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National Light Pollution Guidelines 

Introduction 

Natural darkness has a conservation value in the same way that clean water, air and soil has 
intrinsic value. Artificial light at night is increasing globally by about two per cent per year1. 
Animals perceive light differently from humans and artificial light can disrupt critical behaviour 
and cause physiological changes in wildlife2. For example, hatchling marine turtles may not be 
able to find the ocean when beaches are lit3, and fledgling seabirds may not take their first 
flight if their nesting habitat never becomes dark4. Tammar wallabies exposed to artificial light 
have been shown to delay reproduction5 and clownfish eggs incubated under constant light do 
not hatch6. 

Consequently, artificial light has the potential to stall the recovery of a threatened species. For 
migratory species, the impact of artificial light may compromise an animal’s ability to undertake 
long-distance migrations integral to its life cycle.  

Artificial light at night provides for human safety, amenity and increased productivity. 
Australian legislation and standards regulate artificial light for the purpose of human safety. 
These Guidelines do not infringe on human safety obligations. Where there are competing 
objectives for lighting, creative solutions may be needed that meet both human safety 
requirements for artificial light and threatened and migratory species conservation. 

The Guidelines outline the process to be followed where there is the potential for artificial 
lighting to affect wildlife. They apply to new projects, lighting upgrades (retrofitting) and where 
there is evidence of wildlife being affected by existing artificial light.  

The technology around lighting hardware, design and control is changing rapidly and biological 
responses to artificial light vary by species, location and environmental conditions. It is not 
possible to set prescriptive limits on lighting. Instead, these Guidelines take an outcomes 
approach to assessing and mitigating the effect of artificial light on wildlife. 

 

 

Figure 1 Pink anemone fish and marine turtle laying eggs. Photos: Nigel Marsh and 
Robert Thorn. 
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How to use these Guidelines 

These Guidelines provide users with the theoretical, technical and practical information 
required to assess if artificial lighting is likely to affect wildlife and the management tools to 
minimise and mitigate that affect. These techniques can be applied regardless of scale, from 
small, domestic projects to large-scale industrial developments.  

 

 

The Guidelines recommend:  

1. Always using Best Practice Lighting Design to reduce light pollution and minimise the 
effect on wildlife.  

2. Undertaking an Environmental Impact Assessment for effects of artificial light on listed 
species for which artificial light has been demonstrated to affect behaviour, survivorship or 
reproduction. 

Technical Appendices 

The Guidelines are supported by a series of technical appendices that provide additional 
information about Best Practice Lighting Design, What is Light and How Wildlife Perceive it, 
Measuring Biologically Relevant Light, and Artificial Light Auditing. There is also a checklist for 
artificial light management, and species-specific information for the management of artificial 
light for Marine Turtles, Seabirds and Migratory Shorebirds. The range of species covered in 
taxa-specific appendices will be broadened in the future.  

The aim of the Guidelines is that artificial light will be managed so wildlife is: 

1. Not disrupted within, nor displaced from, important habitat; and  

2. Able to undertake critical behaviours such as foraging, reproduction and 
dispersal. 
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Regulatory Considerations for the Management of Artificial 
Light around Wildlife 

These Guidelines provide technical information to guide the management of artificial light for 
Environment Protection and Biodiversity Conservation Act (1999) (EPBC Act) listed threatened 
and migratory species, species that are part of a listed ecological community, and species 
protected under state or territory legislation for which artificial light has been demonstrated to 
affect behaviour, survivorship or reproduction.  

Environment Protection and Biodiversity Conservation Act (1999) 

The EPBC Act regulates any action that will have, or is likely to have, a significant impact on a 
Matter of National Environmental Significance (MNES), including listed threatened and 
migratory species. Any action likely to have a significant impact on a MNES must be referred 
to the Australian Government for assessment. Further, it is an offence under the EPBC Act to 
kill, injure, take or trade a listed threatened, migratory or marine species in a Commonwealth 
area. Anyone unsure of whether the EPBC Act applies, is strongly encouraged to seek further 
information. 

State and territory legislation and policy 

State and territory environmental legislation and policy frameworks may also have provisions 
for managing threats, such as light, to listed species. For example, artificial light is a form of 
pollution regulated for impacts on humans and the environment under the Australian Capital 
Territory Environment Protection Act 1997. Consideration should be given to the function of 
relevant state and territory environment and planning legislation and policy concerning the 
protection of wildlife from artificial light. 

Local and regional government requirements 

Advice should also be sought from local government as to whether specific requirements apply 
in the area of interest concerning artificial light and wildlife. For example, the Queensland 
Government Sea Turtle Sensitive Area Code provides for local governments to identify sea 
turtle sensitive areas within local government planning schemes. Development in these areas 
will need to avoid adverse effects to sea turtles from artificial lighting. 

Australian standards 

Australian standards provide agreed limits for various lighting scenarios, generally for the 
purposes of human safety and for the provision of amenity. For example, Australian Standard 
DR AS/NZS 1158.3.1:2018 Lighting for roads and public spaces pedestrian area (Category P) 
lighting provides minimum light performance and design standards for pedestrian areas. 

Australian standards also provide for consideration of environmental concerns. Australian 
Standard AS/NZS 4282:2019 Control of the obtrusive effects of outdoor lighting recognises the 
impact of artificial light on biota.  
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These Light Pollution Guidelines should be followed to ensure all lighting objectives are 
adequately addressed. This may require solutions to be developed, applied and tested to 
ensure lighting management meets the needs of human safety and wildlife conservation. The 
Case Studies illustrate examples of how a liquefied natural gas processing plant, a transport 
authority and a marine research vessel have addressed this challenge. 

Associated guidance 

These Guidelines should be read in conjunction with:  

• EPBC Act 1999 Significant Impact Guidelines 1.1 Matters of National Environmental 
Significance 

• EPBC Act 1999 Significant Impact Guidelines 1.2 Actions on, or impacting upon, 
Commonwealth land and Actions by Commonwealth Agencies 

• Recovery Plans and approved conservation advices for listed threatened species  

• approved Wildlife Conservation Plans for listed migratory species 

• state and territory environmental legislation, regulations, and policy and guidance 
documents 

• up-to-date scientific literature 

• local and Indigenous knowledge. 
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Wildlife and Artificial Light 

Vision is a critical cue for wildlife to orient themselves in their environment, find food, avoid 
predation and communicate7. An important consideration in the management of artificial light 
for wildlife is an understanding of how light is perceived by animals, both in terms of what the 
eye sees and the animal’s viewing perspective.  

Animals perceive light differently from humans. Most animals are sensitive to ultra-violet 
(UV)/violet/blue light8, while some birds are sensitive to longer wavelength yellow/orange9 and 
some snakes, can detect infra-red wavelengths10 (Figure 2). Understanding the sensitivity of 
wildlife to different light wavelengths is critical to assessing the potential effects of artificial light 
on wildlife. 

The way light is described and measured has traditionally focused on human vision. To 
manage light appropriately for wildlife, it is critical to understand how light is defined, described 
and measured and to consider light from the wildlife’s perspective. 

For a detailed explanation of these issues see What is Light and how do Wildlife Perceive it? 
The Glossary provides a summary of terms used to describe light and light measurements and 
notes the appropriate terms for discussing the effects of light on wildlife. 

 

 

Figure 2 Ability to perceive different wavelengths of light in humans and wildlife is shown by 
horizontal lines. Black dots represent reported peak sensitivities. Figure adapted from Campos 

(2017)8. 
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How light affects wildlife 

Artificial light is known to adversely affect many species2,11 and ecological communities12,13. It 
can change behaviour and/or physiology, reducing survivorship or reproductive output. It can 
also have the indirect effect of changing the availability of habitat or food resources. It can 
attract predators and invasive pests, both of which may pose a threat to listed species. 

Behavioural changes in wildlife have been well described for some species. Adult marine 
turtles may avoid nesting on beaches that are brightly lit14,15, and adult and hatchling turtles 
can be disoriented and unable to find the ocean in the presence of direct light or sky glow3,15,16. 
Similarly, lights can disorient flying birds, particularly during migration, and cause them to 
divert from efficient migratory routes or collide with infrastructure17. Birds may starve when 
artificial lighting disrupts foraging, and fledgling seabirds may not be able to take their first 
flight if their nesting habitat never becomes dark4. Migratory shorebirds may use less 
preferable roosting sites to avoid lights and may be exposed to increased predation where 
lighting makes them visible at night4.  

Physiological changes have been described in the Tammar Wallaby when exposed to artificial 
light, resulting in delayed reproduction5, and clownfish eggs incubated under constant light do 
not hatch6. The stress hormone corticosterone in free living song birds has been shown to 
increase when exposed to white light compared with green or red light and those with high 
stress hormone levels had fewer offspring18. Plant physiology can also be affected by artificial 
light with changes to growth, timing of flowering and resource allocation. This can then have 
flow-on affects for pollinators and herbivores13. 

The indirect effects of artificial light can also be detrimental to threatened species. The 
Mountain Pygmy Possum, for example, feeds primarily on the Bogong Moth, a long distance 
nocturnal migrator that is attracted to light19. Recent declines in moth populations, in part due 
to artificial light, have reduced the food supply for the possum20. Changes in food availability 
due to artificial light affect other animals, such as bats21, and cause changes in fish 
assemblages22. Lighting may also attract invasive pests such as cane toads23, or predators, 
increasing pressure on listed species24.  

The way in which light affects a listed species must be considered when developing 
management strategies as this will vary on a case by case basis. 

These Guidelines provide information on the management of artificial light for Marine Turtles, 
Seabirds and Migratory Shorebirds in the technical appendices. Consideration should be given 
to the direct and indirect effect of artificial light on all listed species for which artificial light has 
been demonstrated to negatively affect behaviour, survivorship or reproduction.   
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Light Emitting Diodes (LEDs) 

During the life of these Guidelines, it is anticipated that light technology may change 
dramatically. At the time of writing, LEDs were rapidly becoming the most common light type 
used globally. This is primarily because they are more energy efficient than earlier light 
sources. LEDs and smart control technologies (such as motion sensors and timers) provide 
the ability to control and manage the physical parameters of lighting, making them an integral 
tool in managing the effects of artificial light on wildlife.  

Whilst LEDs are part of the solution, consideration should be given to some of the 
characteristics of LEDs that may influence the effect of artificial light on wildlife. White LEDs 
generally contain short wavelength blue light. Short wavelength light scatters more readily than 
long wavelength light, contributing more to sky glow. Also, most wildlife is sensitive to blue 
light (Figure 2). More detailed consideration of LEDs, their benefits and challenges for use 
around wildlife are provided in the Technical Appendix What is Light and how does Wildlife 
Perceive it?  
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When to Consider the Impact of Artificial Light on Wildlife?  

Is Artificial Light Visible Outside? 

Any action or activity that includes externally visible artificial lighting should consider the 
potential effects on wildlife (refer Figure 3 below). These Guidelines should be applied at all 
stages of management, from the development of planning schemes to the design, approval 
and execution of individual developments or activities, through to retrofitting of light fixtures 
and management of existing light pollution. Best Practice Lighting Design is recommended as 
a minimum whenever artificial lighting is externally visible. 

 

 

Figure 3 Decision tree to determine whether to undertake an environmental impact assessment 
for the effects of artificial light on wildlife. 
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Best practice lighting design 

Natural darkness has a conservation value and should be protected through good quality 
lighting design and management for the benefit of all living things. To that end, all 
infrastructure that has outdoor artificial lighting or internal lighting that is externally visible 
should incorporate best practice lighting design. 

Incorporating best practice lighting design into all infrastructure will not only have benefits for 
wildlife, but will also save energy and provide an economic benefit for light owners and 
managers. 

 

 

Figure 4 provides an illustration of best practice light design principles. For a detailed 
explanation see Technical Appendix Best Practice Lighting Design. 

Best practice lighting design incorporates the following design principles. 

1. Start with natural darkness and only add light for specific purposes. 

2. Use adaptive light controls to manage light timing, intensity and colour. 

3. Light only the object or area intended – keep lights close to the ground, 
directed and shielded to avoid light spill. 

4. Use the lowest intensity lighting appropriate for the task. 

5. Use non-reflective, dark-coloured surfaces. 

6. Use lights with reduced or filtered blue, violet and ultra-violet wavelengths. 
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Figure 4 Principles for best practice lighting design.
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Is there Important Habitat for Listed Species Located within 20km? 

Important habitats are those areas necessary for an ecologically significant proportion of a 
listed species to undertake important activities such as foraging, breeding, roosting or 
dispersal. This might include areas that are of critical importance for a particular life stage, are 
at the limit of a species range or habitat, or where the species is declining. They may also be a 
habitat where the presence of light pollution may cause a significant decline in a listed 
threatened or migratory species.  

Important habitat will vary depending on the species. For some species, areas of importance 
have been designated through recovery plans, conservation advice, and under planning 
regulations (for example Queensland Sea Turtle Sensitive Areas). Important habitat would 
include those areas that are consistent with ‘habitat critical to the survival’ of a threatened 
species and ‘important habitat’ for listed migratory species as described in the EPBC Act 
Significant Impact Guidelines25. Important habitat may include areas designated as Biologically 
Important Areas (BIAs), or in the case of migratory shorebirds, Internationally Important or 
Nationally Important Habitat. Consideration should be given to the ecological characteristics of 
Ramsar sites and the biological and ecological values of National and World Heritage Areas. 

Species specific descriptions of important habitat can be found in Technical Appendices 
relating to Marine Turtles, Seabirds and Migratory Shorebirds. For other listed species see 
relevant information available in Associated guidance and Desktop Study of Wildlife. 

Where there is important habitat for listed species that are known to be affected by artificial 
light within 20 km of a project, species specific impacts should be considered through an 
Environmental Impact Assessment (EIA) process.  

The 20 km threshold provides a precautionary limit based on observed effects of sky glow on 
marine turtle hatchlings demonstrated to occur at 15-18 km26,27 and fledgling seabirds 
grounded in response to artificial light 15 km away28. The effect of light glow may occur at 
distances greater than 20 km for some species and under certain environmental conditions. 
The 20 km threshold provides a nominal distance at which artificial light impacts should be 
considered, not necessarily the distance at which mitigation will be necessary. For example, 
where a mountain range is present between the light source and an important turtle nesting 
beach, further light mitigation is unlikely to be needed. However, where island infrastructure is 
directly visible on an important turtle nesting beach across 25 km of ocean in a remote 
location, additional light mitigation may be necessary. 
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Managing existing light pollution 

The impact of artificial light on wildlife will often be the result of the effect of all light sources in 
the region combined. As the number and intensity of artificial lights in an area increases there 
will be a visible, cumulative increase in sky glow. Sky glow is the brightness of the night sky 
caused by the reflected light scattered from particles in the atmosphere. Sky glow comprises 
both natural and artificial sky glow. As sky glow increases so does the potential for adverse 
impacts on wildlife.  

Generally, there is no one source of sky glow and management should be undertaken on a 
regional, collaborative basis. Artificial light mitigation and minimisation will need to be 
addressed by the community, regulators, councils and industry to prevent the escalation of, 
and where necessary reduce, the effects of artificial light on wildlife. 

The effect of existing artificial light on wildlife is likely to be identified by protected species 
managers or researchers that observe changes in behaviour or population demographic 
parameters that can be attributed to increased artificial sky glow. Where this occurs, the 
population/behavioural change should be monitored, documented and, where possible, the 
source(s) of light identified. An Artificial Light Management Plan should be developed in 
collaboration with all light owners and managers to mitigate impacts.   
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Environmental Impact Assessment for Effects of Artificial 
Light on Wildlife 

There are five steps involved in assessing the potential effects of artificial light on wildlife, and 
the adaptive management of artificial light requires a continuing improvement process (Figure 
5). The amount of detail included in each step depends on the scale of the proposed activity 
and the susceptibility of wildlife to artificial light. The first three steps of the EIA process should 
be undertaken as early as possible in the project’s life cycle and the resulting information used 
to inform the project design phase. 

Marine Turtle, Seabird and Migratory Shorebird Technical Appendices give specific 
consideration to each of these taxa. However, the process should be adopted for other 
protected species affected by artificial light. 

Qualified personnel 

Lighting design/management and the EIA process should be undertaken by appropriately 
qualified personnel. Management plans should be developed and reviewed by appropriately 
qualified lighting practitioners in consultation with appropriately qualified wildlife biologists or 
ecologists. 

 

Step 1: Describe the project 
lighting 

Step 2: Describe wildlife 

Describe existing light environment. Document 
the number, type, layout and purpose of 
proposed outdoor lighting. Define lighting 

objectives. 

Undertake a desktop study of wildlife and where 
necessary conduct field surveys to describe 

population and behaviour. Define lighting objectives 
in terms of wildlife. 

 

Step 3: Risk assessment 

Using project light information, wildlife biological and ecological information, and proposed mitigation 
and light management, assess the risk of impact of artificial light to wildlife. 

 

Step 4: Artificial light management plan 

Document information collated through Steps 1-3. Describe lighting management and mitigation. 
Develop and describe compliance and auditing scope, and schedule and triggers for revisiting Step 3. 

 

Step 5: Biological and artificial light monitoring and auditing 

Monitor wildlife behaviour and audit on-site light to ensure compliance with artificial 
light management plan(Step 4). 

 

Figure 5 Flow chart describing the environmental impact assessment process.  
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Step 1: Describe the project lighting 

Describe the existing light environment and characterise the light likely to be emitted from the 
site. Information should be collated, including (but not limited to): the location and size of the 
project footprint; the number and type of lights; their height, orientation and hours of operation; 
site topography and proximity to wildlife and/or wildlife habitat. This information should include 
whether lighting will be directly visible to wildlife or contribute to sky glow; the distance over 
which this artificial light is likely to be perceptible; shielding or light controls used to minimise 
lighting; and spectral characteristics (wavelength) and intensity of lights.  

Project specific lighting should be considered in the context of the existing light environment 
and the potential for cumulative effects of multiple light sources. The information collected 
should be sufficient to assess the likely effects of artificial light on wildlife given the biology and 
ecology of species present (Step 2). 

Where there will be a need to monitor the effectiveness of artificial light mitigation and 
management strategies (Step 5), baseline monitoring will be necessary. Measurements of the 
existing light environment should recognise and account for the biologically relevant short 
(violet/blue) and long (orange/red) wavelengths of artificial lighting (see Measuring Biologically 
Relevant Light). 

Lighting objectives  

During the planning phase of a project the purpose of artificial lighting should be clearly 
articulated, and consideration should be given as to whether artificial light is required at all. 
Lighting objectives should be specific in terms of location and times for which artificial light is 
necessary, whether colour differentiation is required and whether some areas should remain 
dark. The objectives should include the wildlife requirements identified in Step 2 and be 
consistent with the aims of these Guidelines.  

For more information about developing lighting objectives see Best Practice Lighting Design. 

Step 2: Describe wildlife 

Describe the biology and ecology of wildlife in the area that may be affected by artificial light 
(species identified during the screening process, Figure 3). The abundance, conservation 
status and regional significance of wildlife will be described, as will the location of important 
habitat. Recognise biological and ecological parameters relevant to the assessment, 
particularly how artificial light will be viewed by an animal. This includes an animal’s 
physiological sensitivity to wavelength and intensity, and its visual field. 

Depending on the availability of information, scale of the activity and the susceptibility of 
wildlife to artificial light, this step may only require a desktop analysis. Where there is a paucity 
of information or the potential for effects is high, field surveys may be necessary. Where there 
will be a need to monitor the effectiveness of lighting mitigation and management strategies 
(Step 5), baseline monitoring will be necessary.  
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Desktop study of wildlife 

A review of the available government databases, scientific literature and unpublished reports 
should be conducted to determine whether listed or protected wildlife that are susceptible to 
the effects of artificial light could be present. Tools to identify species or Important Habitat that 
may occur within 20 km of the area of interest include (but are not limited to):  

• Protected Matters Search Tool 

• National Conservation Values Atlas 

• State and territory protected species information 

• Scientific literature 

• Local and Indigenous knowledge 

To assess the risks to a species, an understanding of the animal’s susceptibility to the effects 
of light should be evaluated, as well as the potential for artificial light to affect the local 
population.  

The species conservation status should be identified and relevant population demographic and 
behavioural characteristics that should be considered include population size, life stages 
present and normal behaviour in the absence of artificial light. This step should also identify 
biological and ecological characteristics of the species that will be relevant to the assessment. 
This may include understanding the seasonality of wildlife using the area; behaviour 
(i.e. reproduction, foraging, resting); migratory pathways; and life stages most susceptible to 
artificial light. Consideration should also be given to how artificial light may affect food sources, 
availability of habitat, competitors or predators. 

Field surveys for wildlife 

Where there are insufficient data available to understand the actual or potential importance of 
a population or habitat it may be necessary to conduct field surveys. The zone of influence for 
artificial lighting will be case and species specific. Surveys should describe habitat, species 
abundance and density on a local and regional scale at a biologically relevant time of year.  

Baseline monitoring 

Where it is considered likely that artificial lighting will impact on wildlife, it may be necessary to 
undertake baseline monitoring to inform mitigation and light management (Step 5).  

Field survey techniques and baseline monitoring needs will be species specific and detailed 
parameters and approaches are described in the Marine Turtles, Seabirds and Migratory 
Shorebirds Technical Appendices. Guidance from species experts should be sought for other 
species.  
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Step 3: Risk assessment 

Using information collated in steps one and two, the level of risk to wildlife should be 
assessed. Risk assessments should be undertaken on a case by case basis as they will be 
specific to the wildlife involved, the lighting objectives and design, and the prevailing 
environmental conditions. Assessments should be undertaken in accordance with the 
Australian Standard Risk Management – Guidelines (AS ISO 31000:2018) (or superseding 
equivalent), which provides for adaptive management and continuous improvement. The scale 
of the assessment is expected to be commensurate with the scale of the activity and the 
vulnerability of the wildlife present. 

In general, the assessment should consider how important the habitat is to the species (e.g. is 
this the only place the animals are found), the biology and ecology of wildlife, the amount and 
type of artificial light at each phase of development (e.g. construction/operation) and whether 
the lighting scenario is likely to cause an adverse response. The assessment should take into 
account the artificial light impact mitigation and management that will be implemented. It 
should also consider factors likely to affect an animal’s perception of light; the distance to the 
lighting source; and whether light will be directly visible or viewed as sky glow. The process 
should assess whether wildlife will be disrupted or displaced from important habitat, and 
whether wildlife will be able to undertake critical behaviours such as foraging, reproduction, 
and dispersal.  

Where a likely risk is identified, either the project design should be modified, or further 
mitigation put in place to reduce the risk. 

If the residual risk is likely to be significant, consideration should be given as to whether the 
project should be referred for assessment under the EPBC Act and/or relevant state or 
territory legislation. 

Step 4: Artificial light management plan 

The management plan will document the EIA process. The plan should include all relevant 
information obtained in Steps 1-3. It should describe the lighting objectives; the existing light 
environment; susceptible wildlife present, including relevant biological characteristics and 
behaviour; and proposed mitigation. The plan should clearly document the risk assessment 
process, including the consequences that were considered, the likelihood of occurrence and 
any assumptions that underpin the assessment. Where the risk assessment deems it unlikely 
that the proposed artificial light will effect wildlife and an artificial light management plan is not 
required, the information and assumptions underpinning these decisions should be 
documented.  

Where an artificial light management plan is deemed necessary, it should document the scope 
of monitoring and auditing to test the efficacy of proposed mitigation and triggers to revisit the 
risk assessment. This should include a clear adaptive management framework to support 
continuous improvement in light management, including a hierarchy of contingency 
management options if biological and light monitoring or compliance audits indicate that 
mitigation is not meeting the objectives of the plan. 

The detail and extent of the plan should be proportional to the scale of the development and 
potential impacts to wildlife.  

Folio N° 1040



 
NATIONAL LIGHT POLLUTION GUIDELINES 17 

 

A toolbox of species specific options are provided in the Marine Turtles, Seabirds and 
Migratory Shorebirds Technical Appendices. Guidance from species experts should be sought 
for other species. 

Step 5: Biological and light monitoring and auditing  

The success of the impact mitigation and artificial light management should be confirmed 
through monitoring and compliance auditing. Light audits should be regularly undertaken and 
biological and behavioural monitoring should be undertaken on a timescale relevant to the 
species present. Observations of wildlife interactions should be documented and accompanied 
by relevant information such as weather conditions and moon phase. Consideration should be 
given to monitoring control sites. Monitoring should be undertaken both before and after 
changes to artificial lighting are made at both the affected site and the control sites. The 
results of monitoring and auditing are critical to an adaptive management approach, with the 
results used to identify where improvements in lighting management may be necessary. Audits 
should be undertaken by appropriately qualified personnel. 

Baseline, construction or post construction artificial light monitoring, wildlife biological 
monitoring and auditing are detailed in Measuring Biologically Relevant Light, Light Auditing 
and species specific Marine Turtles, Seabirds and Migratory Shorebirds Technical 
Appendices. 

Review 

Once light audits and biological monitoring have been completed, a review of whether the 
lighting objectives have been met should be conducted. The review should incorporate any 
changing circumstances and make recommendations for continual improvement. The 
recommendations should be incorporated through upgraded mitigations, changes to 
procedures and renewal of the light management plan. 
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Case Studies 

Unlike many forms of pollution, artificial light can be removed from the environment. The 
following case studies show it is possible to balance the requirements of both human safety 
and wildlife conservation. 

Gorgon Liquefied Natural Gas Plant on Barrow Island, Western Australia 

The Chevron-Australia Gorgon Project is one of the world’s largest natural gas projects. The 
liquefied natural gas (LNG) processing facility is on Barrow Island a Western Australian 
Class A nature reserve off the Pilbara Coast known for its diversity of fauna, including 
important nesting habitat for flatback turtles29. 

The LNG plant was built adjacent to important turtle nesting beaches. The effect of light on the 
turtles and emerging hatchlings was considered from early in the design phase of the project 
and species-specific mitigation was incorporated into project planning29. Light management is 
implemented, monitored and audited through a light management plan and turtle population 
demographics and behaviour through the Long Term Marine Turtle Management Plan30.  

Lighting is required to reduce safety risks to personnel and to maintain a safe place of work 
under workplace health and safety requirements. The lighting objectives considered these 
requirements while also aiming to minimise light glow and eliminate direct light spill on nesting 
beaches. This includes directional or shielded lighting, the mounting of light fittings as low as 
practicable, louvered lighting on low level bollards, automatic timers or photovoltaic switches 
and black-out blinds on windows. Accommodation buildings were oriented so that a minimal 
number of windows faced the beaches and parking areas were located to reduce vehicle 
headlight spill onto the dunes. 

Lighting management along the LNG jetty and causeway adopted many of the design features 
used for the plant and accommodation areas. LNG loading activity is supported by a fleet of 
tugs that were custom built to minimise external light spill. LNG vessels are requested to 
minimise non-essential lighting while moored at the loading jetty.  

To reduce sky glow, the flare for the LNG 
plant was designed as a ground box flare, 
rather than the more conventional stack 
flare. A louvered shielding wall further 
reduced the effects of the flare.  

Lighting reviews are conducted prior to the 
nesting season to allow time to implement 
corrective actions if needed. Workforce 
awareness is conducted at the start of 
each turtle breeding season to further 
engage the workforce in the effort to 
reduce light wherever possible.  

The Long Term Marine Turtle Management Plan30 provides for the ongoing risk assessment of 
the impact of artificial light on the flatback turtles nesting on beaches adjacent to the LNG 
plant, including mitigation measures to minimise the risk from light to turtles. The plan also 
provides for an ongoing turtle research and monitoring program. The plan is publicly available.  

Figure 6 Liquefied natural gas plant on Barrow Island. 
Photo: Chevron Australia. 
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Phillip Island  

Victoria’s Phillip Island is home to one of the world’s largest colonies of listed migratory Short-
tailed Shearwaters (Ardenna tenuirostris). It supports more than six per cent of the global 
population of this species28. Shearwaters nest in burrows and are nocturnally active at their 
breeding colonies. Fledglings leave their nests at night. When exposed to artificial light 
fledglings can be disoriented and grounded. Some fledglings may reach the ocean, but then 
be attracted back toward coastal lighting. Fledglings are also vulnerable to collision with 
infrastructure when disoriented and once grounded become vulnerable to predation or road 
kill4 (Figure 7).  

Phillip Island also attracts over a million visitors a year during peak holiday seasons to visit the 
Little Penguin (Eudyptula minor) ecotourism centre, the Penguin Parade®. Most visitors drive 
from Melbourne across a bridge to access the island. The increase in road traffic at sunset 
during the Easter break coincides with the maiden flight of fledgling shearwaters from their 
burrows28. 

In response to the deaths of fledglings, Phillip Island Nature Parks has an annual shearwater 
rescue program to remove and safely release grounded birds28. In collaboration with 
SP Ausnet and Regional Roads Victoria, road lights on the bridge to the island are turned off 
during the fledgling period31. To address human safety concerns, speed limits are reduced and 
warning signals put in place during fledgling season31,32. The reduced road lighting and 
associated traffic controls and warning signals, combined with a strong rescue program, have 
reduced the mortality rate of shearwaters28. 

 

Figure 7 Short-Tailed Shearwater (Ardenna tenuirostris) fledgling grounded by artificial light, 
Phillip Island. Photo: Airam Rodriguez. 
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Raine Island research vessel light controls 

The Queensland Marine Parks primary vessel Reef Ranger is a 24 m catamaran jointly funded 
by the Great Barrier Reef Marine Park Authority and the Queensland Parks and Wildlife 
Service under the Field Management Program (FMP). The Reef Ranger is often anchored at 
offshore islands that are known marine turtle nesting sites and is regularly at Raine Island, one 
of the world’s largest green turtle nesting sites33 and a significant seabird rookery.  

Vessels often emit a lot of artificial light when at anchor and the FMP took measures to 
minimise direct lighting spillage from the vessel. A lights-off policy around turtle nesting 
beaches was implemented, where the use of outdoor vessel lights was limited, except for 
safety reasons. 

The original fit out of the vessel did not include internal block-out blinds (Figure 8A). These 
were installed before the 2018-19 Queensland turtle nesting season. The blinds stop light 
being emitted from inside the vessel, therefore limiting light spill around the vessel (Figure 8B). 
This can make an important difference at remote (naturally dark) sites such as Raine Island. 

Anecdotal evidence suggests hatchlings previously attracted to, and captured in, light pools 
around the vessel are no longer drawn to the Reef Ranger. 

 

 

Figure 8 Vessel lighting management at Raine Island A. Vessel with decking lights, venetian 
blinds down and anchor light on; and B. Vessel with outside lights off, and block-out blinds 

installed (note the white anchor light is a maritime safety requirement). 
Photo: Queensland Parks and Wildlife Service. 
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Appendix A – Best Practice Lighting Design 

 

 

The application of best practice lighting design for all outdoor lighting is intended to reduce sky 
glow and minimise the effects of artificial light on wildlife.  

 

Lighting Objectives  

At the outset of a lighting design process, the purpose of artificial lighting should be clearly 
stated and consideration should be given as to whether it is required at all.  

Exterior lighting for public, commercial or industrial applications is typically designed to provide 
a safe working environment. It may also be required to provide for human amenity or 
commerce. Conversely, areas of darkness, seasonal management of artificial light, or 
minimised sky glow may be necessary for wildlife protection, astronomy or dark sky tourism. 

Lighting objectives will need to consider the regulatory requirements and Australian standards 
relevant to the activity, location and wildlife present. 

Objectives should be described in terms of specific locations and times for which artificial light 
is necessary. Consideration should be given to whether colour differentiation is required and if 
some areas should remain dark – either to contrast with lit areas or to avoid light spill. Where 
relevant, wildlife requirements should form part of the lighting objectives. 

 A lighting installation will be deemed a success if it meets the lighting objectives (including 
wildlife needs) and areas of interest can be seen by humans clearly, easily, safely and without 
discomfort.  

The following provides general principles for lighting that will benefit the environment, local 
wildlife and reduce energy costs. 

  

Natural darkness has conservation value in the same way as clean water, air and 
soil and should be protected through good quality lighting design. 

Simple management principles can be used to reduce light pollution, including:  

1. Start with natural darkness and only add light for specific purposes. 

2. Use adaptive light controls to manage light timing, intensity and colour. 

3. Light only the object or area intended – keep lights close to the ground, 
directed and shielded to avoid light spill. 

4. Use the lowest intensity lighting appropriate for the task. 

5. Use non-reflective, dark-coloured surfaces. 

6. Use lights with reduced or filtered blue, violet and ultra-violet wavelengths. 
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Principles of Best Practice Lighting Design 

Good lighting design incorporates the following design principles. They are applicable 
everywhere, especially in the vicinity of wildlife. 

 

1. Start with natural darkness 

The starting point for all lighting designs should 
be natural darkness (Figure 9). Artificial light 
should only be added for specific and defined 
purposes, and only in the required location and 
for the specified duration of human use. 
Designers should consider an upper limit on the 
amount of artificial light and only install the 
amount needed to meet the lighting objectives.  

In a regional planning context, consideration should be 
given to designating ‘dark places’ where activities that involve outdoor artificial light are 
prohibited under local planning schemes. 

 

2. Use adaptive controls 

Recent advances in smart control technology provide a range of options for better controlled 
and targeted artificial light management (Figure 10). For example, traditional industrial lighting 
should remain illuminated all night because the High-Pressure Sodium, metal halide, and 
fluorescent lights have a long warm up and cool down period. This could jeopardise operator 
safety in the event of an emergency. With the introduction of smart controlled LED lights, plant 
lighting can be switched on and off instantly and activated only when needed, for example, 
when an operator is physically present within the site.  

Smart controls and LED technology allow for:  

• remotely managing lights (computer controls)  

• instant on and off switching of lights 

• control of light colour (emerging technology) 

• dimming, timers, flashing rate, motion sensors 
well defined directivity of light.  

Adaptive controls should maximise the use of latest 
lighting technology to minimise unnecessary light 
output and energy consumption. 

  

Figure 9 Start with natural darkness.  

Figure 10 Use adaptive controls to 
manage light timing, intensity and colour.  
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3. Light only the intended object or area - keep lights close to the ground, directed 
and shielded 

Light spill is light that falls outside the area intended to be lit. Light that spills above the 
horizontal plane contributes directly to artificial sky glow while light that spills into adjacent 
areas on the ground (also known as light trespass) can be disruptive to wildlife in adjacent 
areas. All light fittings should be located, directed or shielded to avoid lighting anything but the 
target object or area (Figure 11). Existing lights can be modified by installing a shield.  

 

Figure 11 Lights should be shielded to avoid lighting anything but the target area or object. 
Figure adapted from Witherington and Martin (2003)3. 

 

Lower height lighting that is directional and shielded can be extremely effective. Light fixtures 
should be located as close to the ground as possible and shielded to reduce sky glow (Figure 
12).  

 

Figure 12 Walkway lighting should be mounted as low as possible and shielded. Figure adapted 
from Witherington and Martin (2003)3. 
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Artificial light can be prevented from shining 
above the horizontal plane by ensuring the 
luminaire is mounted horizontally relative to the 
ground and not at an angle, or mounted on a 
building so that the structure prevents the light 
shining above the horizontal plane, for example 
recess a light into an overhanging roof eave. 
When determining angle of the mounting, 
consideration should be given to the reflective 
properties of the receiving environment. 

If an unshielded fitting is to be used, 
consideration should be given to the direction of 
the light and the need for some form of 
permanent physical opaque barrier that will 
provide the shielding requirement. This can be a 
cover or part of a building (Figure 13). Care 
should be taken to also shield adjacent surfaces, 
if they are lightly coloured, to prevent excessive 
reflected light from adding to sky glow.  

Consideration should also be given to blocking light spill from internal light sources. This 
should include block-out blinds or shutters for transparent portions of a building, including sky 
lights, and use of glass in windows and balconies with reduced visible light transmittance 
values. 

 

4. Use appropriate lighting 

Lighting intensity should be appropriate for the 
activity. Starting from a base of no lights, use only 
the minimum number and intensity of lights needed 
to provide safe and secure illumination for the area 
at the time required to meet the lighting objectives. 
The minimum amount of light needed to illuminate 
an object or area should be assessed during the 
early design stages and only that amount of light 
installed. For example, Figure 14 provides options 
from best to worst for lighting for a parking lot. 

Figure 14 Lighting options for a parking area. 
Figure adapted from Witherington and 
Martin (2003)3. 

Off-the-shelf lighting design models  

Use of computer design engineering packages that do not include wildlife needs and only 
recommend a standard lighting design for general application should be avoided or modified to 
suit the specific project objectives, location and risk factors.  

Figure 13 Lighting should be directed to 
ensure only the intended area is lit. Figure 
adapted from Witherington and 
Martin (2003)3. 
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Consider the intensity of light produced rather than the energy required to make it 

 Improvements in technology mean that new bulb types produce significantly greater amount 
of light per unit of energy. For example, LED lights produce between two and five times the 
amount of light as incandescent bulbs. The amount of light produced (lumen), rather than the 
amount of energy used (watt) is the most important consideration in ensuring that an area is 
not over lit.  

Consider re-evaluating security systems and using motion sensor lighting 

Technological advances mean that techniques such as computer managed infra-red tracking 
of intruders in security zones is likely to result in better detection rates than a human observer 
monitoring an illuminated zone.  

Use low glare lighting 

High quality, low glare lighting should always be a strong consideration regardless of how the 
project is to be designed. Low glare lighting enhances visibility for the user at night, reduces 
eye fatigue, improves night vision and delivers light where it is needed.  

 

5. Use non-reflective, dark coloured surfaces 

Light reflected from highly polished, shiny or light-
coloured surfaces such as white painted 
infrastructure, polished marble or white sand can 
contribute to sky glow. For example, alternatives to 
painting storage tanks with white paint to reduce 
internal heating should be explored during front-end 
engineering design. In considering surface 
reflectance, the need to view the surface should be 
taken into consideration as darker surfaces will 
require more light to be visible. The colour of paint or 
material selected should be included in the Artificial 
Light Management Plan. 

  

Figure 15 Use non-reflective dark coloured 
surfaces.  
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6. Use lights with reduced or filtered out blue, violet and ultraviolet wavelengths 

Short wavelength light (blue) scatters more readily in the atmosphere and therefore 
contributes more to sky glow than longer wavelength light. Further, most wildlife are sensitive 
to short wavelength (blue/violet) light (for detailed discussion see What is Light and how do 
Wildlife Perceive it?). As a general rule, only lights with little or no short wavelength (400 – 
500 nm) violet or blue light should be used to avoid unintended effects. Where wildlife are 
sensitive to longer wavelength light (e.g. some bird species), consideration should be given to 
wavelength selection on a case by case basis. 

When determining the appropriate wavelength of light to be used, all lighting objectives should 
be taken into account. If good colour rendition is required for human use, then other mitigation 
measures such as tight control of light spill, use of head torches, or timers or motion sensors 
to control lights should be implemented. 

It is not possible to tell how much blue light is emitted from an artificial light source by the 
colour of light it produces (see Light Emitting Diodes). LEDs of all colours, particularly white, 
can emit a high amount of blue light and the Colour Correlated Temperature (CCT) only 
provides a proxy for the blue light content of a light source. Consideration should be given to 
the spectral characteristics (spectral power distribution curve) of the lighting to ensure short 
wavelength (400 – 500 nm) light is minimised. 
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Appendix B – What is Light and how does Wildlife 
Perceive it? 

 

What is Light? 

Light is a form of energy and is a subset of the electromagnetic spectrum that includes visible 
light, microwaves, radio waves and gamma rays (Figure 16). In humans, visible light ranges 
from 380 nm to 780 nm - between the violet and red regions of the electromagnetic spectrum. 
In animals, visible light ranges from 300 nm to greater than 700 nm, depending on the species. 
White light is a mixture of all wavelengths of light ranging from short wavelength blue to long 
wavelength red light. 

The perception of different wavelengths as ‘colour’ is subjective and is described and 
characterised by how the human eye perceives light, ranging from red (700 nm), orange 
(630 nm), yellow (600 nm), green (550 nm), blue (470 nm), indigo (425 nm) and violet 
(400 nm) (Figure 16). Generally, this is not how animals see light (Figure 2). 

 

Figure 16 The electromagnetic spectrum. The 'visible light spectrum' occurs between 380-780 
nm and is the part of the spectrum that the human eye can see. Credit: Mihail Pernichev34. 

A basic understanding of how light is defined, described and measured is critical 
to designing the best artificial light management for the protection of wildlife. 

Humans and animals perceive light differently. However, defining and measuring 
light has traditionally focused exclusively on human vision. Commercial light 
monitoring equipment is calibrated to the sensitivity of the human eye and has 
poor sensitivity to the short wavelength light that is most visible to wildlife. 
Impacts of artificial light on wildlife vary by species and should be considered on a 
case by case basis. These issues should be considered when describing, 
monitoring and designing lighting near important wildlife habitat. 
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Artificial light 

Artificial light at night has many positive attributes. It can enhance human safety and provide 
for longer periods of work or recreation. However, it can also have a negative effect. For 
example, it can cause:  

• physiological damage to retinal cells in human and animal eyes35 

• disruption of the circadian cycles in vegetation, animals and humans2,13,36 

• changes in animal orientation, feeding or migratory behaviour19,37-39. 

