
(0.14) 

287 0.05 0.58 
(0.17 

171 0.23 1.2 
(0.7) 

171 0.99 0.92 
(0.23) 

168 0.99 0.4 
(0.05) 

287 <0.001 

4000K/5650K 1.1 
(0.21) 

287 0.98 0.5 
(0.008) 

287 <0.001 1.17 
(0.44) 

287 0.98 0.59 
(0.18) 

171 0.29 2.3 
(1.5) 

171 0.62 0.47 
(0.12) 

168 0.02 0.5 
(0.09) 

287 <0.001 

4000K/6500K 0.1 
(0.12) 

287 0.06 0.6 
(0.15) 

287 0.18 0.62 
(0.26) 

287 0.68 0.71(0.
33) 

171 0.89 0.7 
(0.6) 

171 0.98 0.58 
(0.23) 

168 0.51 0.3 
(0.1) 

287 0.01 

5650K/6500K 0.1 
(0.11) 

287 0.04 1.1 
(0.29) 

287 0.97 0.53 
(0.22) 

287 0.41 1.23 
(0.56) 

171 0.97 0.3 
(0.3) 

171 0.57 1.21 
(0.46) 

168 0.96 0.7 
(0.2) 

287 0.7 

 T. cepahlotes A. colonica A. tepoka C. xanthoptera H. clavigera H. frater P. leptoharpax 

Pairs  Ratio 
(SE) 

df p Ratio 
(SE) 

df p Ratio 
(SE) 

df p Ratio 
(SE) 

df p Ratio 
(SE) 

df p Ratio 
(SE) 

df p Ratio 
(SE) 

df p 

3000K/4000K 1.4 
(1.6) 

171 0.99 1.0 
(0.3) 

110 0.99 2.8 
(1.9) 

110 0.42 1.8 
(1.6) 

110 0.92 6.8 
(3.9) 

110 0.006 2.7 
(2.4) 

110 0.68 3.9 
(2.8) 

110 0.3 

3000K/5650K 0.5 
(0.5) 

171 0.89 1.2 
(0.4) 

110 0.96 3.3 
(2.3) 

110 0.31 1.3 
(1.2) 

110 0.99 4.1 
(2.2) 

110 0.05 4.1 
(3.7) 

110 0.40 5.5 
(4.2) 

110 0.1 

3000K/6500K 0.6 
(0.6) 

171 0.95 0.6 
(0.1) 

110 0.08 0.6 
(0.1) 

110 0.02 0.5 
(0.2) 

110 0.26 0.4 
(0.09) 

110 0.002 0.4 
(0.1) 

110 0.003 0.7 
(0.2) 

110 0.4 

4000K/5650K 0.3 
(0.3) 

171 0.71 1.2 
(0.3) 

110 0.9 1.2 
(0.3) 

110 0.93 0.7 
(0.3) 

110 0.87 0.6 
(0.2) 

110 0.6 1.5 
(0.6) 

110 0.75 1.4 
(0.5) 

110 0.8 

4000K/6500K 0.4 
(0.5) 

171 0.87 0.6 
(0.2) 

110 0.25 0.2 
(0.2) 

110 0.12 0.3 
(0.2) 

110 0.48 0.06 
(0.03) 

110 <0.001 0.15 
(0.13) 

110 0.16 0.2 
(0.1) 

110 0.1 

5650K/6500K 1.3 
(1.4) 

171 0.99 0.5 
(0.1) 

110 0.06 0.2 
(0.1) 

110 0.08 0.4 
(0.3) 

110 0.71 0.09 
(0.05) 

110 <0.001 0.1 
(0.09) 

110 0.06 0.1(0.0
9) 

110 0.03 

Table S3.3A Pairwise post-hoc Tukey’s HSD tests for insect orders, total caddisfly, caddisfly family and caddisfly species response variables for location 

combined using the emmeans package.  
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Table S3.3B Pairwise post-hoc Tukey’s HSD tests for total caddisfly and species richness and evenness variables using the emmeans package. All analyses in this table do not include the ar1 

autocorrelation term due to smaller numbers of replicates. *Star indicates where Poisson model was used instead of negative binomial due to negative overdisperson parameter. 

 

 

 

 

 

 Species Richness* Pielou’s evenness Total Caddisfly (4 
Colour Temperature 
experiment) 

Pairs  Ratio 
(SE) 

df p Ratio 
(SE) 

df p Ratio 
(SE) 

df p 

3000K/4000K 
 

1.2 
(0.2) 

289 0.6 1.0 
(0.1) 

249 0.9 1.4 
(0.5) 

33 0.6 

3000K/5650K 
 

1.0 
(0.2) 

289 0.9 0.8 
(0.1) 

249 0.6 0.3 
(0.1) 

33 0.006 

3000K/6500K 
 

0.8 
(0.07) 

289 0.2 0.9 
(0.1) 

249 0.7 0.8 
(0.3) 

33 0.9 

4000K/5650K 
 

0.8 
(0.08) 

289 0.2 0.9 
(0.1) 

249 0.8 0.2 
(0.08) 

33 <0.001 

4000K/6500K 
 

0.7 
(0.1) 

289 0.1 0.9 
(0.1) 

249 0.9 0.6 
(0.2) 

33 0.2 

5650K/6500K 
 

0.8 
(0.1) 

289 0.6 1.0 
(0.2) 

249 0.9 2.6 
(0.8) 

33 0.01 
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 Diptera Lepidoptera Total Caddisfly 
 

Hydroptilidae 
 

Conoesucidae Hydrobioisdae (Hawdon 
River only) 

Hydropsychidae (Hawdon 
River only) 

Pairs  Ratio 
(SE) 

df p Ratio 
(SE) 

df p Ratio 
(SE) 

df p Ratio 
(SE) 

df p Ratio 
(SE) 

df p Ratio 
(SE) 

df p Ratio 
(SE) 

df p 

3000K/4000K 
Avon River 
Hawdon River 

0.9 
(0.2) 
5.7 
(4.2) 

171 
 
110 

0.9 
 
0.08 

0.9 
(0.2) 
2.8 
(2.7) 

171 
 
110 

0.9 
 
0.7 

0.9 (0.2) 
5.3 (7.9) 

171 
 
110 

0.9 
 
0.2 

0.8 
(0.2) 
8.9 
(17.3
) 

171 
 
110 

0.8 
 
0.1 

1.2 
(0.4) 
7.0 
(6.4) 

171 
 
110 

0.9 
 
0.02 

1.4 
(1.7) 

170 
 
110 

0.8 1.8 
(1.3) 

110 0.3 

3000K/5650K 
Avon River 
Hawdon River 

0.7 
(0.1) 
4.7 
(3.4) 

171 
 
110 

0.2 
 
0.2 

0.6 
(0.1) 
2.3 
(2.2) 

171 
 
110 

0.2 
 
0.8 

0.4 (0.09) 
3.0 (4.5) 

171 
 
110 

<0.001 
 
0.5 

0.3 
(0.09
) 
4.2 
(8.2) 

171 
 
110 

<0.001 
 
0.4 

0.5 
(0.2) 
4.4 
(4.0) 

171 
 
110 

0.05 
 
0.2 

0.9 
(1.0) 

170 
 
110 

0.9 1.9 
(1.4) 

110 0.3 

3000K/6500K 
Avon River 
Hawdon River 

0.9 
(0.1) 
0.8 
(0.1) 

171 
 
110 

0.9 
 
0.2 

0.8 
(0.1) 
0.7 
(0.08) 

171 
 
110 
 

0.5 
 
0.01 

0.6 (0.09) 
0.5 (0.09) 

171 
 
110 

0.006 
 
<0.001 

0.6 
(0.1) 
0.6 
(0.1) 

171 
 
110 

0.005 
 
0.02 

0.5 
(0.1) 
0.4 
(0.06) 

171 
 
110 

0.003 
 
<0.001 

0.4 
(0.06) 

170 
 
110 

<0.001 0.6 
(0.08) 

110 0.003 

4000K/5650K 
Avon River 
Hawdon River 

0.7 
(0.1) 
0.8 
(0.1) 

171 
 
110 

0.1 
 
0.5 

0.7 
(0.1) 
0.8 
(0.1) 

171 
 
110 

0.2 
 
0.6 

0.4 (0.06) 
0.6 (0.1) 

171 
 
110 

<0.001 
 
0.005 

0.4 
(0.08
) 
9.5 
(0.1) 

171 
 
110 

<0.001 
 
0.02 

0.4 
(0.1) 
0.6 
(0.1) 

171 
 
110 

0.001 
 
0.05 

0.6 
(0.1) 

170 
 
110 

0.001 1.1 
(0.2) 

110 0.9 

4000K/6500K 
Avon River 
Hawdon River 

1.0 
(0.2) 
0.1 
(0.09) 

171 
 
110 

0.9 
 
0.03 

0.9 
(0.2) 
0.3 
(0.2) 

171 
 
110 

0.9 
 
0.5 

0.7 (0.2) 
0.1 (0.1) 

171 
 
110 

0.6 
 
00.4 

0.7 
(0.2) 
0.06 
(0.1) 

171 
110 

0.7 
 
0.05 

0.4 
(0.1) 
0.06 
(0.06) 

171 
 
110 

0.04 
 
0.003 

0.3 
(0.3) 

170 
 
110 

0.2 0.3 
(0.2) 

110 0.06 

5650K/6500K 
Avon River 
Hawdon River 

1.4 
(0.3) 
0.2 
(0.1) 

171 
 
110 

0.5 
 
0.07 

1.3 
(0.3) 
0.3 
(0.3) 

171 
 
110 

0.6 
 
0.6 

1.7 (0.4) 
0.2 (0.3) 

171 
 
110 

0.09 
 
0.2 

1.8 
(0.5) 
0.1 
(0.3) 

171 
 
110 

0.07 
 
0.2 

0.9 
(0.3) 
0.1 
(0.09) 

171 
 
110 

0.9 
 
0.005 

0.5 
(0.5) 

170 
 
110 

0.7 0.3 
(0.2) 

110 0.05 

 Leptoceridae (Avon River 
only) 

Polycentropodidae 
(Hawdon River only) 

P. aureolus  

 Ratio 
(SE) 

df p Ratio 
(SE) 

df p Ratio 
(SE) 

df p 

3000K/4000K 
Avon River 
Hawdon River 

1.0 
(0.3) 
 

171 
 

1 
 

0.4 
(0.3) 

110 0.3 0.9 (0.3) 
9.9 (6.2) 

171 
 
110 

1 
 
0.002 

3000K/5650K 
Avon River 
Hawdon River 

0.5 
(0.1) 
 

171 
 

0.04 
 

0.3 
(0.3) 

110 0.3 0.4 (0.1) 
5.8 (3.6) 

171 
 
110 

0.02 
 
0.03 

3000K/6500K 
Avon River 
Hawdon River 

0.6 
(0.1) 
 

171 
 

0.05 0.2 
(0.1) 

110 0.03 0.4 (0.1) 
0.4 (0.06) 

171 
 
110 

0.003 
 
<0.001 

4000K/5650K 
Avon River 
Hawdon River 

0.5 
(0.09) 

171 
 

<0.001 0.8 
(0.4) 

110 0.9 0.4 (0.1) 
0.6 (0.1) 

171 
 
110 

0.005 
 
0.2 

4000K/6500K 
Avon River 
Hawdon River 

0.6 
(0.2) 

171 
 

0.4 0.5 
(0.4) 

110 0.8 0.4 (0.1) 
0.04 
(0.03) 

171 
 
110 

0.06 
 
<0.001 

5650K/6500K 
Avon River 
Hawdon River 

1.3 
(0.3) 

171 
 

0.7 0.6 
(0.5) 

110 0.9 1.0 (0.3) 
0.07 
(0.05) 

171 
 
110 

0.9 
 
<0.001 

 
 
Table S3.3C Pairwise post-hoc Tukey’s HSD tests for insect orders, total caddisfly, caddisfly family and 
caddisfly species response variables with Avon River and Hawdon River locations separated using the 
emmeans package.  
 

