
 

 

  

The effects of artificial illumination 
on invertebrate drift 

 

Effekten av artificiellt ljus på evertebratdrift 

 

 

Sandra Andersson 

 

Faculty of Health, Science and Technology 

Biology 

15 hp 

Supervisor: Olle Calles 

Examiner: Larry Greenberg 

2015-02-18 

Serial number: 15:77 



1 
 

Abstract 

For the past century, humans have drastically increased the use of artificial light all over the 

world. This is causing many problems for other organisms. Daytime feeders extend their 

activity into the night, which causes an increase in predation pressure on their prey. This study 

focused on macroinvertebrate drift and how it is affected by artificial light. A street light was 

placed at a Welsh river, and drift nets were staggered across the stream. The stream was then 

exposed to three different light treatments: (1) the lights were on all night, (2) the lights were 

off all night (3) the lights were on from 20.30 to 24.00 and then turned off. The results 

showed that species richness was lower in the net nearest the street light when the light was 

on for the first part of the night. This indicated a light sensitivity in some invertebrate species 

in the stream. Drift abundance was lower when the light was on throughout the whole night 

and when the light was on for the first part of the night than when the lights were never on. 

This difference was found in the net furthest away from the street light. Two possible 

explanations for this are: (1) the statistical significance was spurious, (2) There was a local 

difference in species composition. Some invertebrate species are especially vulnerable to 

predatory fish, and the difference in drift abundance for one of the nets could have been an 

indication of the presence of predatory fish in the stream. Further studies of invertebrate drift 

and artificial might benefit if the abundance of predatory fish is also estimated. 

 

Abstrakt 

Under det senaste århundradet har människan drastiskt ökat användandet av artificiellt ljus 

över hela jorden. Detta skapar problem hos många organismer. Organismer som äter dagtid är 

aktiva en bit in på natten vilket kan leda till ökat predationstryck på deras byten. Denna studie 

fokuserade på drift hos makroevertebrater och hur den påverkas av artificiellt ljus. Ett gatljus 

placerades i en flod i Wales och driftnät spreds ut i floden. Därefter utsattes denna del av 

floden för tre olika ljusbehandlingar: (1) ljuset var på hela natten, (2) ljuset var av hela natten, 

(3) ljuset var på från 20.30 till 24.00 och stängdes sedan av. Resultaten visade att 

artrikedomen var lägre i det nät närmast lampan när den var på under första delen av natten. 

Detta kan ha betytt att ljuskänsliga evertebrater var närvarande. Driftabundansen var lägre när 

ljuset var på antingen hela natten eller under första delen av natten i ett av näten. Skillnaden 

var i nätet längst bort från lampan. Det fanns två trovärdiga förklaringar till detta: (1) den 

statistiska signifikansen var falsk, (2) det fanns en lokal variation i artsammansättningen. 

Vissa evertebratarter är särskilt utsatta för rovdjursfisk. Denna skillnad driftabundans i ett av 
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näten kunde vara på grund av att rovdjursfisk var närvarande. I fortsatta studier där effekten 

av artificiellt ljus på evertebrater undersöks kan det vara av fördel att även uppskatta 

abundansen av rovdjursfisk. 

 

Introduction 

Human activities are causing many different changes to ecosystems world-wide (Vitousek, 

1997). One of these activities is the use of artificial light, which has increased around the 

world since the beginning of the 20
th

 century (Holden, 1992). This increased use of artificial 

light has changed nightscapes all over the world both in terms of light intensity and light 

spectrum. It has been shown that artificial light can have negative effects on human health and 

social well-being (Hölker et al, 2010a).However, when biodiversity conservation is discussed, 

light pollution has not been regarded as a major problem compared with for example, invasive 

species or microplastic pollution as light has been used to increase human safety (Hölker et. 

al., 2010b). 