The biological mechanisms that cause these effects vary. It is necessary to understand some 
basic light theory and language in order to assess and manage the effect of light on wildlife. 
Some basic principles are briefly described in this section.  

Vision in Animals  

Vision is a critical cue for animals to orient themselves in their environment, find food, avoid 
predation and communicate7. Humans and wildlife perceive light differently. Some animals do 
not see long wavelength red light at all, while others see light beyond the blue-violet end of the 
spectrum and into the ultraviolet (Figure 17).  

Both humans and animals detect light using photoreceptor cells in the eye called cones and 
rods. Colour differentiation occurs under bright light conditions (daylight). This is because 
bright light activates the cones and it is the cones that allow the eye to see colour. This is 
known as photopic vision. 

Under low light conditions (dark adapted vision), light is detected by cells in the eye called 
rods. Rods only perceive light in shades of grey (no colour). This is known as scotopic vision 
and it is more sensitive to shorter wavelengths of light (blue/violet) than photopic vision.  

The variation in the number and types of cells in the retina means animals and humans do not 
perceive the same range of colours. In animals, being ‘sensitive’ to light within a specific range 
of wavelengths means they can perceive light at that wavelength, and it is likely they will 
respond to that light source.  
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Figure 17 Ability to perceive different wavelengths of light in humans and wildlife is shown by 
horizontal lines. Black dots represent reported peak sensitivity. Note the common sensitivity to 

short wavelength light across all wildlife. Figure adapted from Campos (2017)8.  

 

Sensitivity to blue light 

Sensitivity to high energy, short wavelength UV/violet/blue light is common in wildlife (Figure 
17). This light is strongly detected under scotopic (dark adapted) vision, particularly in 
nocturnal species. Short wavelength light at the blue end of the spectrum has higher energy 
than longer wavelength light at the red end of the spectrum. This is important to understanding 
the physical impact that the short wavelength, high energy UV/blue light has on damaging 
photoreceptor cells in the human eye40. Although not well described in wildlife, it is not 
unreasonable to expect that at high intensities blue light has the potential to damage 
photoreceptors in wildlife. 

In addition to the potential for physical damage to the eye from exposure to blue light 
(400 - 490 nm), there is mounting evidence that exposure to these wavelengths at night may 
affect human and wildlife physiological functions. This is because a third type of photoreceptor 
cell has recently been identified in the retina of the mammalian eye – the photosensitive retinal 
ganglion cells (pRGCs). The pRGCs are not involved in image-forming vision (this occurs in 
the rods and cones), but instead are involved in the regulation of melatonin and in 
synchronising circadian rhythms to the 24-hour light/dark cycle in animals41. These cells are 
particularly sensitive to blue light42. Melatonin is a hormone found in plants animals and 
microbes. Changes in melatonin production can affect daily behaviours such as bird waking43, 
foraging behaviour and food intake44 and seasonal cues such as the timing of reproduction in 
animals, causing off-spring to be born during non-optimal environmental conditions5.   
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Factors Effecting Perception of Light 

Factors affecting how wildlife perceive light include the type of cells being employed to detect 
light (photopic vs scotopic vision); whether the light is viewed directly from the source or as 
reflected light; how the light interacts with the environment; and the distance from the light 
source. These influences are discussed below. 

Perspective 

Understanding an animal’s perception of light will include consideration of the animal’s visual 
field. For instance, when flying, birds will generally be looking down on artificial light sources, 
whereas turtles on a nesting beach will be looking up. Further, some birds’ field of view will 
stretch around to almost behind their head. 

Bright vs dim light 

Understanding photopic and scotopic 
vision is important when selecting the 
colour (wavelength) and intensity of a 
light. In animals scotopic (dark 
adapted) vision allows for the detection 
of light at very low intensities (Figure 
18). This dark adaption may explain 
why nocturnal wildlife are extremely 
sensitive to white and blue light even at 
low intensities. 

 

Direct vs reflected  

Understanding the difference between light direct from the source (luminance) and how much 
incident light illuminates a surface (illuminance) is important when selecting methods for 
measuring and monitoring light. Equipment used to measure illuminance and luminance is not 
interchangeable and will lead to erroneous conclusions if used incorrectly.  

Luminance describes the light that is emitted, passing through or reflected from a surface that 
is detected by the human eye. The total amount of light emitted from a light is called luminous 
flux and represents the light emitted in all directions (Figure 19). Luminance is quantified using 
a Spectroradiometer or luminance meter. 

Illuminance measures how much of the incident light (or luminous intensity) illuminates a 
surface. Illuminance is quantified using an Illuminance spectrophotometer or Lux meter.  

The total amount of light emitted by a bulb is measured in lumens and is different to watts, 
which are a measure of the amount of power consumed by the bulb. Lumens, not watts, 
provide information about the brightness of a bulb. 

Figure 18 Scotopic and photopic luminosity functions 
in humans. Data source: Luminosity functions. 

Folio N° 1054

http://www.cvrl.org/lumindex.htm


 
NATIONAL LIGHT POLLUTION GUIDELINES 31 

 

 

Figure 19 Luminous flux, luminance and illuminance.  

 

Visibility of light in the environment 

The physical properties of light include reflection, refraction, dispersion, diffraction and 
scattering. These properties are affected by the atmosphere through which light travels. Short 
wavelength violet and blue light scatters in the atmosphere more than longer wavelength light 
such as green and red, due to an effect known as Rayleigh scattering45.  

Scattering of light by dust, salt and other atmospheric aerosols increases the visibility of light 
as sky glow while the presence of clouds reflecting light back to earth can substantially 
illuminate the landscape46. Hence the degree of overhead sky glow is a function of aerosol 
concentration and cloud height and thickness.  

Direct light vs sky glow 

Light may appear as either a direct light source from an unshielded lamp with direct line of 
sight to the observer, or as sky glow (Figure 20). Sky glow is the diffuse glow caused by 
source light that is screened from view, but through reflection and refraction the light creates a 
glow in the atmosphere. Sky glow is affected by cloud cover and other particles in the air. Blue 
light scatters more in the atmosphere compared with yellow-orange light. Clouds reflect light 
well adding to sky glow. 

 
 
Figure 20 Sky glow created by lights shielded by a vegetation screen (circled left) and point 
sources of light directly visible (circled right). 
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Distance from light source 

The physical properties of light follow the inverse square law which means that the visibility of 
the light, as a function of its intensity and spatial extent, decreases with distance from the 
source (Figure 21). This is an important factor to consider when modelling light or assessing 
the impact of light across different spatial scales, for example across landscape scales 
compared to within development footprint.  

 

Figure 21 Modelled changes in the visibility of an unshielded 1000 W white LED viewed from 
A. 10 m; B. 100 m; C. 1 km and D. 3 km.  
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Measurement of Light 

Light has traditionally been measured photometrically or using measurements that are 
weighted to the sensitivity of the human eye (peak 555 nm). Photometric light is represented 
by the area under the Commission International de l’Eclairage (CIE) curve, but this does not 
capture all light visible to wildlife (Figure 22). 

 

Figure 22 Photometric light represented by the area under the CIE curve (white area) compared 
with ability to perceive different wavelengths (black lines) and reported peak sensitivity (black 
dots) in humans and wildlife. Note the area under the CIE curve does not include much of the 
violet and ultra-violet light visible to many animals. Figure adapted from Campos (2017)8. 

 

Light can also be measured radiometrically. Radiometric measurements detect and quantify all 
wavelengths from the ultra-violet (UV) to infrared (IR). The total energy at every wavelength is 
measured. This is a biologically relevant measure for understanding wildlife perception of light. 
Terminology, such as radiant flux, radiant intensity, irradiance or radiance all refer to the 
measurement of light across all wavelengths of the electromagnetic spectrum.  

Understanding the difference between photometry (weighted to the sensitivity of the human 
eye) and radiometry (measures all wavelengths) is important when measuring light since many 
animals are highly sensitive to light in the blue and the red regions of the spectrum and, unlike 
photometry, the study of radiometry includes these wavelengths. 

Photometric measures (such as, illuminance and luminance) can be used to discuss the 
potential impact of artificial light on wildlife, but their limitations should be acknowledged and 
taken into account as these measures may not correctly weight the blue and red wavelengths 
to which animals can be sensitive. 
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Spectral curve 

White light is made up of wavelengths of light from across the visible spectrum. A spectral 
power curve (Figure 23) provides a representation of the relative presence of each wavelength 
emitted from a light source. A lighting design should include spectral power distribution curves 
for all planned lighting types as this will provide information about  the relative amount of light 
emitted at the wavelengths to which wildlife are most susceptible. 

 

Figure 23 Spectral curves showing the blue content of white 2700-5000 K 
LED lights. Note the difference in relative power output in the blue 
(400 - 500 nm) wavelength range. Figure courtesy of Ian Ashdown. 

 

Light Emitting Diodes (LEDs) 

Light emitting diodes are rapidly becoming the most common light type globally as they are 
more energy efficient than previous lighting technology. They can be smart controlled, are 
highly adaptable in terms of wavelength and intensity, and can be instantly turned on and off.  

Characteristics of LED lights that are not found in older types of lamps, but which should be 
considered when assessing the impacts of LEDs on wildlife, include: 

• With few exceptions, all LED lights contain blue wavelengths (Figure 23 and Figure 24). 

• The wattage of an LED is a measure of the electrical energy needed to produce light 
and is not a measure of the amount or intensity of light that will be produced by the 
lamp.  

• The output of light produced by all lamps, including LEDs, is measured in lumens (lm).  

• LED lamps require less energy to produce the equivalent amount of light output. For 
example, 600 lm output of light requires 40 watts of energy for an incandescent light 
bulb and only 10 watts of energy for a LED lamp. Another was to look at this is that a 
100 W incandescent bulb will produce the same amount of light as a 20 W LED. 
Consequently, it is important to not replace an old-style lamp with the equivalent 
wattage LED.  
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• Different LED lights with the same correlated colour temperature (CCT) can have very 
different blue content (Figure 24) yet can appear, to the human eye, to be a similar 
colour. As the colour temperature of a white LED increases so can the blue content 
(Figure 23). Little or none of this increase in blue wavelength light is measured by 
photometric equipment (i.e. lux meter, luminance, illuminance meter, Sky Quality Meter 
– see Measuring Biologically Relevant Light).  

• LED technology allows for tuneable RGB colour management. This has the potential to 
allow for species specific management of problematic wavelengths (e.g. blue for most 
wildlife, but also yellow/orange). 

 

 

Figure 24 A comparison of the blue wavelength spectral content of two LED lights with the same 
CCT (3500k). The blue band shows the blue region of the visible spectrum (400–500 nm). The 
light in A has a much greater blue light content than B yet the two appear to the human eye as 
the same colour. For animals with differing sensitivities to light wavelength from humans, they 
may appear very different. Figure courtesy of Ian Ashdown. 
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Correlated colour temperature (CCT) 

This describes the colour appearance of a white LED. It is expressed in degrees Kelvin, using 
the symbol K, which is a unit of measure for absolute temperature. Practically, colour 
temperature is used to describe light colour and perceived “warmth”; lamps that have a warm 
yellowish colour have low colour temperatures between 1000K and 3000K while lamps 
characterised by a cool bluish colour have a colour temperature, or CCT, over 5000K (Figure 
25).  

Correlated colour temperature does not provide information about the blue content of a lamp. 
All LEDs contain blue light (Figure 23) and the blue content generally increases with increased 
CCT. The only way to determine whether the spectral content of a light source is appropriate 
for use near sensitive wildlife is to consider the spectral curve. For wildlife that are sensitive to 
blue light, an LED with low amounts of short wavelength light should be chosen, whereas for 
animals sensitive to yellow light9 LEDs with little or no light at peak sensitivity should be 
used47. 

 

 
Figure 25 Correlated colour temperature (CCT) range from warm 1,000 K to cool 10,000 K.  
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Appendix C - Measuring Biologically Relevant Light 

 

 

Describing the Light Environment 

When describing the light environment consideration should be given to how wildlife is likely to 
perceive artificial light. Light measurements should be obtained from within important habitat 
and taken from a biologically relevant perspective (i.e. close to the ground/from the sky/under 
water). Consideration should also be given to elevation from the horizon, the spatial extent of 
sky glow and the wavelength distribution (spectrum) of light present. 

It is important that light measurements are taken at appropriate times. This may include 
biologically relevant times (e.g. when wildlife is using the area). Baseline measurements 
should be taken when the moon is not in the sky and when the sky is clear of clouds and in the 
absence of temporary lighting (e.g. road works). Conditions should be replicated as closely as 
possible for before and after measurements. 

 

Measuring Light for Wildlife 

Measuring light to assess its effect on wildlife is challenging and an emerging area of research 
and development. Most instruments used to measure sky glow are still in the research phase 
with only a few commercial instruments available. Further, the wide range of measurement 
systems and units in use globally makes it difficult to choose an appropriate measurement 
metric and often results cannot be compared between techniques due to variations in how the 
light is measured. There is currently no globally recognised standard method for monitoring 
light for wildlife.  

 

Animals and humans perceive light differently. Commercial light monitoring 
instruments currently focus on measuring the region of the spectrum most visible 
to humans. It is important to recognise and account for this fact when monitoring 
light for wildlife impact assessment purposes.  

Commercial light modelling programs also focus on light most visible to humans 
and this should also be recognised and accounted for in the impact assessment of 
artificial light on wildlife. 

Information critical to monitoring the effects of artificial light on wildlife include: 
• Spatial extent of sky glow 
• Bearings and intensity of light sources along the horizon  
• Visibility of light (direct and sky glow) from wildlife habitats 
• Spectral distribution of lights sources. 
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Radiometric vs photometric measurement techniques 

Radiometric instruments detect and quantify light equally across the spectrum 
(see Measurement of Light) and are the most appropriate instruments for monitoring and 
measuring light for wildlife management. However, while the techniques to measure 
radiometric light are well developed in physics, astronomy and medicine, they are less well 
developed in measurement of light in the environment. The instruments currently being 
developed are largely the result of academic and/or commercial research and development, 
are expensive, and require specialised technical skills for operation, data analysis, 
interpretation and equipment maintenance.  

The majority of both commercial and research instruments quantify photometric light, which is 
weighted to the sensitivity of the human eye, as per the CIE luminosity function curve 
described in Measurement of Light. Due to many photometers being modified with filters to 
mimic human vision, they do not accurately represent what an animal with high sensitivity to 
the blue (400 - 500 nm) or the red (650 - 700 nm) regions of the spectrum will see (Figure 22). 
In these cases, the sensitivity to this additional light must be accounted for when reporting 
results. 

When using photometric instruments for monitoring light this insensitivity to the short and long 
wavelength regions of the spectrum should be recognised and accounted for in the 
assessment of impact. Information on the spectral power distribution of commercial lights is 
readily available from manufacturers and suppliers and should be used to inform any artificial 
light impact assessment or monitoring program. An example of the spectral power distribution 
curves for various light sources is shown in Figure 26, along with an overlay of the CIE curve 
that represents the light that is measured by all commercial photometric instruments.  

 

 

Figure 26 Photometric instruments only quantify light that is within the CIE curve (area under 
grey dashed line). This is shown in comparison with the spectral curves of a range of different 
light sources. 
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Recognising that light monitoring instruments for wildlife are in the developmental stage and 
that there is a lack of agreed methods and measurement units, monitoring programs should 
aim to measure relevant short and long wavelengths (if possible). The measurement methods 
should be clearly described including the region of the spectrum measured, and where not 
measures, how the short and long wavelength regions are being accounted for. Methods to do 
this might include a visual assessment of the colour of light in the sky from direct observation 
or imagery, where orange glow is typically associated with long wavelength rich lights (High 
Pressure Sodium, HPS, Low Pressure Sodium, LPS, PC Amber LED or Amber LED) and 
white glow is associated with white light sources rich in short wavelength blue light (white 
LEDs, halogens, fluorescents, metal halide etc.).   

Alternatively photometric instruments can be used under conditions where the majority of light 
sources are the same, for example street lighting or industrial facilities. Monitoring results can 
be compared for measurements taken of the same light types (e.g. comparing two HPS 
sources, spatially or temporally), but in the context of wildlife monitoring cannot be used to 
compare light from an HPS and an LED since they have different wavelength distributions. 
This limitation must be taken into account when using photometric instruments to measure 
cumulative sky glow, which may include light from multiple sources and light types. Detailed 
qualitative spectral information on light types can also be collected to ground truth and confirm 
light types contributing to sky glow.  

A light monitoring program might therefore include the collection of a range of different 
characteristics of light (e.g. colour, light type, areal extent, spectral power distribution, and 
intensity) using various instruments and techniques. These methods and techniques, including 
all of the limitations and assumptions, should be clearly stated and considered when 
interpreting results. A review of various instrumental techniques for monitoring light is provided 
below.  

In selecting the most appropriate measuring equipment to monitor the biological impacts of 
light on wildlife, it is important to decide what part of the sky is being measured: horizon, zenith 
(overhead) or whole sky. For example, marine turtles view light on the horizon between 0° and 
30° vertically and integrate across 180° horizontally48, so it is important to include 
measurement of light in this part of the sky when monitoring for the effects on hatchling 
orientation during sea-finding. In contrast, juvenile shearwaters on their first flight view light in 
three dimensions (vertically, from below and above) as they ascend into the sky. Overhead 
sky glow (zenith) measurements are important when the observer is trying to avoid glare 
contamination by point sources of light low on the horizon. Quantifying the whole of sky glow is 
important when measuring the effects of cloud cover, which can reflect light back to illuminate 
an entire beach or wetland. 

The effect of light on wildlife is a function of the animal’s sensitivity and response to light, and 
the cues it uses during orientation, dispersal, foraging, migrating etc. Most wildlife appear to 
respond to high intensity short wavelength light, point sources of light, sky glow and directional 
light. Consequently, the information likely to be needed to monitor light for wildlife includes: 

• The brightness of the entire sky from horizon to horizon. 

• The bearing to, intensity of and spectrum of light (point sources and sky glow) on the 
horizon. This will dictate the direction in which wildlife can be disoriented. 
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• The spatial extent of glow near the horizon. A large area of glow on the horizon is likely 
to be more visible and disruptive to wildlife than a small area of glow.  

• Presence or absence of clouds. Clouds reflect light from distant sources very well, 
making an inland source highly visible on the coast, for example. Sky glow is a function 
of cloud height, albedo and thickness.  

• Qualitative information on the light visible to wildlife. An image of light pollution visible 
from wildlife habitat can show the spatial extent of light in the sky and direction 
(see Figure 20) and in some cases provide information on the light source type 
(e.g. orange sky glow will be caused by HPS lights or amber LEDs). 

• Emission spectra (colour) of the light. It is particularly important to identify light in the 
UV-blue region of the visible spectrum (<500 nm) since this is the light commonly 
visible and disruptive to wildlife. 

 

Measurement Techniques 

Currently, there are no generally agreed methods for measuring biologically relevant light for 
wildlife or for quantifying sky glow49. This is because most conventional methods of measuring 
light are photometric, quantifying only the light under the CIE curve that is most relevant to the 
human perception of light. Further, they do not consider the entire night sky. 

There is a need to develop reasonably priced, easily accessible and deployable, repeatable 
methods for monitoring biologically relevant light that captures the whole visual field to which 
wildlife may be exposed (generally horizon to horizon)49. These methods should be capable of 
quantifying all wavelengths of light equally (radiometric) including at least 380 – 780nm, or 
capable of being calibrated over the range of wavelengths of relevance for the species of 
interest. Optimal methods will have a sensitivity to detect and measure change at the low light 
levels represented by artificial light sky glow and must have the ability to differentiate between 
individual point sources of light (on a local scale) and sky glow on a landscape scale (i.e. over 
tens of kilometres).  

It should be noted that measurements needed to assess the impact of sky glow to wildlife may 
need to be different from the measurements required to assess light for human safety.   

Recognising that techniques to monitor biologically meaningful light are expected to 
continuously develop and improve, this section summarises the state of the science as of 2020 
as an example of current techniques.  It is anticipated novel methods will be developed with 
time that will meet the objectives of monitoring biologically meaningful light and where that 
occurs, the methods and techniques, including all of the limitations and assumptions, should 
be clearly stated for all monitoring programs.   

Recent reviews have considered various commercial and experimental instrumental 
techniques used around the world for quantifying sky glow49,50. The reviews assessed the 
benefits and limitations of the various techniques and made recommendations for measuring 
light pollution. Some of these instruments, their benefits and limitations are discussed below 
and summarised in Table 1.  
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Light can be measured in different ways, depending on the objective, landscape scale and 
point of view and include:  

• remote sensing 

• one dimensional (single channel) instruments 

• calibrated all-sky imagery (numerical and imaging) 

• spectroscopy/spectroradiometry.  

 

Remote sensing 

The upward radiance of artificial light at night can be mapped via remote sensing using 
satellite or aerial imagery and optical sensors. This information has been used as a 
socioeconomic indicator to observe human activity, and increasingly as a tool to consider the 
impacts of artificial light on ecosystems51. Examples are: 

• The New World Atlas of Artificial Night Sky Brightness  

• Light Pollution Map 

Benefits: The images are useful as broad scale indicators of light pollution and for targeting 
biological and light monitoring programs. This technique may be a good starting point to 
identify potentially problematic areas for wildlife on a regional scale. Images collected via 
drones or aircraft maybe useful for consideration of artificial light impacts on bird and bat 
migrations. 

Limitations: Maps derived from satellite collected information have limited value in quantifying 
light for wildlife. The images are a measure of light after it has passed though the atmosphere 
and been subject to scattering and absorption. They do not give an accurate representation of 
the light visible to wildlife at ground level. The annual composite images are made from 
images collected under different atmospheric conditions and therefore they cannot be used to 
confidently quantify light within or between years. The most commonly used instrument (VIIRS 
DNB) is not sensitive to blue light, so light in this part of the spectrum is under sampled. As 
satellite with more sophisticated sensors are launched it is expected the value of this 
technique to biological monitoring will improve. 

Application to wildlife monitoring programs: Whilst remote sensing tools may provide a good 
starting point for identifying artificial light that is problematic for wildlife on a regional scale, 
they are currently not an appropriate approach for measuring light as part of a wildlife 
monitoring program as they do not accurately quantify light as observed from the ground, they 
underestimate the blue content of light, and results are not repeatable due to environmental 
conditions. Images collected via aircraft or drone may have application for monitoring impacts 
on airborne wildlife. 
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One dimensional (single channel) instruments 

These instruments measure sky glow using a single channel detector, producing a numerical 
value to represent sky glow, typically at the zenith. They are generally and portable and easy 
to use. They measure sky glow, but cannot derive point source information unless they are 
close enough such that most of the light detected is emitted from those sources. Examples of 
single channel instruments are discussed below.  

 

Sky Quality Meter (SQM) 

This is a small handheld unit that quantifies the light in an area of sky (normally directly 
overhead at the zenith). Early models had a field of view of around 135° with the more recent 
SQM-L model having a narrower 40° diameter field of view. It measures photometric light in 
units of magnitudes/arcsec2 at relatively low detection limits (i.e. it can measure sky glow). 
Instrument accuracy is reported at ±10 per cent though a calibration study on a group of SQM 
instruments in 2011 found errors ranging from -16 per cent to +20 per cent52. Long term 
stability of SQMs has not been established.  

Reviewers suggest that the first 3-4 measurements from a handheld SQM should be 
discarded, then the average of four observations should be collected by rotating the SQM 20° 
after each observation to obtain a value from four different compass directions so that the 
effects of stray light can be minimised or identified50. If the measurements vary by more than 
0.2 mag/arcsec2 the data should be discarded and a new location for measurements selected. 
Data should not be collected on moonlit nights to avoid stray light contaminating the results.  

Benefits: The SQM is cheap, easy to use and portable. Some versions have data-logging 
capabilities that enable autonomous operation in the field. The sensitivity of the SQM is 
sufficient to detect changes in overhead night time artificial lighting under a clear sky. 

Limitations: SQMs cannot be used to resolve individual light sources a distance, identify light 
direction nor can they measure light visible to many wildlife species. The precision and 
accuracy of the instrument can vary substantially and an intercalibration study is 
recommended to quantify the error of each instrument. Although the SQM is designed to have 
a photopic response, it is generally more sensitive to shorter wavelengths (i.e. blue) than a 
truly photopic response, but this will depend on the individual instrument. It is not very 
sensitive to longer (orange/red) wavelengths50. The SQM should not be used to measure light 
within 20° of the horizon as the detector is designed to measure a homogeneous sky (such as 
occurs at the zenith) and does not produce valid data when point at a heterogeneous field of 
view as observed at the horizon. 

Application to wildlife monitoring programs: A sky quality meter can be used to measure sky 
glow directly overhead (zenith) at the wildlife habitat, however, it is important to recognise its 
limitations (such as the absence of whole of sky information and inability to measure point 
sources of light on the horizon) and follow methods recommended by Hänel et al (2018)50 to 
ensure repeatability.  
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Dark Sky Meter 

This is an iPhone app that uses the phone camera to collect light and generate a sky 
brightness value. 

Benefits: It’s cheap and easy to use. 

Limitations: The Dark Sky Meter is a photometric instrument. It’s restricted to Apple iPhones. It 
will not work on models older than the 4S and cannot be used to resolve individual lights or 
identify light direction. It is relatively imprecise and inaccurate50 and cannot reliably measure 
light on the horizon.  

Application to wildlife monitoring programs: The Dark Sky Meter app is not an appropriate tool 
for monitoring light impacts on wildlife as it doesn’t measure biologically relevant light. It 
doesn’t provide whole of sky information, it isn’t able to resolve individual light sources and it is 
relatively imprecise and inaccurate. The Dark Sky Meter should be considered more of an 
educational tool than a scientific instrument. 

 

Lux Meters and Luminance Meters 

Lux meters are commercially available instruments commonly used to measure individual light 
sources at close range (i.e. over metres rather than landscape scale). However, the inverse 
square law can be used to calculate the illuminance if the distance is known. Lux and 
luminance meters measure photometric light. Lux meters measure the light falling on a surface 
and luminance meters measure the light incident from a specific solid angle. 

Benefits: Both can be cheap (with more expensive models available) and easy to use. 

Limitations: Both types of devices are photometric, but measurements are weighted to human 
perception rather than wildlife. Depending on the sensitivity of equipment, detection limits may 
not be low enough to measure typical night sky brightness or illuminance and therefore cannot 
measure sky glow for wildlife monitoring purposes. Lux meters have no angular resolution and 
luminance meter are coarse so they cannot be used to measure distant light sources at the 
horizon precisely. 

Application to wildlife monitoring programs: Commercial lux and luminance meters are not 
appropriate for the measurement of light in wildlife monitoring programs because they have 
low sensitivity and low accuracy at low light levels. Expensive tailored devices with enhanced 
sensitivity may exist, but are still not applicable to wildlife monitoring as they do not measure 
biologically relevant light and are not appropriate for use on a landscape scale. 
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Calibrated all-sky imagery 

These instruments map and measure sky brightness by analysing photographic images of the 
whole sky. The images are processed to derive a luminance value for all or parts of the sky. 
One of the advantages of two dimensional (wide angle) imaging is that models of natural 
sources of light in the night sky can be subtracted from all sky imagery to detect anthropogenic 
sources53. Some examples of devices and techniques to map and measure night sky 
brightness using wide-angle images are discussed below. 

 

All-Sky Transmission Monitor (ASTMON) 

This charge-coupled device (CCD) astronomical camera with fish-eye lens has been modified 
by the addition of a filter wheel to allow collection of data through four photometric bands in the 
visible spectrum. The spectral range of the instrument is dependent on the sensitivity of the 
detector and the filters used, but has the advantage of being accurately calibrated on stars. 

Benefits: The ASTMON was designed for outdoor installation and the Lite version is portable 
with a weather-proof enclosure allowing it to remain outdoors operating robotically for weeks. It 
reports data in magnitudes/arcsec2 for each band and has good precision and accuracy50. 
Once the system is calibrated with standard stars, it can provide radiometric data for the whole 
night sky as well as resolve individual light sources. 

Limitations: The ASTMON is expensive and requires specialised knowledge to operate and 
interpret data. The software provided is not open source and so cannot be modified to suit 
individual requirements. The ASTMON may no longer be commercially available. The CCD 
cameras used also have a limited dynamic range. 

Application to wildlife monitoring programs: The ASTMON is appropriate for monitoring 
artificial light for wildlife as it provides whole night sky measurements that can be calibrated to 
give biologically relevant information that is accurate and repeatable.  

 

Digital Camera Equipped with Wide Angle and Fisheye Lenses 

This approach is similar to the ASTMON, except using a commercial digital camera with an 
RGB matrix rather than a CCD camera with filter wheel, making the system cheaper and more 
transportable. This system provides quantitative data on the luminance of the sky in a single 
image54,55.  

Benefits: The cameras are easily accessible and portable. When precision is not critical, the 
directional distribution of night sky brightness can be obtained. At the very least, the use of a 
digital camera with a fisheye lens allows for qualitative imagery data to be collected and stored 
for future reference and data analysis. If standard camera settings are used consistently in all 
surveys, it is possible to compare images to monitor spatial and temporal changes in sky 
brightness. This system also provides multi-colour options with red green and blue spectral 
bands (RGB). 

Limitations: Cameras must be calibrated before use and this, together with the specific camera 
model, will dictate the precision of the measurements. Calibration for data processing requires 
lens vignetting (also known as flat fielding), geometric distortion, colour sensitivity of the 
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camera, and sensitivity function of the camera. Specialised knowledge is required to process 
and interpret these images. Also, like CCD cameras, the detectors in digital cameras have a 
limited dynamic range which can easily saturate in bright environments. In addition, fisheye 
systems often produce the poorest quality data at the horizon where the distortion due to the 
lens is the greatest. 

Calibrating the camera is difficult and standard methods have not been developed. Laboratory 
or astronomical photometric techniques are generally used which require specialist knowledge 
and expertise. A precision of ~10 per cent can be achieved using this technique. Standard 
commercial cameras are calibrated to the human eye (e.g. photometric), however, the ability 
to obtain and process an image allows for qualitative assessment of light types (based on the 
colour of sky glow), which provides additional data for interpreting the biological relevance of 
the light. 

Application to wildlife monitoring programs: A digital camera equipped with wide angle or 
fisheye lenses is appropriate for measuring light in wildlife monitoring programs as it provides 
horizon to horizon information with enough sensitivity and accuracy to detect significant 
changes in low light environments. Images allow for detection of both sky glow, light source 
type, and point source information. When data is manually processed biologically relevant 
measurements can be obtained. Because the system is fast, dynamics of sky glow and direct 
light can be monitored56. 

 

All Sky Mosaics 

This technique was developed by the US National Parks Service and provides an image of the 
whole of the sky by mosaicking 45 individual images. The system comprises a CCD camera, a 
standard 50 mm lens, an astronomical photometric Bessel V filter with IR blocker and a 
computer controlled robotic telescope mount. Data collection is managed using a portable 
computer, commercial software and custom scripts.  

Benefits: The angular resolution, precision and accuracy of the system is good, and it is 
calibrated and standardised on stars. The images produced have high resolution. The system 
is best suited for long term monitoring from dark sky sites. However, with the addition of a 
neutral density filter, the luminance or illuminance of a near-by bright light source can be 
measured. Also, other photometric bands can be measured with the use of additional filters. 

Limitations: The system is expensive and requires specialised knowledge to operate the 
system, analyse and interpret the data. These cameras are calibrated to the human eye with 
the inclusion of a visible filter, however the ability to obtain and process an image allows for 
qualitative assessment of light types in the (based on the colour of sky glow), which provides 
additional data for interpreting the biological relevance of the light. Measurement procedures 
are time consuming and require perfect clear sky conditions and single spectral band, or 
repeated measurements are required. 

Application to wildlife monitoring programs: All sky mosaics would be an appropriate tool for 
monitoring of artificial light for wildlife. They provide whole of sky images with high resolution 
and with appropriate filters can be used to measure biologically relevant wavelength regions. 
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Spectroscopy/spectroradiometry 

Different light types produce a specific spectral signature or spectral power distribution (for 
example Figure 26). Using a spectrometer it is possible to separate total sky radiance into its 
contributing sources based on their spectral characteristics. Being able to assess the impacts 
of different light sources is of relevance during this time of transition in lighting technology. 

Where wildlife sensitivity to particular wavelength regions of light is known, being able to 
capture the spectral power distributions of artificial light and then predict how the light will be 
perceived by wildlife will be of particular benefit in assessing the likely impacts of artificial light. 

This type of approach has been utilised in astronomy for a long time, but only recently applied 
to measurement and characterisation of light pollution on earth. An example of a field 
deployable spectrometer - the Spectrometer for Aerosol Night Detection (SAND) is described 
below. 

Spectrometer for Aerosol Night Detection (SAND) 

SAND uses a CCD imaging camera as a light sensor coupled with a long slit spectrometer. 
The system has a spectral range from 400 – 720 nm and is fully automated. It can separate 
sampled sky radiance into its major contributing sources. 

Benefits: This approach can quantify light at specific wavelengths across the spectrum 
(radiometric) so it can measure light visible to wildlife. It can also be used to ‘fingerprint’ 
different light types. 

Limitations: Calibration, collection and interpretation of these data requires specialist 
knowledge and equipment and is expensive. SAND does not provide whole sky information.   

Application to wildlife monitoring programs: The use of a portable spectrometer that can 
identify light types based on their spectral power distribution or measure light at specific 
wavelengths of interest would be a useful contribution to a wildlife monitoring program. 
Unfortunately, the prototype SAND instrument is no longer in operation. However, this 
instrument exemplifies the type of approaches that will be of benefit for measuring light for 
wildlife in the future. 
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Most appropriate instrument for measuring biologically relevant light 

The most appropriate method for measuring light for wildlife will depend on the species 
present and the type of information required. In general, an appropriate approach will quantify 
light across the whole sky, across all spectral regions, differentiating point light sources from 
sky glow and it will be repeatable and easy to use.  

At the time of writing, the digital camera and fisheye lens technique was recommended by 
Hänel et al (2018) and Barentine (2019) as the best compromise between cost, ease-of-use 
and amount of information obtained when measuring and monitoring sky glow. Hänel et al 
(2018) did, however, recognise the urgent need for the development of standard software for 
calibration and displaying results from light monitoring instruments50. In the future, 
hyperspectral cameras with wide field of view might become available combining the 
advantages of spectroradiometry and all-sky imagery. However, such devices do not currently 
exist. 

It should be noted that this field is in a stage of rapid development and this Technical Appendix 
will be updated as more information becomes available. 
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Table 1 Examples of instrumental light measurement techniques (modified from Hänel et al, 201850). Abbreviations: Num. val. = Numerical value; 
Spec. Knowl. = Specialist Knowledge required; Req. calibration = requires calibration. 

Instrument Measurement 
Units 

Detect 
Sky Glow Data Type Spectrum 

measured Scale 
Measures 

biologically 
relevant light 

Commercially 
Available 

Data 
Quality Price# 

Remote sensing:     
 

    

Satellite imagery Various Yes* 
Images + 
num. val. 

Single band Landscape No Yes Mod-high 
Some datasets 

free 

One dimensional:     
 

    

Sky Quality Meter (SQM) magSQM/arcsec2 Yes Num. val. Single band Overhead No§ Yes Mod < $300 

Dark Sky Meter (iPhone)  ~magSQM/arcsec
2 

Yes Num. val. Single band 
Overhead 

No 
Yes 

 
Low $0 

Luxmeter lux No Num. val. Single band Metres No Yes Low < $300 

Two dimensional:     
 

    

ASTMON magv/arcsec2 Yes 
Image + 
num. val. 

Multi band 
filter wheel 

Whole sky Req. calibration No High >$15,000 

DSLR + fisheye 
~cd/m2, 

~magv/arcsec2 
Yes 

Image + 
num. val.. 

Multi band 
RGB 

Whole sky Req. calibration Yes Mod-high >$2,500 

All sky mosaic 
cd/m2, 

magv/arcsec2 
Yes 

Image + 
num. val.. 

Single band Whole sky Req. calibration No High ~ $20,000 

Spectroradiometry:          

SAND¥ W/(m2nm sr) Yes 
Spectral 

power curve 
Multi band 

hyperspectral 
Landscape  Yes No Mod-high $7,000 

# Price as at 2018. 

* Via modelling 

§ Some sensitivity to short (blue) wavelengths, but not long (orange red) wavelengths. 

¥ Spectrometer for Aerosol Night Detection (SAND). 
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Modelling Predicted Light  

Available commercial light models  

Most modelling software that is currently available is problematic as the models are weighted 
towards a human perception of light as represented by the CIE/photometric curve and do not 
account for the light to which wildlife are most sensitive. For example, most wildlife is sensitive 
to short wavelength violet and blue light (Figure 17), but little or none of this light is measured 
by commercial instruments and consequently it is not accounted for in current light models.  

A second limitation of many light models for biology is the inability to accurately account for 
environmental factors, such as: atmospheric conditions (moisture, cloud, rain, dust); site 
topography (hills, sand dunes, beach orientation, vegetation, buildings); other natural sources 
of light (moon and stars); other artificial sources of light; the spectral output of luminaires; and 
the distance, elevation, and viewing angle of the observing species. Such a model would 
involve a level of complexity that science and technology has yet to deliver. 

A final major limitation is the lack of biological data with which to confidently interpret a model 
outcome. Therefore, it is not possible to objectively estimate how much artificial light is going 
to cause an impact on a particular species, or age class, over a given distance and under 
variable environmental conditions. 

Recognising these limitations, it can still be valuable to model light during the design phase of 
new lighting installations to test assumptions about the light environment. For example, 
models could test for the potential for light spill and line of sight visibility of a source. These 
assumptions should be confirmed after construction. 

Development of modelling tools that can take account of broad spectral data and 
environmental conditions are in the early stages of development but rapidly improving49. 
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Appendix D – Artificial Light Auditing 

 

Following completion of a new project or modification/upgrade of the lighting system of an 
existing project, the project should be audited to confirm compliance with the artificial light 
management plan.  

Step-by-Step Guide 

The steps to carry out an artificial light audit include: 

• Review of the artificial light management plan 

• Review of best practice light management or approval conditions 

• Review of as-built drawings for the lighting design  

• Check for compliance with the approved pre-construction (front end) lighting design; 

• Conduct a site inspection both during the day and at night to visually check and 
measure the placement, number, intensity, spectral power output, orientation, and 
management of each lamp and lamp type. Where possible this should be done with the 
lighting in operation and with all lighting extinguished.  

• Measurements should be taken in a biologically meaningful way. Where there are 
limitations in measurements for wildlife these should be acknowledged. 

• Record, collate and report on the findings and include any non-conformances. This 
should consider any differences between baseline and post construction observations. 
Where lighting outputs were modelled as part of the design phase, actual output should 
be compared with modelled scenarios. 

• Make recommendations for any improvements or modifications to the lighting design 
that will decrease the impact on wildlife.  

 

 

Industry best practice requires onsite inspection of a build to ensure it meets 
design specifications. An artificial light audit should be undertaken after 
construction to confirm compliance with the artificial light management plan. 

An artificial light audit cannot be done by modelling of the as-built design alone 
and should include a site visit to: 

• Confirm compliance with the artificial light management plan 
• Check as-built compliance with engineering design 
• Gather details on each luminaire in place 
• Conduct a visual inspection of the facility lighting from the wildlife habitat 
• Review the artificial light monitoring at the project site 
• Review artificial light monitoring at the wildlife habitat.  
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The audit should be conducted by an appropriately qualified environmental 
practitioner/technical specialist during a site visit. The audit should also include: 

• A visual inspection of the facility lighting from the location of the wildlife habitat and 
where feasible the perspective of the wildlife (i.e. sand level for a marine turtle) 

• Artificial light monitoring at the project site 

• Artificial light monitoring at the wildlife habitat.  

A post-construction site visit is critical to ensure no previously unidentified lighting issues are 
overlooked.
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Appendix E – Artificial Light Management Check List 
Table 2 provides a check list of issues to be considered during the environmental assessment of new infrastructure involving artificial light, or upgrades 
to existing artificial lighting for both proponents and assessors. Table 3 provides a check list of issues to be considered for existing infrastructure with 
external lighting where listed species are observed to be impacted by artificial light. Relevant sections of the Guidelines are provided for each issue. 

Table 2 Checklist for new developments or lighting upgrades. 

Issue to be considered Light owner or manager Regulator Further information 

Pre-development 

What are the regulatory 
requirements for artificial light 
for this project? 

Is an environmental impact 
assessment required? What other 
requirements need to be addressed?  

What information should be sought from 
the proponent as part of the assessment 
process? 

Regulatory considerations for 
the management of artificial light 

Does the lighting design follow 
principles of best practice? 

What is the purpose of the artificial 
light for this project?  

Does the project use the principles of 
best practice light design? 

Best practice light design 

What wildlife is likely to be 
affected by artificial light?  

Review species information within 
20 km of the proposed development. 

Assess species information. Wildlife and artificial light 

What light management and 
impact mitigation will be 
implemented? 

What light mitigation and management 
will be most effective for the affected 
species? 

Is the proposed management and 
mitigation likely to reduce the effect on 
listed species? 

Species specific technical 
appendices and species expert 
guidance 

How will light be modelled? 
Is light modelling appropriate? How 
will the model be used to inform light 
management for wildlife? 

Are the limitations of light modelling for 
wildlife appropriately acknowledged? 

Modelling predicted light 

Have all lighting-relevant 
considerations been included 
in the light management plan? 