 

 



 

89 

 

LED bulb attribute links 

https://www.luxeonstar.com/cool-white-6500K-sinkpad-ii-20mm-tri-star-led-module-660lm 

https://www.luxeonstar.com/cool-white-5650K-sinkpad-ii-20mm-tri-star-led-module-705lm 

https://www.luxeonstar.com/ansi-white-4000K-sinkpad-ii-20mm-tri-star-led-module-540lm 

https://www.luxeonstar.com/ansi-white-3000K-sinkpad-ii-20mm-tri-star-led-module-498lm 

https://leddynamics.com/indus-star-a007-a008 

https://www.luxeonstar.com/cool-white-6500K-sinkpad-ii-20mm-tri-star-led-module-660lm
https://www.luxeonstar.com/cool-white-5650K-sinkpad-ii-20mm-tri-star-led-module-705lm
https://www.luxeonstar.com/ansi-white-4000K-sinkpad-ii-20mm-tri-star-led-module-540lm
https://www.luxeonstar.com/ansi-white-3000K-sinkpad-ii-20mm-tri-star-led-module-498lm
https://leddynamics.com/indus-star-a007-a008


   

 

Chapter 4 

The effects of LED lights on the attraction of adult 

caddisflies at varying distances from a river 

 

 

 

 

 

One light trap set up on the braided Hawdon riverbed in Arthur’s Pass National Park, Canterbury. 

Main channel is in the far left of image. 
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Abstract   

Artificial lighting at night negatively affects organisms from both terrestrial and aquatic 

ecosystems. Particularly in urban areas where pathways and roads follow rivers, artificial lights are 

often close to river ecosystems. In New Zealand, the recent conversion from high-pressure sodium 

(HPS) lamps to Light Emitting Diode (LED) bulbs has provided a cause to investigate the impacts of 

artificial lighting on freshwater adult insects. The effects of LED light on adult caddisflies may be 

mitigated by considering the distance of light placement away from a river or stream. To determine 

this, I investigated how LED lights of four colour temperatures (3000 Kelvin (K), 4000 K, 5650 K, 

6500 K) placed at varying distances from the water’s edge (0 – 100 m) impacted the abundance, 

species richness, and sex ratios of adult caddisflies the Hawdon River in Canterbury, New Zealand. 

My study focused primarily on adult caddisflies, but also included other insects that co-occurred 

(Diptera, Lepidoptera, Ephemeroptera, Neuroptera). A total of insects 18,329 insects were trapped 

over seven nights of light trapping. There was a significant decline in caddisfly abundance with 

distance (LRT, χ2
3=15.3, P=0.002). The largest decline in caddisfly abundance was within 0-30 m 

from the river, as 24% of total caddisfly abundance was caught at 1 m, 65% by 20 m, and 81% by 50 

m. Most caddisfly families and species showed a similar declining trend with distance, although 

Polycentropodidae and the hydrobiosid Psilochorema leptoharpax abundance showed no significant 

decline with distance. Caddisfly species richness showed significant decline with distance (5.4 species 

per trap at 1 m to 2.7 at 100 m), but no significant change in sex ratio was observed. These findings 

suggest that LED lighting close to rivers and other ecologically sensitive areas where freshwater 

insects could be threatened needs consideration. To mitigate the impacts of LEDs, it is proposed that 

LED lighting placement should be restricted within 0 – 10 m of a river and placement avoided 

between 10-30 m from rivers. 

4.1 Introduction 

Artificial light is a global phenomenon that has the potential to disrupt biological 

communities especially in ecologically sensitive areas, such as near rivers (Perkin et al. 2014). There 



 

92 

 

is a global trend towards replacing artificial outdoor lights including streetlights with broad spectrum, 

white lighting sources such as LEDs (Sánchez de Miguel et al. 2017; Kyba et al. 2017). However, 

there are potential negative ecological consequences of these lights as flying insects have been shown 

to be affected by artificial lights (Altermatt et al. 2009; Perkin et al. 2014; Larsson et al. 2020). This 

may occur through a variety of mechanisms, including habituation to the presence of artificial light at 

night, shifts in diurnal activity pattens, and death from fatigue or predation when flying near lights 

(Altermatt 2009; Perkin et al. 2011; Manfrin et al. 2017). Proximity of artificial lights to freshwater 

ecosystems may alter invertebrate food web subsidies between riparian and aquatic areas by attracting 

some individuals away from the river (Perkin et al. 2011). This can result in a decrease in the 

freshwater food chain length and cause changes in community composition (Sullivan et al. 2019). The 

effects of LEDs on freshwater ecosystems may be particularly important in urban or highly modified 

areas where communities are already degraded. These effects of artificial light are concerning since 

insect abundance and diversity are experiencing declines worldwide (Hallman et al. 2017; Owens et 

al. 2020), and artificial light may be a contributing factor. 

Many nocturnal flying insects, including freshwater insects, have photoreceptors which are 

sensitive to light in the ultraviolet, blue, and green wavelength spectrum of light (Schwind 1995; 

Briscoe & Chittka 2001). It is thought that insect attraction to artificial light is a maladaptive response 

of insects’ innate behaviour of using lunar light sources for navigation (Altermatt et al. 2009; Szaz et 

al. 2015). Freshwater insects are also particularly attracted to horizontally polarised light, as it reflects 

off water surfaces and is used to navigate (Kriska et al. 1998). However, horizontally polarised light 

can also reflect off other dark surfaces, such as asphalt when there is an artificial light above. This can 

cause freshwater insects to land or females to oviposit on these surfaces (Kriska et al. 1998). Thus 

rivers near both a source of light and asphalt, such as a road or pathway, may induce a synergistic 

response on caddisflies (Kriska et al. 1998; Szaz et al. 2015) which may consequently limit female 

oviposition in rivers and reduce population dispersal. It is possible that increasing the minimum 

distance that artificial lighting sources such as streetlights are placed from the edge of a waterway 

may mitigate this trap and improve the ecological health of the river.  
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Studies published to date have confirmed the synergistic effect of phototaxis and polarised 

light (Horváth et al. 2009; Horváth et al. 2014), however there has been limited research globally into 

the possible mitigation capacity of a distance limit for light placement near rivers. In New Zealand, 

Graham et al. (2017) studied adult caddisfly dispersal by light trapping in dry intermittent stream 

channels upstream from a permanent mainstem, and found caddisflies in light traps 1500 m from the 

nearest river, including high abundances of some species. In Canada, Kovats et al. (1996) found 

multiple species of caddisfly from the Hydropsychidae family dispersed 5000 m inland. Conversely, 

most other studies found significant declines in insect abundance (including Lepidoptera, Diptera, and 

Trichoptera depending on the study) over shorter dispersal distances. Collier & Smith (1997) in New 

Zealand found a steep decline in caddisfly abundance between 0 – 20 m from the river’s edge, but a 

range of species were still found at 70 m. Other studies found significant declines within 30 m (Beck 

& Linsenmair 2006), 15 m (Truxa & Fiedler 2012; Merckx & Slade 2014), 10 m (Blumenstein et al. 

2018), or even 3 m (Perkin et al. 2014). Therefore, it is apparent that the current scientific 

understanding is conflicted regarding the distance from a river where lights should be avoided. 

Due to the conversion of streetlighting around New Zealand from high-pressure sodium bulbs 

to LED bulbs for energy efficiency improvements (Waka Kotahi 2014), it is timely to investigate the 

effects of LEDs on freshwater adult insects. Different colour temperatures of LEDs may have variable 

effects on caddisfly abundance with increasing distance away from a river. Higher colour temperature 

LEDs (e.g. 6500 K) which have a higher peak in intensity in the blue light wavelength range may be 

more visible to caddisflies over longer distances than lower colour temperatures (e.g. 3000 K). Some 

research had been undertaken to compare insect attraction between different LED colour temperatures 

(Pawson & Bader 2014; Wakefield et al. 2016, Justice & Justice 2016; Bolliger et al. 2020; 

Deichmann et al. 2021), however, the research in this area has focused on the bulbs at a fixed 

distance.  

Therefore, to fill this research gap the aim of this study was to investigate; (1) how placement 

of LED lights over distances of 0—100 m perpendicular to a river impact the abundance, species 

richness, and sex ratios of adult caddisflies, and (2) whether the LED colour temperature results in a 
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differential response. Caddisflies were selected as the study organism since many species are 

nocturnal, phototactic and endemic (Smith & Storey 2018; Larsson et al. 2020).  Four colour 

temperatures (3000 K, 4000 K, 5650 K and 6500 K) of LED bulbs were used in this study because 

they represent a range of white LEDs currently used in streetlights, with many councils around New 

Zealand implementing 4000 K LEDs (Waka Kotahi 2021). The 3000 K LED has the lowest peak in 

intensity in the blue light wavelength range, and 6500 K has the largest peak in the blue light range 

which is understood to be more attractive to insects. I predicted the abundance, species richness, and 

male to female ratio of caddisflies to decline with increasing distance from the river, and that this 

effect would be more pronounced in the lower colour temperature LEDs (3000 K), than the higher 

colour temperature LEDs (6500 K).  

4.2 Methods 

Study site features  

This study was conducted over seven nights during January 2020 – March 2020 at the 

Hawdon River in Arthur’s Pass National Park, Canterbury, New Zealand (Figure 4.1; Table 4.1). The 

Hawdon River is a large 2nd order river with minimal human impacts. It is an open, braided riverbed 

that has exposed boulders/cobbles on the banks and no substantial riparian vegetation for at least 100 

m from the flowing channel. The position of the main channel of can move over time depending on 

conditions and can have more than one braid. However, for most of this study period there was one 

braid in my study reach, with a small channel developing in February. The upstream catchment is 

forested, though the nearest vegetation to my experimental reach was over 200 m away. I considered 

this reach of the Hawdon River to be well suited for this study, as the braided riverbed is wide with 

minimal vegetation, and there are no artificial lighting sources.  
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Table 4.1 Experimental design at the Hawdon River site (~800 m) and weather conditions each night of the study. 

 

 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

  

 

 

Figure 4.1 Experimental set up at the Hawdon River, in Arthur’s Pass National Park, Canterbury. Circles are LED light 

traps, colours represent the two different colour temperatures separate groupings of 10 LEDs set up on one night. 