Living organisms are sensitive to light. A slight change in light level could, for example, alter 

the behaviour of an organism. Light induced responses can be found even in one-celled 

organisms (Gregory, 1978). Artificial light can therefore cause problems for many 

species.Organisms from all three kingdoms have a circadian clock that is affected by light 

(Dunlap, 1999). This means that artificial light could modifyan organism’s circadian clock so 

that theday-night cycle has, for example, longer days and shorter nights. Artificial light can 

cause predatory daytime feeders to extend their activity which might increase predation 

pressure on nocturnal prey species. (Hölker et al, 2010b). For example, predation rate on 

nocturnal planktivorous fish from diurnal piscivorous fish can increase under illumination 

(Hobson, 1965). Insects are drawn to light which makes them vulnerable to predators such as 

bats, frogs or toads (Royal Comission, 2009).Illuminated roads can cause disorientation 

among mammals since the rapid shift in illumination can affect their vision in a way that 

makes it hard for them to see dark areas (Rich &Longcore, 2006). Also, migratory birds tend 

to move towards light at night and has shown a reluctance to leave the illuminated area once it 

has entered it.  

Many studies have been conducted on how different invertebrates are affected by artificial 

light. The most famous example is probably the study of moths and how their attraction to 

artificial night lights due to their flight-to-light behaviour has negative effects on their 

survival (Frank, 2006) It can interfere with mating, dispersal, and migration; it can disturb 
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feeding; it increases predation risk; it can also trap moths in buildings, divert them into 

vehicular traffic, and kill the moths instantly when they fly into lamp housings. A number of 

studies have described how artificial light affects terrestrial organisms, such as mammals and 

insects (Rich and Longcore, 2006). In contrast, the effects of artificial light on freshwater 

organisms has seldom been studied. 

Freshwaters cover only about 0,8% of the total surface of the globe. However, 9.5% (126,000 

species) of all species on earth are freshwater organisms (Dudgeon et al., 2006;Balian et al., 

2008). This means that of the world’s total biodiversity, much of it lives in freshwater. These 

organisms could potentially be affected by artificial lighting since many freshwater systems 

are located in or near cities (Moore et. al., 2006), and hence may be affected by artificial 

light.A fish species that has been shown to be affected by artificial light is the European 

minnow (Phoxinusphoxinus). Its activity level is significantly lower at high light intensities 

than at low light intensities (Harden Jones 1956).  Nocturnal fish species have proven to be 

especially sensitive to light where some species show negative phototaxis at light levels as 

low as 10
-2 

lux (Rich &Longcore, 2006).A study on concealment behaviour in juvenile 

rainbow trout (Oncorhynchusmykiss) showed that the fish did not come out of concealment 

until the light had dropped below a certain level (Contor& Griffith, 1995).  

Artificial night lighting could cause diurnal fish species to feed at night as well. This could 

have a negative effect on nocturnal fish species since competition for food increases (Rich 

&Longcore, 2006).The foraging ability is also affected by light. For example, the capture rate 

for both European perch (Perca fluviatilis) and ruffe (Gymnocephalus cernua) has been 

shown to increase when light intensity increases (Bergman, 1988).Diel vertical migration of 

Daphniais reduced by urban light pollution (Moore et al., 2000), making them more 

vulnerable to predatory fish. 

Even though many studies have been carried out on invertebrates and artificial night lighting, 

few have been done on the impact of illumination on macroinvertebrate drift. An experiment 

on the nymph of the mayfly Baetisvagans and the 

crustaceanGammaruspseudolimnauesshowed that artificial light had a strong negative effect 

on drift. Night-time drift in both species decreased to near daytime levels at light levels of 1 

lux or higher (Holt & Waters, 1967). Knowledge of how macroinvertebrate drift is affected by 

artificial light is not only important from the invertebrates’ perspective, but also for predatory 

fish species. A study by Holt & Waters (1967) on invertebrate drift showed that drift 

abundance should decrease at increasing light levels.Macro invertebrates that tend to drift 
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during the day might also extend their activity due to the artificial light, creating a mix of 

daytime and night time drifters. Therefore species richness should be higher in the treatments 

with light. 