Have all steps in the EIA process been 
undertaken and documented in the 
light management plan? 

Does the light management plan 
comprehensively describe all steps in the 
EIA process? 

Environmental impact 
assessment for effects of 
artificial light on wildlife 
 
Light Management Plan 
 

How will continuous 
improvement be achieved? 

How will light management be 
evaluated and adapted? 

Is a continuous review and improvement 
process described? 

Light Management Plan 
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Issue to be considered Light owner or manager Regulator Further information 

Post development 

How will lighting be 
measured?  

What is the most appropriate 
technique(s) for measuring biologically 
relevant light and what are the 
limitations? 

Ensure appropriate light measurement 
techniques are used and limitations of 
the methods recognised. 

Measuring biologically relevant 
light 

How will lighting be audited? 
What is the frequency and framework 
for in-house light auditing? 

How will the results of light audits 
feedback into a continuous improvement 
process? 

Artificial light auditing 

Is artificial light affecting 
wildlife?  

Does the biological monitoring indicate 
an effect of artificial light on fauna and 
what changes will be made to mitigate 
this impact?  

Is there a process for addressing 
monitoring results that indicate there is a 
detectable light impact on wildlife, and is 
it appropriate? 

Wildlife and artificial light 
 
Light Management Plan 
 
Managing existing light pollution 

What adaptive management 
can be introduced? 

How will the results of light audits and 
biological monitoring be used in an 
adaptive management framework, and 
how will technological developments 
be incorporated into artificial light 
management? 

What conditions can be put in place to 
ensure a continuous improvement 
approach to light management? 

Light Management Plan 
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Table 3 Checklist for existing infrastructure  

Consideration Light owner or manager Regulator Further information  

Are wildlife exhibiting a change 
in survivorship, behaviour or 
reproduction that can be 
attributed to artificial light? 

What listed species are found within 
20 km of light source? Are there dead 
animals or are animals displaying 
behaviour consistent with the effects 
of artificial light?  

Is there evidence to implicate artificial 
light as the cause of the change in 
wildlife survivorship, behaviour or 
reproductive output? 
 
Review existing environmental 
approvals. 

Describe wildlife 

Wildlife and artificial light 

Regulatory considerations for 
the management of light 

Species expert advice 

Is lighting in the area best 
practice? 

Are there modifications or 
technological upgrades that could be 
made to improve artificial light 
management? 

Are there individual light owners or 
managers who can be approached to 
modify current lighting? 

Principles of best practice light 
management 

Is the light affecting wildlife 
from a single source or 
multiple sources? 

Are there multiple stakeholders that 
need to come together to address the 
cumulative light pollution? 

Is there a role for government to facilitate 
collaboration between light owners and 
managers to address light pollution? 

Managing existing light pollution 

Light Management Plan 

Can appropriate monitoring be 
undertaken to confirm the role 
of artificial light in wildlife 
survivorship, behavioural or 
reproductive output changes? 

How much light is emitted from my 
property and is it affecting wildlife? 

Facilitate wildlife monitoring. 

Field surveys for wildlife 

Measuring biologically relevant 
light 

Species expert advice 

How will artificial light be 
audited? 

What is the frequency and framework 
for in-house light auditing? 

Can a light audit be undertaken on a 
regional scale? 

Artificial light auditing 

What adaptive light 
management can be 
introduced? 

Are there improvements in lighting 
technology that can be incorporated 
into existing lighting?  

What changes can be implemented in 
response to biological monitoring and 
light audits?  

Specialist lighting engineer 
advice 
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Appendix F - Marine Turtles 

 

Six species of marine turtles are found in Australia: the green (Chelonia mydas), loggerhead 
(Caretta caretta), hawksbill (Eretmochelys imbricata), olive ridley (Lepidochelys olivacea), 
flatback (Natator depressus) and leatherback (Dermochelys coriacea) turtles.  

Light pollution was identified as a high-risk threat in the Recovery Plan for Marine Turtles in 
Australia (2017) because artificial light can disrupt critical behaviours such as adult nesting 
and hatchling orientation, sea finding and dispersal, and can reduce the reproductive viability 
of turtle stocks57. A key action identified in the Recovery Plan was the development of 
guidelines for the management of light pollution in areas adjacent to biologically sensitive turtle 
habitat. 

 

 

Figure 27 Loggerhead turtle. Photo: David Harasti. 

 

Marine turtles nest on sandy beaches in northern Australia. There is a robust body 
of evidence demonstrating the effect of light on turtle behaviour and survivorship. 
Light is likely to affect the turtles if it can be seen from the nesting beach, 
nearshore or adjacent waters.  

Adult females may be deterred from nesting where artificial light is visible on a 
nesting beach. Hatchlings may become misoriented or disoriented and be unable 
to find the sea or successfully disperse to the open ocean. The effect of light on 
turtle behaviour has been observed from lights up to 18 km away. 

The physical aspects of light that have the greatest effect on turtles include 
intensity, colour (wavelength), and elevation above beach. Management of these 
aspects will help reduce the threat from artificial light.  
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Conservation Status 

Marine turtles in Australia are protected under international treaties and agreements including 
the Convention on the Conservation of Migratory Species of Wild Animals (CMS, Bonn 1979), 
the Convention on International Trade in Endangered Species of Flora and Fauna (CITES, 
Washington 1973), and the CMS Memorandum of Understanding on the Conservation and 
Management of Marine Turtles and their Habitats of the Indian Ocean and South-east Asia 
(IOSEA, 2005). In Australia, the Environment Protection and Biodiversity Conservation 
Act 1999 (EPBC Act) gives effect to these international obligations.  

All six species are listed under the EPBC Act as threatened, migratory and marine species. 
They are also protected under state and territory legislation.  

The Recovery Plan for Marine Turtles in Australia (2017) identifies threats to marine turtles 
and actions required to recover these species57. To ensure the maintenance of biodiversity, 
the Plan considers marine turtles on a genetic stock basis rather than the species level. The 
Plan found light pollution to be a high-risk threat to five of 22 genetic stocks of marine turtles. 
The development and implementation of best practice light management guidelines was 
identified as a key action for promoting the recovery of marine turtles57.  

Distribution 

Turtle nesting habitats include sub-tropical and tropical mainland and offshore island beaches 
extending from northern New South Wales on the east coast around northern Australia to 
Shark Bay in Western Australia. The extent of the known nesting range for each genetic stock 
can be found on the Department of the Environment and Energy’s Species Profile and Threats 
Database and in the Recovery Plan57.  

Timing of nesting and hatching 

Marine turtles nesting in the far north, between the Kimberley and Cape York, typically nest 
year round, but have a peak during the cooler winter months, while summer nesting is 
favoured by turtles nesting from the Central Kimberley south in Western Australia and along 
the Pacific coast of Queensland and Northern New South Wales. Specific timing of nesting 
and hatching seasons for each stock can be found in the Recovery Plan57. 

Important habitat for marine turtles 

The effect of artificial lights on turtles is most pronounced at nesting beaches and in the 
nearshore waters, which might include internesting areas, through which hatchlings travel to 
reach the ocean. For the purposes of these Guidelines, Important Habitat for turtles includes 
all areas that have been designated as Habitat Critical to Survival of Marine Turtles and 
Biologically Important Areas (BIAs), or in Queensland areas identified under local planning 
schemes as Sea Turtle Sensitive Areas. 

• Habitat Critical to the Survival of Marine Turtles was identified for each stock as 
part of the development of the Recovery Plan for Marine Turtles in Australia (2017). 
Nesting and internesting areas designated as Habitat Critical to the Survival of Marine 
Turtles can be found in the Recovery Plan or through the Department of the 
Environment and Energy’s National Conservation Values Atlas. 
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• Biologically Important Areas (BIAs) are areas where listed threatened and migratory 
species display biologically important behaviour such as breeding, foraging, resting 
and migration. BIAs of highest relevance for the consideration of light impacts are 
nesting and internesting BIAs for each species. Marine turtle BIAs can be explored 
through the Department of the Environment and Energy’s National Conservation 
Values Atlas.  

o The presence of a BIA recognises that biologically important behaviours are 
known to occur, but the absence of such a designation does not preclude the 
area from being a BIA. Where field surveys identify biologically important 
behaviour occurring, the habitat should be managed accordingly. 

• Sea Turtle Sensitive Areas have been defined in local government planning schemes 
in accordance with the Queensland Government Sea Turtle Sensitive Area Code. 
These may be shown in local government biodiversity of coastal protection overlay 
maps in the planning scheme. 

Effects of Artificial Light on Marine Turtles 

The effect of artificial light on turtle behaviour has been recognised since 191158 and since 
then a substantial body of research has focused on how light affects turtles and its effect on 
turtle populations - for review see Witherington and Martin (2003)3; Lohmann et al (1997)48; 
and Salmon (2003)59. The global increase in light pollution from urbanisation and coastal 
development60 is of particular concern for turtles in Australia since their important nesting 
habitat frequently overlaps with areas of large-scale urban and industrial development61, which 
have the potential to emit a large amount of light, including direct light, reflected light, sky glow 
and gas flares62,63. Nesting areas on the North West Shelf of Western Australia and along the 
south-eastern coast of Queensland were found to be at the greatest risk from artificial light61.  

Effect of artificial light on nesting turtles 

Although they spend most of their lives in the ocean, females nest on sandy tropical and 
subtropical beaches, predominantly at night. They rely on visual cues to select nesting 
beaches and orient on land. Artificial night lighting on or near beaches has been shown to 
disrupt nesting behaviour3. Beaches with artificial light, such as urban developments, 
roadways, and piers typically have lower densities of nesting females than dark beaches59,64.  

Some light types do not appear to affect nesting densities (Low Pressure Sodium, LPS15, and 
filtered High Pressure Sodium, HPS), which excludes wavelengths below 540 nm)65. On 
beaches exposed to light, females will nest in higher numbers in areas that are shadowed14,66. 
Moving sources of artificial light may also deter nesting or cause disturbance to nesting 
females (e.g. flash photography)67 .  

Effect of artificial light on hatchlings emerging from the nest 

Most hatchling turtles emerge at night68 and must rapidly reach the ocean to avoid predation69. 
Hatchlings locate the ocean using a combination of topographic and brightness cues, orienting 
towards the lower, brighter oceanic horizon and away from elevated darkened silhouettes of 
dunes and/or vegetation behind the beach37,48,70. They can also find the sea using secondary 
cues such as beach slope48. 
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Sea finding behaviour may be disrupted by artificial lights, including flares62, which interfere 
with natural lighting and silhouettes3,26,37. Artificial lighting may adversely affect hatchling sea 
finding behaviour in two ways: disorientation - where hatchlings crawl on circuitous paths; or 
misorientation - where they move in the wrong direction, possibly attracted to artificial lights3,39. 
On land, movement of hatchlings in a direction other than the sea often leads to death from 
predation, exhaustion, dehydration, or being crushed by vehicles on roads69. 

Wavelength, intensity and direction 

Brightness is recognised as an important cue for hatchlings as they attempt to orient toward 
the ocean. Brightness refers to the intensity and wavelength of light relative to the spectral 
sensitivity of the receiving eye3. Both field and laboratory-based studies indicate that 
hatchlings have a strong tendency to orient towards the brightest direction. The brightest 
direction on a naturally dark beach is typically towards the ocean where the horizon is open 
and unhindered by dune or vegetation shadows70. 

The attractiveness of hatchlings to light differs by species63,71,72, but in general, artificial lights 
most disruptive to hatchlings are those rich in short wavelength blue and green light (e.g. 
metal halide, mercury vapour, fluorescent and LED) and lights least disruptive are those 
emitting long wavelength pure yellow-orange light (e.g. high or low pressure sodium 
vapour)63,73. Loggerhead turtles are particularly attracted to light at 580 nm74, green and 
flatback turtles are attracted to light <600 nm with a preference to shorter wavelength light 
over longer wavelength light63,73, and many species are also attracted to light in the ultra violet 
range (<380 nm)72,73. 

Although longer wavelengths of light are less attractive than shorter wavelengths, they can still 
disrupt sea finding37,63,75, and if bright enough can elicit a similar response to shorter 
wavelength light76-78. Hence, the disruptive effect of light on hatchlings is also strongly 
correlated with intensity. Red light must be almost 600 times more intense than blue light 
before green turtle hatchlings show an equal preference for the two colours76. It is therefore 
important to consider both the wavelength and the intensity of the light.  

Since the sun or moon may rise behind the dunes on some nesting beaches, hatchlings 
attracted to these point sources of light would fail to reach the ocean. Hatchlings orientate 
themselves by integrating light across a horizontally broad (180° for green, olive ridley and 
loggerhead turtles) and vertically narrow (“few degrees” for green and olive ridleys, and 10° - 
30° for loggerheads) “cone of acceptance” or “range of vision”. This integration ensures that 
light closest to the horizon plays the greatest role in determining orientation direction, so it is 
important to consider the type and direction of light that reaches the hatchling48.  

As a result of these sensitivities, hatchlings have been observed to respond to artificial light up 
to 18 km away during sea finding26.  
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Shape and form 

Horizon brightness and elevation are also important cues for hatchling orientation. In 
laboratory and field studies hatchlings move away from elevated dark horizons and towards 
the lowest bright horizon70,79. However, in situations where both cues are present, hatchlings 
are more responsive to the effects of silhouettes and darkened horizon elevation than to 
differences in brightness. On a natural beach this behaviour would direct the hatchlings away 
from dunes and vegetation and towards the more open horizon over the ocean.  

This hypothesis has been supported by field experiments where hatchling sea finding was 
significantly less ocean oriented when exposed to light at 2° elevation compared with 
16° elevation, emphasising the importance of horizon elevation cues in hatchling sea-finding37. 

Effect of artificial light on hatchlings in nearshore waters 

Artificial lights can also interfere with the in water dispersal of hatchlings72. Hatchlings leaving 
lit beaches spend longer crossing near shore waters and can be attracted back to shore80,81. 
At sea, hatchlings have been reported swimming around lights on boats33,82 and in laboratory 
studies lights have attracted swimming hatchlings83. Recent advances in acoustic telemetry 
technology has allowed hatchlings to be passively tracked at sea, demonstrating that 
hatchlings are attracted to lights at sea and spend longer in the nearshore environment when 
lights are present16,84. This attraction can divert hatchlings from their usual dispersal pathway, 
causing them to linger around a light source, or become  trapped in the light spill84. Hatchlings 
actively swim against currents to reach light, which is likely to reduce survival either from 
exhaustion and/or predation. An additional problem is that light sources are associated with 
structures that also attract fish (such as jetties), as there will be increased predation24. 

Environmental Impact Assessment of Artificial Light on 
Marine Turtles 

Infrastructure with artificial lighting that is externally visible should implement Best Practice 
Lighting Design as a minimum. Where there is important habitat for turtles within 20 km of a 
project, an EIA should be undertaken. The following sections step through the EIA process 
with specific consideration for turtles. 

The 20 km buffer for considering important habitat is based on sky glow approximately 15 km 
from the nesting beach affecting flatback hatchling behaviour26 and light from an aluminium 
refinery disrupting turtle orientation 18 km away27. 

Where artificial light is likely to influence marine turtle behaviour, consideration should be 
given to employing mitigation measures as early as possible in a project’s life cycle and used 
to inform the design phase. 

Associated guidance 

• Recovery Plan for Marine Turtles in Australia (2017)  

• Single Species Action Plan for the Loggerhead Turtle (Caretta caretta) in the South 
Pacific Ocean 

• Queensland Government Sea Turtle Sensitive Area Code  
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Qualified personnel 

Lighting design/management and the EIA process should be undertaken by appropriately 
qualified personnel. Light management plans should be developed and reviewed by 
appropriately qualified lighting practitioners who should consult with an appropriately qualified 
marine biologist or ecologist.  

People advising on the development of a lighting management plan, or the preparation of 
reports assessing the impact of artificial light on marine turtles should have relevant 
qualifications equivalent to a tertiary education in marine biology or ecology, or equivalent 
experience as evidenced by peer reviewed publications in the last five years on a relevant 
topic, or other relevant experience. 

Step 1: Describe the project lighting 

Information collated during this step should consider the Effects of Light on Marine Turtles. 
Turtles are susceptible to the effect of light on beaches and in the water, so the location and 
light source (both direct and sky glow) should be considered. Turtles are most sensitive to 
short wavelength (blue/green) light and high intensity light of all wavelengths. Hatchlings are 
most susceptible to light low on the horizon. They orient away from tall dark horizons so the 
presence of dunes and/or a vegetation buffer behind the beach should be considered at the 
design phase.  

Step 2: Describe marine turtle population and behaviour 

The species and the genetic stock nesting in the area of interest should be described. This 
should include the conservation status of the species; stock trends (where known); how 
widespread/localised nesting for that stock is; the abundance of turtles nesting at the location; 
the regional importance of this nesting beach; and the seasonality of nesting/hatching.  

Relevant species and stock specific information can be found in the Recovery Plan for Marine 
Turtles in Australia (2017), Protected Matters Search Tool, National Conservation Values Atlas 
state and territory listed species information; scientific literature and local/Indigenous 
knowledge. 

Where there is insufficient data to understand the population importance or demographics, or 
where it is necessary to document existing turtle behaviour, field surveys and biological 
monitoring may be necessary.  

Biological monitoring of marine turtles  

Any monitoring associated with a project should be developed, overseen and results 
interpreted by appropriately qualified personnel to ensure reliability of the data.  

The objectives of turtle monitoring in an area likely to be affected by artificial light are to: 

• understand the size and importance of the population;  

• describe turtle behaviour before the introduction/upgrade of light; and 

• assess nesting and hatchling orientation behaviour to determine the cause of any 
existing or future misorientation or disorientation. 
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The data will be used to inform the EIA and assess whether mitigation measures are 
successful. Suggested minimum monitoring parameters (what is measured) and techniques 
(how to measure them) are summarised in Table 4.  

As a minimum, qualitative descriptive data on visible light types, location and directivity should 
also be collected at the same time as the biological data. Handheld-camera images can help 
describe the light. Quantitative data on existing sky glow should be collected, if possible, in a 
biologically meaningful way, recognising the technical difficulties in obtaining these data. See 
Measuring Biologically Relevant Light for a review.  

 

Table 4 Recommended minimum biological information necessary to assess the importance of a 
marine turtle population and existing behaviour, noting that the risk assessment will guide the 
extent of monitoring (e.g. a large source of light visible over a broad spatial scale will require 
monitoring of multiple sites whereas a smaller localised source of light may require fewer sites 
to be monitored). 

Target Age 
Class 

Survey Effort Duration Reference 

Adult Nesting 

Daily track census over 1–1.5 
internesting cycles at peak57 of the 
nesting season (14–21 days). 
 
If the peak nesting period for this 
population/at this location has not 
been defined, then a study should 
be designed in consultation with a 
qualified turtle biologist to 
determine the temporal extent of 
activity (i.e. systematic monthly 
surveys over a 12-month period).  
 

Minimum  
two breeding 
seasons 

Eckert et al (1999)85 

Pendoley et al (2016)86 

Queensland Marine 
Turtle Field Guide 

NWSFTCP Turtle 
Monitoring Field Guide  

Ningaloo Turtle 
Monitoring Field Guide 

SWOT Minimum Data 
Standards for Sea 
Turtle Nesting Beach 
Monitoring 

Hatchling 
Orientation 

Minimum of 14 days over a new 
moon phase about 50 days* after 
the peak of adult nesting. 

Beach: Hatchling fan monitoring. 

In water: Hatchling tracking 

Minimum two 
breeding 
seasons 

Pendoley (2005)63 

Kamrowski et al 
(2014)26 

Witherington (1997)87 

Thums et al (2016)16 

*Incubation time will be stock specific. Consult the Recovery Plan for Marine Turtles in Australia for 
stock specific information. 

To understand existing hatchling behaviour, it will be necessary to undertake monitoring (or 
similar approach) to determine hatchling ability to locate the ocean and orient offshore prior to 
construction/lighting upgrades. 
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A well-designed monitoring program will capture: 

• hatchling behaviour26,63,87 at the light exposed beach and a control/reference beach 

• hatchling behaviour before project construction begins to establish a benchmark to 
measure against possible changes during construction and operations 

• hatchling behaviour on a new moon to reduce the influence of moonlight and capture 
any worst case scenario effects of artificial light on hatching orientation 

• hatchling behaviour on full moon nights to assess the relative contribution of the 
artificial light to the existing illuminated night sky.  

Ideally, survey design will have been set up by a quantitative ecologist/biostatistician to ensure 
that the data collected provides for meaningful analysis and interpretation of findings.  

Step 3: Risk assessment 

The Recovery Plan states that management of light should ensure turtles are not displaced 
from habitat critical to their survival and that anthropogenic activities in important habitat are 
managed so that the biologically important behaviour can continue. These consequences 
should be considered in the risk assessment process. The aim of these Guidelines is that light 
is managed to ensure that at important nesting beaches females continue to nest on the 
beach, post nesting females return to the ocean successfully, emerging hatchlings orient in a 
seaward direction and dispersing hatchlings can orient successfully offshore. 

Consideration should be given to the relative importance of the site for nesting. For example, if 
this is the only site at which a stock nests, a higher consequence rating should result from the 
effects of artificial light.  

In considering the likely effect of light on turtles, the risk assessment should consider the 
existing light environment, the proposed lighting design and mitigation/management, and the 
behaviour of turtles at the location. Consideration should be given to how the turtles will 
perceive light. This should include wavelength and intensity information as well as perspective. 
To assess how/whether turtles are likely to see light, a site visit should be made at night and 
the area viewed from the beach (approximately 10 cm above the sand) as this will be the 
perspective of the nesting turtles and emerging hatchlings. Similarly, consideration should be 
given to how turtles (both adults and hatchlings) will see light when in nearshore water. 

Using this perspective, the type and number of lights should be considered to assess whether 
turtles are likely to be able to perceive light and what the consequence of the light on their 
behaviour is likely to be. The risk assessment should take into account proposed mitigation 
and management.  
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Step 4: Light management plan 

A light management plan for marine turtles should include all relevant project information 
(Step 1) and biological information (Step 2). It should outline proposed mitigation. For a range 
of specific mitigation measures see the Mitigation Toolbox below. The plan should also outline 
the type and schedule for biological and light monitoring to ensure mitigation is meeting the 
objectives of the plan and triggers for revisiting the risk assessment phase of the EIA. The plan 
should outline contingency options if biological and light monitoring or compliance audits 
indicate that mitigation is not meeting the objectives of the plan (e.g. light is visible on the 
nesting beach or changes in nesting/hatchling behaviour are observed). 

Step 5: Biological and light monitoring and auditing 

The success of risk mitigation and light management should be confirmed through monitoring 
and compliance auditing. The results should be used to inform continuous improvement.  

Relevant biological monitoring is described in Step 2: Describe marine turtle population and 
behaviour above. Concurrent light monitoring should be undertaken and interpreted in the 
context of how turtles perceive light and within the limitations of monitoring techniques 
described in Measuring Biologically Relevant Light. Auditing as described in the light 
management plan should be undertaken.  

Review 

The EIA should incorporate a continuous improvement review process that allows for 
upgraded mitigations, changes to procedures and renewal of the light management plan.  
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Marine Turtle Light Mitigation Toolbox 

Appropriate lighting design/lighting controls and light impact mitigation will be site/project and 
species specific. Table 5 provides a toolbox of options for use around important turtle habitat. 
These options would be implemented in addition to the six Best Practice Light Design 
principles. Not all mitigation options will be relevant for every situation. Table 6 provides a 
suggested list of light types appropriate for use near turtle nesting beaches and those to avoid. 

Two of the most effective approaches for management of light near important nesting beaches 
is to ensure there is a tall dark horizon behind the beach such as dunes and/or a natural 
vegetation screen and to ensure there is no light on or around the water through which 
hatchlings disperse. 

Table 5 Light management options specific to marine turtle nesting beaches. 

Management Action Detail 

Implement light management actions 
during the nesting and hatching season. 

Peak nesting season for each stock can be found in 
the Recovery Plan for Marine Turtles in Australia57. 

Avoid direct light shining onto a nesting 
beach or out into the ocean adjacent to a 
nesting beach. 

Adult turtles nest in lower numbers at lit beaches14. 

Maintain a dune and/or vegetation screen 
between the nesting habitat and inland 
sources of light. 

Hatchlings orient towards the ocean by crawling away 
from the tall, dark horizon provided by a dune line 
and/or vegetation screen. 

Maintain a dark zone between turtle 
nesting beach and industrial infrastructure 

Avoid installing artificial light within 1.5 km of an 
industrial development78. 

Install light fixtures as close to the ground 
as practicable. 

Any new lighting should be installed close to the 
ground and reduce the height of existing lights to the 
extent practicable to minimise light spill and light glow. 

Use curfews to manage lighting. 
Mange artificial lights using motion sensors and timers 
around nesting beaches after 8 pm.  

Aim lights downwards and direct them 
away from nesting beaches. 

Aim light onto the exact surface area requiring 
illumination. Use shielding on lights to prevent light 
spill into the atmosphere and outside the footprint of 
the target area.  

Use flashing/intermittent lights instead of 
fixed beam. 

For example, small red flashing lights can be used to 
identify an entrance or delineate a pathway. 

Use motion sensors to turn on lights only 
when needed. 

For example, motion sensors could be used for 
pedestrian areas near a nesting beach.  

Prevent indoor lighting reaching beach. 
Use fixed window screens or window tinting on fixed 
windows, skylights and balconies to contain light 
inside buildings. 

Limit the number of beach access areas 
or construct beach access such that 
artificial light is not visible through the 
access point. 

Beach access points often provide a break in dune or 
vegetation that protects the beach from artificial light. 
By limiting the number of access points or making the 
access path wind through the vegetation, screen light 
spill can be mitigated. 

Work collectively with surrounding 
industry/private land holders to address 
the cumulative effect of artificial lights. 

Problematic sky glow may not be caused by any one 
light owner/manager. By working with other 
industry/stakeholders to address light pollution, the 
effect of artificial light may be reduced more 
effectively. 
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Management Action Detail 

Manage artificial light at sea, including on 
vessels, jetties, marinas and offshore 
infrastructure. 

Hatchlings are attracted to, and trapped by, light spill 
in the water.  

Reduce unnecessary lighting at sea. 

Extinguish vessel deck lights to minimum required for 
human safety and when not necessary. Restrict 
lighting at night to navigation lights only. Use block-out 
blinds on windows. 

Avoid shining light directly onto longlines 
and/or illuminating baits in the water. 

Light on the water can trap hatchlings or delay their 
transit through nearshore waters, consuming their 
energy reserves and likely exposing them to 
predators. 

Avoid lights containing short wavelength 
violet/blue light. 

Lights rich in blue light can include: metal halides, 
fluorescent, halogens, mercury vapour and most 
LEDs. 

Avoid white LEDs. 

Ask suppliers for an LED light with little or no blue in it 
or only use LEDs filtered to block the blue light. This 
can be checked by examining the spectral power 
curve for the luminaire. 

Avoid high intensity light of any colour.  

Keep light intensity as low as possible in the vicinity of 
nesting beaches. Hatchlings can see all wavelengths 
of light and will be attracted to long wavelength amber 
and red light as well as the highly visible white and 
blue light, especially if there is a large difference 
between the light intensity and the ambient dark 
beach environment. 

Shield gas flares and locate inland and 
away from nesting beach. 

Manage gas flare light emissions by: reducing gas 
flow rates to minimise light emissions; shielding the 
flame behind a containment structure; elevating glow 
from the shielded flare more than 30o above hatchling 
field of view; containing pilot flame for flare within 
shielding; and scheduling maintenance activity 
requiring flaring outside of turtle hatchling season. 

Industrial/port or other facilities requiring 
intermittent night-time light for inspections 
should keep the site dark and only light 
specific areas when required. 

Use amber/orange explosion proof LEDs with smart 
lighting controls and/or motions sensors. LEDs have 
no warmup or cool down limitations so can remain off 
until needed and provide instant light when required 
for routine nightly inspections or in the event of an 
emergency. 

Industrial site/plant operators to use head 
torches. 

Consider providing plant operators with white head 
torches (explosion proof torches are available) for 
situations where white light is needed to detect colour 
correctly or when there is an emergency evacuation.  

Supplement facility perimeter security 
lighting with computer monitored infra-red 
detection systems. 

Perimeter lighting can be operated if night-time 
illumination is necessary, but remain off at other times.  

No light source should be directly visible 
from the beach. 

Any light that is directly visible to a person on a 
nesting beach will be visible to a nesting turtle or 
hatchling and should be modified to prevent it being 
seen.  
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Management Action Detail 

Manage light from remote regional 
sources (up to 20km away).  

Consider light sources up to 20 km away from the 
nesting beach, assess the relative visibility and scale 
of the night sky illuminated by the light e.g. is a 
regional city illuminating large area of the horizon and 
what management actions can be taken locally to 
reduce the effect i.e. protect or improve dune systems 
or plant vegetation screening in the direction of the 
light.  

 

Table 6 Where all other mitigation options have been exhausted and there is a human safety 
need for artificial light, this table provides commercial luminaire types that are considered 
appropriate for use near important marine turtles nesting habitat and those to avoid. 

Light type Suitability for use near marine turtle habitat 

Low Pressure Sodium 
Vapour  

High Pressure Sodium 
Vapour  

Filtered* LED  
Filtered* metal halide  
Filtered* white LED  

Amber LED  
PC Amber  
White LED  

Metal halide  
White fluorescent  

Halogen  
Mercury vapour  

* ‘Filtered’ means LEDs can be used only if a filter is applied to remove the short 
wavelength (400 – 500 nm) light.  
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Appendix G - Seabirds 

 

Seabirds are birds that are adapted to life in the marine environment (Figure 28). They can be 
highly pelagic, coastal, or in some cases spend a part of the year away from the sea entirely. 
They feed from the ocean either at or near the sea surface. In general, seabirds live longer, 
breed later and have fewer young than other birds and invest a great deal of energy in their 
young. Most species nest in colonies, which can vary in size from a few dozen birds to 
millions. Many species undertake long annual migrations, crossing the equator or 
circumnavigating the Earth in some cases88.  

Artificial light can disorient seabirds and potentially cause injury and/or death through collision 
with infrastructure. Birds may starve as a result of disruption to foraging, hampering their ability 
to prepare for breeding or migration. High mortality of seabirds occurs through grounding of 
fledglings as a result of attraction to lights4 and through interaction with vessels at sea. 

 

 

Figure 28 Flesh-footed Shearwater at sunset. Photo: Richard Freeman. 

  

Seabirds spend most of their lives at sea, only coming ashore to nest. All species 
are vulnerable to the effects of lighting. Seabirds active at night while migrating, 
foraging or returning to colonies are most at risk.  

Fledglings are more affected by artificial lighting than adults due to the 
synchronised mass exodus of fledglings from their nesting sites. They can be 
affected by lights up to 15 km away. 

The physical aspects of light that have the greatest impact on seabirds include 
intensity and colour (wavelength). Consequently, management of these aspects of 
artificial light will have the most effective result.  

Folio N° 1091



 
NATIONAL LIGHT POLLUTION GUIDELINES 68 

 

Conservation Status  

Migratory seabird species in Australia are protected under international treaties and 
agreements including the Convention on the Conservation of Migratory Species of Wild 
Animals (CMS, Bonn Convention), the Ramsar Convention on Wetlands, the Agreement on 
the Conservation of Albatrosses and Petrels (ACAP), and through the East Asian - 
Australasian Flyway Partnership (the Flyway Partnership). The Australian Government has 
bilateral migratory bird agreements with Japan (Japan-Australia Migratory Bird Agreement, 
JAMBA), China (China-Australia Migratory Bird Agreement, CAMBA), and the Republic of 
Korea (Republic of Korea-Australia Migratory Bird Agreement, ROKAMBA). In Australia the 
Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) gives effect to 
these international obligations. Many seabirds are also protected under state and territory 
environmental legislation. 

An estimated 15.5 million pairs of seabirds, from 43 species, breed at mainland and island 
rookeries4. Of the 43 species, 35 are listed as threatened and/or migratory under the 
EPBC Act. Of the 35 EPBC Act listed species, 90 per cent are Procellariiformes (petrels, 
shearwaters, storm petrels, gadfly petrels and diving petrels) that breed in burrows, only attend 
breeding colonies at night89, and are consequently most at risk from the effects of artificial 
light. Short-tailed Shearwaters comprise 77 per cent (11.9 million pairs) of the total breeding 
seabird pairs. 

 

Distribution 

Seabirds in Australia belong to both migratory and residential breeding species. Most breeding 
species include both temperate and tropical shearwaters and terns that undergo extensive 
migrations to wintering areas outside Australia’s Exclusive Economic Zone (EEZ). However, 
there are significant numbers of residential species that remain within the EEZ throughout the 
year and undergo shorter migrations to non-breeding foraging grounds within the EEZ.  

Timing of habitat use 

Most seabird breeding occurs during the austral spring/summer (September-January), but may 
extend in some species to April/May. The exceptions are the austral winter breeders, a handful 
of species largely comprised of petrels that may commence nesting in June. Breeding occurs 
almost exclusively on many of the offshore continental islands that surround Australia. 
Seabirds spend most of their time flying, at sea, and so are usually found on breeding islands 
only during the breeding season, or along mainland coastal sand bars and spits or island 
shorelines when roosting during their non-breeding period.  
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Important habitat for seabirds 

Seabirds may be affected by artificial light at breeding areas, while foraging and migrating. 
For the purposes of these Guidelines, Important Habitat for seabirds includes all areas that 
have been designated as Habitat Critical to the Survival of Seabirds and Biologically Important 
Areas (BIAs) and those areas designated as important habitat in wildlife conservation plans 
and in species specific conservation advice. 

• The National Recovery Plan for Threatened Albatrosses and Giant Petrels 2011-2016* 
provides designated Habitat Critical to the Survival of these species. Where a recovery 
plan is not in force for a listed threatened species, please see relevant approved 
conservation advice.  

• Actions in Antarctica should consider Important Bird Areas in Antarctica90.  

• Biologically Important Areas (BIAs) are areas where listed threatened and migratory 
species display biologically important behaviour, such as breeding, foraging, resting 
and migration. Seabird BIAs can be explored through the Department of the 
Environment and Energy’s National Conservation Values Atlas.  

o The presence of a BIA recognises that biologically important behaviours are 
known to occur, but the absence of such a designation does not preclude the 
area from being a BIA. Where field surveys identify biologically important 
behaviour occurring, the habitat should be managed accordingly. 

Effects of Artificial Light on Seabirds  

Seabirds have been affected by artificial light sources for centuries. Humans used fire to attract 
seabirds to hunt them for food91 and reports of collisions with lighthouses date back to 188092. 
More recently artificial light associated with the rapid urbanisation of coastal areas has been 
linked to increased seabird mortality93 and today, 56 petrel species worldwide are known to be 
affected by artificial lighting4,31. Artificial light can disorient seabirds causing collision, 
entrapment, stranding, grounding, and interference with navigation (being drawn off course from 
usual migration route). These behavioural responses may cause injury and/or death. 

All species active at night are vulnerable as artificial light can disrupt their ability to orient 
towards the sea. Problematic sources of artificial light include coastal residential and hotel 
developments, street lighting, vehicle lights, sporting facility floodlights, vessel deck and 
search lights, cruise ships, fishing vessels, gas flares, commercial squid vessels, security 
lighting, navigation aids and lighthouses31,93-99. Seabirds, particularly petrel species in the 
Southern Ocean, can be disoriented by vessel lighting and may land on the deck, from which 
they are unable to take off. The effect of artificial light may be exacerbated by moon phase96, 
wind direction and strength28,100, precipitation, cloud cover and the proximity of nesting sites or 
migrating sites to artificial light sources101-103. The degree of disruption is determined by a 
combination of physical, biological and environmental factors including the location, visibility, 
colour and intensity of the light, its proximity to other infrastructure, landscape topography, 
moon phase, atmospheric and weather conditions and species present.  

 
* This legislative instrument is in force until 2021. 

Folio N° 1093

https://www.environment.gov.au/system/files/resources/bb2cf120-0945-420e-bdfa-d370cf90085e/files/albatrosses-and-giant-petrels-recovery-plan.pdf
http://www.era.gs/resources/iba/Important_Bird_Areas_in_Antarctica_2015_v5.pdf
http://www.environment.gov.au/topics/marine/marine-bioregional-plans/conservation-values-atlas


 
NATIONAL LIGHT POLLUTION GUIDELINES 70 

 

Seabirds that are active at night while migrating, foraging or returning to colonies and are 
directly affected include petrels, shearwaters, albatross, noddies, terns and some penguin 
species. Less studied are the effects of light on the colony attendance of nocturnal 
Procellariiformes, which could lead to higher predation risks by gulls, skuas or other diurnal 
predators, and the effects on species that are active during the day, including extending their 
activities into the night as artificial light increases perceived daylight hours. 

High rates of fallout, or the collision of birds with structures, has been reported in seabirds 
nesting adjacent to urban or developed areas4,104,105 and at sea where seabirds interact with 
offshore oil and gas platforms106,107. A report on interactions with oil and gas platforms in the 
North Sea identified light as the likely cause of hundreds of thousands of bird deaths annually. 
It noted that this could be a site specific impact108.  

Gas flares also affect seabirds. One anecdote describes 24 burnt carcasses of seabirds 
(wedge-tailed shearwaters) in and around an open pit gas flare. The birds were likely to have 
been attracted to the light and noise of the flare and as they circled the source, became 
engulfed, combusting in the super-heated air above the flame (pers. obs. K Pendoley, 1992).  

Mechanisms by which light affects seabirds 

Most seabirds are diurnal. They rest during dark hours and have less exposure to artificial 
light. Among species with a nocturnal component to their life cycle, artificial light affects the 
adult and fledgling differently. 

Adults are less affected by artificial light. Many Procellariiformes species (i.e. shearwaters, 
storm petrels, gadfly petrels) are vulnerable during nocturnal activities, which make up part of 
the annual breeding cycle. Adult Procellariiformes species are vulnerable when returning to 
and leaving the nesting colony. They may leave or enter to re-establish their pair bonds with 
breeding partners, repair nesting burrows, defend nesting sites or to forage. Adults feed their 
chick by regurgitating partially digested food109. A recent study shows artificial light disrupts 
adult nest attendance and thus affects weight gain in chicks110. 

Fledglings are more vulnerable due to the naivety of their first flight, the immature 
development of ganglions in the eye at fledging and the potential connection between light and 
food104,111. Burrow-nesting seabirds are typically exposed to light streaming in from the burrow 
entrance during the day. The young are fed by parents who enter the burrow from the 
entrance creating an association between light and food in newly fledged birds31. Much of the 
literature concerning the effect of lighting upon seabirds relates to the synchronised mass 
exodus of fledglings from their nesting sites96,98,101,102,112,113. Fledging Procellariiformes leave 
the nesting colony for the sea at night89, returning to breed several years later. In Australia, the 
main fledgling period of shearwaters occurs in April/May114.  

Emergence during darkness is believed to be a predator-avoidance strategy115 and artificial 
lighting may make the fledglings more vulnerable to predation113. Artificial lights are thought to 
override the sea-finding cues provided by the moon and star light at the horizon116 and 
fledglings can be attracted back to onshore lights after reaching the sea28,105. It is possible that 
fledglings that survive their offshore migration cannot imprint their natal colony, preventing 
them from returning to nest when they mature98. The consequences of exposure to artificial 
light on the viability of a breeding population of seabirds is unknown117.  
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Eye structure and sensitivities 

Seabirds, like most vertebrates, have an eye that is well adapted to see colour. Typically, 
diurnal birds have six photoreceptor cells which are sensitive to different regions of the visible 
spectrum118. All seabirds are sensitive to the violet – blue region of the visible spectrum 
(380 - 440 nm)119. The eyes of the Black Noddy (Anous minutus) and Wedge-tailed 
Shearwaters (Puffinus pacificus) are characterised by a high proportion of cones sensitive to 
shorter wavelengths120. This adaptation is likely due to the need to see underwater, and the 
optimum wavelength for vision in clear blue oceanic water is between 425 and 500 nm. There 
is no ecological advantage to having many long-wavelength-sensitive photoreceptors in 
species foraging in this habitat120. 

Many diurnal birds can see in the UV range (less than 380 nm121), however, of the 300 seabird 
species, only 17 have UV sensitive vision119. In all seabirds, their photopic vision (daylight 
adapted) is most sensitive in the long wavelength range of the visible spectrum (590 – 740 nm, 
orange to red) while their scotopic (dark adapted) vision is more sensitive to short wavelengths 
of light (380 – 485 nm, violet to blue).  

Petrel vision is most sensitive to light in the short wavelength blue (400 – 500 nm), region of 
the visible spectrum. Relative to diurnal seabirds, such as gulls and terns, petrels have a 
higher number of short wavelength sensitive cones. This is thought to be an adaptation that 
increases prey visibility against a blue-water foraging field favoured by petrels120.  

Little has been published on vision in penguins. Penguins are visual foragers with the success 
of fish capture linked directly to the amount of light present122. The eyes of the 
Humbolt Penguin (Spheniscus humboldti) are adapted to the aquatic environment, seeing well 
in the violet to blue to green region of the spectrum, but poorly in the long wavelengths 
(red)123.  