 

Experimental set-up 

The light traps used are described in detail in Chapter 3. Briefly, light traps were comprised of 

one LED bulb attached to an aluminium L-shaped frame, with a white plastic tray in front half-filled 

with water and 10 mL of dish detergent. White Luxeon SinkPAD-II SP-03 Tri-Star LEDs were used 

in four colour temperatures: 3000 K, 4000 K, 5650 K, and 6500 K. There were also five 4000 K 

Luxdrive Indus XP-G Stars LEDs used. Power was supplied by batteries (DiaMec 12 V 2 AH) 

Colour 
Temperatures 

Location 
 

Date 
 

Number 
of LEDs 

Number 
of Nights 

Mean 
Temperature 

(°C) 

Mean wind 
velocity  
(km/h) 

3000K, 6500K 
 

Hawdon 
River 

15/01/20 

10,10 3 (n=60) 

14 4 

21/01/20 15 4 

01/03/20 14.5 6 

06/03/20 14.5 2 

4000K, 5650K 
 

10/02/20 

10,10 3 (n=60) 

15.5 5 

11/02/20 12.5 7 

12/02/20 14.5 6 
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attached to the back of the light trap frame. A dimmable constant current LED driver module attached 

allowed for calibration with no change in current. These LEDs were calibrated to 2300 Lux (lx) at 

26.5 cm distance (light trap length) before each use using a digital light meter (DER EE DE-3350). 

Spectral irradiance testing was completed in a controlled darkroom in the University of Canterbury 

optics laboratories, as outlined in Chapter 3. Spectral profile outputs of the LEDs are presented in 

Chapter 3. 

 Two separate blocks, each with a different colour temperature of LED were set up each 

night. Each block contained 10 LED light traps and one control (Figure 4.1). I used approximately 

800 m to set out my lights. Each trap was placed at a randomly allocated distance between 0 and 100 

m perpendicular to the river and changed each night to minimise the effect of environmental 

variability (as in Collier & Smith 1997). Light traps were positioned 40 m parallel to the nearest light 

trap to reduce interference between lights. The 3000 K and 6500 K LEDs were set out together 

consistently, and on separate nights to the 4000 K and 5650 K LEDs. 

Light traps ran from dusk (approximately 9pm) each night for two hours. This was based on a 

pilot study of caddisfly flight (Harding pers comm.), a study of light trap arrival patterns in four New 

Zealand caddisflies (Ward et al. 1996), and was the same time period as used in another caddisfly 

light trapping study (Kovats et al. 1996). After two hours the light traps were turned off, and all 

insects present in the light trap trays were collected and preserved in 70% ethanol. Experiments were 

run on nights with low wind speeds (<15km/hr) and high temperatures (>13°C), as these conditions 

are most consistent with when the largest number of emerging freshwater adults would be active 

(Ward et al. 1996; Pohe et al. 2018). Each LED colour temperature block was repeated on three 

different nights (30 replicates per colour temperature). The temperature and wind speed were noted at 

the start and end of each two-hour experiment using a Digitech weather station (XC0432). 

Identification of light-trapped insects 

All collected freshwater and terrestrial orders of adult insect were identified in the laboratory 

to order with a Nikon SMZ800 microscope at 1-6.3x magnification. Caddisfly adults were identified 

to family using an ID matrix (Harding, Chapter 2 Table 2.1), and to species level using Neboiss 
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(1986) taxonomic diagrams. Images of each species were captured using a Leica stereomicroscope 

(Model: M125) and the microscope camera (Model: Leica DFC295). An expert taxonomist, Brian 

Smith (NIWA), crossed-checked these images to positively confirm species identifications. 

Statistical analysis 

The effect of distance and LED colour temperature on insect abundance, species richness, and 

sex ratios of caddisflies was examined using a Generalised Linear Mixed-effects Model (GLMM) in 

R statistical software (R Core Team 2020). Colour temperature, distance, and the interaction between 

these two predictors were defined as fixed effects. Date, position along the river, and average wind 

speed (km/hr) were selected as random effect to best represent the experimental structure and sources 

of variability in the data.  

Initially a Poisson GLMM was created using the glmer R package. I assumed a Poisson 

distribution due to the count data and tested for overdispersion and zero inflation to confirm 

appropriate fit, following the process outlined in the glmm FAQ webpage (Bolker 2021) and Harrison 

et al. (2018). A negative binomial error structure was used due to high overdispersion of an initial 

Poisson GLMM (1023.4) in the glmer R package, which caused overinflated significance. There was 

no zero-inflation observed, however the test for overdispersion the sum of squared Pearson residuals 

after 1,000 parametric bootstraps yielded a value of 10.4, and confirmed that this dataset does not 

meet the assumptions of a Poisson distribution (Harrison 2014; Harrison et al. 2018). Therefore a 

GLMM with a quasipoisson link function (nbinom1) was generated using the glmmTMB package 

(Brooks et al. 2017), as the best representation of the compiled data.  

Final model selection was decided using AIC drop1 procedure. ANOVA was used to compare 

between models to evaluate fit, along with AIC values and R2 (marginal and conditional) using the 

MuMIn package (Nakagawa & Schielzeth 2013). An auto regressive error structure (ar1) to account 

for the effect of spatial autocorrelation was initially included in this model, however this was causing 

a lack of convergence due to overfitting and was subsequently removed. A graph of glmmTMB model 

estimate outputs with the interaction between colour temperature and distance for total caddisfly 
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abundance were produced using the emmeans package (Lenth et al. 2018), which was also used to 

determine the back-transformed model estimates. 

Break points in slope of caddisfly abundance with distance occurred were analysed using the 

changepoint (Killick & Eckley 2014) package in R. Species richness and Pielou’s evenness were 

analysed using the Vegan package (Oksanen et al. 2013) to assess whether there were observable 

species richness and diversity variability between LEDs of different colour temperatures. In most 

graphs in my results, distance (0-100 m) was categorised into groups. Since the light traps were 

randomly set out over 0 -100 m there were large differences in the number of replicates between 

certain distances. Specific distance categories were selected to best allow for similar numbers of 

replicates in all distance categories (ranging from n=3 to n=6). Not all categories are the same 

distance increment and there are more categories in the first 20 m as the decline in this area is of key 

interest. 

4.3 Results 

In total, 8,264 caddisflies were trapped over seven nights of light trapping (Table 4.2). Other 

insect orders were also captured, including Diptera (8,053 individuals), Lepidoptera (1,752 

individuals), Ephemeroptera (236 individuals), and Neuroptera (24 individuals) (Figure S4.1). Out of 

a total of 130 light traps, 124 contained caddisflies. No caddisflies were caught in control traps, 

therefore these are not mentioned further. Total caddisfly abundance was highly variable between 

nights, ranging between 81 – 6190 individuals. Hydroptilidae was an extremely abundant caddisfly 

family accounting for 72% (5,967 individuals) of all caddisflies collected. These were Oxyethria spp., 

and due to their small size (<5 mm) identification of sex was not undertaken. Excluding 

Hydroptilidae, there were 940 individuals which were male caddisflies that could be identified to 

species level. Other individuals were female, whose anatomy does not allow species identification 

using genitalia.  

The largest proportion of all caddisfly individuals caught in total were by 4000 K (49%), 

followed by 5650 K (35%) (Table 4.2). Less individuals were caught by 3000 K (4%) and 6500 K 
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(12%). These two colour temperatures were set up on the same nights (as were 4000 K and 5650 K), 

so comparisons between the four colour temperatures is confounded by sampling night. 97% of 

Hydroptilidae were caught on the nights with 4000 K and 5650 K LEDs set up, I have therefore 

excluded Hydroptilidae from the colour temperature comparison for total caddisfly abundance (Figure 

4.3).  

Table 4.2 Caddisfly abundance per night and per colour temperature. Bracketed values indicate the percentage of caddisflies 

in light traps at 1 m relative to all caught per night. n=30 for 3000K, 4000K, 5650K, n=40 6500K. 

 

 

 

 

 

 

 

Insect order distance effects 

There was a significant decline in total insect abundance with distance, which had different 

slopes between colour temperatures due to a significant interaction between distance and colour 

temperature (LRT, χ2
3=9.1, P=0.03). There was a significant decline in Diptera abundance with 

distance (LRT, χ2
3=0.5, P=0.9) but no significant colour temperature effect, and there no significant 

effect of distance, colour temperature or their interactive effect on Lepidoptera abundance (Table 

S4.1; Figure S4.1). Ephemeroptera and Neuroptera were not included in any analyses since they were 

only present in low numbers.   

Total Caddisfly distance effects 

There was a significant decline in total caddisfly abundance with distance. Each colour 

temperature of LED showed a different rate of decline as there was a significant interaction between 

distance and colour temperature (Figure 4.2)(LRT, χ2
3=15.3, P=0.002). There was also a significant 

decline total caddisfly abundance with distance when the effect of colour temperature was held 

statistically constant (i.e. without the influence of colour temperature as a variable) (LRT, χ2
3=20.6, P 

<0.001), but no significant effect of colour temperature on total caddisfly abundance with the effect of 

Insect Group 
3000K Total 
abundance 
(% by 1m) 

4000K Total 
abundance 
(% by 1m) 

5650K Total 
abundance 
(% by 1m) 

6500K Total 
abundance 
(% by 1m) 

Total 
abundance 

All Caddisflies 
356 (18%) 
 

4026 (14%) 
 

2931 (39%) 
 

951 (19%) 
 

8264 (24%) 

Caddisflies 
without 
Hydroptilidae 

301 (20%) 561 (21%) 614 (30%) 821 (21%) 2297 (23%) 

Maximum 
abundance per 
trap (distance) 

41 (5 m) 957 (9 m) 536 (10 m) 1073 (1 m) - 
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distance held constant (i.e. at 0 m). This can be observed in Figure 4.2, where the intercept for each 

colour temperature is at a similar caddisfly abundance (12 – 15 individuals), with the exception of 

6500 K (26 individuals). The mean wind speed (km/hr) contributed the most variability in the model 

(Table 4.3), with smaller amounts of variation contributed by sampling date and position along the 

river. 

Table 4.3 Output of the fixed and random effects from the glmmTMB negative binomial model for total caddisfly 

abundance over all nights (see Table S4.1 for full outputs). Associated estimates of total caddisfly count for each colour 

temperature shown in Figure 4.3. 

 

 

 

There was large decline in caddisfly abundance moving a short distance away from river 

(within 0-20 m) (Figure 4.2). An average of 58% of total caddisfly abundance was caught in the first 

10 m between all colour temperatures (Figure 4.3). There was also an average 24% of total caddisfly 

abundance caught at 1 m, 65% by 20 m, and 81% by 50 m (Figure 4.3). The 4000 K LEDs had the 

largest decline in average caddisfly abundance within the first 20 m of all colour temperatures 

sampled (40 individuals to 6 individuals), followed by 5650 K, 6500 K, and 3000 K (Table 4.4; 

Figure 4.2).  

 

Table 4.4 Average caddisfly abundance with Hydroptilidae family excluded in light traps in the first 1-20 m from the 

Hawdon River, separated by LED colour temperature. 

 

 

 

 

 

 

 

 

 

 

Fixed effects 
LRT 
(χ2

3) 
p Random effects Variance 

Distance:Colour 
temperature 

15.3 0.002 

Date 0.60 

Position along 
river 

0.45 

Mean wind 
speed 

1.3 

Colour 
Temperature 

Average 
abundance 
at 1 m 

Average 
abundance 
at 10 m 

Average 
abundance 
at 20 m 

3000 K 20 10 10 

4000 K 40 31 6 

5650 K 61 19 18 

6500 K 57 23 22 

Combined colour 
temperatures 

37 15 13 
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Figure 4.2 Total caddisfly abundance excluding the Hydroptilidae family over distance 0-100 m with plotted points. Circles 

are raw data points, and lines are model estimate trendlines with 95% confidence interval bands. Panels separated by LED 

colour temperature (K) where n=30 for 3000K, 4000K, 5650K, n=40 6500K).  