The aims of this study are to investigate if artificial light at night affects the abundance and 

species richness of invertebrate drift. It is hypothesized that (1) the drift abundance will be 

lower under illumination, and (2) the species richness of drift will decrease under 

illumination. These hypotheses are tested experimentallyin a natural stream. 

 

Material and methods 

The experiments were conducted on the Llanmaes Brook at Llanmaes, Vale of 

GlamorganWales, UK(29°80’31”E, 16°94’44”N). The study site is located in a lowland rural 

area with predominantly arable and pastoral farmland. The area directly surrounding the 

stream is the small village of Llanmaes which has very little infrastructure and no street 

lighting influencing the stream. Directly adjacent to the stream is on one side a horse paddock 

and on the other side (fenced off) is a small children’s play park.A high-pressure sodium 

streetlight was placed on a steel tripod 1 m above the streambed in the river. To reduce the 

intensity of the light to realistic street light levels, neutral density filters were attached to the 

lamp. Three treatments were used in this experiment; 1) the light was off all night, acting as a 

control 2) the light was on from 20.30 GMT to 2.30 GMT (called full night illumination), 

corresponding with how the street lights are used in the area, and finally 3) the light was on 

from 20.30 GMT until (called partial night illumination) midnight. The three treatments were 

replicated three times and the order of presentation of the treatments was random. 

Three experimental drift nets, referred to as nets B, C, and D,(500µm mesh size, EFE and GB 

Nets, Cornwall) were placed at increasing distances from the street light (see Figure 1) and 

one net, Net A, was placed 1 m upstream of the street light as a control net. Net B was placed 

1 m downstream from the streetlight. Net C was placed 0.25 m downstream from Net B, and 

Net D was placed 0.25 m downstream from Net C. 
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Figure 1 – Experimental set up (not to scale). The control net was placed upstream from the light 
source. Nets B-D were placed downstream from the light source.  

 

Since shifts in the timing of drifting behaviour can occur, the nets were emptied every two 

hours to make it possible to identify these shifts. This makes up a total of 45 different samples 

(5 samples per day for 9 days). Staggering the nets across the stream made it possible to 

empty one net without blocking the light for the other nets, and without disturbing the stream 

bed in front of the net. The light intensity was measured at the net entrance and 1 m upstream 

every time the nets were emptied (Table 1). This was done with a lux light meter (HI 97500, 

accuracy ±6%, ±2 digits, HANNA Instruments, USA). 

Table 1 – Average light intensities across all nets, both immediately in front of the drift nets and 1 m 
upstream of the drift nets. The control values are the light intensities without artificial illumination. 

 Control (lux) Experimental (lux) 

Net 1 m upstream In front 1 m upstream In front 

A <1 <1 <1 <1 

B <1 <1 170 13.5 

C <1 <1 76.5 7 

D <1 <1 54 2.5 

 

The sampledmacroinvertebrates were preserved in 70% ethanol on site. They were later sorted 

into species groups using a dissecting microscope at 6x magnification. The drift samples from 

each night were quantified so that the total number of drifting individuals and the taxonomic 

composition could be compared. 

The three experimental nets B, C, and D were compared separately to the control net A. The 

difference in drift abundance and species richness between each experimental net and the 

control net A was tested. Since the collected data were not of equal variance, the non-
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parametric Kruskal-Wallis test was used for statistical analysis. Microsoft Excel 2013 was 

used for this.  

Results 

The total number of invertebrates collected in this study was 6677. The two most common 

invertebratesfound across all samples were Baetidae (36%) and Gammarus (25%)(Figure 2). 

Other invertebrate groups comprising over 5% of the total number of invertebrates were 

Helophoridae (11%), Chironomidae larva (8%), and Simuliidae (6%). The total number of 

species collected was 51. 

 

Figure 2 – Percentage in terms of numbers of the most common invertebrates found in the current 
study (pooled for all drift samples) 

 

The Kruskal-Wallis test showed that there wasno treatment effect for the difference between 

net A and net B, nor was there a difference for the difference between net A and C (Figure 3). 