Wavelength, intensity and direction 

The intensity of light may be a more important cue than colour for seabirds. Very bright light 
will attract them, regardless of colour98. There are numerous, although sometimes conflicting, 
reports of the attractiveness of different wavelengths of artificial light to seabirds. White light 
has the greatest effect on seabirds as it contains all wavelengths of light7,96,124. Seabirds have 
reportedly been attracted to the yellow/orange colour of fire91, while white Mercury Vapour and 
broad-spectrum LED is more attractive to Barau’s Petrel (Pterodroma baraui) and Hutton’s 
Shearwater (Puffinus huttoni) than either Low or High-Pressure Sodium Vapour lights96. Bright 
white deck lights and spot lights on fishing vessels attract seabirds at night, particularly on 
nights with little moon light or low visibility95,97,104.  

A controlled field experiment on Short-tailed Shearwaters at Phillip Island tested the effect of 
metal halide, LED and HPS lights on fledging groundings32. The results suggested the 
shearwaters were more sensitive to the wider emission spectrum and higher blue content of 
metal halide and LED lights relative than to HPS light. The authors strongly recommended 
using HPS, or filtered LED and metal halide lights with purpose designed LED filtered to 
remove short wavelength light for use in the vicinity of shearwater colonies32.  

The first studies of penguins exposed to artificial light at a naturally dark site found they 
preferred lit paths over dark paths to reach their nests125. While artificial light might enhance 
penguin vision at night, reducing predation risk and making it easier for them to find their way, 
the proven attraction to light could attract them to undesirable lit areas. This study concluded 
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that the penguins were habituated to artificial lights and were unaffected by a 15 lux increase 
in artificial illumination125. However, the authors were unable to rule out an effect of artificial 
light on penguin behaviour due natural differences between the sites; potential complexity of 
penguin response to the interaction between artificial light and moonlight; and probable 
habituation of penguins to artificial lights. 
 
 

Environmental Impact Assessment of Artificial Light on 
Seabirds 

As a minimum, infrastructure with artificial lighting that is externally visible should have 
Best Practice Lighting Design implemented. Where there is important habitat for seabirds 
within 20 km of a project, an EIA should be undertaken. The following sections step through 
the EIA process with specific consideration for seabirds. 

The 20 km buffer for considering important seabird habitat is based on the observed grounding 
of seabirds in response to a light source at least 15 km away28. 

The spatial and temporal characteristics of migratory corridors are important for some seabird 
species. Species typically use established migratory pathways at predictable times and 
artificial light intersecting with an overhead migratory pathway should be assessed in the same 
way as ground-based populations.  

Where artificial light is likely to affect seabirds, consideration should be given to mitigation 
measures at the earliest point in a project development and used to inform the design phase. 

Associated guidance 

• National Recovery Plan for Threatened Albatrosses and Giant Petrels 2011-2016† 

• EPBC Act Policy Statement 3.21—Industry guidelines for avoiding, assessing and 
mitigating impacts on EPBC Act listed migratory shorebird species  

 

Qualified personnel 

Lighting design/management and the EIA process should be undertaken by appropriately 
qualified personnel. Light management plans should be developed and reviewed by 
appropriately qualified lighting practitioners who should consult with appropriately trained 
marine ornithologists and/or ecologists. People advising on the development of a lighting 
management plan, or the preparation of reports assessing the effect of artificial light on 
seabirds, should have relevant qualifications equivalent to a tertiary education in ornithology, 
or equivalent experience as evidenced by peer reviewed publications in the last five years on a 
relevant topic, or other relevant experience. 

 
† Please note that this legislative instrument is in force until 2021. 
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Step 1: Describe the project lighting 

The type of information collated during this step should consider the biological Impact of Light 
on Seabirds. Seabirds are susceptible when active at night while migrating, foraging or 
returning to colonies. The location and light source (both direct and sky glow) in relation to 
breeding and feeding areas should be considered. Seabirds are sensitive to both short 
wavelength (blue/violet) and long (orange/red)9 light with some species able to detect UV light. 
However, the intensity of lights may be more important than colour. 

Step 2: Describe seabird population and behaviour 

The species, life stage and behaviour of seabirds in the area of interest should be described. 
This should include the conservation status of the species; abundance of birds; how 
widespread/localised is the population; regional importance of the population; and seasonality 
of seabirds utilising the area.  

Relevant seabird information can be found in the, National Recovery Plan for Threatened 
Albatrosses and Giant Petrels 2011-2016; Protected Matters Search Tool; National 
Conservation Values Atlas; relevant conservation advice; relevant wildlife conservation plans; 
state and territory listed species information; scientific literature; and local/Indigenous 
knowledge. 

Where there are insufficient data available to understand the population importance or 
demographics, or where it is necessary to document existing seabird behaviour, field surveys 
and biological monitoring may be necessary.  

Biological monitoring of seabirds 

Any biological monitoring associated with a project should be developed, overseen and results 
interpreted by an appropriately qualified biologist or ornithologist to ensure reliability of the 
data.  

The objectives of monitoring in an area likely to be affected by light are to: 

• understand the habitat use and behaviour of the population (e.g. migrating, foraging, 
breeding) 

• understand the size and importance of the population 

• describe seabird behaviour prior to the introduction/upgrade of light. 

The data will be used to inform the EIA process and assess whether mitigation measures are 
successful. Suggested minimum monitoring parameters (what is measured) and techniques 
(how to measure them) are summarised in Table 7.  
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Table 7 Recommended minimum biological information necessary to assess the importance of a 
seabird population. Note: the information in this table is not prescriptive and should be 
assessed on a case-by-case basis. 

Target Age 
Class 

Survey Effort Duration Reference 

Adult Nesting 

In colonial nesting burrow or 
surface nesting species with fixed 
or transient nesting sites, a single 
survey timed to coincide with 
predicted peak laying period.  
• A minimum of three sampling 

areas (transects/quadrats) 
appropriate for nest density to 
capture ~100 nests per 
transect. Status of nests 
recorded (used/unused- chick 
stage). 

Transient surface nesting species - 
estimate of chicks in crèches using 
aerial or drone footage. 
• A minimum of three sampling 

areas (transects/quadrats) 
appropriate for nest density to 
capture ~100 nests per 
transect. Status of nests 
recorded (used/unused- egg or 
chick). 

Minimum of 
two 
breeding 
seasons 

Henderson and 
Southwood (2016)126 
 
Surman and 
Nicholson (2014)127  
 
Survey Guidelines for 
Australia’s 
Threatened Birds128 

Fledging 

In colonial nesting burrow or 
surface nesting species with fixed 
nesting sites, a single survey timed 
to coincide with predicted max 
fledging period. 

Minimum of 
two 
breeding 
seasons 

Henderson and 
Southwood (2016)126 
Surman and 
Nicholson (2014)129 
 

Additional seabird monitoring 

• Monitor fledging behaviour before a project begins to establish a benchmark for assessing 
changes in fledging behaviour during construction and operations.  

• Monitor fallout by assessing breeding colonies prior to fledging to assess annual breeding 
output/effort and measure against fallout (expecting greater fallout in years with higher 
reproductive output). 

• Install camera traps at key locations to monitor fallout. 
• Conduct nightly assessments of target lighting/areas to identify and collect grounded birds. 
• Conduct observations post-dusk and pre-dawn with night vision goggles to assess 

activity/interactions. 
• Track movement using land-based radar to determine existing flightpaths98. 
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As a minimum, qualitative descriptive data on visible light types, location and directivity should 
also be collected at the same time as the biological data. Handheld camera images can help 
to describe the light. Quantitative data on existing sky glow should be collected, if possible, in 
a biologically meaningful way, recognising the technical difficulties in obtaining these data. See 
Measuring Biologically Relevant Light for a review.  

Step 3: Risk assessment 

The objective is that light should be managed in a way that seabirds are not disrupted within, 
or displaced from, important habitat, and they are able to undertake critical behaviours, such 
as foraging, reproduction and dispersal. These consequences should be considered in the risk 
assessment process. The aim of the process is to ensure that at important seabird rookeries, 
burrow usage remains constant, adults and fledglings are not grounded, and fledglings launch 
successfully from the rookery. 

In considering the likely effect of light on seabirds, the assessment should consider the 
existing light environment, the proposed lighting design and mitigation/management, and 
behaviour of seabirds at the location. Consideration should be given to how the birds perceive 
light. This should include both wavelength and intensity information and perspective. To 
discern how/whether seabirds are likely to see light, a site visit should be made at night and 
the area viewed from the seabird rookery. Similarly, consideration should be given to how 
seabirds will see light when in flight. 

Using this perspective, the type and number of lights should be considered/modelled to 
determine whether seabirds are likely to perceive light and what the consequence of the light 
on their behaviour is likely to be.  

Step 4: Light management plan 

This should include all relevant project information (Step 1) and biological information (Step 2). 
It should outline proposed mitigation. For a range of seabird specific mitigation measures 
please see the Seabird Mitigation Toolbox below. The plan should also outline the type and 
schedule for biological and light monitoring to ensure mitigation is meeting the objectives of 
the plan and triggers for revisiting the risk assessment phase of the EIA. The plan should 
outline contingency options if biological and light monitoring or compliance audits indicate that 
mitigation is not meeting objectives (e.g. light is visible in seabird rookeries or fallout rates 
increase). 

Step 5: Biological and light monitoring and auditing 

The success of the impact mitigation and light management should be confirmed through 
monitoring and compliance auditing and the results used to facilitate an adaptive management 
approach for continuous improvement.  

Relevant biological monitoring is described in Step 2: Describe the Seabird Population above. 
Concurrent light monitoring should be undertaken and interpreted in the context of how 
seabirds perceive light and within the limitations of monitoring techniques described in 
Measuring Biologically Relevant Light. Auditing, as described in the light management plan, 
should be undertaken. 
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Review 

The EIA should incorporate a continuous improvement review process that allows for 
upgraded mitigations, changes to procedures and renewal of the light management plan. 

 

Seabird Light Mitigation Toolbox 

Appropriate lighting design/lighting controls and mitigating the effect of light will be site/project 
and species specific. Table 8 provides a toolbox of management options relevant to seabirds. 
These options should be implemented in addition to the six Best Practice Light Design 
principles. Not all mitigation options will be practicable for every project. Table 9 provides a 
suggested list of light types appropriate for use near seabird rookeries and those to avoid. 

A comprehensive review of the effect of land based artificial lights on seabirds and mitigation 
techniques found the most effective measures were:  

• turning lights off during the fledgling periods 

• modification of light wavelengths 

• removing external lights and closing window blinds to shield internal lights 

• shielding the light source and preventing upward light spill 

• reducing traffic speed limits and display of warning signs 

• implementing a rescue program for grounded birds4. 

Additional mitigation measures listed, but not assessed for effectiveness were: 

• using rotating or flashing lights because research suggests that seabirds are less 
attracted to flashing lights than constant light 

• keeping light intensity as low as possible. Most bird groundings are observed in very 
brightly lit areas4. 
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Table 8 Light management options for seabirds. 

Management Action Detail 

Implement management actions during the 
breeding season. 

Most seabird species nest during the Austral 
spring and summer. Light management 
should be implemented during the nesting 
and fledgling periods. 

Maintain a dark zone between the rookery 
and the light sources.  

Avoid installing lights or manage all outdoor 
lighting within three kilometres of a seabird 
rookery102. This is the median distance 
between nest locations and grounding 
locations. Avoiding the installation of lights in 
this zone would reduce the number of 
grounding birds by 50 per cent.  

Turn off lights during fledgling season. 

If not possible to extinguish lights, consider 
curfews, dimming options, or changes on light 
spectra (preferably towards lights with low 
blue emissions). Fledglings can be attracted 
back towards lights on land as they fly out to 
sea.  

Use curfews to manage lighting. 
Extinguish lights around the rookery during 
the fledgling period by 7 pm as fledglings 
leave their nest early in the evening. 

Aim lights downwards and direct them away 
from nesting areas. 

Aim light onto only the surface area requiring 
illumination. Use shielding to prevent light 
spill into the atmosphere and outside the 
footprint of the target area. This action can 
reduce fallout by 40 per cent4. 

Use flashing/intermittent lights instead of 
fixed beam. 

For example, small red flashing lights can be 
used to identify an entrance or delineate a 
pathway. 

Use motion sensors to turn lights on only 
when needed. 

Use motion sensors for pedestrian or street 
lighting within three kilometres of a seabird 
rookery.  

Prevent indoor lighting reaching outdoor 
environment. 

Use fixed window screens or window tinting 
on fixed windows and skylights to contain 
light inside buildings.  

Manage artificial light on jetties, wharves, 
marinas, etc. 

Fledglings and adults may be attracted to 
lights on marine facilities and become 
grounded or collide with infrastructure.  

Reduce unnecessary outdoor, deck lighting 
on all vessels and permanent and floating 
oil and gas installations in known seabird 
foraging areas at sea. 

Extinguishing outdoor/deck lights when not 
necessary for human safety and restrict 
lighting at night to navigation lights. 
Use block-out blinds on all portholes and 
windows. 
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Management Action Detail 

Night fishing should only occur with 
minimum deck lighting.  

Avoid shining light directly onto fishing gear 
in the water. 

Ensure lighting enables recording of any 
incidental catch, including by electronic 
monitoring systems.  

 

Night is between nautical dusk and nautical 
dawn (as defined in the Nautical Almanac 
tables for relevant latitude, local time and 
date). 

Light on the water at night can attract 
seabirds to deployed fishing gear increasing 
the risk of seabird bycatch (i.e. killing or 
injuring birds).  

Minimum deck lighting should not breach 
minimum standards for safety and navigation. 

Record bird strike or incidental catch and 
report these data to regulatory authorities. 

Avoid shining light directly onto longlines 
and/or illuminating baits in the water. 

Light on the water can attract birds and 
facilitate the detection and consumption of 
baits, increasing bycatch in fisheries (i.e. 
killing or injuring birds). 
Record bird strike or incidental catch and 
report these data to regulatory authorities. 

Vessels working in seabird foraging areas 
during breeding season should implement a 
seabird management plan to prevent 
seabird landings on the ship, manage birds 
appropriately and report the interaction. 

For example, see the International 
Association of Antarctica Tour Operators 
(IAATO) Seabirds Landing on Ships 
information page. 

Use luminaires with spectral content 
appropriate for the species present. 

Consideration should be given to avoid 
specific wavelengths that are problematic for 
the species of interest. In general this would 
include avoiding lights rich in blue light, 
however, some birds are sensitive to yellow 
light and other mitigation may be required. 

Avoid high intensity light of any colour.  
Keep light intensity as low as possible in the 
vicinity of seabird rookeries and known 
foraging areas.  

Shield gas flares and locate inland and 
away from seabird rookeries. 

Manage gas flare light emissions by: reducing 
gas flow rates to minimise light emissions; 
shielding the flame behind a containment 
structure; containing the pilot flame for flare 
within shielding; and scheduling maintenance 
activity requiring flaring outside of shearwater 
breeding season or during the day. 

Minimise flaring on offshore oil and gas 
production facilities. 

Consider reinjecting excess gas instead of 
flaring, particularly on installations on 
migratory pathways.  
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Management Action Detail 

In facilities requiring intermittent night-time 
inspections, turn on lights only during the 
time operators are moving around the 
facility.   

Use appropriate wavelength explosion proof 
LEDs with smart lighting controls. LEDs have 
no warmup or cool down limitations so can 
remain off until needed and provide instant 
light when required for routine nightly 
inspections or in the event of an emergency.  

Ensure industrial site/plant operators use 
head torches. 

Consider providing plant operators with white 
head torches (explosion proof torches are 
available) for situations where white light is 
needed to detect colour correctly or in an 
emergency.  

Supplement facility perimeter security 
lighting with computer monitored infrared 
detection systems. 

Perimeter lighting can be operated when 
night-time illumination is necessary but 
otherwise remain off.  

Tourism operations around seabird colonies 
should manage torch usage so birds are 
not disturbed. 

Consideration should be given to educational 
signage around seabird colonies where 
tourism visitation is generally unsupervised. 

Design and implement a rescue program 
for grounded birds. 

This will not prevent birds grounding, but it is 
an important management action in the 
absence of appropriate light design. Rescue 
programs have proven useful to reducing 
mortality of seabirds. The program should 
include documentation and reporting of data 
about the number and location of rescued 
birds to regulatory authorities. 
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Table 9 Where all other mitigation options have been exhausted and there is a human safety 
need for artificial light, this table provides commercial luminaires recommended for use near 
seabird habitat and those to avoid. 

Light type Suitability for use near seabird 
habitat 

Low Pressure Sodium Vapour  
High Pressure Sodium Vapour  

Filtered* LED  
Filtered* metal halide  
Filtered* white LED  

LED with appropriate spectral 
properties for species present  

White LED  
Metal halide  

White fluorescent  
Halogen  

Mercury vapour  
* ‘Filtered’ means this type of luminaire can be used only if a filter is applied to 
remove the problematic wavelength light.  
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Appendix H - Migratory Shorebirds  

 

Shorebirds, also known as waders, inhabit the shorelines of coasts and inland water bodies for 
most of their lives. Most are from two taxonomic families, the Sandpipers (Scolopacidae) and 
the Plovers (Charadriidae). They are generally distinguished by their relatively long legs, often 
long bills, and most importantly, their associations with wetlands at some stages of their 
annual cycles130.  

At least 215 shorebird species have been described131 and their characteristics include long 
life-spans, but low reproductive output, and they are highly migratory132. Many species have 
special bills for feeding on different prey in wetlands. Their bills contain sensory organs to 
detect the vibrations of prey inside the substrate. Shorebirds are often gregarious during the 
non-breeding season, which is perhaps a mechanism to reduce individual predation risk133 and 
increase the chance of locating profitable feeding patches132. About 62 per cent of shorebird 
species migrate. Some are transoceanic and transcontinental long-distance migrants capable 
of flying up to eight days non-stop, with examples of individuals covering distances up to 
11,500 km134.  

 

Figure 29 Curlew Sandpipers. Photo: Brian Furby. 

There is evidence that night-time lighting of migratory shorebird foraging areas 
may benefit the birds by allowing greater visual foraging opportunities. However, 
where nocturnal roosts are artificially illuminated, shorebirds may be displaced, 
potentially reducing their local abundance if the energetic cost to travel between 
suitable nocturnal roosts and foraging sites is too great.  

Artificial lighting could also act as an ecological trap by drawing migratory 
shorebirds to foraging areas with increased predation risk. Overall the effect of 
artificial light on migratory shorebirds remains understudied and consequently 
any assessment should adopt the precautionary principle and manage potential 
effects from light unless demonstrated otherwise.  
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Conservation Status 

Migratory shorebird species in Australia are protected under international treaties and 
agreements including the Convention on the Conservation of Migratory Species of Wild 
Animals (CMS, Bonn Convention), the Ramsar Convention on Wetlands, and through the East 
Asian - Australasian Flyway Partnership (the Flyway Partnership). The Australian Government 
has bilateral migratory bird agreements with Japan (Japan-Australia Migratory Bird 
Agreement, JAMBA), China (China-Australia Migratory Bird Agreement, CAMBA), and the 
Republic of Korea (Republic of Korea-Australia Migratory Bird Agreement, ROKAMBA). 
In Australia, the Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) 
gives effect to these international obligations. Many species are also protected under state and 
territory environmental legislation. 

There are 37 species listed as threatened and/or migratory species under the EPBC Act and 
are hence Matters of National Environmental Significance (MNES) in Australia. At least 56 
trans-equatorial species belonging to three families: Pratincoles (Glareolidae), Plovers 
(Charadriidae) and Sandpipers (Scolopacidae) have been recorded in Australia135. Of these, 
36 species and one non-trans-equatorial species are listed under the EPBC Act. Three 
species (and one subspecies) of migratory shorebird are listed as “Critically Endangered”, two 
species as “Endangered” and one species (and one subspecies) as “Vulnerable” under the 
EPBC Act. 

These Guidelines should be read in conjunction with EPBC Act Policy Statement 3.21 Industry 
guidelines for avoiding, assessing and mitigating impacts on EPBC Act listed migratory 
shorebird species136.  

 

Distribution 

Migratory shorebirds are found in all states and territories, and are found in Australia 
throughout the year. Peak abundance occurs between August and April, however, sexually 
immature birds defer their northward migration for several years and can be found in Australia 
during the Austral winter months. 

They are predominantly associated with wetland habitats including estuaries and intertidal 
wetlands, coastal beaches, saltmarsh, mangrove fringes, wet grasslands, and ephemeral 
freshwater and salt lakes in inland Australia. Shorebirds are also opportunists and exploit 
artificial habitats such as pastures, tilled land, sewage treatment plants, irrigation canals, 
sports fields and golf courses. Of 397 internationally recognised sites considered important for 
migratory shorebirds along the East Asian–Australasian Flyway, 118 are found in Australia137.   
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Important habitat for migratory shorebirds 

For the purposes of these Guidelines, Important Habitat for migratory shorebirds includes all 
areas that are recognised, or eligible for recognition as nationally or internationally important 
habitat. These habitats are defined in EPBC Act Policy Statement 3.21 Industry guidelines for 
avoiding, assessing and mitigating impacts on EPBC Act listed migratory shorebird species136 
and the Wildlife Conservation Plan for Migratory Shorebirds (2015)138. 

• Internationally important habitat are those wetlands that support one per cent of the 
individuals in a population of one species or subspecies; or a total abundance of at least 
20 000 waterbirds. 

• Nationally important habitat are those wetlands that support 0.1 per cent of the flyway 
population of a single species; 2000 migratory shorebirds; or 15 migratory shorebird 
species. 

Effects of Artificial Light on Migratory Shorebirds 

Artificial light can disorient flying birds, affect stopover selection, and cause their death through 
collision with infrastructure139. Birds may starve as a result of disruption to foraging, hampering 
their ability to prepare for breeding or migration. However, artificial light may help some 
species, particularly nocturnally foraging shorebirds as they may have greater access to 
food140,141. 

Annual cycle and habitat use in migratory shorebirds 

Migratory shorebird species listed on the EPBC Act breed in the northern hemisphere, except 
the Double-banded Plover (Charadrius bicinctus), which breeds in New Zealand. Many of the 
northern hemisphere breeders nest in the arctic or sub-arctic tundra during the boreal summer 
(May – July) and spend the non-breeding season (August – April) in Australia or New Zealand. 
They usually spend five to six months on the non-breeding grounds, where they complete their 
basic (non-breeding plumage) moult, and later commence a pre-alternate (breeding plumage) 
moult prior to their northward migration. While undergoing their pre-alternate moult, shorebirds 
also consume an increased amount of prey to increase their fat storages, permitting them to 
travel greater distances between refuelling sites. Shorebirds refuel in East Asia during their 
northward migration, but during southward migration, some individuals travel across the 
Pacific, briefly stopping on islands to refuel. Shorebirds migrating across the Pacific typically 
have non-breeding grounds in Eastern Australia and New Zealand. Shorebirds returning to 
non-breeding grounds in Western and Northern Australia, once again pass through East Asia 
on their southward journey.  

A common feature for many birds is their reliance on inland or coastal wetland habitats at 
some stages in their annual life-histories. In many migratory shorebirds, despite the vast 
distances they cover every year, they spend most of their time on coastal wetlands except for 
the two months of nesting when they use the tundra or taiga habitats. However, productive 
coastal wetland is localised, which means large proportions, or even entire populations, gather 
at a single site during stopover or non-breeding season. The Great Knot and Greater Sand 
Plover, is an example, with 40 per cent and 57 per cent respectively of their entire flyway 
population spends their non-breeding season at Eighty-Mile Beach in Western Australia137. 
Wetlands commonly used include coastal mudflats and sandflats, sandy beaches, saltmarsh 
and mangrove fringes, ephemeral freshwater wetlands and damp grasslands.  
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The coastal intertidal wetlands favoured by many migratory shorebirds are a dynamic 
ecosystem strongly influenced by the tidal cycle. This is part of the critical transition zones 
between land, freshwater habitats, and the sea. Throughout the East Asian-Australasian 
Flyway, intertidal wetlands have been susceptible to heavy modification for the development of 
farmlands, aquaculture, salt mining, ports and industry.  

Daily activity pattern and habitat use of migratory shorebirds 

The daily activity pattern of shorebirds at coastal wetlands is not only determined by daylight, 
but also tidal cycle131. They feed on the exposed tidal wetland during low tide and roost during 
high tide as their feeding areas are inundated. The birds feed during both the day and night, 
especially in the lead-up to migration142,143. 

Roost site selection can vary between day and night. Shorebirds often use diurnal roosts 
nearest to the intertidal feeding area and may travel further to use safer nocturnal roosts – but 
at greater energetic cost144,145. Roosting habitat can also vary between day and night. 
For example, the Dunlin (Calidris alpina), in California, had a greater use of pasture at night 
(which tended to be less affected by artificial light and disturbances) and relied less on their 
diurnal roosts of islands and artificial structures such as riprap and water pipes146.  

Foraging behaviours differ between day and night, and between seasons143,147. Shorebirds 
typically show a preference for daytime foraging, which occurs over a greater area, and at a 
faster rate, than nocturnal foraging143. Increased prey availability, avoidance of daytime 
predation and disturbance are some reasons for nocturnal foraging147. Two basic types of 
foraging strategies have been described: visual and tactile (touch-based) foraging, with some 
species switching between these strategies. Tactile feeders such as sandpipers can use 
sensory organs in their bills to detect prey inside the substrate in the dark and can switch to 
visual foraging strategy during moonlit nights to take advantage of the moonlight147. Visual 
feeders such as plovers, have high densities of photo receptors, especially the dark adapted 
rods, which allow foraging under low light conditions147,148. Plovers have been shown to 
employ a visual foraging strategy during both the day and night, whereas sandpipers can shift 
from visual foraging during the day, to tactile foraging at night, likely due to less efficient night 
vision143.  

Vision in migratory shorebirds 

There is a dearth of literature on light perception in migratory shorebirds with most studies 
confined to the role of vision in foraging and nothing on the physiology of shorebirds’ eyes or 
their response to different wavelengths of light.  

Birds in general are known to be attracted to, and disoriented by, artificial lights. This could be 
a result of being blinded by the intensity of light that bleaches visual pigments and therefore 
failing to see visual details149 or interference with the magnetic compass used by the birds 
during migration150. An attraction to conventional artificial night lightings may lead to other 
adverse consequences such as reducing fuel stores, delaying migration, increasing the 
chance of collision and thereby, injury and death151.  

Gulls and terns (Anous minutus, Anous tenuirostris and Gygis alba) share visual pigments that 
give them vision in the short wavelength ultraviolet region of the spectrum in addition to the 
violet (blue) region of the spectrum. However, this sensitivity to very short wavelength light is 
rare in seabirds, which are characterised by photopic vision (daylight adapted) sensitivity in the 
mid to long wavelength range of the visible spectrum (590 – 740 nm, orange to red) while their 
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scotopic (low light, dark adapted) vision is more sensitive to short wavelengths of light 
(380 - 485 nm, violet – blue)119. 

Biological impacts on migratory shorebirds 

The exponential increase in the use of artificial light over the past decade means ecological 
light pollution has become a global issue60. Although the extent to which intertidal ecosystems 
are being affected is unclear152, several studies have assessed both the positive and negative 
aspects of light pollution on migratory shorebirds. 

Artificial lighting has been shown to influence the nocturnal foraging behaviour in 
shorebirds141,153. Santos et al (2010) demonstrated three species of plover (Common Ringed 
Plover Charadrius hiaticula, Kentish Plover Charadrius alexandrina and Grey Plover Pluvialis 
squatarola) and two species of sandpiper (Dunlin Calidris alpina and Common Redshank 
Tringa totantus) improved foraging success by exploiting sites where streetlights provided 
extra illumination153. 

Similarly, Dwyer et al (2013) showed artificial light generated from a large industrial site 
significantly altered the foraging strategy of Common Redshanks within an estuary. The 
greater nocturnal illumination of the estuary from the industrial site allowed the birds to forage 
for extended periods using a visual foraging strategy, which was deemed a more effective 
foraging behaviour when compared to tactile foraging141. 

Although shorebirds may be attracted to foraging areas with greater nocturnal illumination, 
artificial light near nocturnal roosting sites may displace the birds. Rogers et al (2006) studied 
the nocturnal roosting habits of shorebirds in north-western Australia, and suggested nocturnal 
roost sites with low exposure to artificial lighting (e.g. streetlights and traffic) were selected, 
and where the risk of predation was perceived to be low140. The study also found nocturnal 
roosts spatially differed from diurnal roosts and required increased energetic cost to access as 
the distance between nocturnal roosts and foraging areas was greater than the distance 
between diurnal roost sites and the same foraging areas145. The overall density of shorebirds 
in suitable foraging areas is expected to decline with increased distance to the nearest roost, 
due to the greater energetic cost travelling between areas144,145. The artificial illumination (or 
lack thereof) of nocturnal roost sites is therefore likely to significantly influence the abundance 
of shorebirds in nearby foraging areas. 

Intermittent or flashing lights could flush out the shorebirds and force them to leave the area, 
especially if the light is persistent (Choi pers. obs. 2018, Straw pers. comm. 2018). 

Artificial light can affect birds in flight. Not only can bright light attract airborne migrants154, but 
artificial light can also affect stop-over selection in long distance migrators which can impact 
on successful migration and decrease fitness139. Similarly, Roncini et al (2015) reported on 
interactions between offshore oil and gas platforms and birds in the North Sea and found 
these were likely to include migratory shorebirds. The review estimated that hundreds of 
thousands of birds were killed each year in these interactions and light was the likely cause. 
The review recognised the gaps in monitoring and concluded that impacts are likely to be 
region, species and platform specific108.   
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Environmental Impact Assessment of Artificial Light on 
Migratory Shorebirds 

As a minimum, Best Practice Lighting Design should be implemented on infrastructure with 
externally visible artificial lighting. Where there is important habitat for migratory shorebirds 
within 20 km of a project, consideration should be given as to whether that light is likely to 
have an effect on those birds. The following sections step through the framework for managing 
artificial light, with specific consideration for migratory shorebirds. The 20 km buffer is based 
on a precautionary approach that sky glow can cause a change in behaviour in other species 
up to 15 km away28. 

Where artificial light is likely to affect migratory shorebirds, consideration should be given to 
mitigation measures at the earliest point in a project and used to inform the design phase. 

It is important to recognise the spatial and temporal characteristics of migratory corridors for 
some migratory shorebird species. Species typically use established migratory pathways at 
predictable times and artificial light intersecting with an overhead migratory pathway should be 
assessed in the same way as for ground-based populations.  

Associated guidance 

• Wildlife Conservation Plan for Migratory Shorebirds (2015)  

• Approved conservation advice 

 

Qualified personnel 

Lighting design/management and the EIA process should be undertaken by appropriately 
qualified personnel. Plans should be developed and reviewed by appropriately qualified 
lighting practitioners who should consult with an appropriately trained marine ornithologist or 
ecologist. People advising on the development of a lighting management plan, or the 
preparation of reports assessing the effect of artificial light on migratory shorebirds, should 
have relevant qualifications equivalent to a tertiary education in ornithology, or equivalent 
experience as evidenced by peer reviewed publications in the last five years on a relevant 
topic, or other relevant experience. 

 

Step 1: Describe the project lighting 

The information collated during this step should consider the biological impact of light on 
migratory shorebirds. They can be affected by light when foraging or migrating at night. 
Artificial light at night may also affect their selection of roost site. The location and light source 
(both direct and sky glow) in relation to feeding and resting areas should be considered, 
depending on whether the birds are active or resting at night. Shorebirds are sensitive to short 
wavelength (blue/violet) light with some species able to detect UV light. However, the intensity 
of lights may be more important than colour. 
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Step 2: Describe the migratory shorebird population and behaviour 

The species, and behaviour of shorebirds in the area of interest should be described. This 
should include the conservation status of the species; abundance of birds; how 
widespread/localised is the population; the migratory corridor location and timing or usage; the 
regional importance of the population; the number of birds in the area in different seasons; and 
their night-time behaviour (resting or foraging). 

Relevant shorebird information can be found in the EPBC Act Policy Statement 3.21 Industry 
guidelines for avoiding, assessing and mitigating impacts on EPBC Act listed migratory 
shorebird species136, Wildlife Conservation Plan for Migratory Shorebirds (2015)138, the 
Protected Matters Search Tool, the National Conservation Values Atlas, state and territory 
listed species information, scientific literature, and local/Indigenous knowledge. 

Where there is insufficient data to understand the population importance or demographics, or 
where it is necessary to document existing shorebird behaviour, field surveys and biological 
monitoring may be necessary.  

Biological monitoring of migratory shorebirds 

Monitoring associated with a project should be developed, overseen and results interpreted by 
appropriately qualified biologists to ensure reliability of the data.  

The objective is to collect data on the abundance of birds and their normal behaviour. Please 
see Survey guidelines for Australia’s threatened birds128. 

The data will be used to inform the EIA and assess whether mitigation measures are 
successful. Suggested minimum monitoring parameters (what is measured) and techniques 
(how to measure them) are summarised in Table 10. 

Table 10 Recommended minimum biological information necessary to assess the importance of 
a migratory shorebird population. Note: the information in this table is not prescriptive and 
should be assessed on a case-by-case basis. 

Target Age 
Class 

Survey Effort Duration Reference 

Adult 

Four surveys of roosting birds 
(one in December, two in January 
and one in February), with an 
additional three to four surveys 
within the same neap-spring tide 
cycle is recommended.  

Two hours 
before and after 
predicted high 
tide. 

Industry guidelines 
for avoiding, 
assessing and 
mitigating impacts 
on EPBC Act listed 
migratory shorebird 
species136 

Immature 

One to two surveys on roosting 
birds between mid-May and mid-
July. 

Two hours 
before and after 
predicted high 
tide. 
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Monitoring migratory shorebird populations 

• Monitor the population (during different seasons) to establish a benchmark for assessing 
abundance before, during and after construction, and during operations to detect project-
related change. 

• Quantify the diurnal and nocturnal habitat use and movement in relation to tidal cycle 
(both high and low tides during the neap and spring tide cycles) in the area under 
baseline conditions to compare with light-affected conditions during construction and 
operations.  

• Measure nocturnal light levels at foraging sites and nocturnal roost sites before and after 
the construction period of a project. 

• Monitor nocturnal roost sites using acoustic recording devices and/or infrared cameras 
to determine nocturnal roost site use following the introduction of artificial light. 

As a minimum, qualitative descriptive data on visible light types, location and directivity should 
also be collected at the same time as the biological data. Handheld camera images can help 
to describe the light. Quantitative data on existing sky glow should be collected, if possible, in 
a biologically meaningful way, recognising the technical difficulties in obtaining these data. See 
Measuring Biologically Relevant Light for a review.  

Step 3: Risk assessment 

The objective of these Guidelines is that light should be managed so that shorebirds are not 
disrupted within or displaced from important habitat and are able to undertake critical 
behaviours such as foraging, roosting and dispersal. These consequences should be 
considered in the risk assessment process. At important shorebird habitats, roosting and 
foraging numbers should remain constant and foraging birds should not be startled or at 
increased risk from predators as a result of increased illumination. 

The assessment should consider the existing light environment, the proposed lighting design 
and mitigation/management, the behaviour of shorebirds at the location, and how the birds 
perceive light. This should include wavelength and intensity information and perspective. To 
understand how/whether shorebirds are likely to see light, a site visit should be made at night 
and the area viewed from the intertidal flats and roosting areas. Similarly, consideration should 
be given to how shorebirds will see light when in flight and along flyways during migration 
periods. 

The type and number of artificial lights should then be considered to assess whether the birds 
are likely to perceive the light, and the possible consequences of light on their behaviour.  

Step 4: Light management plan 

This plan should include all relevant project information (Step 1) and biological information 
(Step 2). It should outline proposed mitigation. For a range of shorebird specific mitigation 
measures see the Migratory Shorebird Light Mitigation Toolbox below. The plan should also 
outline the type and schedule for biological and light monitoring to ensure mitigation is meeting 
the objectives of the plan and triggers for revisiting the risk assessment phase of the EIA. The 
plan should outline contingency options if biological and light monitoring or compliance audits 
indicate that mitigation is not meeting the objectives of the plan (e.g. light is visible on intertidal 
flats, shorebirds cease using resting areas, or birds are grounding or colliding with fixed or 
floating infrastructure, or migrating birds cease using a migratory corridor). 
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Step 5: Biological and light monitoring and auditing 

The success of the plan should be confirmed through monitoring and compliance auditing. The 
results should be used to facilitate an adaptive management approach for continuous 
improvement.  

Biological monitoring is described in Step 2: Describe the Migratory Shorebird Population. 
Concurrent light monitoring should be undertaken and interpreted in the context of how the 
birds perceive light and within the limitations of monitoring techniques described in Measuring 
Biologically Relevant Light. Auditing, as described in the plan, should be undertaken.  

Review 

The EIA should incorporate a continuous improvement review process that allows for 
upgraded mitigations, changes to procedures and renewal of the light management plan. 

 

Migratory Shorebird Light Mitigation Toolbox  

All projects should incorporate the Best Practice Light Design Principles. Appropriate lighting 
controls and light impact mitigation will be site/project and species specific. Table 11 provides 
a toolbox of options that would be implemented in addition to the six Best Practice Light 
Design principles. Not all mitigation options will be relevant for all situations. Table 12 provides 
a suggested list of light types appropriate for use near rookeries or roosting sites and those to 
avoid. 

Table 11 Light management actions specific to migratory shorebirds. 

Management Action Detail 

Implement actions when birds are 
likely to be present. This includes 
peak migration periods (flyway 
locations).  

Birds are found in Australia year-round. Major 
movements along coastlines take place between 
March and April, and August and November. 
Between August and April, shorebird abundance 
peaks. Smaller numbers are found from April to 
August. 

No light source should be directly 
visible from foraging or nocturnal 
roost habitats, or from migratory 
pathways. 

Any light that is directly visible to a person 
standing in foraging or nocturnal roost habitats 
will potentially be visible to a shorebird and 
should be modified to prevent it being seen. 
Similarly, lights should be shielded such that they 
are not visible from the sky. 

Do not install fixed light sources in 
nocturnal foraging or roost areas. 

Installing light sources (e.g. light poles) within 
shorebird habitat may permanently reduce the 
available area for foraging or roosting and 
provide vantage points for predators (e.g. 
raptors) during the day. 
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Management Action Detail 

Prevent mobile light sources shining 
into nocturnal foraging and roost 
habitat. 

The light from mobile sources such as mobile 
lighting towers, head torches or vehicle 
headlights should be prevented from aiming into 
nocturnal foraging or roost areas, as this can 
cause immediate disturbance. 

Maintain a natural barrier (e.g. dune 
and/or vegetation screen) between 
nocturnal foraging and roost areas, 
and sources of artificial light. 

Reducing the exposure of shorebirds to artificial 
light will reduce the risk of predation and 
disturbance.  

Maintain a dark zone between 
nocturnal foraging and roost habitats 
and sources of artificial lights.  

Creating a dark zone between artificial lights and 
shorebird habitat will reduce disturbances to 
shorebirds.  

 

Use curfews to manage lighting near 
nocturnal foraging and roosting areas 
in coastal habitats. For example, 
manage artificial lights using motion 
sensors and timers from 7pm until 
dawn. 

 

Curfews should also consider the tidal cycle if the 
artificial lighting is located coastally, e.g. 
extinguish lighting from two hours before high 
tide, until two hours after high tide, while 
shorebirds are potentially roosting.  

Use of flashing/intermittent lights 
instead of fixed beam. 

For example, small red flashing lights can be 
used to identify an entrance or delineate a 
pathway. The timing of when lights flash must 
follow a predictable, well-spaced pattern. 

Use motion sensors to turn lights on 
only when needed. 

For example, installing motion-activated 
pedestrian lighting within 500 m of nocturnal 
foraging or roost areas may reduce the amount 
of time the habitat is exposed to artificial light. 

Manage artificial light on jetties and 
marinas. 

Shorebirds will often roost on breakwaters and 
jetties, so allowing dark areas in such places may 
provide a safe area for shorebirds to roost.  

Reduce deck lighting to minimum 
required for human safety on vessels 
moored near nocturnal foraging and 
roost areas, and those operating 
offshore. 

Extinguish deck lights when not necessary and 
restrict lighting at night to navigation lights only. 
Offshore vessels should direct light inwards, 
particularly during the migration periods when 
shorebirds are potentially overhead. 

Record bird strike or incidental capture and 
report these interactions to regulatory authorities. 
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Management Action Detail 

Minimise night-time flaring on offshore 
oil and gas production facilities. 

Consider reinjecting excess gas instead of 
flaring. Schedule maintenance flaring during 
daylight hours. 

Record bird strike or incidental capture and 
report these interactions to regulatory authorities. 

Use luminaires with spectral content 
appropriate for the species present. 

Consideration should be given to avoid specific 
wavelengths that are problematic for the species 
of interest. In general this would include avoiding 
lights rich in blue light, however, some birds are 
sensitive to yellow light and other mitigation may 
be required. 

Avoid high intensity light of any 
colour.  

Keeping light intensity as low as possible in the 
vicinity of nocturnal foraging and roost areas will 
minimise impact. 

Prevent indoor lighting reaching 
migratory shorebird habitat. 

Use fixed window screens or window tinting on 
fixed windows and skylights to contain light inside 
buildings. 

In facilities requiring intermittent night 
inspections, turn lights on only during 
the time operators are moving around 
the facility.  
 