 

The largest initial change in caddisfly abundance with distance was in 4000 K and 5650 K 

light traps, with 50% of total caddisflies captured by 9 m (4000 K) and 10 m (5650 K) (Figure 4.2, 

Table 4.5). Whereas 3000 K and 6500 K show a less steep initial decline, with 50% captured by 30 m 

(3000 K) and 20 m (6500 K). When all colour temperatures are combined, 50% of all caddisflies are 

captured by 9 m. There is a break in the slope gradient at 20 m for 3000 K, 23 m for 4000 K, 10 m 

5650 K, and 28 m for 6500 K, indicating that after 9-30 m (colour temperature dependent) the greatest 

proportion of caddisflies caught by the light traps has already occurred (Table 4.5; Figure 4.3). After 

the break points the slope gradient flattens and caddisfly count no longer exponentially decreases with 

distance. All change points in the slope range between 1 – 30 m for each colour temperature and all 
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abundance measures (total caddisfly abundance, mean caddisfly abundance, cumulative caddisfly 

abundance) (Table 4.5). 

 

Table 4.5 Distances by which the percentage of caddisflies captured reaches 50%, or a significant change in slope has 

occurred (changepoint analysis) (n=30 for 3000K, 4000K, 5650K, n=40 6500K). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.3 Cumulative percentage of all caddisflies captured over 0—100m for averaged for each of the four different 

colour temperatures of LED lights (n=30 for 3000K, 4000K, 5650K, n=40 6500K). Vertical coloured lines represent the 

slope change points for each colour temperature based on cumulative percentage of caddisfly catch presented in Table 4.3. 

 

 

Colour 
Temperature 

Distance (m) 
where captured 
caddisflies  
≥50 % 

Changepoint 
analysis output 
for cumulative 
% 

Changepoint 
analysis output 
for total 
abundance 

Changepoint 
analysis output 
for mean 
abundance 

3000 K 30 m 20 m 1 m 1 m 

4000 K 9 m 23 m 9 m 9 m 

5650 K 10 m 10 m 1 m 1 m 

6500 K 20 m 28 m 1 m 12 m 

Combined 
colour 
temperatures 

10 m 30m 9 m 25 m 
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Family specific effects of distance 

After Hydroptilidae which were not included in family analyses, Hydrobiosidae was the 

dominant family collected (1,116 individuals, 49% of caddisflies excluding Hydroptilidae) followed 

by Hydropyschidae (549 individuals, 24%) and Conoesucidae (458 individuals, 20%). Each family 

showed a similar pattern in declining average abundance as distance from the river increased (Figure 

4.4). Hydrobiosidae showed a significant decline in abundance with distance (LRT, χ2
3=9.7, 

P=0.002). Each colour temperature of LED showed a different rate of decline as there was a 

significant interaction between distance and colour temperature (LRT, χ2
3=8.8, P=0.03) (Figure 4.4A, 

Table S4.1). Hydropsychidae showed a significant decline in abundance with distance (LRT, 

χ2
3=16.3, P<0.001), but no significant interaction with colour temperature. Hydropsychidae 

abundance declines linearly for all colour temperatures except 6500K, which shows a fluctuating 

trend in abundance with distance (Figure 4.4B, Table S4.2).  Conoesucidae showed a significant 

interaction between distance and colour temperature (LRT, χ2
3=8.6, P=0.04), and significant effect of 

colour temperature (LRT, χ2
3=14.6, P=0.002), but no significant decline in distance with colour 

temperature held constant, however, some decline in abundance with distance can be observed (Figure 

4.4C, Table S4.1). Polycentropodidae showed no significant decline in abundance with distance 

(Figure 4.4D, Table S4.1) and Leptoceridae were not present in large enough numbers to 

comprehensively analyse (12 individuals).  
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Figure 4.4 Average abundance (1±SE) of four caddisfly families at the Hawdon River in Arthur’s Pass National Park with distance 0-100m categorised. (A) Hydrobiosidae, (B) Hydropsychidae, (C) 
Conoesucidae, (D) Polycentropodidae. Panels separated by LED colour temperature (K) where n=30 (3000K, 4000K, 5650K), and n=40 (6500K). Each point ranges between n=3 and n=6. 
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Species specific effects of distance  

The six most abundant species were Hydrobiosis frater, which had the highest mean 

abundance followed by Aoteapsyche colonica, Pycnocentrodes aureolus, Plectrocnemia maclachlani, 

Aoteapsyche tepoka, and then Psilochorema leptoharpax (Figure S4.3). The mean abundance per trap 

of these six species ranged from 5.7 to 0.75. A significant decrease in abundance with distance was 

observed for four out of the six species (Table S4.1), as there was no significant decline for P. 

maclachlani or P. leptoharpax. There was significant decrease in abundance with distance for H. 

frater (LRT, χ2
3=7.9, P=0.005), A. colonica (LRT, χ2

3=1.62, P<0.001), and A. tepoka (LRT, χ2
3=5.7, 

P=0.02) but no significant effect of colour temperature or interaction between distance and colour 

temperature (Figure 4.5A,B,C; Table S4.1). P. aureolus showed a significant decrease in abundance 

with distance when colour temperature was held constant (LRT, χ2
3=6.7, P=0.009) and a significant 

effect of colour temperature with distance held constant (LRT, χ2
3=8.3, P=0.04), but no significant 

interaction between these two main effects (Figure 4.5D. Table S4.1). P. leptoharpax had a slightly 

higher mean abundance at 100 m (1.2) than at 1 m (0.75), this pattern was more distinct in the 4000 K 

and 5650 K LEDs (Figure 4.5F).  P. maclachlani abundance was highly variable with distance (Figure 

4.5E).
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Figure 4.5 Average abundance (1±SE) of six caddisfly species at the Hawdon River in Arthur’s Pass National Park with distance 0-100m categorised. (A) 

Hydrobiosis frater, (B) Aoteapsyche colonica, (C) Aoteapsyche tepoka (continued on next page). Panels separated by LED colour temperature (K) where 

n=30 (3000K, 4000K, 5650K), and n=40 (6500K). Each point ranges between n=3 and n=6. 
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Figure 4.5 Average abundance (1±SE) of six caddisfly species at the Hawdon River in Arthur’s Pass National Park with distance 0-100m categorised 

(continued from previous page), (D) Pycnocentrodes aureolus, (E) Plectrocnemia maclachlani, (F) Psilochorema leptoharpax. Panels separated by LED 

colour temperature (K) n=30 (3000K, 4000K, 5650K), and n=40 (6500K). Each point ranges between n=3 and n=6. 
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Caddisfly species diversity, richness, and evenness with distance 

In total 21 species were collected, including 15 different species in total caught at 1 m, 12 

species at 11-20 m, and 16 species at 90-100 m. Maximum species richness per trap occurred in the 

light traps 1 m from the river’s edge for three out of the four colour temperatures (Table 4.6). Overall 

mean species richness was 3.3 species per trap. 

Table 4.6 Total species diversity in the light traps of four different LED colour temperatures and the maximum species 

richness in a single trap with distance of this trap in brackets. 

 

 

 

 

Average caddisfly species richness with distance followed a similar trend to total abundance 

with distance, average species richness was highest at 1 m (5.4) and declined with increasing distance 

for all colour temperatures (Figure S4.4). This was a significant decline in species richness with 

distance (LRT, χ2
3=11.0, P<0.001) (Figure 4.6), but no significant effect of colour temperature or 

interaction between distance and colour temperature (Table S4.1).  Whilst there was no significant 

colour temperature effect, the largest decline was observed in the 6500 K LEDs, from 5.7 at 1 m to 

0.7 at 100 m (Figure S4.4D). Caddisfly species community composition displays homogeneity 

between 0-100 m as Pielou’s evenness values show no significant trend with distance (Table S4.1). 

However, Pielou’s evenness is greater than 0.5 at most distances for all colour temperatures indicating 

that there is evidence of evenness, i.e. a similar number of individuals of each species present at each 

distance (Figure S4.5). 

 

Colour 
Temperature 

Total Number 
of Species in 
traps 

Max spp. 
richness per 
trap (distance) 

3000K 14 7 (20 m) 

4000K 16 13 (1 m) 

5650K 18 13 (1 m) 

6500K 15 10 (1 m) 

Total 21 - 
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Figure 4.6 Average (1±SE) caddisfly species richness for all colour temperatures combined at the Hawdon River in Arthur’s 

Pass National Park with distance 0-100m categorised. Each point ranges between n=11 and n=24 (n=130 total). 

 

Proportion of females to males with distance  

There was no significant change in sex ratio with distance or between colour temperatures 

with distance for all caddisflies (Table S4.1, Figure S4.6). The ratio of females to males for all 

caddisflies with all colour temperatures combined was near 0.5 at all distances with a slightly larger 

proportion being male (Figure 4.7). However, there was a significant difference in sex ratio between 

caddisfly families (LRT, χ2
3=18.7, P<0.001) (Figure 4.7). Hydrobiosidae had the largest overall 

proportion female (56%), followed by Conoesucidae (47%), Hydropsychidae (31%), and 

Polycentropodidae (16%) (Figure 4.8). Hydropyschidae (Figure 4.8A), Conoesucidae (Figure 4.8B), 

and Hydrobiosidae (Figure 4.8C) displayed a fluctuating increase in the proportion of females with 

distance. Polycentropodidae were predominantly males at all distances but had a much lower 

abundance than the other three families (Figure 4.8D). 
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Figure 4.7 Proportion of caddisflies which are female compared to male. Includes all individuals, with the exception of 

Oxyethira spp. for which gender could not be differentiated. Dashed line indicates 50% female. Distances are grouped based 

on similarity number of light trap counts within each. 

 

Figure 4.20: The proportion of females (±SE) in four caddisfly families. Line indicates 50% female. Distances are grouped 

based on similarity number of light trap counts within each and range between n=11 and n=24 (n=130 total). Leptoceridae 

family was not included due to very low numbers of individuals at the Hawdon River. The average number of females per 

trap is: Conoesucidae 1.7, Hydrobiosidae 4.8, Hydropsychidae 1.3, Polycentropodidae 0.2.  
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4.4 Discussion  

There was a significant decrease in caddisfly abundance over distances of 0 – 100 m from the 

Hawdon River, regardless of LED light colour temperature. This result was consistent with my 

predictions. Caddisflies were attracted to all distances (0 – 100 m) that the LED lights were set out. I 

was able to identify LED proximity thresholds where caddisfly abundance declined. Caddisfly 

abundance decreased rapidly away from the river, and over half the total caddisfly catch occurred by 9 

– 30 m depending on the LED colour temperature. After 9 – 30 m there was a less steep gradient of 

decline in caddisfly abundance until 100 m, as 65% of all caddisflies were caught by 20 m.  This rapid 

decline in abundance with distance is consistent with the findings of a range of studies with 

freshwater insects as the studied taxa. This includes Collier & Smith (1997), who investigated 

caddisfly dispersal distances into riparian zones in New Zealand and found a sharp decline in 

caddisfly abundance with distance, where at 20 m abundance was 80% lower than the stream edge. 

Perkin et al. (2014) in Germany found a large decrease in the abundance of aquatic insects caught in 

light traps between 0 – 3 m from a river. A similar result was found by Blumenstein et al. (2018) in 

Switzerland, who investigated the distance threshold for attracting adult aquatic insects from river 

habitats, and found significant decline in caddisfly abundance between 0 – 10 m from a river. Petersen 

et al. (2004) in Wales investigated caddisfly lateral dispersal using malaise traps, and caught 50% of 

the total caddisfly abundance by 7-11 m away from the stream.  