For the difference between net A and net D, there was a treatment difference (Figure 3). The 

drift was much lower when the light was on, either through the entire night or for the first part 

of the night than when the lights were off for the entire night. 
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Figure 3 – The average difference in drift abundance between netA and net B (net A-net B), between net A and net C (net A-
net C), and between net A and net D (net A-net D)for the three treatments. On = the light was on the entire night, Off = the 
light was off the entire night, Part = the light was on during the first part of the night. Only the difference between net A and 
net D was significant. 

 

When it comes to species richness there was no treatment effect for the difference between net 

A and net C, nor was there a difference for the difference between net A and net D (Figure 4). 

There was, however, a treatment effect for the difference between net A and net B. Species 

richness was much lower in net B when the lights were on for the first part of the night 

compared to when the lights were off or on the entire night (Figure 4). 
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Figure 4 - The average difference in species richness between net A and net B (net A-net B), between net A and net C (net A-
net C), and between net A and net D (net A-net D) for the three treatments. On = the light was on the entire night, Off = the 
light was off the entire night, Part = the light was on during the first part of the night. Only the difference between net A and 
net B was significant. 

 

Discussion 

According to the results, the species richness was lower in net B compared to net A when the 

light was on for the first part of the night. Net B was closest to the street light compared to net 

C and D, which means that the light level was highest by net B. The light level in front of net 

B was 13.5 lux whereas the light level was 7 lux in front of net C, and 2.5 lux in front of net 

D. This indicates there may be some invertebrate species present that are sensitive to light 

levels higher than 7 lux. 

The results also showed that the drift in Net D was lower than the drift in the control net in the 

treatments with illumination for the whole night or part of the night. The fact that there was 

no difference between the control net A and nets B and C is difficult to explain since net D 

was placed furthest away from the street light. The light levels were therefore lower at net D 

than at nets B and C. Logically, the effect should have been smallest at net D. One possible 

explanation that is not very satisfying is that it is a chance effect, i.e. there is no real treatment 

effect, the statistical significance is spurious. 

Assuming the difference is not just a coincidence, another explanation for the difference in 

drift in net D might be that there were local differences in invertebrate species composition in 
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that specific area. The invertebrates inhabiting that area of around net D might be more light-

sensitive than the invertebrates inhabiting the areas around the other nets. However, 

considering that there was no difference in species richness in net D compared to net A, this 

seems unlikely. 

Studies have shown that predatory fish have an increased predation intensity when larger sizes 

of prey are present. Predators such as trout use visual means to locate and catch their prey.  

Larger prey species are easier to see from a longer distance, and these are therefore favoured 

(Ware, 1972). When feeding on Baetis, brook trout prefer large prey over small prey when 

feeding during the day (Allan, 1978). This means large-sizeBaetisprobably at greater risk 

when drifting during the day compared to smaller Baetis. In his study, Allan found that 

invertebrates from the larger size classes drift more during the night compared to the smaller 

invertebrates. The strength of nocturnal drift behavior seems to be related to how vulnerable 

prey are to fish predation. This might explain why the drift was lower when the area around 

net D was illuminated. Perhaps larger invertebrates, such as Baetis, inhabitet the area around 

net D.  

A correlation has been shown between diel changes in the abundance of drifting invertebrates 

and diel changes in the amount of food in the stomachs of rainbow trout (Salmo gairdneri) 

and brown trout (Salmo trutta;Elliot, 1973). The feeding occurred mostly in the early hours of 

the night. For future studies it might be beneficial to estimate the abundance of predatory fish 

species during the night in addition to measuring invertebrate drift. A study on drift behaviour 

in mayflies (Baetisvagans) showed that the presence of a predatory fish species changed the 

drift patterns of the mayfly (Flecker, 1992). In streams without a predator mayfly drift 

occurred both during the day and during the night. In streams where a predatory fish species 

was present, drift occurred almost exclusively at night. Considering the strong relationship 

between the presence of fish and invertebrate drift behaviour, it might be good in future 

studies to include estimates of fish abundance. 
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