Use appropriate wavelength, explosion proof 
LEDs with smart lighting controls and/or motions 
sensors. LEDs have no warmup or cool down 
limitations so can remain off until needed and 
provide instant light when required for routine 
nightly inspections or in the event of an 
emergency.  

Industrial site/plant operators to use 
personal head torches. 

Consider providing plant operators with white 
head torches (explosion proof torches are 
available) for situations where white light is 
needed to detect colour correctly, or in the event 
of an emergency. Operators should avoid shining 
light across nocturnal foraging or roost areas as 
this can cause disturbance. 

Supplement facility perimeter security 
lighting with computer monitored 
infrared detection systems. 

Perimeter lighting can be operated when night-
time illumination is necessary but remain off at 
other times.  
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Table 12 Where all other mitigation options have been exhausted and there is a human safety 
need for artificial light, the following table provides commercial luminaires recommended for 
use near migratory shorebird habitat and those to avoid. 

Light type Suitability for use near migratory shorebird 
habitat 

Low Pressure Sodium Vapour  
High Pressure Sodium Vapour  

Filtered* LED  
Filtered* metal halide  
Filtered* white LED  

LED with appropriate spectral 
properties for species present  

White LED  
Metal halide  

White fluorescent  
Halogen  

Mercury vapour  
* ‘Filtered’ means this type of luminaire can be used only if a filter is applied to remove the 
problematic wavelength light.  
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Glossary 

ACAP is the Agreement on the Conservation of Albatrosses and Petrels. 

ALAN is Artificial Light At Night and refers to artificial light outside that is visible at night. 

Artificial light is composed of visible light as well as some ultraviolet (UV) and infrared (IR) 
radiation that is derived from an anthropogenic source. 

Artificial sky glow is the part of the sky glow that is attributable to human-made sources of 
light (see also sky glow). 

Baffle is an opaque or translucent element to shield a light source from direct view, or to 
prevent light reflecting from a surface like a wall. 

Biologically Important Area (BIA) is a spatially defined area where aggregations of 
individuals of a species are known to display biologically important behaviour, such as 
breeding, feeding, resting or migration.  

Biologically relevant is an approach, interpretation or outcome that considers either the 
species to which it refers, or factors in biological considerations in its approach. 

Brightness is the strength of the visual sensation on the naked eye when lit surfaces are 
viewed. 

Bulb is the source of electric light and is a component of a luminaire. 

CAMBA is the China-Australia Migratory Bird Agreement. 

Candela (cd) (photometric term) is a photometric unit of illumination that measures the 
amount of light emitted in the range of a (three-dimensional) angular span. Luminance is 
typically measured in candela per square meter (cd/m2).  

Charge Coupled Device (CCD) is the sensor technology used in digital cameras. It converts 
captured light into digital data (images) which can be processed to produce quantifiable data. 

CIE is the Commission Internationale de l’Eclairage (International Light Commission), which 
sets most international lighting standards. 

CMS is the Convention on the Conservation of Migratory Species of Wild Animals or the 
Bonn Convention. 

Colour temperature is the perceived colour of a light source ranging from cool (blue) to warm 
(yellow), measured in Kelvin (K). A low correlated colour temperature such as 2500K will have 
a warm appearance while 6500K will appear cold. 

Correlated Colour Temperature (CCT) is a simplified way to characterize the spectral 
properties of a light source and is correlated to the response of the human eye. Colour 
temperature is expressed in Kelvin (K). 

Cumulative light refers to increased sky brightness due to light emissions contributions from 
multiple light producers. Measured as sky glow. 
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Disorientation refers to any species moving in a confused manner e.g. a turtle hatchling 
circling and unable to find the ocean. 

EEZ is the Australian Exclusive Economic Zone. 

EIA is an environmental impact assessment process. 

Electromagnetic radiation is a kind of radiation including visible light, radio waves, gamma 
rays, and X-rays, in which electric and magnetic fields vary simultaneously. 

EPBC Act is the Commonwealth Environment Protection and Biodiversity Act 1999. 

Fallout refers to birds that collide with structures when disoriented. 

Footcandle (fc or ftc) (photometric term) is a unit of light intensity used in America, it is 
based on the brightness of one candle at a distance of one foot. Measured in lumens per 
square foot, one ftc is equal to approximately 10.7639 lux. This is not an appropriate measure 
for understanding how animals perceive light. 

FMP refers to the Field Management Program. 

Genetic stock is a discrete grouping of a species by genetic relatedness. Management of the 
species may be undertaken on a genetic stock basis because each genetic stock represents a 
unique evolutionary history, which if lost cannot be replaced. 

Grounding refers to events where birds fail to take their first flight from the nest or collide with 
a structure (adults and juveniles) and are unable to launch back into the air. 

Habitat critical to the survival of the species is an area defined in a Recovery Plan for a 
listed threatened species that provides for the recovery of the species. 

Horizontal plane, in relation to the light fitting, means the horizontal plane passing through the 
centre of the light source (for example the bulb) of the light fitting. 

HPS is a high-pressure sodium lamp that produces a characteristic wavelength near 589 nm. 

IAATO is the International Association of Antarctica Tour Operators. 

Illuminance is a photometric measure of the total luminous flux incident on a surface, per 
unit area. It is a measure of how much the incident light illuminates the surface, wavelength-
weighted to correlate with human brightness perception. Illuminance is measured in lux (lx) or 
equivalently in lumens per square metre (lm/m2). 

Important habitats are those areas that are necessary for an ecologically significant 
proportion of a listed species to undertake important activities such as foraging, breeding, 
roosting or dispersal. Important habitats will be species specific and will depend on their listing 
status. It will include areas that have been designated as Habitat Critical to Survival of a 
threatened species. 

Incandescent bulb is a bulb that provides light by a filament heated to a high temperature by 
electric current. 

Intensity is the amount of energy or light in a given direction. 

Folio N° 1118



 
NATIONAL LIGHT POLLUTION GUIDELINES 95 

 

Internationally important refers to wetland habitat for migratory shorebirds that support 
one per cent of the individuals in a population of one species or subspecies; or a total 
abundance of at least 20 000 waterbirds. 

IR is infrared radiation and represents a band of the electromagnetic spectrum with 
wavelength from 700 nm to 1 mm. 

Irradiance (radiometric term) is a measurement of radiant flux at or on a known surface 
area, W/m2. This measure is appropriate for understanding animal perception of light. 

IUCN is the International Union for the Conservation of Nature. 

JAMBA is the Japan-Australia Migratory Bird Agreement. 

Kelvin (K) is the absolute unit for temperature and is equal in magnitude to one degree 
Celsius. Kelvin is typically used to describe Correlated Colour Temperature (CCT). 

Lamp is a generic term for a source of optical radiation (light), often called a “bulb” or “tube”. 
Examples include incandescent, fluorescent, high-intensity discharge (HID) lamps, and low-
pressure sodium (LPS) lamps, as well as light-emitting diode (LED) modules and arrays. 

LED is a light-emitting diode, or a semiconductor light source that emits light when current 
flows through it. 

Light fitting (luminaire) is the complete lighting unit. It includes the bulb, reflector (mirror) or 
refractor (lens), the ballast, housing and the attached parts. 

Light is the radiant energy that is visible to humans and animals. Light stimulates receptors in 
the visual system and those signals are interpreted by the brain making things visible. 

Light pollution is the brightening of the night sky caused by artificial light. 

Light spill is the light that falls outside the boundaries of the object or area intended to be lit. 
Spill light serves no purpose and if directed above the horizontal plane, contributes directly to 
artificial sky glow. Also called spill light, obtrusive light or light trespass. 

Lighting controls are devices used for either turning lights on and off, or for dimming. 

Listed species are those species listed under the EPBC Act, or under relevant state or 
territory environment/conservation legislation. Species may be listed as threatened, migratory 
or part of a listed threatened ecological community. 

LNG is liquefied natural gas. 

LPS is a low pressure sodium lamp that produces a characteristic wavelength near 589 nm. 

Luminaire refers to the complete lighting unit (fixture or light fitting), consisting of a lamp, or 
lamps and ballast(s) (when applicable), together with the parts designed to distribute the light 
(reflector, lens, diffuser), to position and protect the lamps, and to connect the lamps to the 
power supply. 

Luminous flux is the total light emitted by a bulb in all directions which is measured in lumen. 

Lumen (lm) (photometric term) is the unit of luminous flux, a measure of the total quantity 
of visible light emitted by a source per unit of time. This is a photometric unit, weighted to the 
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sensitivity of the human eye. If a light source emits one candela of luminous intensity 
uniformly across a solid angle of one steradian, the total luminous flux emitted into that angle 
is one lumen. 

Luminance (cd/m2) is a photometric measure of the luminous intensity per unit area of light 
travelling in a given direction, wavelength-weighted to correlate with human brightness 
perception. Luminance is measured in candela per square metre (cd/m2). Luminance and 
illuminance ("Lux") are related, in the sense that luminance is a measure of light emitted from 
a surface (either because of reflection or because it's a light-emitting surface), and illuminance 
is a measure for light hitting a surface. 

Lux (lx) is a photometric measure of illumination of a surface. The difference between lux 
and candela is that lux measures the illumination of a surface, instead of that of an angle. This 
is not an appropriate measure for understanding how animals perceive light. 

Magnitudes per square arc second (magnitudes/arcsec2) (radiometric term) is a term 
used in astronomy to measure sky brightness within an area of the sky that has an angular 
area of one second by one second. The term magnitudes per square arc second means that 
the brightness in magnitudes is spread out over a square arcsecond of the sky. Each 
magnitude lower (numerically) means just over 2.5 times more light is coming from a given 
patch of sky. A change of 5 magnitudes/arcsec2 means the sky is 100x brighter. 

Misorientation occurs when a species moves in the wrong direction, e.g. when a turtle 
hatchling moves toward a light and away from the ocean. 

MNES are Matters of National Environmental Significance as defined by the EPBC Act and 
include listed threatened and listed migratory species. 

Mounting height is the height of the fitting or bulb above the ground. 

Nationally important habitat are those wetlands that support 0.1 per cent of the flyway 
population of a single species of migratory shorebird; or 2 000 migratory shorebirds; 
or 15 migratory shorebird species. 

Natural sky glow is that part of the sky glow that is attributable to radiation from celestial 
sources and luminescent processes in the Earth’s upper atmosphere. 

Outdoor lighting is the night-time illumination of an area by any form of outside light fitting 
(luminaire). 

Outside light fitting means a light fitting (luminaire) that is attached or fixed outside or on the 
exterior of a building or structure, whether temporary or permanent. 

Photocells are sensors that turn lights on and off in response to natural light levels. Some 
advanced mode can slowly dim or increase the lighting (see also smart controls). 

Photometric terms refer to measurements of light that are weighted to the sensitivity of the 
human eye. They are not include the shortest or the longest wavelengths of the visible 
spectrum and so are not appropriate for understanding the full extent of how animals perceive 
light. 

Photometry is a subset of radiometry that is the measurement of light as it is weighted to the 
sensitivity of the human eye. 
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Point source is light from an unshielded lamp (i.e. directly visible). 

Radiance (radiometric term) is a measure of radiant intensity emitted from a unit area of a 
source, measured in W/m2. 

Radiant flux/power (radiometric term) is expressed in watts (W). It is the total optical power 
of a light source. It is the radiant energy emitted, reflected, transmitted or received, per unit 
time. Sometimes called radiant power, and it can also be defined as the rate of flow of radiant 
energy. 

Radiant intensity (radiometric term) is the amount of flux emitted through a known solid 
angle, W/steradian, and has a directional quantity. 

Radiometric terms refer to light measured across the entire visible spectrum (not weighted to 
the human eye). These are appropriate for understanding how animals perceive light. 

Radiometry is the measurement of all wavelengths across the entire visible spectrum (not 
weighted to the human eye). 

Reflected light is light that bounces off a surface. Light coloured surfaces reflect more light 
than darker coloured surfaces. 

ROKAMBA is the Republic of Korea-Australia Migratory Bird Agreement. 

Sensitive receptor is any living organism that has increased sensitivity or exposure to 
environmental contaminants that may have adverse effects. 

Shielded light fitting is a physical barrier used to limit or modify the light paths from a 
luminaire. 

Sky glow is the brightness of the night sky caused by the cumulative impact of reflected 
radiation (usually visible light), scattered from the constituents of the atmosphere in the 
direction of observation. Sky glow comprises two separate components: natural sky glow and 
artificial sky glow (see also natural sky glow and artificial sky glow). 

Smart controls are devices to vary the intensity or duration of operation of lighting, such as 
motion sensors, timers and dimmers used in concert with outdoor lighting equipment. 

Spectral power curve provides a representation of the relative presence of each wavelength 
emitted from a light source.  

Task lighting is used to provide direct light for specific activities without illuminating the entire 
area or object. 

Upward Light Ratio (ULR) is the proportion of the light (flux) emitted from a luminaire or 
installation that is emitted at and above the horizontal, excluding reflected light when the 
luminaire is mounted in its parallel position. ULR is the upward flux/total flux from the 
luminaire. 

UV is ultraviolet light and represents a band of the electromagnetic spectrum with wavelength 
from 10 nm to 400 nm. 

Visible light transmittance is the proportion of light transmitted by window glass which is 
recorded as either TVw (visible transmittance of the window) and is reported as a 
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dimensionless value between 0 and 1, or 0 and 100%.  A low TVw (e.g. < 30%) indicates little 
light is transmitted through the glass while higher TVw values are associated with increasing 
light transmittance. While the VLT/Tvw rating varies between 0 and 1, most double glazed 
windows rate between 0.3 and 0.7, which means that between 30% and 70% of the available 
light passes through the window. 

W/m2 is a measure of radiance, the radiant intensity emitted from a unit area of a source (see 
radiance). This is an appropriate measure for understanding how animals perceive light. 

Wattage is the amount of electricity needed to light a bulb. Generally, the higher the wattage, 
the more lumens are produced. Higher wattage and more lumens give a brighter light.  

Wavelength as light travels through space it turns a wave with evenly spaces peaks and 
troughs. The distance between the peaks (or the troughs) is called the wavelength of the light. 
Ultraviolet and blue light are examples of short wavelength light while red and infrared light is 
long wavelength light. The energy of light is linked to the wavelength; short wavelength light 
has much higher energy than long wavelength light.  

Zenith is an imaginary point directly above a location, on the imaginary celestial sphere. 
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Abstract

Technological developments in municipal lighting are altering the spectral characteristics of artificially lit habitats.
Little is yet known of the biological consequences of such changes, although a variety of animal behaviours are
dependent on detecting the spectral signature of light reflected from objects. Using previously published wavelengths
of peak visual pigment absorbance, we compared how four alternative street lamp technologies affect the visual abili-
ties of 213 species of arachnid, insect, bird, reptile and mammal by producing different wavelength ranges of light to
which they are visually sensitive. The proportion of the visually detectable region of the light spectrum emitted by
each lamp was compared to provide an indication of how different technologies are likely to facilitate visually guided
behaviours such as detecting objects in the environment. Compared to narrow spectrum lamps, broad spectrum tech-
nologies enable animals to detect objects that reflect light over more of the spectrum to which they are sensitive and,
importantly, create greater disparities in this ability between major taxonomic groups. The introduction of broad
spectrum street lamps could therefore alter the balance of species interactions in the artificially lit environment.
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Introduction

Artificial lights have been used to illuminate the night-
time environment for over a century, during which
numerous alternative lighting technologies have arisen,
each emitting light with unique spectral characteristics
(Elvidge et al., 2010). Now widely distributed, artificial
lighting is spreading at a rate of 6% per year globally
(H€olker et al., 2010). Indeed, by 2001 it was estimated
that the fraction of land under skies that were artifi-
cially brightened above natural background levels
already exceeded 10% in 66 nations across the planet
(Cinzano et al., 2001). Organisms have evolved under
the intensities, timings and spectral composition of
light emitted from the sun and stars, and reflected from
the moon. However, artificial lighting is changing all
these aspects of natural light regimes (Gaston et al.,
2012) leading to a potentially diverse array of ecological
impacts (Longcore & Rich, 2004; Perkin et al., 2011;
Gaston et al., 2013). A recent surge in research activity
has revealed that artificially lighting the nocturnal envi-
ronment can have impacts ranging from changes in
animal behaviour (Rydell, 1992; Bird et al., 2004; Eisen-
beis, 2006; Stone et al., 2009; Titulaer et al., 2012) to the
composition of whole communities (Davies et al., 2012).
Yet, because artificial light pollution has only recently

become widely recognized as an environmental issue,
studies on its ecological effects remain relatively scarce.
Since the second half of the 20th century, narrow

spectrum Low Pressure Sodium (LPS) lighting, with a
characteristic orange hue, has been the most common
form of street lighting in many regions. However,
ongoing advances in street lighting technology have led
to the increasing adoption of broader spectrum light
sources such as High Pressure Sodium (HPS), Light
Emitting Diode (LED) and Metal Halide (MH) lamps
(Elvidge et al., 2010), which provide improved colour
rendering capabilities for humans. Shifting and broad-
ening the spectra of street lamps may lead to unfore-
seen environmental impacts because the spectral
signature reflected from objects is an important cue that
guides a number of animal behaviours, including, for
example, the detection of resources (Chittka et al., 1994;
Hempel de Ibarra & Vorobyev, 2009; Macedonia et al.,
2009; Chiao et al., 2011; Zou et al., 2011), mate selection
(Andersson et al., 1998; Hunt et al., 2001; Robertson &
Monteiro, 2005; Lim et al., 2008) and navigation (Cheng
et al., 1986; M€oller, 2002; Mappes & Homberg, 2004;
Reppert et al., 2004; Ugolini et al., 2005). Here, we ask
whether the use of broad spectrum street lighting tech-
nologies is likely to improve the ability of animals to
perform tasks during the night which are guided by the
detection of light reflected from objects, and whether
this could alter the balance of species interactions.
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Materials and methods

Overview

We based our analysis on a novel collation of previously pub-
lished wavelengths at which the visual pigments contained
within the photoreceptors of 213 species of animal (compris-

ing 7 arachnids, 112 insects, 16 birds, 32 reptiles and 46 mam-
mals) maximally absorb light (kmax) (see Table S1). Using a
previously derived formula which describes the absorbance

properties of visual pigments based on their kmax (see Gov-
ardovskii et al., 2000 for details), we then modelled the absor-
bance of the visual pigments in each species from 200 to

750 nm and estimated the maximum (maxk0.5) and minimum
(mink0.5) wavelengths of half maximum absorbance (Fig. 1) to
determine the range of wavelengths detectable by each species
(k0.5 range). By comparing the region of the light spectrum

over which LPS, HPS, LED and MH lamps emit light (klight
range) with the region of the light spectrum over which the
visual pigments in animal eyes absorb more than half of the

light passing through them (k0.5 range), we obtained a value of
the proportion of the visually detectable wavelength range at
greater than half maximum absorbance which is stimulated by

each type of street lamp (% k0.5 range). By way of example,
Fig. 1 illustrates how the % k0.5 range of the visual system in
humans relates to the objects we can detect in the environment
under each type of street lamp. LPS lamps emit light over a

narrow region of the light spectrum to which human photore-
ceptors are sensitive, hence objects that reflect light mainly
outside this region appear dim or are not seen at all. HPS,

LED and MH lamps emit light over a greater proportion of the
light spectrum to which humans are sensitive (Fig. 1), hence
more objects are easily detected under these lighting technolo-

gies because they are better discriminated in colour and
brightness. The % k0.5 range is a useful comparative index of
the ability of animals to detect light reflected from ecologically
relevant objects in their environment, because it represents the

proportion of the visually detectable region of the light
spectrum illuminated by a light source.

Values of % k0.5 range were compared both between light-

ing technologies within each animal class, and between animal
classes within each lighting technology using Markov Chain
Monte Carlo regression (see below). To aid the interpretation

of any patterns observed in the data, we also estimated the
average maximum and minimum wavelengths at which the
visual pigments of each animal group absorb more than half
of the light entering the photoreceptor (max k0.5 and min k0.5)
(Fig. 2a).

Data collection (a) visual pigment kmax

Values of photoreceptor visual pigment kmax were collected
for 248 species of animal through an extensive literature
search (see Table S1), and used to model the a and the b absor-

bance curves of the corresponding visual pigments using a
standard formula (Govardovskii et al., 2000). Values of min
k0.5, max k0.5 and k0.5 range were then calculated for each of

the 213 species. The remaining 35 species were omitted from
the analysis due to missing values of kmax for the visual

pigments of known photoreceptors. For example, while the

majority of insects possess UV photoreceptor cells, they have
not been characterized in every studied species due to techno-
logical limitations (Bernard & Stavenga, 1979; Peitsch et al.,
1992; Briscoe & Chittka, 2001). In species of insect for which
the spectral sensitivity functions were available separately for
females and males, either the sex for which fewer visual pig-

ment kmax wavelengths were quantified was omitted from the
analysis, or if the number of visual pigments quantified was
identical between sexes the male was omitted from the
analysis. New World primates of the same species can be

either dichromatic or trichromatic (Jacobs & Deegan, 2003). To
prevent duplicating results for any one species, it was
assumed that all individuals of each polymorphic species

were trichromatic. The short, medium and long wave sensitive
photoreceptors of birds and some diurnal reptiles are associ-
ated with oil droplets which alter the transmittance of light to

the visual pigment and change the maximum wavelengths at
which these pigments half maximally absorb light (UV
sensitive photoreceptors and all photoreceptors in nocturnal
reptiles possess clear oil droplets which do not affect the trans-

mittance of light to the visual pigment; e.g., Hart & Vorobyev,
2005). For the birds and diurnal reptiles, changes in the absor-
bance curves of short, medium and long wavelength photore-

ceptors due to oil droplet transmittance were modelled prior
to the estimation of min k0.5 and max k0.5 using the method
outlined by Hart & Vorobyev (2005) and published values of

oil droplet cut-off wavelengths (kcut) or wavelengths at half
maximum absorbance (kmid) (see Table S1). In a few species,
lens absorption produces a cut-off effect slightly limiting the
visual range, but it has not been measured widely across

species, therefore it was not included.

Data collection (b) light spectra

The spectral compositions of four glass housed street lamps,
one representative of each of the LPS (35W Thorn Beta 5
installed 12/2009), HPS (250W ZX3, Urbis installed 07/

2008), LED (120W Ledway, Ruud installed 11/2010) and
MH (45W Evolo lantern, Urbis installed 12/2009) technolo-
gies, were collected from municipal lighting installations in

Cornwall, UK. While some variation exists in the exact
spectra emitted by different makes and models of each
technology, our selection was representative of the common
differences between these technologies (narrow vs. broad

spectrum, and UV vs. non-UV emissive). Light spectra were
quantified using a MAYA2000-Pro spectrometer collecting
light from a CC-3-UV-S cosine corrector connected via a

1000 lm fibre optic cable (Ocean Optics). The cosine correc-
tor was held at ground level during measurements to cap-
ture the light spectra that most animals are likely to be

exposed to. The resulting light spectra were used to quantify
the region over which each lamp technology emits light
(klight range).

Data analysis

Photoreceptor signals are mainly determined by the maxi-
mum absorption of the photopigment at the wavelength kmax,

© 2013 Blackwell Publishing Ltd, Global Change Biology, 19, 1417–1423
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and a photoreceptor’s sensitivity decreases steeply with

increasing distance from this peak sensitivity wavelength
(Fig. 1). Visual systems have mostly evolved sets of receptors
where sensitivities are well separated to avoid overlapping

within the receptor’s most sensitive range, usually between
the half maximally sensitive (k0.5) and kmax. Such spacing of
photoreceptor sensitivities enables the effective coding of col-

ours and increases an animal’s ability to discriminate and
recognize colours. Visual performance is influenced to a much
lesser extent by the absorption of light in the low-sensitivity
wavelength range. Therefore, the region of the light spectrum

to which each species is more than half maximally sensitive
(k0.5 range) was determined as the visual range. The
percentage of k0.5 range stimulated by each street lamp

technology (% k0.5 range) was then estimated as the fraction of

the k0.5 range overlapped by the klight range (Fig. 1).
Means and 95% credibility interval values of min k0.5, max

k0.5 and % k0.5 range were estimated for each animal class per-

ceiving light emitted from each type of street lamp using zero
intercept Markov Chain Monte Carlo regression (MCMCre-
gress; CRAN: MCMCpack; Martin et al., 2010) (1001 : 11000

iterations). Means and 95% credibility intervals of the differ-
ence in % k0.5 range between street lamp types were estimated
separately for each animal class, and separately for each street
lamp type when comparing between animal classes, using

MCMC regression with a fitted intercept (1001 : 11000 itera-
tions). The resulting pairwise comparisons were interpreted in
a manner analogous to parametric pairwise comparison tests.

Where the credibility intervals of the difference between two
street lamp types or animal classes did not bound 0, there is a
95% probability that they are different.

Results

The results indicate that the four street lighting technol-
ogies can be divided into three categories based on how
likely they are to facilitate the detection of objects
reflecting light in different regions of the spectrum
(Table 1; Fig. 2b): narrow spectrum lamps which do
not emit UV light (LPS), broad spectrum lamps which
do not emit UV light (HPS and LED) and broad spec-
trum lamps which do emit UV light (MH). There was a
greater than 95% probability that the narrow spectral
range of light emitted by LPS lamps stimulated the

(a)

(b)

(c)

(d)

(e)

Fig. 1 The colour vision performance of human beings under

light emitted from four contrasting street lighting technologies.

(a). LPS lamps which emit light over a narrow region of the light

spectrum (krange light) stimulate a smaller proportion of the

region of the light spectrum to which human visual pigments

are half maximally sensitive (k0.5 range) (dashed line), hence

objects which reflect light outside of this range appear less

bright (colour wheel insert). (b,c,d). Broad spectrum street light-

ing technologies (HPS, LED, MH) emit light across a broader

region of the light spectrum to which humans are sensitive,

allowing us to identify objects reflecting light across a broader

range of wavelengths. (e). The visual performance of humans

under each of the street lighting types can be compared using

an index (% k0.5 range stimulated) calculated as the percentage

of k0.5 range overlapped by krange light. A–D. Solid black lines

represent the a and b band absorbance curves for the three

visual pigments used to detect light in the human visual system.

The emission spectrum of each street light is represented by the

filled curve. The plot background approximates the colour of

the light detected at each wavelength by the human visual sys-

tem. UV light is emitted below 400 nm and infrared light above

700 nm. Colour wheel inserts are photographic images taken of

the same colour wheel under each of the street lighting types

using a standard digital SLR camera which detects red, green

and blue light at approximately the same wavelengths as

human visual pigments are maximally sensitive.

© 2013 Blackwell Publishing Ltd, Global Change Biology, 19, 1417–1423
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smallest proportion of the light spectrum to which ani-
mals are sensitive (Table 1) spanning from 5 ! 3.66%
k0.5 range in the arachnids to 13.1 ! 2.4% k0.5 range in
the birds (Fig. 2b). Metal Halide (MH) lamps stimu-
lated the largest proportion of the light spectrum to
which animals are sensitive spanning from 77.9 ! 5.4%
k0.5 range in the arachnids to 97.1 ! 2.1% k0.5 range in
the mammals (Fig. 2b). There was a greater than 95%
probability that MH lamps stimulated a larger percent-
age of the k0.5 range than each of the remaining lighting
technologies (Table 1). HPS and LED lighting technolo-
gies stimulate similar percentages of the k0.5 range in all
classes of animal studied (Table 1). The broad emission
spectra of these technologies stimulate a higher per-
centage of the k0.5 range in comparison to LPS lamps
with greater than 95% probability (Table 1) in all five
animal classes, but to a lesser extent than MH lamps
(Table 1; Fig. 2b).
In addition to changing the ability of animals to

detect light reflected from objects in general, the con-
trasting lighting technologies also affected the compar-
ative ability of different taxonomic groups to detect

light reflected from objects. LPS lamps stimulate more
of the k0.5 range of birds and mammals compared to
arachnids, insects and reptiles with greater than 95%
probability (Fig. 2b; Table 2). HPS, LED and MH lights,
however, increase the number and magnitude of
differences in % k0.5 range between animal classes with
a greater than 95% probability (Table 2). These differ-
ences are greatest between the mammals and the
remaining animal classes under LED and HPS lamp
types (Table 2) because mammals detect light over a
narrower region of the light spectrum (Fig. 2a). Simi-
larly, the k0.5 range of birds extends less into the shorter
wavelengths compared to insects, arachnids and rep-
tiles (Fig. 2a), hence there was a greater than 95% prob-
ability that a higher percentage of the light spectrum
detected by birds is stimulated under HPS, LED and
MH lamps (Table 2).

Discussion

Our results suggest that the installation of broader
spectrum lighting technologies in artificially lit habitats

Table 1 The difference in the percentage of the visual range

at greater than half maximum absorbance (% k0.5 range) stim-
ulated by each of the four contrasting street lighting technolo-
gies compared within five classes of animal

Class

Street lamp type

LPS HPS LED

Arachnida HPS 55.9(51.7,60.1)
LED 54.1(50.0,58.3) "1.8(-6.0,2.3)
MH 72.9(68.6,77.0) 16.9(12.7,21.1) 18.8(14.5,22.9)

Aves HPS 59.2(54.4,63.8)
LED 57.4(52.7,62.1) "1.8("6.5,2.9)

MH 75.1(70.4,79.9) 16.0(11.2,20.6) 17.8(13.0,22.5)
Insecta HPS 57.8(55.7,59.8)

LED 56.1(54.0,58.1) "1.7("3.8,0.3)

MH 73.7(71.6,75.7) 15.9(13.8,18.0) 17.7(15.6,19.7)
Mammalia HPS 71.9(68.2,75.5)

LED 69.7(66.0,73.3) "2.3("5.9,1.3)

MH 85.4(81.7,89.0) 13.5(9.7,17.1) 15.7(12.0,19.4)
Reptiles HPS 56.1(53.6,58.5)

LED 54.4(51.9,56.8) "1.7("4.2,0.7)

MH 71.9(69.4,74.3) 15.8(13.3,18.2) 17.5(15.0,20.0)

Values represent the mean difference and 95% credibility
intervals of the difference (values in parentheses) in % k0.5
range stimulated by each lamp type. Values are derived from
the pairwise comparison outputs from Markov Chain Monte
Carlo simulations performed between factor levels going

across the table subtracted from factor levels going down the
table. Where values in parentheses do not bound zero there is
a 95% probability that the two factor levels are different

(underlined results).

(a) (b)

Fig. 2 The percentage of the visual range stimulated by four

contrasting street lighting technologies in five classes of animal.

(a) The k0.5 range of animals estimated for five classes. The aver-

age minimum and maximum wavelengths of half maximum

visual pigment absorbance are denoted by points with error

bars representing 95% credibility intervals estimated using

MCMC regression. Values quoted under dashed lines represent

the number of species on which derived values are based.

(b) The percentage of the visual range at more than half maxi-

mum absorbance stimulated by each street light in each of five

classes of animal. Means and 95% credibility intervals (error

bars) were estimated using MCMC regression.
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is likely to improve the ability of animals to detect light
reflected from objects in their environment at night,
and has the potential to generate greater disparities in
this ability between different classes of animal. These
improvements in object detection under broad spec-
trum street lights are likely to affect the execution of
visually guided behaviours in animals, altering their
normal activity times and spatially extending or frag-
menting habitats. All three broad spectrum lighting
technologies provided significant improvements in the
% k0.5 range in comparison to narrow spectrum LPS
lamps. MH lamps provided the greatest improvements
in all five taxonomic classes. Hence, where these are in
use, a greater variety of objects reflecting light in differ-
ent regions of the light spectrum will appear brighter
and more colourful to animals compared with alterna-
tive street lamp technologies. While LPS lamps illumi-
nate objects reflecting light across the smallest region of
the light spectrum, our results suggest that in areas illu-
minated by LPS lamps, birds and mammals are better
able to detect objects that reflect light in this region
compared to arachnids, insects and reptiles. The intro-
duction of broader spectrum technologies, however,
increases the number, and the magnitude of the differ-
ences between animal classes, in the proportion of the
visually detectable light spectrum illuminated, with
mammals and birds displaying the largest improve-
ments. Most mammals possess dichromatic vision

spanning a less extended range of the light spectrum in
comparison to birds, reptiles, arachnids and insects
(Fig. 2a; see Table S1) that typically can detect light at
wavelengths below 400 nm (UV) (Tov"ee, 1995; Briscoe
& Chittka, 2001; Hart & Hunt, 2007; Osorio & Voro-
byev, 2008). Birds do possess UV sensitive photorecep-
tors, but their sensitivity extends less into the shorter
wavelengths compared to insects, arachnids and rep-
tiles (Fig. 2a). Broad spectrum lamp types therefore
stimulate a larger percentage of the k0.5 range in mam-
mals and birds in general, compared with other classes
of animal, improving their ability to perform visually
guided behaviours with greater acuity and potentially
upsetting the balance of interspecific interactions.
Our results provide an overview of how shifting arti-

ficial light spectra are likely to affect visually guided
behaviours in broad taxonomic groups of animal. How-
ever, the k0.5 range of individual species can be variable
within each taxonomic group, and therefore caution
should be exercised when applying the results of a
group in general to any one specific species within that
group. For example, the number of photoreceptor types
in insect eyes is variable between different orders
(Table S1) giving rise to variation in the proportion of
k0.5 range illuminated by each type of artificial light. In
addition, the number of species for which kmax values
are available in the literature varies between taxonomic
groups (Table S1), and while the main results of this

Table 2 The difference in the percentage of the visual range at greater than half maximum absorbance (% k0.5 range) stimulated

by each of four contrasting street lighting technologies compared between five classes of animal

Street lamp type

Class

Arachnida Aves Insecta Mammalia

LPS Aves 8.0(3.6,12.3)
Insecta 2.5("1.3,6.2) "5.5("8.1,"3.0)

Mammalia 6.7(2.8,10.6) "1.3("4.1,1.4) 4.2(2.5,5.9)
Reptilia 4.3(0.3,8.3) "3.8("6.7,"0.8) 1.8("0.2,3.7) "2.4("4.6,"0.2)

HPS Aves 11.3(3.4,18.9)
Insecta 4.4("2.4,11.0) "6.9("11.4,"2.3)

Mammalia 22.7(15.7,29.7) 11.4(6.4,16.4) 18.3(15.3,21.4)
Reptilia 4.4("2.8,11.7) "6.8("12.1,"1.6) 0.1("3.4,3.6) "18.2("22.2,"14.2)

LED Aves 11.3(3.4,18.9)
Insecta 4.4("2.3,11.1) "6.9("11.4,"2.3)

Mammalia 22.2(15.2,29.2) 10.9(5.9,15.9) 17.8(14.8,20.8)
Reptilia 4.5("2.7,11.8) "6.8("12.1, "1.5) 0.1("3.4,3.6) "17.7("21.7,"13.7)

MH Aves 10.3(3.8,16.6)
Insecta 3.4("2.3,8.9) "6.9("10.7,"3.2)

Mammalia 19.2(13.4,25.0) 8.9(4.8,13.0) 15.8(13.4,18.4)
Reptilia 3.3("2.7,9.3) "7.0("11.4,"2.6) "0.1("2.9,2.8) "15.9("19.2,"12.6)

Values represent the mean difference and 95% credibility intervals of the difference (values in parentheses) in % k0.5 range stimu-
lated by each street lamp type. Values were derived from the pairwise comparison outputs from Markov Chain Monte Carlo simu-
lations performed between factor levels going across the table subtracted from factor levels going down the table. Where values in

parentheses do not bound zero there is a 95% probability that the two factor levels are different (underlined results).
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study are unlikely to be affected, the k0.5 range will
inevitably adjust as data become available for more spe-
cies and additional photoreceptors in those groups
which are not currently well investigated (for example
the arachnids). These results are not therefore conclu-
sive, rather they should be considered as a platform of
predictions which incentivises further studies into the
impact of broadening artificial light spectra on visually
guided behaviours in animals.
The ecological impacts of artificially lighting the noc-

turnal environment are increasingly being recognized
(Frank, 2006; Stone et al., 2012; Titulaer et al., 2012),
with some studies drawing attention to the potential
impact of shifting spectral signatures (Eisenbeis, 2006;
Stone et al., 2012). This study has highlighted that such
changes may be affecting visually guided behaviours in
species across the animal kingdom. The range of poten-
tial impacts are diverse and may include extending the
times of foraging and sexual competition of diurnal and
crepuscular animals into the night (Robertson & Monte-
iro, 2005; Somanathan et al., 2009; Titulaer et al., 2012),
improving both prey detection and predator avoidance
(Roth & Kelber, 2004), changing the ability of organisms
to navigate around their environment (Warrant et al.,
2004, Somanathan et al., 2008; Stone et al., 2009; van
Langevelde et al., 2011) and affecting the ability of polli-
nating species to detect nectar resources (Kelber et al.,
2002; Hempel de Ibarra & Vorobyev, 2009). Whether
broadening artificial light spectra will elicit positive or
negative species responses is likely to depend on the
species and the behaviour being considered. For exam-
ple, the presence of LED lighting increases feeding rates
in nesting Great Tits Parus major (Titulaer et al., 2012),
while the bat Rhinolophus hipposideros avoids areas lit by
HPS and LED lighting (Stone et al., 2009, 2012) poten-
tially due to perceived predation risk (Rydell, 1992).
Metal Halide (MH) lamps are likely to provide the larg-
est improvements in animal vision because they emit
light that is both broad and contains UV in its spectral
composition. Many of the above tasks depend on the
perception of UV light reflected from objects by animals
that can detect light at these wavelengths. Hence, the
introduction of broader spectrum lighting technologies
containing UV may have more profound consequences
for biological systems than non-UV broad spectrum
lighting technologies. All three broad spectrum technol-
ogies, however, create larger disparities in % k0.5
between animal groups compared with narrow spec-
trum LPS lamps, and so have greater potential to alter
the balance of interspecific interactions in the environ-
ment. Evaluating the direct environmental impacts of
each of these different lamp types is clearly essential in
a world where the artificially lit night-time environ-
ment is increasingly becoming ‘white’.

Acknowledgements

The research leading to this manuscript has received funding
from the European Research Council under the European
Union’s Seventh Framework Programme (FP7/2007–2013)/ERC
grant agreement no. 268504 to K.J.G.

References

Andersson S, Ornborg J, Andersson M (1998) Ultraviolet sexual dimorphism and

assortative mating in blue tits. Proceedings of the Royal Society B, 265, 445–450.

Bernard GD, Stavenga DG (1979) Spectral sensitivities of retinular cells measured in

intact, living flies by an optical method. Journal of Comparative Physiology A, 134,

95–107.

Bird BL, Branch LC, Miller DL (2004) Effects of coastal lighting on foraging behavior

of beach mice. Conservation Biology, 18, 1435–1439.

Briscoe AD, Chittka L (2001) The evolution of color vision in insects. Annual Review of

Entomology, 46, 471–510.

Cheng K, Collett TS, Wehner R (1986) Honeybees learn the colours of landmarks.

Journal of Comparative Physiology A, 159, 69–73.

Chiao C-C, Wickiser JK, Allen JJ, Genter B, Hanlon RT (2011) Hyperspectral imaging

of cuttlefish camouflage indicates good color match in the eyes of fish predators.

Proceedings of the National Academy of Sciences, U.S.A., 108, 9148–9153.

Chittka L, Shmida A, Troje N, Menzel R (1994) Ultraviolet as a component of flower

reflections, and the colour perception of Hymenoptera. Vision Research, 34, 1489–

1508.

Cinzano P, Falchi F, Elvidge CD (2001) The first world atlas of the artificial night sky

brightness. Monthly Notices of the Royal Astronomical Society, 328, 689–707.

Davies TW, Bennie J, Gaston KJ (2012) Street lighting changes the composition of

invertebrate communities. Biology Letters, 8, 764–767.

Eisenbeis G (2006) Artificial night lighting and insects: attraction of insects to street-

lamps in a rural setting in Germany. In: Ecological Consequences of Artificial Night

Lighting (eds Rich C, Longcore T), pp. 281–304. Island Press, Washington.

Elvidge CD, Keith DM, Tuttle BT, Baugh KE (2010) Spectral identification of lighting

type and character. Sensors, 10, 3961–3988.

Frank KD (2006) Effects of artificial night lighting on moths. In: Ecological Conse-

quences of Artificial Night Lighting (eds Rich C, Longcore T), pp. 305–344. Island

Press, Washington.

Gaston KJ, Davies TW, Bennie J, Hopkins J (2012) Reducing the ecological conse-

quences of night-time light pollution: options and developments. Journal of Applied

Ecology, 49, 1256–1266.

Gaston KJ, Bennie J, Davies TW, Hopkins J (2013) The ecological impacts of night-

time light pollution: a mechanistic appraisal. Biological Reviews, (in press).

Govardovskii VI, Fyhrquist N, Reuter T, Kuzmin DG, Donner K (2000) In search of

the visual pigment template. Visual Neuroscience, 17, 509–528.

Hart NS, Hunt DM (2007) Avian visual pigments: characteristics, spectral tuning, and

evolution. The American Naturalist, 169, S7–S26.

Hart NS, Vorobyev M (2005) Modelling oil droplet absorption spectra and spectral

sensitivities of bird cone photoreceptors. Journal of Comparative Physiology A, 191,

381–392.

Hempel de Ibarra N, Vorobyev M (2009) Flower patterns are adapted for detection by

bees. Journal of Comparative Physiology A, 195, 319–323.