There are however other studies which found caddisflies to disperse over much further 

distances from water. In a Canadian study at the Detroit river, Kovats et al. (1996) observed a decline 

in caddisfly abundance (all Hydropsychidae) over a much larger distance (up to 5000 m) from a river 

into flat cropland surrounds, with large mean dispersal distances ranging from 650 – 1850 m. 

Although Kovats et al. (1996) also found most caddisflies were captured by light traps within the first 

100 m. In the North Island of New Zealand Graham et al. (2017) found adult caddisflies in light traps 

at up to 1500 m from water up dry intermittent stream channels from a permanent mainstem, with 

mean dispersal distances ranges from around 350 – 750 m. Graham et al. (2017) found that the 

maximum per trap abundance at this distance (1500 m) was similar to maximum at 0 m for many 



 

112 

 

caddisfly species, a different trend to found by Kovats et al. (1996). Both studies found caddisflies at 

much further distances than in my study, although they do show a general overall decline with 

distance. Similarly, Bogan & Boersma (2012) studied aerial dispersal of aquatic insects to artificial 

pools in the United States, and also found a decline in species abundance and richness with increasing 

distance (between 5 – 250 m) that artificial pools were placed from a river. There were still relatively 

large numbers (361 individuals in total) of caddisflies present at 100 m away from the river in my 

study, indicating that caddisflies may be intercepted by light further inland than the studied distance 

of 100 m. It would be interesting to know if caddisfly abundance would continue to decline in my 

study if the distances LEDs are placed from a river in my study were further than 100 m. Whilst these 

two studies were focused on determining caddisfly dispersal rather than a specific ecological effect of 

artificial lighting on caddisflies, they still provide an important understanding of caddisfly behaviour 

in response to artificial light. 

My results also show a similar trend to multiple studies of the distances from lights that moths 

are attracted, which are closely related to caddisflies (Stewart & Wang 2010). Most of these studies 

determine this by releasing tagged moths and recapturing them at different distances with a certain 

time limit.  Beck & Linsemair (2006) in Borneo found that moths were captured in highest 

abundances at up to 30 m from the release point using a 125W metal vapour light. Truxa & Fiedler 

(2012) in Germany found the highest abundances of moths within 10 m, and significantly reduced 

after 15 m. Merckx & Slade (2014) found three different families of moths were attracted in highest 

abundances at up to 10 m, 23 m, or 27 m from an actinic light 6W blue light, Whilst these studies had 

a different experimental design and taxa to my study all showed similar findings, since in my study 

more than 50% of all caddisflies were caught by 9-30 m depending on the LED colour temperature. 

This is similar to the 10 – 30 m between the above studies. 

The significant overall decline in caddisfly abundance caught by LEDs with increasing 

distance from a river in my study indicates that there is likely limited lateral dispersal over long 

distances at the Hawdon river, a braided river with limited forest riparian zones. It is possible that the 

size and density of vegetation present near the river may influence the extent of this effect, and the 
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relevance of these findings to other river locations. Collier & Smith (1997) found that caddisflies will 

preferentially remain forested riparian river corridors when vegetation is present.   

Although I have shown that adult caddisflies are attracted to LED lights at all distances set 

out in my study the extent of this impact on recruitment and other consequences on freshwater 

communities is unknown. Perkin et al. (2011) presents two hypotheses regarding the response of 

insects to light near water; first that lights near water will attract many aquatic insects, and second that 

lights further will increase the inland dispersal of aquatic insects. It is possible that artificial light 

reflecting off water at close distances could have a positive effect by aiding freshwater insect 

navigation back to a river. On the contrary, since the LEDs within 1 m the river in my study attracted 

the largest caddisfly abundances, it is also likely that lights near rivers instead have a significant 

negative effect on caddisfly communities (Perkin et al. 2014; Szaz et al. 2015).  

Variable responses of insects to distance between orders, families, and species 

There was a differing trend in attraction to the LEDs over distance between insect orders. 

Diptera show a significant decline in abundance with distance the same as caddisflies, which is 

expected as this order included a combination of aquatic and terrestrial insects. However, there was no 

significant decline in Lepidoptera abundance with distance. his is likely because it is not an aquatic 

insect, therefore distance away from the river is likely less relevant to where they are flying from. All 

caddisfly families except Polycentropodidae showed a significant decline in abundance with distance, 

and four out of the six most abundance caddisfly species. There were limited differences in the 

response of species to different colour temperatures over distance, contrary to my predictions. 

Hydrobiosidae comprised the highest abundance and number of species of all families in my study. 

Graham et al. (2017) also found that Hydrobiosidae had the largest number of species and greatest 

variability in dispersal distances, but found most other families had similar dispersal distances 

between species. In my study, H. frater and a Conoescuidae P. aureolus were the most common 

species, and both still had relatively large mean abundances at 100 m. However another hydrobiosid 

species, P. leptoharpax had a higher mean abundance at 100 m than at 1 m. This shows that there was 

some variability in dispersal distances between species in my study. There was also a significant 
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decline in species richness with distance, although most species observed at 1 m were also found at 

100 m.  

No significant change in caddisfly sex ratio over distance 

There was no significant change in sex ratio over distance for all caddisflies. This was not as I 

expected, since female caddisflies are understood to be more likely disperse into the terrestrial 

environment for rest following mating whilst their eggs develop, before they return to a river to lay 

them (Kovats et al. 1996; Collier & Smith 1997; Winterbourn et al. 2007). No significant difference in 

the number of caddisfly females with increasing distance was also observed by Graham et al. (2017) 

at distances of 0-1500 m, and the studies by Truxa & Fiedler (2012) and Degen et al. (2016) on moth 

attraction distances which were similar between sexes. Whilst in my study there was no significant 

differences in sex ratios for caddisflies overall, for most families there were small fluctuations in the 

proportion of females over the 100 m distance, which somewhat resemble the bimodal distribution of 

females over distance by found by Collier & Smith (1997). In my study Hydrobiosidae, Conoesucidae 

and Hydropsychidae fluctuated near 50% female, whilst Polycentropodidae were predominantly 

males. The reasons for observing no sex bias are difficult to quantify, however there may have been a 

sexual dimorphism in time of emergence at the Hawdon River over the months when my study took 

place which could vary between families and species (Ward et al. 1996; Degen et al. 2016). For 

example, Ward et al. (1996) found more male caddisflies present at the start of the flight season 

(Spring) and females predominant later (Summer) in New Zealand. It is important to also consider 

that light trap catches only provide an indication of the full community sex ratio, as there may be 

different reactions between sexes to light (Collier & Smith 1997).  

Environmental influences and experimental design implications  

Overall caddisfly abundance was highly variable between sampling nights over the study 

duration which may be caused by a variety of factors. These include wind speed and direction, air 

temperature conditions (ideally >13 ˚C), vegetation density closest to a particular light trap (though 

little vegetation was present), in-stream and riparian habitat along the study reach, and specific 

caddisfly activity each night (e.g. mating, oviposition, sheltering behaviours). Setting out a high 
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number of replicate light traps in my study, has been successful at negating some of this 

environmental variability. 

Some of the caddisflies caught in the light traps may not have emerged during the night of the 

experiments, but may instead have emerged previously and were resting in the surrounding terrestrial 

environment. I was not able to test this, however, is more likely to occur in the traps which are further 

away from the river and closer to vegetation. This could be a possible reason for some variability in 

caddisfly abundance over the distance away from the river. The possibility of this occurrence has 

implications for interpretation of the effect of distance away from the river on caddisflies in this study, 

since if all caddisfly adults are not beginning at the Hawdon River on the night of each experiment the 

results may not solely capture the effect of LEDs at distance on caddisflies emergent from this one 

river. Some species were also found in the light traps that were extremely uncommon as juveniles in 

the Hawdon River, e.g. Synchorema zygoneurum and Plectrocenmia maclachlani, therefore some 

species likely dispersed from other nearby rivers where juveniles of these species are more prevalent. 

As there are three other rivers with a 2 km radius, included the large, braided Waimakariri River, it 

seems likely these results incorporated caddisflies present in a much broader vicinity. The extent to 

which this is occurring would be a challenge to quantify.  

Height of LEDs may affect the abundance and species of caddisflies which are attracted. The 

LEDs in my study were not set out at the same height as streetlights, which may cause different 

conclusions. Whilst they did not use light traps, Didham et al. (2012) in New Zealand found that 

vertical trapping height had the greatest effect on species composition of dispersing aquatic adults and 

found that distance to the nearest stream did not have a significant effect. They also found variability 

in the caddisfly species caught on the ground compared within the forest canopy, and 76% of the total 

abundance of all caddisflies were caught at height. This suggests that the light traps close to the 

ground in my study may be missing some species dispersing from the river. 

Light position and the presence of multiple lights in a row also affects insect attraction to 

artificial lights. Streetlights are often in a row and may limit dispersal further by having multiple 

overlapping lights. In Germany, Degen et al. (2016) found that corner lights, i.e. those on the corner 
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of a square 12 streetlight layout (3 x 4 array, 20 m apart), captured 1.5 times more moths than the 

lights in other positions. Therefore, there may be some influence of position within the row of lights 

on capture rates in my study. Degen et al. (2016) also found that fewer moths were caught in lights in 

the middle of a row of lights (set-up 20 m apart). This indicates that normal streetlight distances apart 

limited moth dispersal and may interfere with landscape connectivity. 

It could also be possible that insects adapt to artificial light, and therefore will respond 

completely differently between sites due to the level of light exposure they are habituated to. The 

caddisflies that I caught in my light traps may have been influenced by the topography of the 

surrounding landscape. My study was limited to one type of environment, an open braided riverbed 

which may promote or reduce caddisfly dispersal depending on species One hypothesis about the 

differences in caddisfly catch over distance between studies is the difference in forested riparian areas 

between studies, and it is suggested that insects may disperse further in open areas Graham et al. 

(2017). The Hawdon River is a wide, open riverbed, however within a few kilometres there are large, 

forested areas which could influence dispersal more broadly, especially if caddisflies disperse from 

other rivers. Therefore, the replication of this study at other sites with different environmental features 

(e.g. an urban and a forested site) would be an important useful step to quantify the significance of the 

distance threshold observed in this study. 

Conclusion and recommendations 

There was a significant decline in caddisfly abundance caught by LEDs placed at increasing 

distances of 0 – 100 m away from a river, and over 50% of all caddisflies caught by 9 – 30 m. This 

indicates that LED lights close to rivers are have a greater effect on caddisflies and other freshwater 

insects than LED lights that are set back from a waterway. 

In towns and cities, LED lights are generally separated at regular intervals along a road or 

path. This may cause the attraction radii of neighbouring lights (of around 10 – 30 m) to overlap, 

which may fragment suitable dispersal habitat for freshwater insects into many small habitats and 

could lead to high dispersal costs (Hale et al. 2015; Degen et al. 2016). Spacing of the LEDs in this 

study is similar to the Waka Kotahi (2014) minimum design spacing for lights near walkways and 
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cycleways (30m or 50m depending on pedestrian zone type), and is slightly closer than the road 

spacing requirements which range from 50 – 68 m for LEDs dependent on wattage and road width. 

Therefore, the findings from this study are highly applicable to the mitigation of ecological impacts of 

streetlighting in New Zealand. Based on the findings of my study, it is recommended that placement 

of LED lights within 0 – 10 m of a river is restricted, and is avoided between 10 – 30 m, after which 

LED lights can be placed as required without strict limitations. There is no clear indication from this 

study that certain colour temperatures should be limited more stringently at certain distances. 

Supplementary Material 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S4.1 Average abundance per trap of the four most common insect orders, Ephemeroptera, Diptera, Lepidoptera, and 

Trichoptera with distance 0-100 m at the Hawdon River in Arthur’s Pass National Park. All colour temperatures (K) are 

combined.     
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Figure S4.2 Average abundance per trap of Hydroptilidae compared to the abundance all other caddisflies with distance 0-

100 m categorised at the Hawdon River in Arthur’s Pass National Park. 
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Figure S4.3 Average abundance (1±SE) per trap of the most common six species, Aoteapsyche colonia, Aoteapsyche tepoka, 

Hydrobiosis frater, Pycnocentrodes aureolus, Psilochorema leptoharpax, Plectrocnemia maclachlani with distance 0-100 m 

categorised at the Hawdon River in Arthur’s Pass National Park. All colour temperatures (K) are combined.     
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Figure S4.4 Average (±SE) number of species of caddisflies (based on male individuals) with distance 0-100 m categorised 

at the Hawdon River in Arthur’s Pass National Park. Panels separated by LED colour temperature (K) where n=30 (3000K, 

4000K, 5650K) and n=40 (6500K). Distances are grouped based on similarity number of light trap counts within each.  
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Figure S4.5 Pielou’s evenness for each of the four LED colour temperatures with distance 0-100 m categorised at the 

Hawdon River in Arthur’s Pass National Park. 

Figure S4.6 Proportion of Caddisflies (±SE) which are females with distance 0-100 m categorised at the Hawdon River in 

Arthur’s Pass National Park. Dashed line indicates 50% female. Panels separated by LED colour temperature (K) where 

n=30 (3000K, 4000K, 5650K) n=40 (6500K). Distances are grouped based on similar numbers of light trap counts within 

each.  
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Table S4.1 Response variable outputs from the glmmTMB models, and drop1 LRT test for colour temperature, with 
estimates of the fixed effect predictors and their associated standard errors and confidence intervals (Model structure 
used was Response ~ Distance*Colour.Temperature + (1|Date)+(1|Position)+(1|MeanWind) with nbinom1 link). 
Starred response variables used poisson due to small overdispersion value with other links. All species have N=120 
instead of N=130 since one night of 10 samples was not analysed to species. 

Response 
Distance:Colour 
Temperature 
Interaction, 
Distance only, 
Colour Temperature only 

N 
(Residual 
 df) 

LRT p Fixed Effect Predictors  
(at distance 0m) 

Estimates  
(back 
transformed 
from log 
scale (+-SE)) 

Confidence 
Intervals 

All Insects 130  
(118) 

9.1 
11.5 
2.5 

0.03 
<0.001 
0.5 

Colour Temperature: 
3000K 
4000K 
5650K 
6500K 

 
64.3 (35.4) 
215.3 
(116.5) 
105.4 (58.6) 
70.4 (38.4) 

 
22-191 
74-629 
35-317 
24-207 

Diptera 130  
(118) 

0.5 
12.6 
6.3 
 

0.9 
<0.001 
0.1 
 

Colour Temperature: 
3000K 
4000K 
5650K 
6500K 

 
33.6 (15.4) 
89.6 (40.3) 
79.8 (37.2) 
28.3 (12.8) 

 
14-83 
37-218 
32-201 
12-69 

Lepidoptera 130  
(118) 

3.6 
1.0 
1.1 

0.3 
0.3 
0.8 

Colour Temperature: 
3000K 
4000K 
5650K 
6500K 

 
6.3 (3.2) 
7.1 (3.7) 
9.8 (5.2) 
9.1 (4.5) 

 
2-17 
2-20 
3-28 
3-24 

Total Caddisfly 130  
(118) 

15.3 
18.3 
1.3 

0.002 
<0.001 
0.7 

Colour Temperature: 
3000K 
4000K 
5650K 
6500K 

 
17.3 (13.2) 
62.1 (46.5) 
26.8 (20.4) 
25.5 (19.1) 

 
4-78 
14-274 
6-121 
6-113 

Hydroptilidae 130  
(118) 

10.2 
12.3 
3.4 

0.02 
<0.001 
0.3 

Colour Temperature: 
3000K 
4000K 
5650K 
6500K 

 
13.8 (7.8) 
15.1 (9.3) 
12.0 (7.5) 
26.7 (14.6) 

 
4-42 
4-51 
3-41 
9-79 

Hydrobiosidae 130  
(118) 

8.8 
9.7 
0.9 

0.03 
0.002 
0.8 

Colour Temperature: 
3000K 
4000K 
5650K 
6500K 

 
6.2 (3.4) 
9.3 (5.5) 
5.2 (3.2) 
12.5 (6.4) 

 
2-18 
3-30 
2-17 
5-35 

Hydropsychidae 130  
(118) 

6.74 
16.3 
5.1 

0.08 
<0.001 
0.2 

Colour Temperature: 
3000K 
4000K 
5650K 
6500K 

 
2.4 (2.0) 
5.2 (4.1) 
3.1 (2.5) 
3.8 (2.9) 

 
1-12 
1-25 
1-15 
1-17 

Conoesucidae* 
 

130  
(122) 

8.6 
0.05 
14.6 

0.04 
0.8 
0.002 

Colour Temperature: 
3000K*(Non-
interaction mod) 
4000K* 
5650K* 
6500K* 

 
2.5 (1.6) 
1.2 (0.8) 
2.1 (1.4) 
2.6 (1.7) 

 
1-9 
0.3-4 
1-8 
1-9 

Polycentropodidae 130 (118) 4.3 
2.7 
8.2 

0.2 
0.1 
0.04 

Colour Temperature: 
3000K 
4000K 
5650K 
6500K 

 
1.0 (0.9) 
0.2 (0.2) 
0.2 (0.2) 
0.9 (0.7) 

 
0.2-6 
0.02-1 
0.02-1 
0.2-5 
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Aoteapsyche colonica 120 
(108) 

7.9 
16.2 
0.9 

0.046 
<0.001 
0.8 

Colour Temperature: 
3000K 
4000K 
5650K 
6500K 

 
0.4 (0.3) 
1.4 (0.9) 
1.5 (1.0) 
0.6 (0.4) 

 
0.1-2 
0.4-5 
0.5-6 
0.2-2 

Aoteapsyche tepoka 120 
(108) 

5.6 
5.7 
4.7 

0.1 
0.02 
0.2 

Colour Temperature: 
3000K 
4000K 
5650K 
6500K 

 
0.4 (0.4) 
0.4 (0.4) 
0.4 (0.4 
0.6 (0.5) 

 
0.1-2 
0.1-2 
0.1-3 
0.1-3 

Hydrobiosis frater 120 
(108) 

0.9 
7.9 
2.0 

0.8 
0.005 
0.6 

Colour Temperature: 
3000K 
4000K 
5650K 
6500K 

 
0.7 (0.4) 
1.6 (1.0) 
1.7 (1.0) 
1.3 (0.8) 

 
0.2-2 
0.5-5 
0.5-6 
0.4-4 

Pycnocentrodes aureolus 120 
(108) 

1.6 
6.7 
8.3 

0.7 
0.009 
0.04 

Colour Temperature: 
3000K 
4000K 
5650K 
6500K 

 
0.7 (0.6) 
0.6 (0.6) 
1.1 (1.0) 
0.6 (0.5) 

 
0.1-4 
0.1-4 
0.2-7 
0.1-3 

Plectocnemia maclachlani 120 
(108) 

8.02 
2.3 
5.2 

0.046 
0.1 
0.2 

Colour Temperature: 
3000K 
4000K 
5650K 
6500K 

 
1.0 (0.9) 
0.2 (0.2) 
0.1 (0.1) 
2.8 (2.4) 

 
0.2-6 
0.03-1 
0.01-1 
0.5-15 

Psilochorema leptoharpax* 120  
(109) 

5.7 
2.0 
5.9 

0.1 
0.2 
0.1 

Colour Temperature: 
3000K 
4000K 
5650K 
6500K 

 
0.1 (0.1) 
1.2 (0.8) 
1.3 (0.8) 
0.002 
(0.007) 

 
0-0.9 
0-4 
0-5 
0-2 

Species Richness* 
 

120  
(109) 

1.6 
11.0 
2.1 

0.7 
<0.001 
0.5 

Colour Temperature: 
3000K 
4000K 
5650K 
6500K 

 
4.7 (1.5) 
3.3 (1.0) 
3.1 (0.9) 
4.6 (1.5) 

 
2.6-8.8 
1.8-6.1 
1.7-5.9 
2.5-8.6 

Proportion Female 120 
(108) 

1.0 
0.001 
2.3 

0.8 
0.9 
0.5 

Colour Temperature: 
3000K 
4000K 
5650K 
6500K 

 
51.5 (15.6) 
32.3 (11.4) 
48.8 (17.3) 
37.3 (12.5) 

 
28-94 
16-65 
24-99 
19-72 



   

 

 

Chapter 5 

Discussion 

 

Temporal patterns of light play an important role in organising ecological systems, which 

may be disrupted by artificial light (Bradshaw & Holzapfel 2010; Gaston et al. 2014). Freshwater 

ecosystems are particularly affected since these are often close to areas with high human populations, 

where artificial lights are abundant (Perkin et al. 2014; Reid et al. 2019). LEDs are becoming the 

predominant outdoor artificial light source globally due to their high energy efficiency and long life 

(Sánchez de Miguel et al. 2017; Kyba et al. 2017). However, the extent of the possible ecological 

impacts of artificial lights, especially the newer LEDs, has not yet been fully quantified with little 

research on their impacts on freshwater ecosystems (Perkin et al. 2014; Reid et al. 2019). Caddisflies 

are particularly impacted by artificial light as most caddisfly species are phototactic, and therefore the 

increasing presence of artificial lighting with a growing global human population affects the nocturnal 

activity of these insects (Perkin et al. 2011; Gaston et al. 2014). Therefore, I investigated the effects of 

LED lighting on the attraction of freshwater insects, in particular adult caddisflies. Specifically, the 

effects of four different colour temperatures of LED, and the effects of placing these lights at varying 

distances of 0 – 100 m from a river on adult caddisfly abundance, species richness and sex ratio. 

My results indicate that LED lights attract high abundances and diversity of freshwater 

insects, particularly caddisflies. It was found that the ecological impacts related to their attraction to 

light can be mediated through selection of lower colour temperature LED lights (Chapter Three), or 

through ensuring that lights are placed some distance away from the river (Chapter Four). I have 

shown that this occurs consistently between two locations, both at a river that is already exposed to 

light (Avon River, in central Christchurch) and one that does not have regular exposure (Hawdon 

River, in Arthur’s Pass National Park). My experiments also documented a range of adult caddisfly 

species present near each of the two rivers, and I developed a guide based on easily identifiable 

features of these caddisfly species (Chapter Two).  
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In this chapter I summarise the key results, how this research has extended present knowledge 

of the impacts of outdoor LED lighting, and emphasise how my results could be used to advance the 

understanding of LED light impacts on adult insects and inform the management strategies to 

underpin ecologically appropriate artificial lighting design near waterways and other ecologically 

sensitive areas. 

A large number of caddisflies were captured in total, giving a high level of confidence in the 

results. For both data chapters combined, 149,138 insects of all orders were captured in the colour 

temperature experiments (Chapter Three), and 36,668 in the distance experiments (Chapter Four). 