H€olker F, Moss T, Griefahn B et al. (2010) The dark side of light: a transdisciplinary

research agenda for light pollution policy. Ecology and Society, 15, report number 13.

Hunt S, Cuthill IC, Bennett ATD, Church SC, Partridge JC (2001) Is the ultraviolet

waveband a special communication channel in avian mate choice? Journal of Exper-

imental Biology, 204, 2499–2507.

Jacobs GH, Deegan JF (2003) Cone pigment variations in four genera of new world

monkeys. Vision Research, 43, 227–236.

Kelber A, Balkenius A, Warrant EJ (2002) Scotopic colour vision in nocturnal hawk-

moths. Nature, 419, 922–925.

van Langevelde F, Ettema JA, Donners M, WallisDeVries MF, Groenendijk D (2011)

Effect of spectral composition of artificial light on the attraction of moths. Biological

Conservation, 144, 2274–2281.

Lim MLM, Li J, Li D (2008) Effect of UV-reflecting markings on female mate-choice

decisions in Cosmophasis umbratica, a jumping spider from Singapore. Behavioral

Ecology, 19, 61–66.

Longcore T, Rich C (2004) Ecological light pollution. Frontiers in Ecology and the Envi-

ronment, 2, 191–198.

© 2013 Blackwell Publishing Ltd, Global Change Biology, 19, 1417–1423

1422 T. W. DAVIES et al.
Folio N° 1137



Macedonia JM, Lappin AK, Loew ER et al. (2009) Conspicuousness of Dickerson’s

collared lizard (Crotaphytus dickersonae) through the eyes of conspecifics and

predators. Biological Journal of the Linnean Society, 97, 749–765.

Mappes M, Homberg U (2004) Behavioral analysis of polarization vision in tethered

flying locusts. Journal of Comparative Physiology A, 190, 61–68.

Martin AD, Quinn KM, Hee Park J (2010) MCMCpack: Markov chain Monte Carlo

(MCMC) package. R package version 1.0-7.

M€oller R (2002) Insects could exploit UV-green contrast for landmark navigation.

Journal of Theoretical Biology, 214, 619–631.

Osorio D, Vorobyev M (2008) A review of the evolution of animal colour vision and

visual communication signals. Vision Research, 48, 2042–2051.

Peitsch D, Fietz A, Hertel H, Souza J, Ventura DF, Menzel R (1992) The spectral input

systems of hymenopteran insects and their receptor-based colour vision. Journal of

Comparative Physiology A, 170, 23–40.

Perkin EK, Holker F, Richardson JS, Sadler JP, Wolter C, Tockner K (2011) The Influ-

ence of artificial light on stream and riparian ecosystems: questions, challenges

and perspectives. Ecosphere, 2, 1–16.

Reppert SM, Zhu H, White RH (2004) Polarized light helps monarch butterflies navi-

gate. Current Biology, 14, 155–158.

Robertson KA, Monteiro AN (2005) Female Bicyclus anynana butterflies choose males

on the basis of their dorsal UV-reflective eyespot pupils. Proceedings of the Royal

Society B, 272, 1541–1546.

Roth LSV, Kelber A (2004) Nocturnal colour vision in geckos. Proceedings of the Royal

Society of London. Series B, 271, S485–S487.

Rydell J (1992) Exploitation of insects around streetlamps by bats in Sweden. Func-

tional Ecology, 6, 744–750.

Somanathan H, Borges RM, Warrant EJ, Kelber A (2008) Nocturnal bees learn land-

mark colours in starlight. Current Biology, 18, R996–R997.

Somanathan H, Kelber A, Borges R, Wall"en R, Warrant E (2009) Visual ecology of

Indian carpenter bees II: adaptations of eyes and ocelli to nocturnal and diurnal

lifestyles. Journal of Comparative Physiology A, 195, 571–583.

Stone EL, Jones G, Harris S (2009) Street lighting disturbs commuting bats. Current

Biology, 19, 1123–1127.

Stone EL, Jones G, Harris S (2012) Conserving energy at a cost to biodiversity?

Impacts of LED lighting on bats. Global Change Biology, 18, 2458–2465.

Titulaer M, Spoelstra K, Lange CYMJG, Visser ME (2012) Activity patterns during

food provisioning are affected by artificial light in free living Great Tits (Parus

major). PLoS ONE, 7, e37377.

Tov"ee MJ (1995) Ultra-violet photoreceptors in the animal kingdom: their distribution

and function. Trends in Ecology & Evolution, 10, 455–460.

Ugolini A, Boddi V, Mercatelli L, Castellini C (2005) Moon orientation in adult and

young sandhoppers under artificial light. Proceedings of the Royal Society B, 272,

2189–2194.

Warrant EJ, Kelber A, Gislen A, Greiner B, Ribi W, Wcislo WT (2004) Nocturnal

vision and landmark orientation in a tropical halictid bee. Current Biology, 14,

1309–1318.

Zou Y, Araujo DP, Lim MLM, Li D (2011) Ultraviolet is a more important cue than

reflection in other wavelengths for a jumping spider to locate its spider prey.

Animal Behaviour, 82, 1457–1463.

Supporting Information

Additional Supporting Information may be found in the
online version of this article:

Table S1. The wavelengths of maximum absorbance (kmax)
of the visual pigments contained within the photoreceptors
of animal eyes.

© 2013 Blackwell Publishing Ltd, Global Change Biology, 19, 1417–1423

ECOLOGICAL IMPACTS OF FUTURE STREET LIGHTING 1423
Folio N° 1138



Artificial light pollution at night (ALAN) disrupts the distribution and
circadian rhythm of a sandy beach isopod*

Cristian Duarte a, b, *, Diego Quintanilla-Ahumada a, Cristobal Anguita a,
Patricio H. Manríquez c, d, Stephen Widdicombe e, Jos!e Pulgar a,
Eduardo A. Silva-Rodríguez f, Cristian Miranda g, Karen Manríquez h, Pedro A. Quij!on i

a Departamento de Ecología y Biodiversidad, Facultad de Ciencias de la Vida, Universidad Andres Bello, Santiago, Chile
b Center for the Study of Multiple-Drivers on Marine Socio-Ecological Systems (MUSELS), Universidad de Concepci!on, Concepci!on, Chile
c Centro de Estudios Avanzados en Zonas !Aridas (CEAZA), Coquimbo, Chile
d Laboratorio de Ecología y Conducta de la Ontogenia Temprana (LECOT), Coquimbo, Chile
e Plymouth Marine Laboratory, Prospect Place, West Hoe, Plymouth, PL1 3DH, UK
f Instituto de Conservaci!on, Biodiversidad y Territorio, Facultad de Ciencias Forestales y Recursos Naturales, Universidad Austral de Chile, Casilla 567,
Valdivia, Chile
g Escuela de Biociencias, Facultad de Ciencias de la Vida, Universidad Andres Bello, Santiago, Chile
h Programa de Doctorado en Medicina de la Conservaci!on, Universidad Andr!es Bello, Santiago, Chile
i Department of Biology, University of Prince Edward Island, Charlottetown, PE, Canada

a r t i c l e i n f o

Article history:
Received 22 November 2018
Received in revised form
31 January 2019
Accepted 13 February 2019
Available online 19 February 2019

a b s t r a c t

Coastal habitats, in particular sandy beaches, are becoming increasingly exposed to artificial light
pollution at night (ALAN). Yet, only a few studies have this far assessed the effects of ALAN on the species
inhabiting these ecosystems. In this study we assessed the effects of ALAN on Tylos spinulosus, a
prominent wrack-consumer isopod living in sandy beaches of north-central Chile. This species burrows
in the sand during daylight and emerges at night to migrate down-shore, so we argue it can be used as a
model species for the study of ALAN effects on coastal nocturnal species. We assessed whether ALAN
alters the distribution and locomotor activity of this isopod using a light system placed in upper shore
sediments close to the edge of the dunes, mimicking light intensities measured near public lighting. The
response of the isopods was compared to control transects located farther away and not exposed to
artificial light. In parallel, we measured the isopods’ locomotor activity in the laboratory using actographs
that recorded their movement within mesocosms simulating the beach surface. Measurements in the
field indicated a clear reduction in isopod abundance near the source of the light and a restriction of their
tidal distribution range, as compared to control transects. Meanwhile, the laboratory experiments
showed that in mesocosms exposed to ALAN, isopods exhibited reduced activity and a circadian rhythm
that was altered and even lost after a few days. Such changes with respect to control mesocosms with a
natural day/night cycle suggest that the changes observed in the field were directly related to a
disruption in the locomotor activity of the isopods. All together these results provide causal evidence of
negative ALAN effects on this species, and call for further research on other nocturnal sandy beach
species that might become increasingly affected by ALAN.

© 2019 Elsevier Ltd. All rights reserved.

1. Introduction

Most of the natural illumination at night comes from celestial
bodies, namely the moon, the stars and the Milky Way. These
natural light sources, as well as daily light/night cycles, play a
fundamental role on behavioral patterns of marine and terrestrial
organisms and the timing of ecological processes (Gaston et al.,
2013, 2015; Longcore and Rich, 2004; Luarte et al., 2016).
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Artificial Light Pollution at Night (hereafter ALAN) is the alteration
of natural light levels as the result of anthropogenic light sources
(Cinzano et al., 2001; Falchi et al., 2016). ALAN has widespread ef-
fects on a diverse range of taxa, including birds (McLaren et al.,
2018; Montevecchi, 2006), bats (Cravens et al., 2018), marine tur-
tles (Dimitriadis et al., 2018; Lorne and Salmon, 2007; Tuxbury and
Salmon, 2005), plants (Bennie et al., 2018), fish (Brüning et al., 2015;
Pulgar et al., 2019) and invertebrate communities (Grenis and
Murphy, 2018; Jelassi et al., 2014; Underwood et al., 2017; van
Langevelde et al., 2018). This stressor also has an effect on
predator-prey interactions (Cravens et al., 2018; Yurk and Trites,
2000), species phenology (Bennie et al., 2018; Gaston et al., 2017),
foraging behavior (Farnworth et al., 2018; Underwood et al., 2017)
and orientation (Lorne and Salmon, 2007).

Behavioral and physiological processes associated with species’
circadian rhythmsmay also be affected by ALAN (Luarte et al., 2016;
Pulgar et al., 2019). For instance, the foraging of beach mice (Per-
omyscus polionotus leucocephalus) was negatively altered by light
coming from two different sources (low-pressure sodiumvapor and
bug lights) (Bird et al., 2004). Similarly, in European perch (Perca
fluviatilis), the natural increase in melatonin production taking
place at night hours was found to be inhibited by ALAN (Brüning
et al., 2015). In coastal areas, a large number of other species
show circadian rhythms in which their locomotor activity is
restricted to the night hours (Westin and Aneer, 1987; Nardi et al.,
2003; Jaramillo et al., 2003). This is a concern considering that
coastal habitats are becoming increasingly exposed to ALAN (Bird
et al., 2004), an anthropogenic stressor whose area of influence
grows at a near 6% per year (H€olker et al., 2010a).

Sandy beaches constitute nearly 80% of the world's shorelines
(Bascom, 1980). In these habitats, circadian and circatidal cycles
govern invertebrates' locomotor activity (i.e. the timing and in-
tensity of the movement defining the distribution of these organ-
isms in the beach) (Mezzetti et al., 2010; Scapini, 2006; Jaramillo
et al., 2003; Kennedy et al., 2000). Yet, research into the potential
effects of ALAN on these organisms is limited to a handful of studies
(Dimitriadis et al., 2018; Jelassi et al., 2014; Lorne and Salmon,
2007; Luarte et al., 2016). ALAN can negatively influence the
foraging activity and growth rate of intertidal invertebrates such as
the Talitrid amphipod Orchestoidea tuberculata (Luarte et al., 2016).
However, whether ALAN can also alter the abundance, distribution
and locomotor activity of this and other intertidal invertebrates is
not really known. To address this question we used the Oniscoid
isopod Tylos spinulosus Dana (Jaramillo et al., 2003, 2006) as a
model species. This isopod is a semi-terrestrial species that bur-
rows on upper-shore sediments during daylight and emerges at
night to make down-shore migrations and feed upon stranded
seaweeds. This invertebrate is very abundant in sandy beaches
located in north-central Chile, south east Pacific (23e30!S) and
plays an ecologically important role in the turnover of stranded
macroalgae (see Jaramillo et al., 2003, 2006).

Our working hypothesis was that ALAN negatively affects
T. spinulosus’ abundance, distribution and locomotor activity. The
rationale behind this hypothesis is that this isopod is nocturnal and
previous studies have shown that even full moon light conditions
appear to inhibit some of the activity of this species (Jaramillo et al.,
2003). To test our hypothesis, we conducted field experiments to
assess the potential effects of ALAN on T. spinulosus abundance and
distribution across the intertidal of El Apolillado beach. These field
manipulations were complemented with laboratorymeasurements
using actographs attached to mesocosms that allowed us to mea-
sure the effects of ALAN on the locomotor activity of this species. To
the best of our knowledge, this is the first study to experimentally
assess the effects of ALAN on the abundance and distribution of a
species like this in the field and to test its relationship with

locomotor activity levels in the laboratory.

2. Materials and methods

2.1. Field experiments

We conducted field lighting experiments on a sandy beach
located in north-central Chile (“El Apolillado”; 29!10048.31500S;
71!29022.91800W). We chose this location because it supports large
densities of Tylos spinulosus (Jaramillo et al., 2003) and is located far
away from urban areas and networks of coastal lighting, providing
natural dark conditions at night. This sandy beach possess inter-
mediate morphodynamic characteristics, with a mean grain size of
282 mm and a slope of 1/24 (Jaramillo et al., 2003, 2006). The field
experiments were carried out during two separate periods
(November 17e19, 2017 and January 15e17, 2018), aiming to
measure species responses to ALAN during periods representing
austral spring and summer conditions. During night hours, these
periods of time are characterized by relatively high humidity levels
(means of 86% and 81% during the corresponding weeks in
November and January, respectively) and mild temperatures
(means of 12.3 !C and 16.1 !C in November and January respec-
tively) as based onMeteorological records gathered from aweather
station (290004) located a fewmiles away from the study area (see
at https://climatologia.meteochile.gob.cl/). Both experiments were
initiated on the first new moon of each month. These experiments
aimed to compare the response of isopods (in terms of abundance
and distribution) to two distinct conditions or treatments: natural
daylight/dark conditions (control) and exposure to ALAN.

For each of the dates indicated above, each of the treatments
included three separate transects (replicates) placed across the
intertidal zone, from the base of the dunes to the start of the swash
zone (low tide). Along each transect, we placed nine pitfall plastic
traps (traps 1e9; 5 cm diameter, 12 cm height) buried into the sand
with their rim flush to the beach surface at 3m intervals. All the
traps were filled with a 5% sea water-formalin solution to preserve
organisms caught in the traps. Treatments (control versus ALAN)
were placed 100m apart from each other to avoid any potential
interference, and were arranged in a systematic way (Hurlbert,
1984), alternating control and ALAN.

Transects associated to the ALAN treatment were exposed to
light-emitting diodes lights (SENTRY S 20W driverless 5 K White-
light; 220 V) at the top of a 3-m height post connected to a
distant power source (EP2500CX Honda generator; 2.2 KVA). This
artificial light system was placed 2m away from the first trap
(located near the base of the dune) and provided an average
ground-level light intensity of approximately 120 lux. Light in-
tensity gradually decreased from there towards the low-tide end of
the transect (trap 9), in which light intensity was approximately 3
lux. In all cases, light intensity wasmeasuredwith a PCE-L 100 Light
meter. As in previous studies (Pulgar et al., 2019), the highest light
intensity of this system recreated the light intensity recorded under
lighting networks of heavily polluted shorelines, where lights are
located at the top of the shore, nearby roads or boardwalks. Tran-
sects associated to the control had an identical arrangement of
traps (traps 1e9) and were never exposed to ALAN. Repeated
measurements of light intensity conducted along these transects at
night, consistently recorded 0 lux.

Experimental trials lasted three consecutive nights and started
approximately at 10:00 p.m., collecting the first samples at
midnight (0:00 is the time known to mark the beginning of the
activity in adult T. spinulosus, Jaramillo et al., 2003) and lasted 4 h in
November 2017 and 5 h in January 2018. On each night and for each
transect, the nine pitfall traps deployed along a given transect were
removed and quickly replaced on an hourly basis. The content of
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the pitfall traps was placed on labelled containers and transported
to the laboratory (Universidad Andr!es Bello) where we recorded
the number and size (total length) of all T. spinulosus collected.

2.2. Laboratory experiments

To conduct laboratory experiments we collected individuals of
T. spinulosus using red light in the burrowing zone (upper intertidal
zone) of the study area. These collections were conducted by hand
during the first newmoon of each month inwhich the experiments
were run. The individuals were carefully handled and placed in
plastic jars containing damp sand (10e12% water content) and
seaweeds. In the laboratory, individuals were kept under contin-
uous darkness and room temperature (16 !C) for an acclimation
period of 48 h. The locomotor activity of T. spinulosus was then
recorded in 40" 20" 26 cm (length, height and width) acrylic
aquarium tanks equipped with infrared recording systems (acto-
graphs; designed and built by Ingeniería y Servicios Paulo Leal EIRL)
during the seven day period between October 25 and November 1,
2017, between December 19 and 26, 2017, and between January 18
and 25, 2018 (Fig. 1). The bottom of these tanks was filled to a depth
of 6 cm with damp sand from the study area. Measurements of
locomotor activity were conducted in two conditions or treat-
ments: natural daylight/dark cycle (control) and exposure to light
during night hours (ALAN).

Forty isopods were placed in each tank (one for each light
condition) and their (surface) locomotor activity was digitally
recorded by the interruption of two infrared beams across the tank.
The beams were arranged to pass over the surface of the sediment
placed in the tanks. We had two infrared beams per tank to pre-
clude potential data loss due to failure of one of the equipments.
After a predetermined download interval per second, the datawere
uploaded into a computer. For the duration of the experiments
(7 d), the tanks were kept at constant room temperature (16 !C), the
sand was moistened every day and the animals were maintained
with food ad libitum.

2.3. Field experiments data analysis

Field data were analyzed using Generalized Additive Models for
Location, Scale and Shape (GAMLSS, Rigby and Stasinopoulos,
2005). To model the abundance of Tylos spinulosus we used the
negative binomial error distribution and a log link function. The
negative binomial distribution is adequate to deal with

overdispersed count data (Zuur et al., 2009; O'Hara and Kotze,
2010). We modeled the spatio-temporal variation of T. spinulosus
abundances in response to the treatment (control versus ALAN), the
hour (as a factor) and the distance-to-light-source (as a continuum
variable; 1e9 units). The distance-to-light-source was fitted non-
linearly using the cubic smoothing splines (Hastie and Tibshirani,
1990) function available in the GAMLSS package. We included ad-
ditive and interactive effects between the three predictive variables
described above. To account for confounding factors due to exper-
imental design (i.e. micro habitat and seasonal differences), in all
models we incorporated the micro-zone of the beach,wherea pair
of transects (both control and ALAN) was located as a random effect
(6 micro-zones, 3 in spring and 3 in summer), with randomly
varying intercepts (Bolker et al., 2009; Zuur et al., 2009). In addi-
tion, we also modeled the variability (i.e. sigma) of the T. spinulosus
abundances in response to the same predictors and interactions
described above. Incorporating sigma parameters significantly
improved the fit of the models (see Results).

We modeled the spatio-temporal variation of T. spinulosus sizes
(all individuals¼ 40613 individuals) in response to the same pre-
dictors (i.e. fixed and random effects) and interactions described
above. For these models, we used log-normal distribution because
the size distribution of T. spinulosus showed a wide range (min-
max¼ 0.068e7.9 cm) with a positive skewness (skewness¼ 1.90).
Based on diagnose tools described below, models with the log-
normal distribution showed a better fit than those with a normal
distribution.

For model selection (abundance and size) we use in a comple-
mentary way both information-theoretic model comparison and
null-hypothesis testing (Stephens et al., 2005). Specifically we used
the Generalized Akaike information criterion (AIC; Akaike, 1974)
and the likelihood ratio test (Lewis et al., 2011). For the abundance
models we used the corrected Akaike Information Criteria (AICc)
due to the high dimension of the models in relation to our sample
size (Burnham and Anderson, 2002). In addition for all models a
marginal (i.e., only fixed effects) and conditional (i.e., fixed and
random effects) pseudo-R2 was calculated (Nagelkerke, 1991).
Model diagnosis were based on residuals plots available in the
GAMLSS package (residuals against fitted values, residuals against
explanatory variable, density plot of the residuals and a normal Q-Q
plot of the residuals). The analyses were conducted in the GAMLSS
package (Rigby and Stasinopoulos, 2005) implemented in software
R (R Core Team, 2017).

Fig. 1. Top view of the two-tank experimental setup used to evaluate the locomotor activity of T. spinulosus under contrasting conditions: (A) control (natural daylight/dark cycle)
and (B) ALAN: (light exposure during night hours). Actographs are attached to the acrylic aquarium tanks. B1: Beam 1; B2: Beam 2; Sw: Seaweed.
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2.4. Laboratory experiments data analysis

Laboratory data were also analyzed using GAMLSS (Rigby and
Stasinopoulos, 2005). Each experiment (October, December and
January) was analyzed separately. For each experiment, we
grouped the activity recorded by actographs in one minute in-
tervals (October¼ 19743, December¼ 19160, January¼ 17518; in-
tervals, respectively) and we modeled the probability of activity
(i.e., at least one activity record within a one minute interval) using
a binomial error distribution and a logit link. We included additive
and interactive effects between the treatment (as a factor) and the
hour of the day (0e23hrs). The hour of the day was fitted non-
linearly (in order to adjust the circadian rhythm) using the cubic
smoothing splines function available in the GAMLSS package. In
order to account for daily variations throughout the experiment, we
included the day of the experiment as random effect with randomly
varying intercepts. Model selection and diagnosis were done in
same manner as in the field experiments section (see above). In
addition, for all models we calculated the receiver operating char-
acteristic curve (ROC curve). ROC curves and the area under the ROC
curve were estimated using the pROC package in R (Robin et al.,
2011). Figures were produced using the stat_smooth function
available in the ggplot2 package (Wickham, 2009) in R.

3. Results

3.1. Field experiments

The abundance of Tylos spinulosus in the field was significantly
affected by treatment (control versus ALAN), hour, and distance to
the light source (P< 0.001, Tables 1 and 2; fitted using cubic
smoothing splines). The best AICc model explaining the variation of
T. spinulosus variance (up to 46%) included the interactive effect
between predictive variables (only mu; Table 1; Pseudo-R2,
Table 1). Models that also included the variability of T. spinulosus
(mu and sigma, Table 1), in response to predictors and their inter-
action, increased the explained variation up to 61% (Table 1,
Table 2). Overall, T. spinulosus exhibited significantly higher abun-
dances (P< 0.0001, Table 2) in control (mean± SE¼ 170± 19 in-
dividuals per pitfall trap) than under light conditions (31± 5
individuals per pitfall trap; P< 0.0001; Table 2; Fig. 2a), with a peak
in abundance in control conditions at 2:30 a.m. (214± 30 in-
dividuals per pitfall trap; Fig. 2a).

The interaction of treatment and distance-to-light was the main
source of variation in the abundance of T. spinulosus (P< 0.0001,
Tables 1 and 2, Fig. 2b). Under control conditions, T. spinulosus
exhibited the highest mean abundances at intermediate tidal levels

with 269 (±51) individuals per pitfall trap recorded between sta-
tions 4 and 5 from the light source (Fig. 2b). From mid to low tide
levels a decrease in abundance and a simultaneous increase of
variability were observed (Fig. 2b). In field transects exposed to
ALAN, T. spinulosus exhibited low mean abundances at close and
intermediate distances to the light source (6± 2 individuals at
stations 1 to 4 in relation to distance -to -the-light -source, Fig. 2b).
In contrast, the isopod highest mean abundance (77± 17 in-
dividuals, Fig. 2b) was recorded at stations 6 and 7 in relation to
distance-to-light-source. Micro-zones e as random effect e
explained 15% of T. spinulosus variation (Table 1), which could be
attributed to micro-habitat variations.

The size of T spinulosus was significantly affected (P< 0.001,
Tables 3 and 4) by treatment, hour and distance-to-light-source
(fitted using cubic smoothing splines). The best model (Table 3)
included the interaction between predictive variables, explaining
40% of the distribution of T. spinulosus sizes (Pseudo-R2, Table 3).
The mean size (±95% CI) of T. spinulosus was significantly larger
(P< 0.0001, Table 4) in control (0.876± 0.004 cm) than under ALAN
(0.751± 0.006 cm; Fig. 3a). Regarding to the distance-to-light-
source under control conditions, T. spinulosus exhibited the
largest sizes at high to mid tide levels (0.91± 0.01 cm at station 3
from the light source), decreasing in size towards low tide levels.
Conversely, under light pollution conditions T. spinulosus exhibited
the smallest mean sizes at high tide levels (0.64 ± 0.04 cm, Fig. 3b)
increasing in mean size towards mid tide levels (0.78± 0.01 cm at
station 6 from the light source; Fig. 3b).

Table 1
Model selection for spatio-temporal variation of T. spinulosus abundances (mu) in response to the treatment (control and ALAN), the hour of the experiment and the distance-
to-light-source. All models contained micro-zones (see methods) as a random effect. The best model (M6) contained the variability (i.e. sigma) of T. spinulosus abundances in
response to predictors.

Model Formula df AICc DAICc R2 (F þ R) R2 (F)

M1 mu ~ Treatment þ Hour þ cs(Distance) 16.0 3655 202 0.54 0.28
M2 mu ~ Treatment x Hour þ cs(Distance) 22.0 3644 190 0.57 0.33
M3 mu ~ Treatment x Hour þ cs(Distance) x Treatment 23.0 3501 47 0.70 0.46
M4 mu ~ Treatment x Hour þ cs(Distance) x Treatment

sigma ~ Treatment x Hour
38.9 3474 21 0.74 0.55

M5 mu ~ Treatment x Hour þ cs(Distance) x Treatment
sigma ~ Treatment x Hour þ cs(Distance)

42.9 3455 2 0.76 0.60

M6 mu ~ Treatment x Hour þ cs(Distance) x Treatment
sigma ~ Treatment x Hour þ cs(Distance) x Treatment

43.9 3453 0 0.76 0.61

Models GAMLSS with a negative binomial error distribution are sorted by decreasing AIC values. df; degrees of freedom, AICc; corrected Akaike Information Criterion, DAICc;
shows AICc differences between ith model and the best model, R2 (Fþ R); Generalized (pseudo) R-squared for fixed and random terms, R2 (F); Generalized (pseudo) R-squared
for fixed terms, cs; cubic smoothing splines, x; indicates interaction between predictive variables. See Table 2 for likelihood-ratio tests for the best model (M6).

Table 2
Spatio-temporal variation of T. spinulosus abundances in response to the treatment
(control and ALAN), the hour of the experiment and the distance-to-light-source. It
is shown a likelihood-ratio test of dropping each term (for mu and sigma) from the
saturated model (M6, Table 1).

Term LRT Pr(Chi)

Mu Treatment 150.3 <0.0001
Hour 51.0 <0.0001
cs(Distance) 20.9 0.0003
Treatment x Hour 25.2 0.0003
Treatment x cs(Distance) 145.5 <0.0001
Random (micro-zone) 185.4 <0.0001

Term LRT Pr(Chi)

Sigma Treatment 8.2 0.0043
Hour 25.7 0.0003
cs(Distance) 25.5 <0.0001
Treatment x Hour 16.75 0.01014
Treatment x cs(Distance) 4.36 0.03677

LRT; Likelihood ratio test, cs; cubic smoothing splines, x; indicates interaction be-
tween predictive variables.
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3.2. Laboratory experiments

The probability of T. spinulosus locomotor activity (i.e. presence
of activity per minute) in the laboratory trials was significantly
affected by treatment (control versus ALAN) and the hour of the day
(fitted cubic smoothing splines; P< 0.001, Tables 5 and 6). In the
three trials, the best model included the interactive effect of both
predictors explaining 34, 54 and 60% of the variation (Pseudo-R2,
Tables 5 and 6) of T. spinulosus probability of locomotor activity. In
general, the day of the experiment as random effect explained a low
percentage of T. spinulosus locomotor activity (average of 9% across
models, Table 5), showing that the interactive effect between the
treatment and the hour of the day was consistent throughout the
experiment. In all three experiments T. spinulosus showed a clear

circadian rhythm under control conditions, with a slight increase of
locomotor activity at 8 p.m. (~at sunset) and a peak around 2:00
a.m. (mean probability of 0.72 and 95% confidence interval
0.69e0.75) of locomotor activity across the three trials (Fig. 4). A
decrease in locomotor activity was detected from 6:00 a.m. to 8:00
a.m. (~sunrise) followed by a very low locomotor activity during
daylight (9:00 a.m. - 8:00 p.m.) with a mean probability of 0.038
(95% confidence interval¼ 0.07e0.11) across the three trials (Fig. 4).
In contrast, T. spinulosus exposed to ALAN showed a drastic inhi-
bition of circadian rhythm. In these conditions, the highest proba-
bility of locomotor activity throughout the day was recorded at 3
a.m. (0.063 of mean probability with a 95% confidence interval of
0.05e0.08) across the three experiments (Fig. 4).

4. Discussion

During the last few decades, light/dark natural conditions have
been changing as a result of an unprecedented increase in Artificial
Light Pollution at Night (ALAN, e.g. Davies et al., 2013). Not sur-
prisingly, ALAN is now perceived as a threat to biodiversity both in
terrestrial and coastal areas worldwide (Davies et al., 2014; Falchi
et al., 2016). Sandy beaches are among the best represented habi-
tats in the coastline (Bascom, 1980). These habitats are being
increasingly urbanized (Gonz!alez et al., 2014) and, as a result, their
resident fauna is at risk from this stressor (e.g. Luarte et al., 2016).
Despite this rather alarming scenario, studies evaluating the po-
tential effects of ALAN on sandy beach organismsdother than sea
turtlesdremain scarce (Schlacher et al., 2016; Gonzalez et al., 2014)

Fig. 2. Mean (±SE) of Tylos spinulosus abundance (individuals per pitfall trap) in response to control and ALAN conditions and to the hour of the experiments (a) and the position of
the traps in relation to light source (b). Dotted lines in the left plot (a) show the overall mean throughout the experiment.

Table 3
Model selection for the spatio-temporal variation of T. spinulosus sizes in response to the treatment (control and ALAN), the hour of the day and the distance-to-light-source. All
models contained micro-zones as a random effect.

Model Formula df AIC DAIC R2 (F þ R) R2(F)

M1 Size ~ Treatment þ hour 15 5780 685 0.46 0.31
M2 Size ~ Treatment x hour 21 5305 210 0.51 0.37
M3 Size ~ Treatment x hour þ cs(Distance) 25 5125 30 0.53 0.39
M4 Size ~ Treatment x hour þ cs(Distance) x Treatment 26 5096 0 0.53 0.40

Models (GAMLSS with lognormal error distribution) are sorted by decreasing AIC values. df; degrees of freedom, AIC; Akaike's Information Criterion, DAIC; shows AIC dif-
ferences between ith model and the best model, R2 (F þ R); Generalized (pseudo) R-squared for fixed and random terms, R2 (F); Generalized (pseudo) R-squared for fixed
terms, cs; cubic smoothing splines, x; indicates interaction between predictive variables. See Table 4 for likelihood-ratio tests for the best model (M4).

Table 4
Spatio-temporal variation of T.spinulosus sizes in response to the treatment (control
and ALAN), the hour of the experiment and the distance-to-light-source. It is shown
a likelihood-ratio test of dropping each term from the saturated model (M4, Table 3).

Term LRT Pr(Chi)

Treatment 361.94 <0.0001
Hour 547.16 <0.0001
cs(Distance) 274.81 <0.0001
Treatment x Hour 407.91 <0.0001
Treatment x cs(Distance) 31.7 <0.0001
Random (micro-zone) 1301.28 <0.0001

LRT; lihelihood ratio test, cs; cubic smoothing splines, x; indicates interaction be-
tween predictive variables.
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and, so far, have shown only indirect evidence of ALAN impacts (but
see Luarte et al., 2016).

The results of this study show that ALAN has a strong effect on
the distribution and circadian rhythm of Tylos spinulosus. In com-
parison to natural light/dark conditions (controls), exposure to
ALAN significantly reduced the abundance and distribution of the

isopods across different tide levels. Such changes are likely asso-
ciated to a reduction in locomotor activity, a hypothesis that we
tested with actograph measurements in the laboratory. Those
measurements unequivocally showed that individuals exposed to
ALAN lostdat least temporarilydtheir circadian rhythm of activity:
they remainedmost of the time buried in the sediment or exhibited
diurnal activity, a behavior never recorded before in the field (see
Jaramillo et al., 2003). Interestingly, in field transects exposed to
ALAN we found an upturn of abundance in the sediments located
farther away from the light sources, which is consistent with the
premise that ALAN locally inhibits or reduces locomotor activity.
These results are also in agreement with the activity recorded in
beach mice in Florida (Bird et al., 2004). Those authors showed a
negative effect of artificial light on the foraging behavior of mice,
reducing patch use near artificial lights and harvesting significantly
more seeds as distance from the light source increased.

Under natural dark (night) conditions, populations of
T. spinolosus exhibited their highest abundance at mid-tide levels,
where they feed on readily available stranded seaweed (e.g.
Jaramillo et al., 2003). However, when exposed to ALAN, isopods
were only collected farther down in the intertidal, suggesting that
ALAN is forcing individual T. spinulosus to move towards subopti-
mal tide levels. A previous study assessing the distribution of a
sympatric species, the sand hopper Orchestoidea tuberculata (Luarte
et al., 2016) showed that ALAN had also a negative effect on the

Fig. 3. Mean (±95% CI) of Tylos spinulosus sizes in response to control and ALAN conditions and to the hour of the experiments (a) and the position of the traps in relation to light
source (b). Dotted lines in the left plot (a) show the overall mean throughout the experiment.

Table 5
Model selection for the probability of locomotor activity of T. spinulosus in response to the treatment (control and ALAN), the hour of the day and the day of the experiment as
random effect. For each experiment, the best model (GAMLSS with a binomial error distribution) contained the interaction between predictive variables.

Experiment Model Formula df AIC AUC R2(F þ R) R2(F)

October M1 Sensor ~ cs(hour) þ Treatment þ Day 13.5 5563.0 0.93 0.55 0.34
M2 Sensor ~ cs(hour) x Treatment þ Day 14.6 5497.3 0.93 0.56 0.34

December M1 Sensor ~ cs(hour) þ Treatment þ Day 13.7 9315.4 0.92 0.58 0.53
M2 Sensor ~ cs(hour) x Treatment þ Day 14.8 9200.4 0.92 0.58 0.54

January M1 Sensor ~ cs(hour) þ Treatment þ Day 13.2 6916.5 0.94 0.61 0.59
M2 Sensor ~ cs(hour) x Treatment þ Day 14.4 6851.9 0.94 0.61 0.60

df; degrees of freedom, AIC; Akaike's Information Criterion, AUC; area under the ROC curve, R2 (F þ R); Generalized (pseudo) R-squared for fixed and random terms, R2 (F);
Generalized (pseudo) R-squared for fixed terms, cs; cubic smoothing splines, x; indicates interaction between predictive variables. See Table 6 for likelihood-ratio tests for the
best models.

Table 6
Probability of locomotor activity of T. spinulosus in response to the treatment
(control and ALAN), the hour of the day and the day of the experiment as random
effect. It is shown a likelihood-ratio test of dropping each term from the saturated
models (GAMLSS with a binomial error distribution, Table 5).

Term LRT Pr(Chi)

October Treatment 1909.9 <0.0001
cs (hour) 2039.1 <0.0001
cs (hour) x Treatment 68.1 <0.0001
Random(Day) 2273.8 <0.0001

December Treatment 4110.0 <0.0001
cs (hour) 4433.3 <0.0001
cs (hour) x Treatment 87.6 <0.0001
Random(Day) 750.0 <0.0001

January Treatment 2758.1 <0.0001
cs (hour) 4504.4 <0.0001
cs (hour) x Treatment 67.2 <0.0001
Random(Day) 228.9 <0.0001
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distribution of this species. However, unlike the results gathered
with T spinulosus, Luarte et al. (2016) did not evaluate if the distance
to the light source was related to the activity of the amphipods.
Other studies evaluating ALAN effects on the abundance of sandy
beach invertebrates have been primarily observational in nature
and, so far, have not provided conclusive results (e.g. Gonzalez et al.,
2014; Fanini et al., 2016). However, a recent study addressing ALAN
effects on endogenous physiological performance and behavior in a
rock fish (Girella laevifrons; Pulgar et al., 2019) offers conclusions
similar to ours.

The influence of ALAN on T. spinulosus field distribution and
abundance suggests that continued exposure to this stressor may
reduce this species’ foraging area, with possible consequences for
its fitness as shown for other species (Luarte et al., 2016; Pulgar
et al., 2019, Duarte, unpublished data). We cannot speculate on
the exact consequences a long-term exposure to ALANmay have on
the fitness of T. spinulosus. However, the likelihood of some effects
is also supported by the known sensitivity of T. spinulosus to light
variations. For instance, full moon light intensity (0.1e0.3 lux,
Gaston et al., 2013) has been shown to partially inhibit the activity
of T. spinulosus (Jaramillo et al., 2003). Such sensitivity would
explain the strong effects of ALAN on the activity of this - but not
necessarily other - species. T spinulosus coexists with species such
as Orchestoidea tuberculata which use identical food resources
(algal wrack). If exposure to ALAN alters T spinulosus foraging area
and potentially its fitness, this could indirectly modify the in-
teractions that have previously been recorded between these two
species (Jaramillo et al., 2003) with unpredictable community-level
consequences. Even though both species are affected by ALAN, such
responses have not been measured in an integrative framework
that would allow us to assess simultaneously the direction of those
effects.

Responses to ALAN are likely to change with ontogeny and,
although we did not explicitly focus on age groups, some of our
results seem to reflect that. The body size of individuals collected
from sediments exposed to ALAN was smaller (near juvenile-size
range) than those collected under control conditions. A plausible
explanation for this difference could simply be adult-juvenile

behavioral differences in locomotor activity, as those described
previously for other crustaceans (e.g. Fallaci et al., 1999; Kennedy
et al., 2000). However, different physiological conditions and re-
quirements along the ontogeny should also promote different re-
sponses to ALAN or other environmental stressors (Benitez et al.,
2016; Farnworth et al., 2018). Given that we do not know the pre-
cise underlying mechanisms by which ALAN alters circadian
rhythms, differences along the ontogeny are an interesting venue to
further exploration. Studies evaluating ALAN effects on circadian
rhythms in general, are also required given that they are still scarce
for aquatic invertebrates (e.g. Bregazzi and Naylor, 1972; Jelassi
et al., 2014; Luarte et al., 2016). Similarly, studies addressing the
potential long-term effects of exposure to ALAN are also critical.
Seasonal variations in light intensity, ALAN exposure, and a myriad
of other factors changing within and among seasons are likely to
play a role on ALAN impacts on the life cycle of species like Tylos
spinulosus.

In the three laboratory trials in which T. spinulosus was exposed
to natural day/light (control) conditions, this species showed a
marked circadian rhythm of locomotor activity. Activity slightly
increased at dusk and reached a peak by 2 a.m., concurrently with
the low tide, and subsequently its activity declined again at dawn.
Such pattern reflects closely what has been observed repetitively in
the field, and suggests that T. spinulosus has a strict nocturnal ac-
tivity pattern with an endogenous circadian component, as shown
for this (Jaramillo et al., 2003) and other species (e.g Kennedy et al.,
2000; Dhouha et al., 2018). Likely, this pattern of nocturnal activity
is associated with the environmental conditions that only occur at
night. For example, a relative humidity of 80% (normally recorded
only at night) is optimal for Talitrus saltator to survive (Dhouha
et al., 2017). Similarly, low temperatures occurring at night are
essential for efficient oxygen consumption in the oniscoid isopod
Tylos europaeus (Marsh and Branch, 1979).

In the trials exposing individuals of T. spinulosus to ALAN, ac-
tivity decreased at night, when they are normally expected to be
most active. Moreover, some activity was observed during daylight
hours, when this species is expected to be least active (see Jaramillo
et al., 2003). Other studies exposing sandy beach organisms to

Fig. 4. Mean probability of locomotor activity of Tylos spinulosus throughout the day in response to control and ALAN conditions.
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ALAN have showed contrasting results. While some reported an
extended period of activity (e.g. Dhouha et al., 2017), others re-
ported an inhibition of locomotor activity or, as seen in this study,
an abnormal diurnal activity (e.g. Luarte et al., 2016). Of course,
locomotor activity is not the only phenomenon regulated by
circadian rhythms. Several studies have reported distinct patterns
(e.g. foraging behavior, enzyme activity, movements, and photo-
synthetic activity) to be closely related, if not regulated, by circa-
dian rhythms (e.g. Gaston et al., 2017; Longcore and Rich, 2004).
Once the natural cycles of day/night are modified as a result of
ALAN, such phenomena become disrupted in ways we don't fully
understand. For instance, under constant artificial light, the Atlantic
tarpon (Megalops atlanticus) stopped its retino-motor movements,
a phenomenon known to be controlled by a circadian clock
(Kopperud and Grace, 2017).