This includes 101,939 caddisflies in total; 85,411 in the colour temperature experiments, and 8,264 in 

the distance experiments.   

In Chapter Three, I found that LEDs with a higher colour temperature (i.e. 6500 K and 5650 

K, respectively) attracted higher abundances of caddisflies and other insect orders than lower colour 

temperature LEDs (i.e. 3000 K and 4000 K, respectively) at both study locations. This is a particularly 

interesting result since multiple similar studies did not find any difference between warm-white (low 

colour temperature) and cool-white (high colour temperature) LEDs for insect attraction (Pawson & 

Bader 2014; Wakefield et al. 2016; Bolliger et al. 2020), although these studies predominantly caught 

terrestrial insects. Whilst it may have also been useful in this study to also compare LEDs with other 

types of bulbs as other studies have, the conversion of streetlighting to LEDs in New Zealand is 

partially complete and the high energy efficiency of LED lights is a predominant focus of councils 

and other organisations (CCC 2020; Waka Kotahi 2014). HPS lamps were the previous predominant 

streetlighting source in Christchurch and required replacement every three to four years (16,000 

hours), but LEDs last around 20 years (85,000 hours) which is a large monetary and energy efficiency 

gain (Waka Kotahi 2014). Therefore, white LEDs were chosen as they are the most pertinent options 

to examine for their ecological effects. 

In Chapter Four, I found that LEDs immediately near a river (0 – 30 m) attract a higher 

abundance of caddisflies than further distances of up to 100 m away from the river. These results were 

similar to patterns recorded for moths and caddisflies in other studies (Collier & Smith 1997; Beck & 
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Linsennmair 2006; Truxa & Fiedler 2012; Merckx & Slade 2014). Whilst colour temperature resulted 

in differences in the rate of decline in caddisfly abundance with distance, which were significant for 

total caddisfly abundance but not for specific caddisfly families or species. Since for most species the 

abundance of caddisflies was relatively low at distances of 90 – 100 m, this indicates that at least at 

my study river, I was likely attracting caddisflies that either came from that river or were resting near 

the water’s edge. Although it would be useful to have been able to determine if this distance threshold 

changes by site, locating a suitable site for this experiment is challenge as my experiment required a 

minimum of 800 m of reach length and 100 m of distance inland to be clear of vegetation to allow an 

uninterrupted path for these lights to be viewed from the river, and to minimise the possibility that 

other environmental factors such as vegetation influenced the experiments. Kirkeby et al. (2016) used 

lidar to track insect movement and found that caddisflies were typically part of a group that were 

nocturnally active and near forest, which they assumed was related to mating and predator-avoidance 

behaviour. This suggests that in my project caddisflies may be dispersed away from the river at night-

time before they enter the light traps. It is possible that directional light traps could quantify this and 

would be an important consideration for further research on caddisfly behaviour around artificial 

light. 

Source population considerations 

Whilst the focus of my research was LED light ecological impacts, the high abundance and 

species diversity of adult caddisflies collected also allowed me to improve our ability to quickly 

identify adult caddisflies in Chapter Two. The range of species present in the light traps at the 

Hawdon River are of particular interest since many of these collected species anecdotally have not 

been found as juveniles in kicknet samples from this river, e.g. Synchorema zygonerum and 

Plectrocnemia maclachlani. These individuals caught by the light traps most likely emerged from a 

different source population at a different source river (i.e. the nearby large Waimakariri River which 

was about 800 m away) and were in the process of dispersing when they were attracted by the light 

traps. This suggests further ecological considerations for the positioning of streetlighting as well as 

the colour temperature of LED used, since in brightly lit locations such as cities these insects may be 
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dispersing further away from a river than the river considered in an ecological assessment for the 

assembly of new outdoor lights. These freshwater adult insects may also have to navigate within 

brightly lit city environments through a series of lighting sources, which may cause further additive or 

synergistic ecological effects (Horváth et al. 2014; Degen et al. 2016).   

My research shows that LED lights do attract large numbers of insects away from the river 

but the total extent of the effect that LEDs are having on caddisflies is unknown. Quantifying this 

would require having measured the proportion of adult caddisflies being caught by the light traps out 

of all adult caddisflies inhabiting an area. A pilot study lab experiment which described in Appendix 

One was able to provide a rough indication that not all freshwater insects in the surrounding 

environment will necessarily enter the light traps. This pilot study did not have a large enough 

caddisfly sample size, although it did indicate that not all caddisflies flying in an area where artificial 

lights are operating will be attracted to the lights. 

It is possible that some of the caddisflies found in the light traps were not emergent during the 

night of the experiments, but instead had been inhabiting the terrestrial environment surrounding the 

river for some time (Kovats et al. 1996). This has not been studied but seems more likely to occur in 

the traps which are further away from the river. This could be a potential reason for the variability in 

caddisfly abundance over the distance away from the river between nights, and between species. 

Other possible environmental influences 

The total number of insects found in my light traps was highly variable between each night of 

the experiments. There are multiple possible environmental factors which could be influencing this, 

including celestial factors (moon phase and illumination, overall sky glow, cloud cover), weather 

conditions (temperature, wind speed, humidity), and location along a reach (variability in surrounding 

substrate, vegetation, presence of riffle/pool nearby).   

There is evidence that moonlight influences light trap catch, with a variety of responses 

recorded (Nowinszky & Puskás 2017). Insect activity may be reduced by the light of the moon, 

particularly during a full moon (Nowinszky & Puskás 2017). This is thought to be the opposite during 
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the first and last quarters of the moon, influenced by the high ratio of polarised moonlight present 

during these periods (Nowinszky & Puskás 2017). Cloud cover may result in higher catch rates than 

clear skies (Nowinszky & Puskás 2017), but Yela & Holyoak (1997) found higher catch rates without 

cloud cover.  

Overall light pollution in an area may also influence how flying insects are affected by light. 

Light pollution increases background illumination therefore the LED lights may not stand out as 

distinctly, and it may generally act as a disruptive influence to insect activity patterns (Eisenbeis et al. 

2006; Kyba et al. 2011). It could be also possible that insects adapt to artificial light, however this is 

difficult to determine outside of a controlled environment. Regularly lit rivers may also be influencing 

freshwater insects in other ways, for example by causing reduced species richness and possibly 

decreased mean body size over time due to community wide behaviour alterations (Meyer & Sullivan 

2013).   

There were many large trees near the Avon River, some were near certain light traps even 

with placement being selected to minimise this. It is likely that some of the trees provided some 

partial shading of light from the river, but despite this there was still a large effect of LEDs on 

caddisfly catch. Other studies have found temperature and wind speed to be strong influential factors 

to caddisfly catch rates. This was not observed in my research, largely because my experiments were 

completed on selected nights that were predicted by MetService to have warmer temperatures and low 

wind, although not all nights trapped matched these predictions.  All nights of the experiments did not 

reach below 10 ͦ C, and thus, the observed temperature was likely not low enough to begin observing 

large declines in caddisflies (Ward et al. 1996; Pohe et al. 2018). 

Light in urban environments: Multiple possible interacting ecological impacts 

There are a variety of other possible influential environmental factors which may affect some 

of the observations in my study, as well as a range of additive and possibly synergistic effects that 

affect these freshwater insects.  
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Figure 5.1 Multiple additive and synergistic effects caused by the artificial light zone of influence (white triangle). Zone of 

influence is much larger than the area to be lit (pathway).  

 

Artificial lights near a river may cause the direct attraction of freshwater adult insects which 

emerge at night (Figure 5.1 (1)). Artificial lights may result in the interception of freshwater insects 

from their flight path when dispersing away a river (Perkin et al. 2011)(Figure 5.1 (2)). Freshwater 

insects may directly fly into a hot LED bulb and die (Eisenbeis et al. 2006), or may become 

disorientated and “fixated” on the light so continues to fly around the LED causing fatigue/death 

(Figure 5.1 (3)) (Eisenbeis et al. 2006; Perkin et al. 2011). Predation of freshwater insects may occur 

from terrestrial predators using light, e.g. spiders (Heiling 1999; Parkinson et al. 2020) (Figure 5.1 

(4)). Horziontally polarised light can cause freshwater insects to view dark pathways as water 

(Horváth et al. 2009; Horváth et al. 2014), therefore female insects may oviposit on these dark 

surfaces (Kriska et al. 1998)(Figure 5.1 (5)). Vegetation may provide some reduction in light spill 

from the zone of influence (Figure 5.1 (6)). Some fish may become more active at night-time 

(Nightingale et al. 2006), however light may cue daytime for some nocturnal fish which may cause 

them to become less active due to fear of predation (Moore et al. 2006) (Figure 5.1 (7)). Artificial 

light may also cause altered food resources for fish due to depressed juvenile drift and less adults 

returning to the water with eggs (Moore et al. 2006; Perkin et al. 2011)(Figure 5.1 (8))  
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Taylor et al. (2006) investigated how photoperiod effects the reproduction and growth of 

rainbow trout to maximise these activities, and found that by exposing them to continuous artificial 

lighting this increases their growth rates and provides all year round spawning. This is concerning for 

the influence of artificial light at night on natural waterways since increased abundance of trout may 

further deplete juvenile and adult invertebrates under lit conditions. Brüning et al. (2011) found that 

the effects of light for fish were species specific. There will be different effects of artificial light on 

freshwater environments depending on the species present in the food web. This indicates that the 

outcomes of this study are not only important to the conservation of the directly affected taxa but also 

to those in the freshwater food web which rely on them. 

Flying insects may be attracted to light sources on bridges and above pathways or roads near 

waterways. Kriska et al. (1998) found mayflies were attracted to dry asphalt roads, in the same 

manner as water (Figure 5.1) due to horizontally polarised light reflected off this surface. Roads are 

especially deceptive and attractive since the sky above them is usually open, and asphalt is usually a 

higher temperature which prolongs insect activity (Kriska et al. 1998). Since it is common for lit 

pathways to follow waterways, lit roads or pathways become ecological traps if they are near a 

waterway because eggs laid away from the water on these man-made surfaces away will not survive. 

Dark asphalt surfaces may also be more attractive than water surfaces, since light penetrating into 

asphalt is all absorbed whereas some of the light penetrating into water becomes reflected and 

vertically polarised reducing the overall total degree of horizontal polarisation (Kriska et al. 1998). 

This means that light reflected from asphalt is always horizontally polarised, but this is not always 

observed on water. Boda et al. (2014) found experimental evidence that there is a synergistic effect 

between phototaxis to artificial light and polarotaxis (attraction to horizontally polarised light) for 

water beetles, causing roads to function as an ecological trap. The degree of horizontal polarisation is 

also greater in blue spectral range than red or green (Schwind 1995; Horváth & Varjú 1997), which is 

a possible reason for why high colour temperature LEDs which emit more blue light attract more of 

these insects.  
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Egri et al. (2017) were able to provide a solution to the ecological trap of artificial light by 

setting up very bright LED lights on a bridge that was reflected by the water of a river in the 

downstream direction. This reduced the number of insects caught by nearby streetlights further from 

the river. Whilst it may to some extent disrupt their flight path the presence of a bridge does this 

anyway and so it allows for the mayflies to oviposit in the river. Therefore, if LED light must be 

placed near waterways, design which considers the direction and location of the surface it reflects on 

to reduce horizontal polarisation of light reflecting from man-made surfaces may be able to mitigate 

some of the negative effects for freshwater insects.  