The effects of ALAN on circadian rhythms are broad and likely
include a wide variety of taxa and biological processes. Our study
provides solid evidence gathered from field and laboratory exper-
iments, indicating that ALAN disrupts the circadian rhythm activity
of an intertidal sandy beach isopod. In the field, our results suggest
that individuals of T. spinulosus exposed to ALAN reduce their
foraging area and, potentially, see their fitness negatively affected.
The ongoing spread of ALAN into an increasing number of natural
areas (Cinzano et al., 2001; Falchi et al., 2016) suggests that its
impacts will become more evident as urbanization continues to
occur along our shorelines (H€olker et al., 2010b).We stress the need
for more studies addressing the impact of this stressor on other
species and geographic locations, incorporating also the study of
ALAN effects on multiple species and on their potential in-
teractions. Finally, futures studies should incorporate the combined
effects of different light characteristics (e.g. spectrum and intensity)
to better understand the ecological consequences of ALAN (Davies
et al., 2017).
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Author: James Crymble – LIFE Arċipelagu Garnija Project Warden 
and Light Pollution Officer (BirdLife Malta) 
 
Illustrations by: Jose Luque and Victor Falzon – Field teacher (BirdLife Malta)

In collaboration with the Light Pollution Awareness Group and Nature Trust 
Malta2

This document is part of the requirements of Action C2 Address and reduce current light pollution affecting 
P. yelkouan colonies utilising policy and legislation
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BirdLife Malta’s LIFE Arċipelagu Garnija team conducting research in a seabird colony © James Crymble
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Natural darkness has substantial conservation 
value. A majority of life on earth has evolved with 
the natural day and night cycle, a cycle which is 
now being disrupted by increasing levels of artificial 
light at night [1]. Light pollution can be defined as 
the inappropriate or excessive use of light arising 
from poorly designed outdoor lighting schemes. 
It is a manifestation of wasted energy and can be 
a significant financial burden for local councils, 
organizations and businesses.

Light pollution is a fast growing threat of global 
concern, the negative impacts of which go far 
beyond being an economic drain. Across the world, 
many communities and ecosystems are affected 
by increasingly bright night skies as a result of 
urbanisation and the development of associated 
infrastructure. The effects of light pollution are 
felt most strongly in small countries with a high 
population density, like Malta.

Our understanding of how light pollution affects 
human health and the natural environment is 
growing. For humans, our quality of life is negatively 
affected in light polluted areas as stray light enters 
our homes, disturbing our sleep and carrying serious 
implications for our long term health, including 
mental wellbeing and increased prevalence of 
certain cancers [2]. 

Many aspects of the natural environment are highly 
sensitive to increasing levels of artificial light at 
night. Most commonly observed is the disruption 
of normal behaviours and biological processes in 
individual organisms but evidence now reveals the 
ecosystem-scale effects of light pollution [1]. 

Light pollution in Europe is increasing by 5-10% 
annually in Europe and 99% of the European 
population lives under light polluted skies [3]. This 
trend is evident  in the Maltese Islands as a direct 
result of poorly designed lighting schemes and an 
over-use of bright-white LEDs. 

Light pollution has severe consequences for the 
natural environment, especially for breeding 
shearwaters and storm-petrels. As darkness is a key 
environmental component for these species, light 
pollution reduces the areas in which these species 
are able to breed. Every year their fledglings are 
found stranded in our towns and villages, having 
been drawn to land by bright coastal lights rather 
than leaving their nests for the open sea.

Fortunately, the negative effects of light pollution 
are easily addressed. In some cases, it is as simple as 
flicking a switch. A number of mitigation measures can 
be applied to poorly-designed lighting schemes and 
light pollution can be greatly diminished. Prevention  
costs less than intervention. As such, these measures 
should be incorporated at concept stage. With 
increasing awareness on the issues surrounding 
artificial light at night, new developments are 
subject to more stringent regulations addressing not 
only energy consumption but also the impact on the 
natural environment.

Mitigating light pollution is beneficial for everyone. 
Outdoor lighting is a key component to the essential 
infrastructure of our urban environment but any 
artificial light at night will produce light pollution. A 
well-designed outdoor lighting scheme meets the 
requirements of human needs whilst using energy 
efficiently and minimising any light pollution.

[1] Rich, C., & Longcore, T. (Eds.). (2013). Ecological consequences of artificial night lighting. Island Press. 

[2]  Cho, Y., Ryu, S. H., Lee, B. R., Kim, K. H., Lee, E., & Choi, J. (2015). Effects of artificial light at night on human health: A literature review of observational and 
experimental studies applied to exposure assessment. Chronobiology international, 32(9), 1294-1310.

[3] Falchi, F., Cinzano, P., Duriscoe, D., Kyba, C. C., Elvidge, C. D., Baugh, K., ... & Furgoni, R. (2016). The new world atlas of artificial night sky brightness. Science 
advances, 2(6), e1600377.

Malta as observed from the International Space Station 
©Earth Science and Remote Sensing Unit, NASA Johnson  Space Center, ISS025-E-10429
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Aim
This Guideline aims to provide local councils, architects and developers with best practice guidelines for the 
design and assessment of sustainable, cost-effective and seabird friendly lighting.

The major aim of this Guideline is to promote the ecologically responsible use of outdoor lighting. With a 
primary focus on seabirds preventing the disruption or displacement from their natural habitats or light-
induced mortality.

This Guideline is designed to complement current EU standards and national legislation regarding outdoor 
lighting. Key principles in light pollution mitigation are described in this document. The appendices contain 
technical information and sources for additional information.

The specifications of best practice lighting described in this document adhere to the existing Maltese legislation 
regarding light pollution (ANNEX 1)

Areas where light pollution mitigation measures  are required for flora and fauna can be found in the 
Management Plans for Natura 2000 sites in the Maltese Islands. 
https://era.org.mt/en/Pages/Natura-2000-Management-Planning.aspx

Guidance documents are referred to in this document. A full list of these documents can be found in ANNEX 2

Impacts of light pollution
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Policy context and guidance documents

Malta is now the 17th most light polluted 
country on Earth with 89% of the Maltese 
population living under severely light 
polluted skies.

5
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WHAT IS LIGHT POLLUTION?
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WHAT IS LIGHT POLLUTION?

Valletta by night - Malta  ©  Giuseppe Milo
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1. Glare
Glare is visual discomfort from poorly angled or unshielded lights. Exposure to glare reduces the eye’s 
ability to distinguish between different levels of brightness, making it difficult to navigate or identify 
oncoming traffic and obstacles in the way. Glare can even lead to vision being disabled. Luminaires 
installed at any angle not parallel to the ground will emit a substanial amount of light as glare.

2. Light trespass
Light trespass is the term given to any light that intrudes into an area where it is not required, such as 
private properties or ecologically sensitive areas. So-called “nuisance-lights” can negatively impact our 
quality of life. Light trespass is commonly seen in overly-illuminated areas. Any light falling on a private 
property is unacceptable.

Light trespass onto a private property © LIFE Arcipelagu Garnija 

Glare from a jetty light makes it difficult to see the work area © LIFE Arcipelagu Garnija 

Street lighting enters into a private 
residence © LIFE Arcipelagu Garnija 
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The four characteristics of light pollution
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3. Over-illumination 
Over-illumination of an area is the presence of lighting in excess of what is necessary. European standards 
provide guidance on the minimum illuminance required for safe working conditions in a given area. The 
minimum illuminance required depends on the main use of the area and should be seen as a target, not 
exceeded.

4. Sky glow 
Sky-glow is the result of stray light from luminaires being emitted directly into the sky or light being reflected 
by structures and roads. Sky glow not only reduces our ability to see the night sky, but also interferes with 
natural processes including photosynthesis and animal migration.

Sky glow in North-East Malta is at similar intensity to the rising full moon © LIFE Arċipelagu Garnija

Cirkewwa ferry terminal © LIFE Arċipelagu Garnija
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Energy wasted by light pollution
Light pollution wastes a vast amount of energy. A 
large proportion of energy generated for outdoor 
lighting is wasted as a result of poorly designed 
outdoor lighting. Wasted energy equates to wasted 
money. The financial burden of light pollution is 
signficant and is certainly a cost that can be easily 
avoided.

Energy wasted as light pollution costs the European 
Union approximately €5.2 billion every year. This 
equates to €10 for every man, woman and child 
living in the EU.
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To put this into a Maltese context: Assuming that 
the same proportion of energy is wasted as light 
pollution at a similar cost per person, approximately 
€10, the total financial burden of light pollution in 
the Maltese Islands is €5 million. 

Considering the Maltese Islands are more light 
polluted than most other EU countries [1], the true 
financial cost of light pollution is likely far higher. 

Installing quality well-designed lighting is proven 
to reduce energy use by 60-70%, saving millions of 
Euros annually.

 [1]. Falchi, F., Cinzano, P., Duriscoe, D., Kyba, C. C., Elvidge, C. D., Baugh, K., ... & Furgoni, R. (2016). The new world atlas of artificial night sky brightness. Science advances, 
2(6), e1600377.
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[1] Falchi, F., et al., (2011) Limiting the impact of light pollution on human health, environment and stellar visibility, Journal of Environmental Management

LED technology
LED technology is the future of outdoor lighting. 
Not only are LEDs vastly more energy efficient, they 
have a longer life-span and are easier to control than 
older lighting types. However, as older technologies, 
such as high-pressure sodium lamps are phased out 
and replaced with LEDs, we may expect to see an 
increase in light pollution should these LEDs continue 
to be installed without considering their impacts on 
light pollution.

Until now, white-light LEDs have been the most 
popular choice due to their lower costs, higher energy 
efficiency and luminance. However, the phyiscal 
properties of the light emitted by bright-white LEDs 
actually increases the four characteristics of light 
pollution (glare, light trespass, over illumination 
and sky glow) as they emit a large amount of short 

wavelength blue light. These shorter wavelengths 
are scattered more in the atmosphere and therefore 
have a greater impact on astronomical and ecological 
light pollution. 

The negative impacts of bright white-light LEDs  
are not only limited to our environment. They 
also represent a growing threat for human health. 
Extended exposure to artifical lighting with a large 
amount of blue-light has been reliably shown  to  
negatively  impact  human health  from  mental 
health to increased prevalence of certain cancers [1].

LEDs, if used responsibly, are a key tool in mitigating 
light pollution. Not only are they more energy 
efficient, they are also easier to control and can be 
used in a diverse range of applications.
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LED use in Malta . The popularity of LEDs has resulted in our coastline being 
overly-illuminated with bright-white lights.

LEDs  at Qawra point © LIFE Arċipelagu Garnija
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LIGHT POLLUTION 
AND SEABIRDS
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Overview
The Maltese Islands have supported  important 
breeding populations of seabirds for thousands of 
years. They currently hold  between 1795 to 2635 
pairs of Yelkouan shearwater Puffinus yelkouan [1] 
- up to 10% of the global population of this IUCN 
red-listed species endemic to the Mediterranean. 
Approximately 3000 - 4000 pairs of Scopoli’s 
shearwater Calonectris diomedea and  5000 - 8000 
pairs of European Storm-petrel Hydrobates pelagicus 
also breed in the Maltese Islands[2].

These species belong to a group of seabirds called 
the Procellariiforms, that have evolved to exploit the 
nocturnal environment. Their activity peaks during 
the darkest periods of night when adult birds return 
to attend their nests.

Light pollution is responsible for direct mortality of 
these species, causing birds to become disorientated 
and stuck on land. Artificial light at night is also 
repsonsible for a number of sub-lethal effects. 
Only by improving the way we use artifical light at 
night can we hope to mitigate these effects.

Shearwaters and storm-petrels are long-lived 
seabirds that take up to five years to reach sexual 
maturity. Their breeding habitat is carefully selected 
according to various parameters, including darkness. 
They lay a single egg each year, a reflection of a 
large investment of resources. Incubation and chick 
rearing occurs over the course of several months 
and should the nest fail at any stage, they will not 
be able to lay a second egg as the cost to adult 
condition is too high. Due to their life-histories, any 
increase in the natural mortality rate of young birds 
and the degradation of breeding habitat can have 
serious consequences on their populations.
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  Breeding behaviour

A Yelkouan Shearwater chick in its burrow © Ben Metzger 13

[1] Austad, M., et al., (2019). Site assessment report for Yelkouan shearwater population in the 
Maltese Islands. LIFE Arċipelagu Garnija [LIFE14 NAT/MT/991] Report for Action A1 and A3

[2] Sultana, J., et al., (2011). The Breeding Birds of Malta. Malta: BirdLife Malta.
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Since 1979, BirdLife Malta has kept a database on 
shearwaters and storm-petrels found grounded 
on land as a result of light pollution. Analysis 
of these data has identified light-induced 
grounding hotspots in the Maltese Islands. These 
hotspots share similar characteristics: they are 
brightly lit coastal areas situated close to large 
colonies of shearwaters and storm-petrels.  
 
The number of grounded birds recovered 
each year is increasing at an exponential rate, 
with a particularly worrying increase after 
2006 when LED use became widespread.  
LEDs may be more energy efficient but their 
physical aspects of light, emission spectra 
(wavelength) and intensity (brightness)
that have the greatest effects on seabirds. 

If this situation is left unchecked, the number 
of stranded fledglings is expected to rise.
BirdLife Malta has also recorded the 
abandonment of historic shearwater breeding 
colonies. These areas were once unaffected 
by light pollution. However, development and 
poorly-designed outdoor lighting schemes led to 
large increases in the brightness of these sites. 

The effects of light pollution can change 
according to the  time of year, environmental 
conditions and stage of the breeding season.
 
It is now essential that we move towards more 
ecologically responsible outdoor lighting so 
that humans and the natural world can co-
exist in the nocturnal natural environment.

The effects of light pollution on 
shearwaters and storm-petrels
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Graph showing the increase in number of grounded seabirds 
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PAYBACK is possible where out-dated or inefficient outdoor lighting schemes are replaced with 
energy-efficient and well-designed lighting. Once payback has been achieved, substantial energy 
savings can be enjoyed.

17
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SECURITY BENEFITS OF MITIGATION
see into darker areas. There is no evidence to suggest 
that increasing levels of lighting reduce crime [1].

Motion detectors should be installed to security 
lights. This has the added benefit of alerting the 
owner to the presence of an intruder each time 
the light is triggered. Outdoor lighting for public 
areas should provide the minimum illuminance 
required for safe use of that area. Intensely bright 
lights used excessively and poorly angled reduce 
visibility. To improve visibility in public areas, the 
minimum number of luminaires should be used. The 
aim should be to achieve the minimum safe level of 
illuminance with a good uniformity (see Part 5).

Light pollution from poorly-designed lighting 
schemes can make an area more dangerous.

These guidelines provide for lighting schemes 
that are low-impact and energy efficient without 
compromising public safety. 

The primary goal of security lighting is to deter 
criminal activity by creating an environment where 
such activity is easily observable. However, many 
security lights often have the opposite effect. 
Security lighting is one of the major sources of 
glare and overlighting as bright lights are angled to 
illuminate as large an area as possible. Glare from 
these lights reduces visibility and makes it harder to 
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[1] Atkins, S., Husain, S., & Storey, A. (1991). The influence of street lighting on crime and fear of crime. London: Home Office.
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Milky Way over Filfla © Dorienne Grech 

Good 
lighting design
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BEST PRACTICES

Any outdoor lighting will have an effect on the surrounding environment. 
However, through adopting good outdoor lighting design practice, it is possible 
to minimize the effects of light pollution. The following best practices should be 

taken into consideration at the earliest stage in the planning process:

Use full cut-off fixtures

Direct light to where 
it is needed

Minimize blue light

Keep intensity low

Use lighting 
schedules

Reduce reflected light

FOR OUTDOOR 
LIGHTING

Outdoor lighting should be switched off when 
not required. Dimming and switching off lights 

reduces light pollution and energy costs. 

Use non-reflective, dark-coloured surfaces for 
roads and infrastructure.

Only full cut-off fixtures guarantee that light is 
directed only to where it is needed. They are 

the only fixture type to have an ULOR of 0%.

All luminaires should face downwards. 
Any light trespassing onto private properties, 
ecologically sensitive areas, or directed upwards 

is unacceptable.

Use the minimum number of lights and the 
lowest intensity to provide  appropriate 

illumination for the area.

Where possible, use outdoor lamps 
with a CCT <3000K or with a Spectral 
G-index of 1.5 in residential areas. 
 
 

20

Promote good uniformity of illumination
Outdoor lighting schemes should provide a constant average  brightness across 
a given area. This aids human vision  and  increases our safety and security. 
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All outdoor luminaires should be full cut-off. This 
helps to direct light to where it is needed, reduc-
ing light trespass.

Only full cut-off luminaires are guaranteed to emit 
no light above the horizon. This is known as the 
Upward Light Ratio 0% (ULOR 0%).

FULL CUT-OFF LUMINAIRES

Full cut-off luminaires  
reduce light spill, 

optimize useful light  
and  

minimize glare.

21
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A new method of describing the spectra of lamps 
has been adopted. CCT does not adequately 
describe the spectrum of a lamp as CCT is not 
correlated with the amount of blue light. The 
Spectral G-index quantifies the amount of blue 
light per lumen from a light source. The smaller 
the G-index, the more blue light the spectrum 
contains.

REDUCING BLUE LIGHT

Correlated colour temperature (CCT) is the term 
given to how the human eye differentiates be-
tween different hues of white light. The scale is 
measured in Kelvin. Generally speaking, lamps 
with higher CCT often contain a higher proportion 
of blue light.

Blue light has the most negative impacts for both 
human health and the natural environment. 
Outdoor lighting must focus on reducing and 
excluding blue wavelengths entirely.

Spectral G-index

Emission spectra of lamps with different CCT.  
Note the spikes in blue-light at 400 - 500nm

Limit blue light emissions 
by using lamps with 

a high Spectral G-index

Only luminaires with a 
CCT ≤3000K  

are considered  
appropriate for outdoor use
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Emission spectra of lamps with different CCT.  
Note the spikes in blue-light at 400 - 500nm

APPROPRIATE LUMINAIRES
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APPROPRIATE ILLUMINATION
The minimum level of lighting required to create a safe and secure environment for human use should 
be used in all instances. Over illumination with many luminaires is wasteful both in capital investment 
and long term running costs.

The Environmental Zone classification of the surrounding area must be considered when designing 
outdoor lighting. Lighting appropriate for heavily urbanised areas would be unacceptable for use in 
protected sites. Guidance on Environmental Zone classification can be found in the table below.

The minimum illuminance required for safe use of outdoor area depends on the tasks occurring. Tasks  
that demand high levels of safety need greater illumination. Minimnum required illuminance can be 
determined by following guidance documents:

EN12464-2:2014 “Light and lighting – Lighting of work places – 
Part 2: Outdoor work places”

Commission Internationale de l’Eclairage (CIE)  
“Guide on the Limitation of the Effects of Obtrusive Light from 

Outdoor Lighting Installations”, 2nd Edition (CIE 150:2017).

24
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APPROPRIATE ILLUMINATION
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One of the easiest methods of mitigating light 
pollution is to implement lighting schedules. 
Outdoor lighting is often left on throughout 
the whole night. Lighting schedules dictate the 
times at which outdoor lighting is permitted. 
The benefits of a lighting schedule are many, 
ranging from reduced costs and enhanced fixture 
lifespan to complete elimination of light pollution 
when lights are turned off. There are many ways 
to design a lighting schedule; what is best for a 
locality is dependent on the demands of human 
activity.

The most basic and perhaps easiest of lighting 
schedules is a curfew. In this case, all outdoor lights 
are turned off during certain times. Other options 
include smart-lighting systems and dimming.
Smart-Lighting systems have been implemented in 

LIGHTING SCHEDULES 
major cities worldwide. These systems use control 
systems that govern at what times and intensities 
lights are switched-on. 

Technology enables us to control outdoor lighting 
according to demand. Installation of motion 
detectors will help ensure that only the area 
required to be illuminated remains lit for the 
duration of activity.

LED lighting allows a finer degree of control 
opposed to HPS or metal-halide lamps. Compatible 
LEDs can be easily dimmed when not in use or 
during times of low demand. The human eye is 
more than capable of adapting to lower levels of 
light when lighting is dimmed.

A good lighting schedule promotes  
appropriate lighting,  

increases energy efficiency  
and  

reduces maintenance costs.

Energy and operational costs 
are substantially reduced.

25 25
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Better description of uniformity of illuminance

UNIFORMITY OF ILLUMINATION
Uniformity of illumination is an important part of outdoor lighting design. The more uniform outdoor lighting 
is, the better we are able to perceive our environment and navigate it safely. Sudden breaks in lighting or changes 
in light intensity creates a visually confusing scene, making it harder to see obstacles or dangers. Good uniformity 
of illuminance should apply in all settings, from roads and streets to public gardens and other leisure areas.

Average illuminance is the illumnance averaged over a specific area. For good 
uniformity, an even average illuminance should be maintained across the site.

26
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Design
considerations

Torri Xutu with new lighting scheme © James Crymble   
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Extra consideration must be given to seabirds when planning or upgrading outdoor lighting. Due to their high 
sensitivity to artificial light at night and its potentially lethal impacts, all outdoor lighting likely to affect seabirds 
must be planned in an ecologically responsible manner. This can easily be achieved if the environmental 
impacts of outdoor lighting are considered at the earliest planning stages. 

Mitigating light pollution for seabirds benefits everyone. Using fewer, less intense lights not only reduces initial 
costs but also reduces long-term running costs. As this Guideline describes, it is possible to design outdoor 
lighting in an ecologically responsilbe way whilst providing a safe and secure environment for human use.

SEABIRD FRIENDLY OUTDOOR LIGHTING
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Scopoli’s Shearwaters at sea © Aron Tanti

Legal framework
Seabirds in the Maltese Islands are listed as an Annex 1 species and are afforded protection under various 
items of legislation. It is illegal to hunt, take or deliberately disturb seabirds during their breeding and rearing 
periods. Light pollution is a major source of disturbance for these birds and disturbance arising from poorly-
designed outdoor lighting schemes could be considered as a deliberate act if no Environmental Impact 
Assessment or mitigation measures are carried out. 

Development close to breeding colonies
Historic seabird breeding colonies have already been abandoned as a direct result of development and resulting 
light pollution. The gradual degradation of habitat by artificial lighting will continue to restrict the areas where 
seabirds can breed. This could lead to a substantial long-term population decline if the problem is not addressed. 

Seabirds must feautre prominently in   the Enviornmental Impact Assessment of any development occurring 
within 3 km or in direct line of sight of a seabird breeding colony. These developments should have the absolute 
minimum level of outdoor lighting. All lighting should be downward facing, full cut-off and face inland. The 
intensity of light  used should meet  the minimum level described by relevant guidance documents (ANNEX 2).

Safeguarding the darkness of breeding colonies is a priority. Without daarkness we risk losing our seabird 
populations for good. Following our recommendations for seabird friendly lighting on page 30 will help to 
protect our breeding colonies of seabirds.

28
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Scopoli’s Shearwaters at sea © Aron Tanti
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Outdoor lighting within grounding hotspots

MAKE THIS PAGE POP!!!!!

Adapted from ‘National Light Pollution Guidelines for Wildlife Including Marine Turtles, Seabirds and Migratory Shorebirds, Commonwealth of Australia 2019’.

Seabirds are attracted to light sources from as far away as 15 km. Therefore, outdoor lighting schemes within 
light-induced grounding hotspots aand other coastal areas must be designed with particular attention to 
seabirds. To limit any increase in light pollution at these areas, new developments or upgrading of lighting 
schemes should adhere to the best practices described in this document.

Extra consideration should be given to any light likely to affect the marine environment. Any light shining 
directly out to sea is unacceptable unless required for safe passage or the loading and unloading boats within 
designated landing sites.
  

29

       Fledging periods 
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The purpose of street lighting is to illuminate 
essential infrastructure, allowing for safe passage 
of all road-users and pedestrians alike. All too often, 
street lighting is poorly designed and may even 
reduce road safety by creating a confusing visual 
landscape of different colour temperatures, dark 
areas and glare. 

Street lighting contributes as much as 30% to total 
sky glow. Street lights are also a source of stray light 
that often falls on private properties, impacting on 
the quality of life of residents. 

Better lighting uniformity will reduce the negative 
perception of “darker” areas between street lights 
– these areas are in fact brighter than unlit areas 
but the human eye cannot adjust fast enough to the 
rapid changes in brightness.

STREET AND ROAD LIGHTING

[1] Steinbach, R., et al., (2015). The effect of reduced street lighting on road casualties and crime in England and Wales: controlled interrupted time series analysis. 
J Epidemiol Community Health, 69(11), 1118-1124.

The best option is to eliminate road lighting in areas 
with low traffic entirely. In some European countries, 
major arterial roads have no road lighting, instead 
they enforce lower speed limits and use reflective 
signs and road markings. Studies show that reducing 
street lighting through dimming, part-night lighting 
and switch-off do not increase road traffic collisions 
[1].

If road lighting is deemed absolutely necessary, it 
should provide the minimum illuminance depending 
on the environment zone classification, traffic level, 
and pedestrian usage at a given time.
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Differences in road lighting CCT © LIFE Arċipelagu Garnija 31
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The Maltese coast has many large hotels in 
prominent locations. Hotels are brightly lit and the 
numerous balcony lights are left on for long periods 
of the night. Hotels are easily distinguishable as they 
appear as large blocks of bright lights, even from 
afar. This kind of lighting is unnecessary as many 
hotel guests will have chosen the hotel prior to their 
holiday. 

As such, hotel owners and operators must 
take action to move away from using lights  for 
advertising reasons and should begin to compete 
in environmental responsibility. Decorative lighting 
should be kept to the absolute minimum. Balcony 

HOTELS
lights should be switched off as default and given 
to the control of the room’s occupants using a timer 
switch.

Hotel guests can be informed upon arrival of the 
steps taken by the hotel owner or operator to reduce 
light pollution and the reasons why they are being 
implemented. 

Hotels situated close to ecologically sensitive areas 
should take particular care during critical times of 
year for the local wildlife. Nesting turtles, fledgling 
seabirds and various other species are strongly 
influenced by artificial lights at night.
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Radisson Blu Resort & Spa, Malta Golden Sands © LIFE Arċipelagu Garnija

Switch-off or dim outdoor lighting as far as possible 
during  critical fledging periods
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Many coastal settlements in the Maltese Islands have 
extensive promenades running the length of their 
seafronts. These areas are important features for 
enjoyment and leisure opportunities. However, they 
are often over-illuminated by an excessive number of 
lights that remain on throughout the whole night.

The styles of luminaire chosen for promenades are 
often inappropriate. In many cases these luminaires 
are unshielded on their seaward facing side, resulting 
in a large amount of stray light cast out to sea. Not 
only does this contribute to light pollution, it also 
creates a large visual impact when viewed from afar. 
Luminaires that cast light in one direction only should 
be used to illuminate promenades. These luminaires 
should be installed so that the lamp faces inland.

COASTAL PROMENADES
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Promenade extending from Buġibba to Qawra © LIFE Arċipelagu Garnija

Limit light spill by using 
full cut-off, downward facing fixtures.

 Promenade lighting should be  
switched-off or dimmed  

during periods of low-use.

Coastal lights would benefit greatly from a lighting 
schedule. They should be controlled using motion 
detectors, ensuring that only the area of promenade 
being used would be illuminated when required. 
Alternatively, these lights can be dimmed during 
times of low use.
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Almost every coastal settlement has at least on 
dedicated harbour, jetty or slipway for the launching 
and landing of watercraft. Launching and landing 
of boats at night undoubtedly requires adequate 
provision of light. 

In many places, jetties and slipways are currently 
illuminated using a single bright metal-halide or LED 
light that is angled in such a way that it produces a 
large amount of glare and a substantial amount of 
stray light shines out to sea. These lights are left on 
throughout the whole night.

HARBOURS, MARINAS AND JETTIES
Harbours, jetties and slipways should be illuminated 
only when necessary and controlled by motion 
detector. Any lights installed should be full cut-off 
and downward facing so that only the area required 
is illuminated whilst keeping glare and stray light to 
a minimum.

Aerial view of Marfa jetty at night © LIFE Arċipelagu Garnija

Use motion detectors 
to reduce light pollution and energy 

costs
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Malta and Gozo have a wealth of culturally and 
historically significant buildings. Many of these 
buildings, such as the towers and fortifications, are 
illuminated using indiscriminate lighting, for example 
uptilted flood lights or ground-recessed spotlights 
which cause a large amount of stray light to be cast 
directly into the sky. The number and brightness of 
the lights used contributes to a harsh lighting effect 
on the building, reducing their architectural value as 
fine detail features are lost.

BUILDINGS OF CULTURAL SIGNIFICANCE
These structures should have lighting schemes 
tailored to enhance their unique architectural 
characteristics. They should only be illuminated 
on their landward side. Spotlights and floodlights 
should be positioned so that all their light enters the 
target area. It is unacceptable that any stray light 
results from the illumination of these structures. 
Specific shades can be applied to floodlights, thereby 
reducing the amount of stray light.
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Use the minimum number of full cut-off and downward facing (where possible) 
with a CCT <2700K (amber-light). 

 All lights should be switched-off overnight
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Special consideration must be given to areas of high 
ecological sensitivity – areas include all sites of the 
Maltese Natura 2000 network and other designated 
protected sites. 

ECOLOGICALLY SENSITIVE AREAS

Where outdoor lighting is necessary, laws pertaining 
to protected sites  demand that all outdoor lighting 
within 30 m of a Natura 2000 site must be vetted by 
ERA prior to installation.

To keep blue light to a minimum, only lamps with a  
CCT <3000K or spectral G-Index > 2 should be used.
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.

Ta Ċenc Cliffs © Paulo Lago 

Various rare and threatened   
endemic species live in the  

Maltese Islands

Natura 2000 sites are  
protected by law  

under the  
Environment Protection Act 

(CAP, 549)  

Outdoor lighting in ecologically sensitive areas should 
be eliminated or kept to the absolute minimum. Blue 
light must be reduced to its lowest possible level. 
For best results, all best-practice guidelines in this 
document should be followed.
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ECOLOGICALLY SENSITIVE AREAS
Three marine turtle species regularly occur in the 
Mediterranean Sea – The Loggerhead turtle Caretta 
caretta, the Green turtle Chelonia mydas and the 
Leatherback turtle Dermochelys coriacea. 

The Maltese islands play an important role, as they hold 
various foraging grounds for turtle species common to 
the Mediterranean. The Loggerhead turtle has even 
been recorded as visiting the Maltese Islands during 
nesting season in 2012, 2016 and 2018, in the northern 
part of Malta. 

Even though we are more aware of the impact of threats 
such as plastic pollution on sea turtles, turtles are 
endangered as their nesting sites become threatened 
due to human disturbance, recreational beach use and 
coastal development.  One growing disturbance that is 
adversely impacting turtle nesting sites and hatchling 
mortality rates is artificial lighting.

Light pollution is exacerbated near coastal destinations, 
not just by urbanization, but also increased tourism. 
In Malta, as the tourism sector grows and investment 
is made to develop its coastal infrastructure, this will 
become an increasing problem for its endangered turtle 
population. This is compounded by the fact that turtle 
hatching season corresponds with peak tourist season 
in summer.

But how is this a problem? 
Light is used as a mode of navigation for sea turtles 
where the sea is often considered the brightest source 
of light, as it reflects the moonlight. This is particularly 
important for nesting mother sea turtles as well as 
hatchlings. However, artificial light produced by growing 
coastal developments pose two significant problems for 
future turtle conservation efforts in the region. 

Firstly, nesting female turtles look for quiet, dark 
beaches on which to nest. Artificial lights deters females 
from using those areas as nesting grounds and if she 
fails to nest after several false crawls she will resort 
to depositing her eggs in less-than-optimal locations, 
which might result into an unsuccessful nest. This 
invariably leads to marginal survival rates for hatchlings 

of an already endangered species. 
Artificial light also poses a risk to hatchlings who 
emerge at night and can easily become disoriented and 
are inadvertently drawn inland towards the light. As a 
result, they are likely to die of injury, dehydration or 
predation as they are unable to reach the sea. 
Research to identify further important nesting hotspots 
around the world is being implemented. Conservation 
organizations globally are making efforts to control 
light pollution in these ecological hot-spots, with local 
governments implementing enforcement with regards 
to human activities on hotspot nesting beaches during 
the nesting season. 

The adoption of light control as part of coastal 
management efforts, would make significant difference 
in the protection of such species. Countries around 
the world, have adopted multiple ways to tackle the 
problem such as the mitigation of glow of nearby 
artificial lighting. 

Such efforts can be adopted by both private and public 
sectors to ensure improved coastal management. This 
will help in the long term conservation goals being the 
increase of nesting turtles in our beaches. 
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MARINE TURTLES AND LIGHT POLLUTION

By Oriana Balzan, Nature Reserves Manager

Turtle hatchling © Nature Trust Malta

 Loggerhead turtle nest 2018 © Nature Trust Malta
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Correlated Colour Temperature – A measurement, in Kelvin (K), of how the colour of light is perceived by 
the human eye. Lights with CCT > 4000K emit light containing a high proportion of blue light. Lights with CCT 
<3000K significantly reduce the amount of blue light emitted in their spectrum

Cut-off - A method of describing the output direction of light from a source. 

Dark sky tourism – Tourism based on the attraction of good night sky visibility.

Ecologically sensitive area – An area identified as requiring increased protection due to its landscape, wildlife 
or historical value.

Glare – The vision disabling effect of viewing a light source that is far brighter than its surrounds.

Illuminance – A measurement of the amount of light falling in a particular area. Is used to describe the 
effectiveness of lighting illumination. Measured in lux. See lux

Kelvin – A unit of temperature measurement based on the absolute thermodynamic temperature scale where 
0 Kelvin is absolute zero.

LED Light Emitting Diode – A semiconductor light source that emits light when a current is passed through it.

Light-induced grounding – The result of a shearwater becoming grounded on land due to being attracted by 
artificial lights at night

Light Trespass – Light falling where it is not needed or intended e.g. private property.

Lumen – A measurement of the total quantity of visible light emitted by a source.

Luminaire – A complete electric light unit (lamp, post, shade etc.)

Luminance – The intensity of light emitted from a surface per unit area in a given direction.

Luminous Efficacy – The measure of a light source’s effectiveness in producing light, for a given input electrical 
power. Unit is lumens per Watt (lm/W).

Lux – The metric unit for measuring the level of illuminance.

Ornamental lighting – A light fixture that is predominantly for decorative purposes. Design is often based on 
the classical look of light fixtures.

Overlighting – Light levels exceeding those necessary for human vision.

Shielding – A descriptive term used to indicate the extent at which light emitted from a luminaire is directed 
and shielded from contributing to glare, light trespass and sky glow.

Smart lighting – Outdoor lighting that is enabled to be switched off or dimmed when it is not needed.

Uniformity – The relationship between the average luminance value and the lowest. Substantial and/or sudden 
differences in luminance can be disturbing.

Uptilt – An upward angle of tilt that a luminaire is installed at.
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Annex 1 - Maltese legislation concerning 
outdoor lighting and light pollution
i. The Marine Policy Framework Regulations (SL 549.62)

ii. The Strategic Plan for the Environment and Development, 2015

iii. The Environment Protection Act, 2015 Part VII, Article 58

iv. The National Environment Policy and the National Strategy for the Environment

v. The National Biodiversity Strategy and Action Plan 2012-2020

vi. The Flora, Fauna and Natural Habitats Protection Regulations, 2006 (SL 549.44)

vii. Environmental Impact Assessment Regulations, 2007 (SL 549.46)

viii. Development Control Design Policy, Guidance and Standards, 2015 (DC, 2015)

ix. The Development Notification Order (Legal Notice 211/16)

x. Gozo and Comino Local Plan (2006)
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Annex 2 - Guidance documents
i. Commision Internationale de l’Eclairage (CIE) “Guide on the Limitation of the Effects of Obtrusive Light 
from Outdoor Lighting Installations”, 2nd Edition (CIE 150:2017). 

ii. EN 12464-2:2014 “Light and Lighting - Lighting of work places - Part 2: Outdoor work places”.

iii. The Institution of Lighting Professionals (ILP) “Guidance Notes for the Reduction of Obtrusive light”
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Hawaii County's Outdoor Lighting Ordinance

This is an excerpt from the County of Hawaii on-line listing of the County Code.

Chapter 14

GENERAL WELFARE

Article 9. Outdoor Lighting.

Section 14-50. Applicability and scope of article.

(a) This article shall apply to the installation of all outdoor lighting fixtures within the County.

(b) The provisions of this article, including provisions for the imposition upon any person of the penalties by
fine for any violation of this article, shall not be construed to exclude the operation of applicable State statutes or
other County ordinances. In the case of conflict with other County ordinances, the stricter ordinance shall apply.

(1988, Ord. No. 88-122, sec. 3.)

Section 14-51. Definitions.

(a) As used in this article, unless the context clearly indicates otherwise:

(1) "Outdoor lighting fixture" means any outdoor artificial lighting device, fixture,
lamp, or other similar device, permanently installed or portable, which is intended to
provide illumination for either visibility or decorative effects. Such device shall
include, but not be limited to, search, spot, and flood lighting used for:

(A) Buildings and structures;

(B) Recreational facilities;

(C) Parking lots;

(D) Landscape lighting;

(E) Business and advertising signs;

(F) Roadways;

(G) Walkways.

(2) "Class I lighting" means all outdoor lighting used for, but not limited to, outdoor
sales and eating areas, assembly or repair areas, advertising or business signs,
recreational facilities, and other similar applications in which color rendition is
important.

(3) "Class II lighting" means all outdoor lighting used for, but not limited to,
illumination for walkways, roadways, equipment yards, parking lots, outdoor security,
and other similar applications in which general illumination of the grounds is the
primary concern.

(4) "Class III lighting" means any outdoor lighting used for decorative effects. It
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includes, but is not limited to, waterfall and pond lighting and architectural highlighting
for buildings and landscapes.

(5) "Building official" means the chief engineer or his designated representative.

(6) "Individual" means any private individual, governmental entity, tenant, lessee,
owner, or any commercial entity including, but not limited to, companies, partnerships,
joint ventures, or corporations.

(7) "Fully shielded" means the outdoor lighting fixture is constructed so that all of the
light emitted by the fixture is projected below the horizontal plane of the lowest point
of the fixture.

(8) "Partially shielded" means that the outdoor lighting fixture is constructed so that at
least ninety percent of the light emitted by the fixture is projected below the horizontal
plane of the lowest point of the fixture.

(1988, Ord. No. 88-122, sec. 3.)

Section 14-52. General requirements.

(a) Standard Source. Low pressure sodium lamps shall be the only light source permitted for all Class II type
outdoor light fixtures. All other class types of outdoor light fixtures shall follow the requirements set forth in
Table 14-A.

(b) Shielding. All outdoor lights shall be shielded pursuant to the requirements set forth in Table 14-A.

(c) Hours of Operation. All outdoor light fixtures shall be subject to the hours of operation as required by Table
14-A.

(d) Mercury Vapor Lights Prohibited. Mercury vapor lamps shall not be used for any new outdoor lighting
installations or for the replacement of any existing installation. All existing mercury vapor outdoor lighting
fixtures shall be removed by August 17, 1998.

(1988, Ord. No. 88-122, sec. 3.)

Section 14-53. Exemptions.

(a) Existing Light Fixtures. All outdoor light fixtures planned and approved by the County or existing and
legally installed prior to September 1, 1988, are exempt from the installation and shielding requirements of this
article, except that when existing outdoor light fixtures become inoperable, the outdoor light fixtures which
replace them shall comply with the requirements of this article.

(b) Fossil Fuel Light. All outdoor light fixtures producing light directly by the combustion of fossil fuels, such
as kerosene and gasoline, shall be exempt from the requirements of this article.

(c) Holiday Decorative Lighting. Low wattage fixtures used for holiday decorations shall be exempt from the
requirements of this article.

(d) Residential Incandescent Illumination. Private residential incandescent light fixtures which are fully shielded
or have a lumen output of less than eight thousand one hundred lumens for each acre of property that is intended
to be illuminated shall be exempt from the requirements of this article.

(e) Business Signs. Outdoor advertising signs, if constructed of translucent material, and illuminated totally
from within and colored with an opaque background using translucent letters or symbols, shall be exempt from
the requirements of this article, except that the hours of operation shall be the same as those for Class I outdoor
lighting.

(f) Searchlights. Searchlights used for advertising purposes shall be exempt from the requirements of this article,
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except that the operation of such lights is limited to the hours of 6:00 p.m. to 10:00 p.m.

(g) Emergency Lighting. Emergency lighting required for public safety is exempt from the requirements of this
article.

(1988, Ord. No. 88-122, sec. 3.)

Section 14-54. Submission of plans.

(a) All outdoor lighting fixtures shall be installed in conformance with the provisions of this article and those of
the electrical code of the County as applicable and subject to the appropriate permit and inspection requirements
thereof. The applicant for any permit required by the County for work involving nonexempt outdoor light
fixtures shall submit to the building official proof that the proposed work will comply with the article
requirements. The submission shall contain, but not be limited to, the following:

(1) The location of the site where the outdoor light fixtures will be installed;

(2) Plans indicating the type(s) of outdoor light fixtures to be used and their location on
the premises;

(3) A description of the outdoor light fixtures including, but not limited to,
manufacturer's catalog cuts and drawings.