Some possible mitigation methods  

In towns and cities, LED lights are generally separated at regular intervals along a road or 

path. This may cause the attraction radii of neighbouring lights to overlap, which may fragment 

suitable dispersal habitat into many small habitats which could lead to high dispersal costs (Hale et al. 

2015).  Spacing of the LEDs in my experiments was similar to the Waka Kotahi (2014) minimum 

design spacing for lights near walkways and cycleways (30m or 50m depending on pedestrian zone 

type), and slightly closer than the road requirements which range from 50 - 68 m for LEDs dependent 

on wattage and road width. Therefore, there needs to be a mitigation method which addresses this and 

allows for protection of waterways from the continuous light spill of these regularly spaced lights. 

A possible workable mitigation method could be to provide shrub or other vegetation buffers 

between light sources and a waterway. Vegetation may allow particular sections of waterway to be 

shaded and therefore be effectively unlit. This could be a good option for areas which are ecologically 

sensitive but exposed to a large amount of artificial light which is necessary for a particular purpose, 

i.e. vehicle safety (Gaston et al. 2012). Vegetation may also allow for shaded dispersal corridors along 

waterways for insects in well-lit areas to be sustained, by sheltering some of the light beam radius. 

This was found by Straka et al. (2019) for bats, where the presence of higher tree cover density near 

lights reduced the negative effect of light on bat foraging. This could also be achieved by dimming 

lights along a waterway, although the efficacy of this has not been researched in this study. The 

impacts of dimming lights would be an area to develop further understanding through research.  
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A large number of caddisflies were caught on most nights of the experiments, indicating that 

the time period of 2 hours from dusk is a period when caddisflies are highly active. The degree of 

horizontal polarisation of light from a water surface is also greatest at sunrise and sunset on a flat 

water surface (Gál et al. 2001).  For this reason, one management strategy could be to implement the 

dimming of lighting during this period, and also immediately prior to dawn as caddisflies are similarly 

active at this time (Walker & Galbreath 1979). This could be even more important at the times of year 

when caddisfly adults are most active, i.e. in summer on warm nights (Ward 1996), and may not be as 

necessary outside of this period. The viability of the effects of selective dimming at peak activity 

times would be an area of future research. 

My study used a highly portable light trap set up for collecting insects in remote conditions. 

Due to practicality my light traps were close to the ground and not representative of a streetlight, 

which are required to be 6-8 m high in pedestrian zones, and 8-14 m in vehicle zones in New Zealand 

(Waka Kotahi 2014). Therefore, there may be some differing ecological effects if a light is placed at 

the height of a streetlight. LED lights 6 m or higher above the ground may attract insects from a 

greater distance away, or may attract a different range of species in higher abundances (Didham et al. 

2012). 

The LEDs in the light traps were the same as used in streetlighting, although the LEDs in my 

study were run at a lower irradiance (W/m2) over the study area than specified for council use on 

roads (Waka Kotahi 2014). Given that large numbers of caddisflies were caught during my study, it is 

likely that streetlighting at higher irradiance will have even larger effects on freshwater insects. The 

directionality of light spread between the light traps used and streetlights differs. The light beam from 

the bulbs in my study emitted all light in a forward direction, whereas streetlights, particularly those 

with LED bulbs allow lighting to be highly directional in a downwards path towards the ground 

(Waka Kotahi 2014). This is useful as it reduces light spill into the environment and sky glow which 

may reduce some of the ecological effects of lighting (Gaston et al. 2012; Waka Kotahi 2014). 

However, more insects may be attracted to them because highly directional light downwards on a dark 

surface like an asphalt road results in more reflected polarised light in the horizontal than if the light 
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beam is more spread (Horváth et al. 2014). This means that LEDs due to their high directionality, 

could be more attractive to freshwater insects than older lighting technologies when over dark 

surfaces.   

Discussion of recommendations 

The findings of my thesis, especially combined with the findings of the broader NIWA study 

(Reducing impacts from LED streetlight conversions. Contract no: COIX1810) on this topic, provide 

increased scientific understanding of the specific impacts of LED lighting on freshwater insects in a 

New Zealand ecological system. It is particularly interesting to have completed this study in New 

Zealand are there are many caddisflies which are endemic (Collier 1993), and may respond differently 

to light compared with overseas species. The impacts of artificial lighting on insects in New Zealand 

is not well understood regardless of the conversion to LED lighting occurring.  

The predominant colour temperature of LED lights implemented into streetlights in 

Christchurch is 4000 K. Waka Kotahi (2021) has an accepted luminaires list of bulbs and brands, 

which contains 85 models from 25 manufacturers and a colour temperature range between 3750 K and 

4200 K. Waka Kotahi (2021) also states “The preferred value of correlated colour temperature (CCT) 

for road lighting is 4000K (neutral white). Consideration may be given to the use of 3000K (warm 

white) nominal CCT in areas of special environmental consideration (such as Dark Skies reserves) or 

high pedestrian use, but only where vehicular movements and speeds have been managed to mitigate 

the potential conflicts between cars/trucks and pedestrians/cyclists.” The outcomes of my research 

align with the recommendations in this statement. That is; 3000 K is recommended, especially in 

environmentally sensitive areas, therefore, in the aspect of colour temperature, the current New 

Zealand streetlight conversion is likely appropriately minimising the ecological impact of lights near 

rivers. In currently published guidelines, there is however no discussion of set-back distance 

requirements to minimise this impact. 

To summarise, I successfully completed the main two objectives of my research, which were 

to determine: (1) how four different colour temperatures of LEDs, and (2) how distances of LEDs 

from 0-100 m away from a river affected the attraction of flying insects, particularly adult caddisflies.  
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Whilst awareness of artificial light impacts has increased in New Zealand and globally, lighting 

systems with increasing LED intensities and higher colour temperatures are being installed (Schroer et 

al. 2020). Although in New Zealand, Waka Kotahi is recommending 4000 K LEDs to councils for 

streetlights, there are many other sources of artificial light at night, and therefore, it would be useful to 

have specified legislation for all sources of artificial light (Schroer et al. 2020). This is especially 

important regarding the protection of natural areas with ecologically sensitive habitat. It would be key 

to include lighting colour temperature and location of lights as central considerations in any urban 

development project, particularly since there are many streetlights within 20 m of a river in 

Christchurch, New Zealand. This is a developing research area and there is likely to be different 

effects depending on the insect taxa present, the other organisms in the ecosystem, and the differences 

in environments between locations. These need to be able to tie in with human’s requirements for 

outdoor lighting. 

My research has contributed to the understanding of the effects of LED lighting near 

waterways, and their influence on freshwater insects, particularly caddisflies. The results of my 

research highlight the importance of considering low LED colour temperatures when selecting an 

outdoor LED lighting source, the need for a set-back distance of 10 m from waterways at a minimum, 

and to avoid lighting between 10 – 30 m if feasible. These results will become more streetlight 

management specific if findings are aligned with the ongoing NIWA study (Reducing impacts from 

LED streetlight conversions. Contract no: COIX1810) given the NIWA study investigated streetlights 

installed at normal heights. As the outcomes of this study are clear, I hope that these findings can be 

combined with the findings of other past and future studies to inform a clear management strategy for 

the implementation of LEDs as lighting sources near waterways.  
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Appendix 1 

Pilot study: Quantifying attraction rates of freshwater adult insects to 

an LED light in a laboratory 

 

Introduction 

Both thesis chapters three and four show that freshwater insects are attracted to artificial light 

since many were caught through light trapping. However, it is not known from this how many insects 

out of all emerged adult insects in the area were captured. Therefore a pilot study laboratory 

experiment was completed to determine how many flying insects, particularly caddisflies, were 

caught in the light trap out of all insects released in the controlled space. The aim of this being to give 

an indication of how many insects out of all total insects may be being captured at a real-world 

location, e.g. a certain radius around one river site. 

Methods 

One 6500 K LED light at 2300 lux at 26.5 cm away from light (trap length) was set up in a 

temperature control room (dimensions: length 5.29 m x width 2.89 m x height 2.44 m) at the 

University of Canterbury. This room was empty, with the exception of one permanent sink in one 

corner (dimensions: length 0.92 m x width 0.73 m x height 1.01 m). All possible space which insects 

could escape into were taped as noticeable in the top centre of Figure 1. 

Flying insects were captured at Okuti River using malaise traps set-up for a two or three night 

period. Live insects were collected from these malaise traps, and transported to the laboratory in 

plastic pottles with breathable fabric sealing the top. All live insects were released into the 

temperature control room at the same time. The experiment ran for a 2 hour period, and was repeated 

on two occasions. After this time insects caught in the light trap were collected, insects not in the light 
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trap were collected separately the next day when they were dead to be more easily able to capture 

insects that would have been flying around. 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: (A) Light trap set up in a temperature control room used for this experiment. (B) Two views of the malaise traps 

set up in the Okuti River for trapping insects which were then to be transported live to a University of Canterbury 

temperature control room.



   

 

 

Results 

Two repeats of the experiment were completed; note this is not sufficient to be conclusive. 

In experiment 1, 35% of insects were captured by the 6500 K LED light trap and 50% of caddisflies 

(Trichoptera) (Table 1.1). In experiment 2, 46% of all insects were captured by the 6500 K LED light 

trap and 36% of caddisflies (Table 1.1). There were 216 insects, and 50 caddisflies in total in this 

experiment, largely comprised of the Conoesucidae and Helicopsychidae families. 

Table 1.1: Table of insect orders, and caddisfly species captured in the pilot laboratory experiment by one 6500 K LED 

light. 

Order 
(Family) 

Experiment 1 
count in trap 
(percentage 
in trap) 

Experiment 2 
count in trap 
(percentage 
in trap) 

Total  
count in trap 
(percentage 
in trap) 

Diptera 2 (100%) 15 (69%) 17 (57%) 

Ephemeroptera 1 (0.1%) 3 (25%) 4 (11%) 

Lepidoptera 0  0 0 (5 in 
experiments) 

Plecoptera 1 (100%) 1 (100%) 2 (100%) 

Trichoptera 8 (50%) 13 (36%) 21 (42%) 

Conoesucidae 0 3 (27%) 3 (25%) 

Helicopsychidae 2 (25%) 5 (35%) 7 (32%) 

Hydrobiosidae 0 0 0 (2 in 
experiments) 

Leptoceridae 1 (100%) 0 1 (100%) 

All Insects in 
trap 

15 (35%) 
 

40 (46%) 
 

55 (41%) 

 

Outcomes 

These results indicate that it is possible LED light traps may not capture large numbers (or the 

majority of caddisflies and other flying insects in their immediate environment. However, this is a 

controlled lab experiment and very different to the natural environment, therefore different effects 

may be observed if experiments were successfully designed to test this in a river ecosystem.  

It was expected given the small space that all insects would simply be captured by the light, 

therefore it is interesting to observe that this was not the case. Merckx & Slade (2014) found by 

releasing marked moth individuals at 0-1 m away from a light trap that 10-55% of individuals 

depending on the family were recaptured. This is similar to results shown here, with the exception of 
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stoneflies (Plectoptera) which were all captured however this result is not especially meaningful given 

this was present in such a small abundance.  

Whilst this indicates that a relatively small percentage of all adult caddisflies may be getting 

trapped by LED light traps at 6500 K, the presence of multiple lights alongside a river, such as in the 

Chapter 3 and 4 experiments and is common for street and path lighting may provide additive or 

synergistic effects further influencing the capture rates. To fully quantify the percentage of a caddisfly 

population that is attracted to LED lights, a much longer study than this pilot study would be required, 

with a larger abundance of insects. 

 

 