(b) The plans and descriptions required by subsection (a) sufficiently complete to enable the building official to
readily determine whether compliance with the requirements of this article will be secured. If such plans and
descriptions cannot enable this ready determination, by reason of the nature or configuration of the devices or
fixtures proposed, the applicant shall be required to submit further proof of compliance. Furthermore, any
design, material, or method of installation not specifically forbidden by this article may be used, provided any
such alternate has first been approved by the building official. The building official may approve any such
proposed alternate provided:

(1) It is at least approximately equivalent to the applicable specific requirements of this
article; and

(2) It is otherwise satisfactory and complies with the intent of this article.

(1988, Ord. No. 88-122, sec. 3.)

Section 14-55. Tables.

TABLE 14-A

Lamp Type Shielding Requirement Operation Restrictions
Class I

Low pressure sodium

Others above 4,050 lumens

Others below 4,050 lumens

Partially shielded

Fully shielded

Fully shielded

None

Off from 11:00 p.m. to sunrise*

Off from 11:00 p.m. to sunrise*

Class II

Low pressure sodium

90 watts or less

greater than 90 watts

Others above 4,050 lumens

None

Partially shielded

 

None

None

Prohibited

Prohibited
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Others below 4,050 lumens
Class III

Low pressure sodium

Others above 4,050 lumens

Others below 4,050 lumens

Neon

Fully shielded

Fully shielded

None

None

Prohibited

Off from 11:00 p.m. to sunrise*

Off from 11:00 p.m. to sunrise*

 

*These lights may remain on after 11:00 p.m. if bona fide business or recreational activities are taking place.

(1988, Ord. No. 88-122, sec. 3.)

Section 14-55.1. Penalty.

Any person violating any provision of this article shall, upon conviction, be punished by a fine not to exceed $500. Such
person shall be deemed guilty of a separate offense for each and every day any violation of this article is committed.
Furthermore, payment of such a fine shall not relieve the individual from the responsibility of correcting the violative
condition, nor shall it preclude the County from instituting any action for its removal.

(1988, Ord. No. 88-122, sec. 3.)
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Artificial light at night as a new threat to pollination
Eva Knop1, Leana Zoller1, Remo Ryser1, Christopher Gerpe1, Maurin Hörler1 & Colin Fontaine2

Pollinators are declining worldwide1 and this has raised concerns for 
a parallel decline in the essential pollination service they provide to 
both crops and wild plants2,3. Anthropogenic drivers linked to this 
decline include habitat changes, intensive agriculture, pesticides, 
invasive alien species, spread of pathogens and climate change1. 
Recently, the rapid global increase in artificial light at night4 has 
been proposed to be a new threat to terrestrial ecosystems; the 
consequences of this increase for ecosystem function are mostly 
unknown5,6. Here we show that artificial light at night disrupts 
nocturnal pollination networks and has negative consequences 
for plant reproductive success. In artificially illuminated plant–
pollinator communities, nocturnal visits to plants were reduced by 
62% compared to dark areas. Notably, this resulted in an overall 
13% reduction in fruit set of a focal plant even though the plant also 
received numerous visits by diurnal pollinators. Furthermore, by 
merging diurnal and nocturnal pollination sub-networks, we show 
that the structure of these combined networks tends to facilitate 
the spread of the negative consequences of disrupted nocturnal 
pollination to daytime pollinator communities. Our findings 
demonstrate that artificial light at night is a threat to pollination 
and that the negative effects of artificial light at night on nocturnal 
pollination are predicted to propagate to the diurnal community, 
thereby aggravating the decline of the diurnal community. We 
provide perspectives on the functioning of plant–pollinator 
communities, showing that nocturnal pollinators are not redundant 
to diurnal communities and increasing our understanding of the 
human-induced decline in pollinators and their ecosystem service.

Animal-assisted pollination is a key ecosystem function for wild 
plant communities and 88% of all angiosperms depend on it to some 
extent7. Pollination by animals is also a crucial ecosystem service for 
global food supply1,8; the estimated economic value of pollination was 
US$361 ×  109 in 2009 (ref. 9). Thus, pollination by animals is funda-
mental to both the functioning of natural ecosystems and food security. 
Concerns have been raised that the pollination provided by insects may 
be at risk2,3 due to a worldwide decline in wild and  managed  pollinators 
as a consequence of human activity1. The main factors causing this 
decline are considered to be habitat loss and degradation,  conventional 
 intensive agriculture including pesticide use, invasive alien species, 
pests and pathogens, and climate change1.

Recently, artificial light at night (ALAN) has been proposed as a 
 factor that increasingly affects nocturnal pollinators10,11. ALAN is 
 rapidly spreading globally at an estimated rate of 6% per year12. It 
has been shown to affect the physiology and behaviour of various 
 organisms13, with consequences for species communities14–16 and 
 population dynamics17. Changes in species communities because of 
ALAN may in turn affect associated ecosystem functions and processes, 
as has recently been demonstrated for aquatic microbial  communities14. 
For terrestrial systems, the effect(s) of ALAN on the functioning of 
communities, such as for pollinators and pollination, has yet to be 
demonstrated5.

The negative impact of ALAN might not be restricted to noctur-
nal pollinators and the plants they pollinate, but could propagate to 

the diurnal pollinator community (Fig. 1), thereby increasing the 
overall environmental pressure on this community. Indeed, we know 
that plants and their pollinators are embedded in complex inter-
action networks18, where perturbations can cascade from  species 
to species depending on network architecture19. These cascading 
effects have recently been shown for the effects of grazer presence 
on  flower-visitation networks20. However, to our  knowledge, the 
 separate and combined responses of nocturnal and diurnal  pollinator 
 networks to environmental change have not been investigated (but 
see an  example of a moth–pollen transport network21). It is therefore 
unknown whether the architecture of pollination networks facilitates or 
impedes plant-mediated indirect interactions between the diurnal and 
nocturnal pollinator communities. Hence, we do not know whether 
the negative effects of ALAN potentially spread from the nocturnal to 
the diurnal pollinator community, with potential knock-on effects on 
 pollination rates.

Here we show how the negative effects of ALAN on nocturnal 
 pollinator communities translate into negative consequences for plant 
reproductive success, and we demonstrate that these effects have the 
potential to cascade from the nocturnal to the diurnal pollinator 
 community (Fig. 1). On 7 out of 14 independent ruderal meadows, 
which had never been exposed to artificial lighting previously, we set 
up mobile street lamps, while leaving the other 7 as controls. On these 
meadows we sampled nocturnal interactions between plants and flower 

1University of Bern, Institute of Ecology and Evolution, Baltzerstrasse 6, 3012 Bern, Switzerland. 2Centre d’Ecologie et des Sciences de la Conservation, Muséum National d’Histoire Naturelle,  
UMR 7204 CNRS-MNHN, 61 Rue Buffon, 75005 Paris, France.

Figure 1 | Interaction web showing the pathway by which artificial light 
at night affects plant reproduction and diurnal pollinator communities. 
Solid arrows indicate direct interactions; dashed arrows denote indirect 
interactions. The sign (+  or − ) refers to the expected direction of the 
direct or indirect effect (see text). The figures and table that present data 
supporting each of the predicted effects are indicated.
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visitors and analysed how ALAN affects the structure of the interac-
tion networks. In particular, we analysed the number of interactions 
and species, and two network metrics known to affect the stability 
of plant–pollinator communities: species generalism22 and network 
nestedness18,19. We found a significantly lower number of flower 
visits (z =  − 4.7, degrees of freedom (d.f.) =  10, P <  0.001, 62% fewer 
 visitations on illuminated sites; Fig. 2a–c) and species of flower visitors 
(z =  –4.4, d.f. =  11, P <  0.001; 29% fewer species on illuminated sites; 
Extended Data Table 1) on illuminated sites. The lower insect richness 
under the light treatment was mainly explained by the lower number 
of interactions sampled, suggesting that artificial light affects species 
equally (Extended Data Fig. 1). This negative effect of ALAN on insect 
visitation is most likely because of altered behaviour of nocturnal flower 
visitors, such as attraction to an artificial light source at night, as is 
known for many moth species23, and/or to a physiological reaction of 
flower visitors, although these have rarely been studied24. Alternatively, 
changes in plant physiology might have altered their attractiveness for 
flower visitors, but such mechanisms remain largely unexplored25. The 
number of plant species visited was similar between illuminated sites 
and dark control sites (subsequently referred to as dark sites) (z =  –1.1, 

d.f. =  11, P =  0.271; Extended Data Table 1). However, the generalism 
of plant species, calculated as the weighted mean effective number of 
pollinator species per plant species26, was significantly lower for illumi-
nated sites (t =  − 2.6, d.f. =  6, P =  0.043; Fig. 2d). As for flower- visitor 
richness, this reduction in plant generalism was explained by the lower 
number of interactions under the light treatment and did not reflect 
an actual change in plant generalism (Extended Data Fig. 2). Notably, 
flower-visitor generalism (that is, the weighted mean effective number 
of plant species per pollinator species26) was unaffected by the light 
treatment (t =  –0.2, d.f. =  6, P =  0.836; Fig. 2e and Extended Data  
Fig. 3), suggesting that the species visiting flowers with the light treat-
ment were not more selective than those visiting flowers in the dark 
sites. Given the large differences in network size between control and 
illuminated sites, nestedness was standardized (z score of NODF 
 (nestedness metric based on overlap and decreasing fill), see Methods). 
Nestedness was significantly higher in dark sites (t =  − 3.3, d.f. =  12, 
P <  0.001; Fig. 2f) compared to illuminated sites, suggesting that 
ALAN might have a destabilizing effect on nocturnal plant–pollinator 
 communities. Because not all flower visitors are necessarily functional 
pollinators and not all specimens within the dataset were identified 

Figure 2 | Effects of artificial lighting on parameters of nocturnal 
plant-flower visitor networks. a, b, Overall quantified plant-flower visitor 
network of seven dark sites (a) and seven experimentally illuminated 
sites (b). The rectangles represent insect species (top) and plant species 
(bottom), and the connecting lines represent interactions among species. 
Species codes for the plants and a list of insect species are given in 

Supplementary Tables 2, 3. c–f, The number of visits (c), generalism of 
plants (d), generalism of flower visitors (e), and nestedness (z score of 
NODF) (f) for dark sites (dark, n =  7) and illuminated sites (lit, n =  7). 
Data are mean ±  s.e.m. (c–f). Results from statistical models are given in 
Extended Data Table 1. NS, not significant.
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to a high taxonomic resolution, all analyses were repeated with two 
different subsets in which specimens were identified to a high taxo-
nomic resolution and more strictly assigned to pollinators on the basis 
of expert knowledge and whether they carried pollen (see Methods). 
These analyses gave consistent results (Extended Data Table 1).

To test whether the negative impact of ALAN on night-time 
 pollinators translates into a lower pollination function, we conducted 
a fruit set experiment using the model plant Cirsium oleraceum. This 
plant was common to all our sites and was one of the most frequently 
visited species. In the year before the light treatment, this plant species 
received the highest number of flower visits during the day and during 
the night (11% of all diurnal visits, 56% of all nocturnal visits; Fig. 3),  
and the mean number of visits was similar during day and night 
(Extended Data Table 2). This was consistent for the two subsets of the 
flower visitors (Extended Data Table 2).

The impact of ALAN on pollination function was assessed by 
 analysing the reproductive output of a total of 100 experimental plants 
of C. oleraceum, distributed equally across 5 illuminated and 5 dark 
sites. On each site the 10 plants were paired and one plant within a 
pair was bagged to exclude flower visitors. The number of developed 
fruits of plants exposed to flower visitors was significantly reduced on 
the illuminated sites compared to the dark sites (z =  − 2.5, d.f. =  140, 
P =  0.014; Fig. 4a). This effect was most likely not driven by potential 
bottom-up effects of altered plant growth25, as plant biomass did not 
differ between illuminated and dark sites (t =  − 1, d.f. =  8.1, P =  0.261, 
mean ±  s.e.m. =  17.5 ±  1.0 for dark sites, mean ±  s.e.m. =  15.0 ±  0.8 
for illuminated sites), and the number of developed fruits of self- 
pollinated plants (that is, bagged plants) was similar between the two 
treatments (z =  1.47, d.f. =  140, P =  0.140, Fig. 4a). Similar results were 
found for the percentage of developed fruits per flower head (Fig. 4b 
and Extended Data Table 3). A small number of flower heads (4%) 
were infested with herbivores, which negatively affected the number 
of developed fruits (Extended Data Table 3). The effect of herbivores 
on the number of developed fruits did not differ between illuminated 
and dark sites. No difference was found in the percentage of developed 
fruits per flower head between flower heads infested by herbivores and 
herbivore-free flower heads (Extended Data Table 3). Our network 
data show that the number of flower visits to C. oleraceum was signifi-
cantly reduced for illuminated sites, and this was consistent for the two 
 subsets of flower visitors analysed (Extended Data Table 4). There was 
no relationship between light intensity measured on the flower head of 
the plants and number and percentage of developed fruits (Extended 

Data Table 5), suggesting that the disruption of the pollination func-
tion already occurs at low light intensities. Our results show that the 
pollination service provided by nocturnal flower visitors is disrupted in 
the vicinity of streetlamps, and that this leads to a reduced  reproductive 
output of the plant, which cannot be compensated for by pollinators 
during the day. This further indicates that nocturnal and diurnal  
pollinators generate complementarity effects, which have  previously 
been demonstrated for different functional groups of diurnal 
pollinators27.

Because ALAN affects nocturnal pollinators such that this causes 
a lower fruit set of the plants they pollinate, this negative impact 
could further affect diurnal pollinators, given that these plants 
represent an important food source for them. Even in the case of  
C. oleraceum, which can also reproduce clonally, reduced sexual 
reproductive output is still likely to have negative effects on fitness 
over the long term28 and hence on the food resource of the pollinators 
using that plant. To investigate whether the structure of intertwined 
nocturnal and diurnal networks tend to propagate or buffer such 
effects, we quantified the potential for indirect effects from noctur-
nal to diurnal flower visitors (Fig. 4). We then compared the observed 
potential for indirect effects to the effect of networks in which plants 
connect the nocturnal and diurnal sub-networks in a randomized 
manner (see Methods). The observed potential for indirect effects 
was significantly higher than the effect of randomly inter-connected 
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Figure 4 | Effects of artificial lighting on fruit set. a, b, Number of 
developed fruits (a) and percentage of developed fruits (b) for flower heads 
with insect pollination (open) and without insect pollination (bagged) 
on dark sites (light blue bars) and experimentally illuminated sites (white 
bars). Fifty flower heads were observed per treatment group (n =  50 per 
treatment group), and mean ±  s.e.m. are shown. Results from statistical 
models are given in Extended Data Table 3.

Figure 3 | Merged overall quantified diurnal and nocturnal plant-
flower visitor network. The top rectangles represent species of diurnal 
visitors, the bottom rectangles are species of nocturnal visitors, and the 
middle rectangles show plant species, respectively. The abundance of all 

species and the frequency of visitations (day and night) are reflected by the 
width of the rectangles. Cirsium oleraceum was the most frequently visited 
plant species during day and night (framed in black). A list of all plant and 
insect species is given in Supplementary Tables 2, 3.
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networks (P =  0.008; Extended Data Table 6), indicating that plants 
connect nocturnal and diurnal flower visitors in a way that favours 
the spread of indirect interactions between them. This might arise  
from correlated plant generalism in both sub-networks, a pattern 
that favours the spread of indirect interactions29. Similar results were 
obtained for analyses of the two subsets of flower visitors (Extended 
Data Table 6).

The worldwide decline in pollinators has received much  attention 
in recent years, due to the essential pollination service they  provide 
to both crops and wild plants1. Here, we demonstrate for the first 
time that ALAN is a threat to pollination that is rapidly spreading 
globally12. Because nocturnal and diurnal pollinators act as comple-
mentary functional groups and are linked by plant-mediated indirect 
interactions, ALAN has the potential to further aggravate the decline 
of diurnal pollinators through plant-mediated indirect effects from 
the  nocturnal pollinator community, with further knock-on effects on 
plant  pollination. We provide novel perspectives for the  understanding 
of the functional complementarities among pollinators, and show 
how plant–pollinator interactions are threatened by a hitherto little 
acknowledged driver of global change.

Online Content Methods, along with any additional Extended Data display items and 
Source Data, are available in the online version of the paper; references unique to 
these sections appear only in the online paper.
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METHODS
Data reporting. No statistical methods were used to predetermine sample size. 
Where possible experiments were randomized, for example, plants were selected 
randomly for treatment out of all plants on the study site. Insect sampling on the 
site was not done in a blinded manner, but the experts who identified the insect 
species were blinded to which site the insects were obtained from.
Experimental set-up. In 2014, a total of eight independent ruderal meadows 
were selected in the Prealps of Switzerland (nearest ground distance between two 
 adjacent sites (dist): mean ±  s.e.m. =  0.9 ±  0.3 km, median =  0.6 km). In 2015, 
nine additional meadows were selected and five of the sites of 2014 were used, 
 resulting in a total of 14 sites (dist: mean ±  s.e.m. =  1.0 ±  0.2 km, median =  0.6 km; 
see Supplementary Table 1). This region still has low levels of light emission with 
a radiance of less than 0.25 ×  10−9 W sr−1 cm−2 (data from http://www.lightpollu-
tionmap.info). All sites were comparable in vegetation, C. oleraceum was present 
on all sites and a varying subset of the following plant species was common to 
all sites: Eupatorium cannabinum, Valeriana officinalis, Epilobium angustifolium 
and Silene vulgaris. In 2015, on 7 out of the 14 sites LED street lamps (Schréder 
GmbH, type: AMPERA MIDI 48 LED, colour temperature: neutral white (4,000 K), 
 nominal LED flux: 6,800 lm) were installed (subsequently referred to as  illuminated 
sites). The lamps were installed on poles at a height of 4 m and were equipped with 
a twilight switch, which turned the lamps on when the surrounding  brightness 
fell below 5 lx. Varying with the topography of the meadow, this resulted in a 
mean ±  s.e.m. =  52.0 ±  4.2 lx within a 5-m radius circle around the streetlamp, 
25.7 ±  1.1 lx 5–10 m away and < 3.9 ±  0.4 lx more than 10 m away. Each of the 
seven illuminated sites was paired with a dark site (Supplementary Table 1). All 
dark sites were situated at least 100 m from any permanent light source (that is, 
street lamp) and had no major light source, such as an illuminated sports ground, 
in the surrounding 500 m. Pairing was done based on spatial proximity. In addition,  
due to high nightly variance in nocturnal insect activity, the sites within one pair 
were sampled at the same time during the same night.
Assessment of interactions between plants and flower visitors. Two datasets 
were collected, one in 2014 comprising paired diurnal and nocturnal interac-
tions between plants and flower visitors (subsequently referred to as the day–
night  dataset), and one in 2015, comprising nocturnal observations only, but on 
 illuminated and dark sites (subsequently referred to as the ALAN dataset). The two 
datasets were collected according to the same method, but with a slightly different 
sampling effort. Subsequently, the sampling procedure for the day–night dataset 
is described, and deviations from it in the ALAN dataset are given in brackets. 
The plant–flower visitor interactions were sampled by collecting all flower visitors 
actively touching the reproductive organs of the flowers within the area of 1 m on 
both sides of a transect using a hand net and walking at a steady speed30. Each 
flower visitor was individually caught and immediately transferred to a separate vial 
to avoid contamination by contact with other collected insects. For each collected 
visitor, the plant species was recorded. The flower visitors were frozen, pinned and 
if possible determined to species level (day–night dataset: 77%, ALAN dataset: 
82%) otherwise to morphospecies (day–night dataset: 6%, ALAN-dataset: 8%), 
genus (day–night dataset: 12%, ALAN dataset: 7%) or family level (day–night 
dataset: 4%, ALAN dataset: 3%). For simplicity, subsequently, they are all referred 
to as species. However, to ensure that the specimens identified to a low taxonomic 
resolution and flower visitors that were not functional pollinators did not  influence 
the results, all analyses were repeated using two subsets of the two datasets. The 
first two subsets (further referred to as day–night_p and ALAN_p) included only 
specimens that were identified to the level of genus, species, or morphospecies. 
Furthermore, all specimens of insect orders generally regarded as pollinators, 
namely Hymenoptera (except specimens of the family Formicidae) and Diptera31,32, 
were included, whereas specimens of taxa groups generally not regarded as polli-
nators were excluded, namely specimens of Carabidae, Neuroptera, Araneae and 
Blattodea. Finally, all specimens that were found to carry more than 5 pollen grains 
at least once were assigned as pollinators (assignment of specimens identified at the 
genus level only, if for all the specimens this was the highest taxonomic resolution). 
The second two subsets (further referred to as day–night_p.strict and ALAN_p.
strict) were obtained following the same approach as for the first two subsets, but 
with a more strict exclusion of taxa generally not regarded as pollinators: all orders 
were excluded except for Lepidoptera and Coleoptera (except for Carabidae, which 
were also excluded), Diptera and Hymenoptera. For more details regarding the 
datasets see Supplementary Table 3.

Observations during the night started 30 min after astronomical sunset. A 50-m 
transect (ALAN dataset: 100-m transect) was sampled every 30 min for a period of 
3 h (ALAN dataset: 4 h), resulting in six sampling rounds per night and site (ALAN 
dataset: eight sampling rounds). Between May and September 2014 (ALAN dataset: 
June and September 2015) sampling was repeated six times (ALAN dataset: five 
times, except for one illuminated and one dark site, which were only sampled four 
times). As visual aids, night-vision goggles (BIG25-CV, Vectronix) and LED head 

torches (873155 Intertronic, Interdiscount) were used in a randomized, alternating 
pattern (that is, for each hour, either LED head torches or night-vision goggles 
were randomly used first). Observations during the day started at 13:00 and they 
were paired with the night sampling, that is, on the same day or the day before or 
after, except for two times, when there were 3 and 10 days in between two sampling 
events owing to bad weather conditions. Sampling was only conducted without 
strong wind and rain, and during the day only in sunny conditions.
Estimation of pollination service. In 2015, on each of 5 dark and 5 illuminated 
sites (Supplementary Table 1), 5 pairs of 2 individuals of C. oleraceum were selected, 
resulting in 10 plants per site. The plants within a pair were similar in size and 
were at maximum 1 m apart from each other. Before the onset of flowering, one 
plant within each pair was randomly selected and its flower heads were bagged 
with a white nylon mesh (mesh size: 0.5 mm) in order to exclude flower visitors. 
This resulted in a total of 100 observed plants subjected to four treatments (the  
25 plants for each treatment were distributed equally among the sites). Between the 
end of July and the beginning of September, flower heads were collected as soon 
as they started to wither and to produce a feathery pappus. All fruits of two flower 
heads per plant were counted, and a visual distinction between the  developed 
white fruits and the aborted brown ovules was made (Extended Data Fig. 4). Two 
 measurements of reproductive output were calculated: the number of developed 
fruits and the percentage of developed fruits per flower head. Lux intensities 
for each  position of a plant pair were determined by a Photocurrent Amplifier 
(Ph-Amp MB7 Version 2.0, Czibula and Grundmann GmbH). The withered plants 
were harvested (above ground) and dried for three consecutive days in a drying 
 cabinet (70 °C) to assess the dry biomass using a Mettler Toledo scale (NewClassic MF; 
ML203E). A few flower heads were infested with small herbivores and thus  categorized 
according to whether they were infested or not (herbivores: yes versus no).
Pollen analysis. Pollen grains on insects were assessed using a 1 ×  1-mm3 cube 
of glycerin gel (1.04094.1000, Merck KGaA) stained with Fuchsin (3256.1, Roth). 
The insects were swabbed on the entire body, except for wings and parts that 
are  specialized for pollen-carrying, that is, the corbiculum and scopa of bees, 
as the pollen there is not available for pollination. The gel was then placed on a 
 microscope slide and gently melted. Each microscope slide (that is, one per insect 
specimen caught) was then scanned for pollen grains using a light microscope, and 
up to five grains were counted.
Indirect effects from nocturnal to diurnal pollinators. The potential for indirect 
effects from nocturnal to diurnal pollinators via shared plant species was  calculated 
following the approach developed by Müller et al.33, hereafter referred to as Müller’s 
index. Müller’s index is well-suited for assessing the potential for any indirect 
 influence between species (that is, apparent competition or facilitation) and is 
coded in the PAC function of the R package bipartite. For each pair of  nocturnal 
and diurnal flower visitors within each of the eight networks, we computed the 
potential for plant-mediated indirect effects from the nocturnal to the diurnal 
flower visitor. For each of the eight sites, we then computed the mean potential for 
indirect effects from nocturnal to diurnal flower visitors, hereafter referred to as 
the observed mean. The observed means were then compared to means derived 
from a null model similar to the one that was used previously34. This null model 
keeps the structure of the diurnal and nocturnal plant–pollinator sub-networks 
identical to the observed ones, but randomizes how plants  connect these two sub- 
networks. In other words, while the network structure of the plant–flower  visitor  
sub- network remained identical, plant names were randomly assigned before 
merging  networks, resulting in a random interconnection of the two sub-networks. 
For each of the eight sites, we performed 1,000 randomizations and computed 
for each  randomization the mean potential for indirect interactions, hereafter 
referred to as randomized means. For each site we then calculated the percentage 
of  randomized means that were below the observed mean. A quantile test (sign 
test) using the quantile function in R was performed to test whether the observed 
means were above the median of the randomized means across the eight sites.
Network parameters. For the ALAN dataset, six network parameters were 
 calculated: the number of species visiting the flower heads; the number of flower 
visits; the number of plant species visited; the generalism of plants, that is, the 
weighted mean effective number of species of flower visitors per plant species26; 
the generalism of flower visitors, that is, the weighted mean effective number of 
plant species per pollinator species26; and nestedness (NODF), which reflects the 
tendency for specialist species to interact with generalists. The last three parameters 
are known to affect the stability of plant–pollinator communities19,22 and were 
calculated using the function networklevel of the R package bipartite.
Data analysis. Nocturnal plant–flower visitor networks. The network parameters 
were taken as a response variable and analysed using either linear mixed-effects 
(LME) models with the lmer function in the lme4 package or generalized linear 
mixed-effects (GLMM) models with a Poisson distribution (see Extended Data 
Table 1). Treatment (two levels, dark versus illuminated) was included as a fixed 
factor, and site (seven paired sites of which one was the dark and the other the  
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illuminated site) as a random factor. All GLMM models were checked for 
 overdispersion by including an observation-level random factor (as many 
levels as  observations) into the model and comparing it to a model with-
out this additional variance parameter. When the observation-level random 
 factor significantly improved the model, it was retained in the model. All 
LME models were visually checked for a normal distribution of residuals and 
homoscedasticity, and, if necessary, the dependent variable was transformed 
to fulfil model assumptions (see Extended Data Table 1). To account for  
different numbers of interactions sampled between dark and illuminated sites, 
we generated accumulation curves for species richness and generalism of 
insects and plants. For each site and treatment, 500 accumulation curves were 
performed by re-sampling the observed interactions, see for example ref. 20. 
To account for differences in network size between dark and illuminated sites 
when estimating nestedness, we calculated z scores by comparing the observed 
NODF values to 1,000 NODF values generated using a null model that keeps  
network size, connectance and heterogeneity in generalism constant35.

Flower visitations to C. oleraceum. The effect of artificial lighting on noctur-
nal flower visitations to C. oleraceum was analysed with GLMM models that use 
the number of species of flower visitors and the number of visits of the ALAN 
 dataset as response variables and include the same model structure as described 
for the network parameters. Similarly, the models were checked for overdispersion 
and, if necessary, an observation-level random factor was included (see Extended 
Data Table 4 for specifications). The difference between the flower visitations to 
C. oleraceum between day and night was analysed using the day–night dataset.  
A GLMM model was run, with the number of flower visitors as the response 
 variable, time of sampling (two levels, day versus night) as a fixed factor, site 
(eight sites, that is, eight levels) as a random factor, and, if necessary, including an 
 additional observation-level random factor.

Fruit set of C. oleraceum. The effect of artificial lighting on the number 
of  developed fruits was analysed with a GLMM model assuming a Poisson 
 distribution and including plant pair (5 pairs per site, 5 levels) nested within 
sites (10 sites, 10 levels) nested within site pair (5 pairs, 5 levels) as a random 
factor. Treatment (two levels, dark versus illuminated), bagging of the flower head 
(two levels, bagged versus open) and herbivores (two levels, yes versus no) were 

included as fixed factors, the dry biomass as a co-variable, and treatment– bagging, 
 treatment–biomass and treatment–herbivores as interactions. If necessary, an 
 additional observation-level random factor was included to correct for overdis-
persion. The minimal adequate model was determined by Akaike information 
criterion (AIC)-based stepwise deletion of the interactions first and then single 
predictors of the full model using likelihood ratio tests. Similarly, the  percentage of 
developed fruits was analysed with a GLMM model and the same model  structure 
was used, except for the assumption of a binomial distribution instead of a Poisson 
distribution. To test whether the reduction of fruit set varies according to the lux 
intensity on the flower head, GLMM models were run for the number of  developed 
fruits assuming a Poisson distribution and the percentage of developed fruits 
assuming a binomial distribution. For these models only data from the unbagged 
flower heads and illuminated sites were used. In all models plant biomass and 
lux intensity were included as explanatory variables, and sites (5 sites, 5 levels) as 
a random factor. The fixed factor, herbivores (yes versus no), was not included 
as no herbivores were found in the subset. If necessary, the GLMM models were 
corrected for overdispersion (see Extended Data Table 5 for specifications).
Code availability. The computer code used for this study is available from the 
corresponding author upon request.
Data availability. The datasets analysed during the study are available from the 
corresponding author upon request.
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Extended Data Figure 1 | Accumulation curves for the species richness of flower visitors on illuminated and dark sites. For each site 500 
randomizations were performed and 95% confidence intervals are given (illuminated sites in white, dark sites in grey). Numbers above the plots 
correspond to the number of the pair of sites (see Supplementary Table 1).
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Extended Data Figure 2 | Accumulation curves for generalism of plant species on illuminated and dark sites. For each site 500 randomizations were 
performed and 95% confidence intervals are given (illuminated sites in white, dark sites in grey). Numbers above the plots correspond to the number of 
the pair of sites (see Supplementary Table 1).
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Extended Data Figure 3 | Accumulation curves for generalism of flower visitors on illuminated and dark sites. For each site 500 randomizations were 
performed and 95% confidence intervals are given (illuminated sites in white, dark sites in grey). Numbers above the plots correspond to the number of 
the pair of sites (see Supplementary Table 1).

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.

Folio N° 1199



LETTERRESEARCH

Extended Data Figure 4 | Fruits and aborted ovules of C.  oleraceum.
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Extended Data Table 1 | Comparison of network parameters of dark 
and illuminated sites

Results of linear mixed-effects (LME) models comparing the number of pollinator species  
(visitor richness), number of visits, number of plant species visited (plant richness), generalism of 
plants, generalism of flower visitors and z score of NODF (nestedness) of dark sites (dark, n =  7)  
and sites that were experimentally illuminated (illuminated, n =  7). Test statistics (test stat.): 
t value for lmer, z value for glmer. n, models without overdispersion or transformation of 
response variable; o, models that included an observation-level random factor; s, square-root 
transformation of the response variable.
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Extended Data Table 2 | The number of flower visits to C. oleraceum 
during day and night

Results of generalized linear mixed effects (GLMM) models analysing the difference between 
the number of flower visits to C. oleraceum during the day (n =  8) compared to during the night 
(n =  8). Analyses were run with the full dataset of all flower visitors (day–night) and two subsets 
(day–night_p and day–night_p.strict; for specifications regarding subsets, see Methods). All 
 models were overdispersed and therefore included an observation-level random factor.
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Extended Data Table 3 | Effects of artificial lighting on fruit set

Results of the minimal adequate models showing the effect of artificial lighting on the number 
and percentage of developed fruits per flower head of C. oleraceum. treat, light treatment (Lamp 
(illuminated sites) versus Dark (dark sites)); bagging, exclusion treatment of flower visitors 
(Bagged (bagged flowers) versus Open (open flowers)); presence of herbivores (Yes versus No). 
EST, estimate; SE, standard error. Both models were overdispersed and therefore included an 
observation-level random factor.
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Extended Data Table 4 | Effects of artificial lighting on the diversity 
of insects visiting C. oleraceum

Results of GLMM models comparing the diversity of species visiting C. oleraceum on dark sites 
(dark, n =  7) and experimentally illuminated sites (illuminated, n =  7). Analyses were run with 
the full dataset of all flower visitors (ALAN) and two subsets (ALAN_p and ALAN_p.strict; for 
 specifications regarding subsets see Methods. n, models without overdispersion; o, models which 
included an observation-level random factor.

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.

Folio N° 1204



LETTER RESEARCH

Extended Data Table 5 | Effect of lux intensities on fruit set

Results of GLMM models analysing the effect of different lux intensities and plant dry biomass on 
the number and percentage of developed fruits of C. oleraceum. EST, estimate; SE, standard error. 
Both models were overdispersed and therefore included an observation-level random factor.
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Extended Data Table 6 | Potential for indirect plant-mediated effects from nocturnal to diurnal flower visitors

Results of the analyses quantifying the potential for indirect plant-mediated effects from nocturnal to diurnal flower visitors. The observed mean potential for such effects was compared to the effect 
for networks in which plants connect the nocturnal and diurnal sub-networks in a randomized manner. A quantile test was performed to test whether the observed value across sites was significantly 
higher than for randomly inter-connected networks. Analyses were run with the full dataset of all flower visitors (day–night) and the two subsets (day–night_p and day–night_p.strict).
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Artificial light pollution influences behavioral and physiological traits in a
keystone predator species, Concholepas concholepas
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H I G H L I G H T S

• Juveniles of C. concholepas seek out and
choose their prey in dark conditions.

• Light pollution increases righting times
of juvenile C. concholepas.

• Light pollution increases metabolism of
juvenile C. concholepas

• In nature small C. concholepas are more
abundant in darkened habitats.

• Influence of light pollution at night may
have implications on community
structure.
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Artificial Light AtNight (ALAN) is an increasing global problem that, despite beingwidely recognized in terrestrial
systems, has been studied much less in marine habitats. In this study we investigated the effect of ALAN on be-
havioral and physiological traits of Concholepas concholepas, an important keystone species of the south-
eastern Pacific coast. We used juveniles collected in intertidal habitats that had not previously been exposed to
ALAN. In the laboratorywe exposed them to two treatments: darkness andwhite LED (Lighting Emitting Diodes)
to test for the impacts of ALAN on prey-searching behavior, self-righting time and metabolism. In the field, the
distribution of juveniles was observed during daylight-hours to determine whether C. concholepas preferred
shaded or illuminated microhabitats. Moreover, we compared the abundance of juveniles collected during
day- and night-time hours. The laboratory experiments demonstrated that juveniles of C. concholepas seek out
and choose their prey more efficiently in darkened areas. White LED illuminated conditions increased righting
times and metabolism. Field surveys indicated that, during daylight hours, juveniles were more abundant in
shaded micro-habitats than in illuminated ones. However, during darkness hours, individuals were not seen to
aggregate in any particular microhabitats. We conclude that the exposure to ALAN might disrupt important
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behavioral and physiological traits of small juveniles in this species which, as a mechanism to avoid visual
predators, are mainly active at night. It follows that ALAN in coastal areas might modify the entire community
structure of intertidal habitats by altering the behavior of this keystone species.

© 2019 Published by Elsevier B.V.

Self-righting
Metabolism

1. Introduction

Marine environments are facing a growingnumber of stressors asso-
ciatedwith global climate change, local human activities and the urban-
ization of coastal areas. In the face of this proliferation of human
impacts, artificial light pollution has often been overlooked despite
growing evidence that ALAN could pose a threat to the diversity and
functioning of biological communities in terrestrial (Gaston et al.,
2014; Davies et al., 2016; Davies et al., 2017; Davies and Smyth, 2017)
and marine communities (Becker et al., 2013; Gaston et al., 2014;
Davies et al., 2015; Bolton et al., 2017; Davies and Smyth, 2017). For ex-
ample, exposure to ALAN increased the total abundance, and modified
the community composition, of spiders and beetles in a grassland eco-
system (Davies et al., 2017). In marine ecosystems, Lorne and Salmon
(2007) showed that sea turtle orientation was negatively affected by
ALAN, impairing the ability of hatchlings to respond to natural orienta-
tion cues. Similarly, in nocturnally migrant birds ALAN altered multiple
behaviors (VanDoren et al., 2017) and even human health traits such as
sleep, circadian timing, next-morning alertness and increased risk of
breast cancer has been shown to be affected by ALAN (e.g. Chang
et al., 2015; Keshet-Sitton et al., 2015; Zielinska-Dabkowska, 2018).

Shifts in spectral signatures associated with ALANmight affect visu-
ally guided behaviors across a broad taxonomic group of animals
(Davies et al., 2013). It has been estimated that ~19% of the global land
area of the world it is now affected, to some extent, by ALAN (Cinzano
et al., 2001, Kyba et al., 2017, Kyba, 2018). Moreover, it is estimated
that the total area affected by this anthropogenic change in lighting
technology is increasing by 6% per year (Hölker et al., 2010), which sug-
gest that this stressor might have far reaching consequences. Light-
emitting diodes (LEDs) are cheap, bright, highly efficient and reduce en-
ergy consumption. All of which means that LEDs are rapidly becoming
one of the world's most important light sources (Zissis and Bertoldi,
2014) and are increasingly being used for lighting in both residential
and commercial areas as well as the transport routes between them.
In the marine environment this will specifically include beachfront de-
velopments, ports, marinas and shipping. Therefore, the potential im-
pact of this change to LED illumination on marine communities needs
to be considered (Gaston et al., 2015).

In the marine realm, many species have evolved behavioral and
morphological responses to minimize visual predation (Troscianko
et al., 2009;Manríquez et al., 2009). For instance, some intertidal species
are most active during the night as a mechanism to avoid visual preda-
tors (Wells, 1980). In addition, being active at night minimizes thermal
abiotic stress and desiccation at low tide. This is particularly advanta-
geous for organisms performing energy-demanding activities (e.g.
Kennedy et al., 2000). Recently, ALAN has also been shown to affect
the locomotor activity, circadian rhythm and growth rate of intertidal
amphipods (Luarte et al., 2016) as well as the small-scale diel vertical
migrations of zooplankton species (Ludvigsen et al., 2018). Therefore,
themodification of the natural light-dark regime by ALAN in coastal en-
vironments could have important consequences for the species
inhabiting these areas.

The “Loco” or “Chilean abalone”, Concholepas concholepas
(Bruguière, 1789), is a keystone species (i.e. its presence maintains the
structure and integrity of the community) in rocky shores of the
south-eastern Pacific Ocean coast (Castilla and Paine, 1987, Power
et al., 1996, Castilla, 1999). This species is an economically and ecologi-
cally important component of the rocky intertidal and subtidal

communities along the Chilean coast (Castilla, 1999). According to ob-
servations conducted under laboratory conditions with intertidal indi-
viduals, C. concholepas prey mainly at night (Castilla et al., 1979,
Castilla & Guisado, 1979, Castilla and Cancino, 1979, Guisado and
Castilla, 1983).Meanwhile, studies conducted using subtidal individuals
indicated that C. concholepas prey over the entire 24-h cycle (Stotz et al.,
2003) suggesting that, in this species, intertidal and subtidal popula-
tions display different activity patterns. Competent larvae of
C. concholepas show a marked circadian rhythm in their swimming be-
havior, displaying most of their activity at night (Manríquez & Castilla,
2001). However, it is not yet known if the behavior of benthic stages
of this species is also timed over the lunar or tidal cycle. Among the
most important prey items of C. concholepas are barnacles, mussels
and ascidians (Stotz et al., 2003; Manríquez and Castilla, 2018), all of
which are sessile or have limitedmobility. Therefore, it is highly unlikely
that preying at night in this species is amechanism that evolved to avoid
being perceived while approaching prey. Instead, it can be argued that
preying at night might be a potential mechanism evolved by
C. concholepas to avoid its own visual predators: the crab Acanthocyclus
hassleri (Manríquez et al., 2013a, 2013b), the birds Larus dominicanus
and Haematopus ater (Castilla and Cancino, 1979), the sea otter Lontra
felina (Castilla and Bahamondes, 1979), and the fish Pimelometopon
maculatus and Syciasis sanguineous (Viviani, 1975).

Similar to most mollusks, C. concholepas can use chemical and visual
stimuli during sensory perception (Manríquez et al., 2014; Domenici
et al., 2017). In this species, the detection of chemical cues associated
with prey and predators play an important role in feeding and predation
avoidance (Manríquez et al., 2013a; Manríquez et al., 2014). Moreover,
as in other marine gastropods, chemoreception of odor cues emanating
from food items, conspecifics or predators, involves the osphradium, an
external sensory organ, which monitors the physiochemical properties
of the surrounding seawater (Huaquín andGarrido, 2000). The structur-
ally simple eyes of these gastropods are situated in each tentacle, and
provide information on gross differences in light intensity
(distinguishing light and dark), regulate daily and seasonal activities,
egg laying behavior, mediate phototaxic behavior and locomotion, and
in some species, provide also visual detection of forms (Serb, 2008;
Ter Maat et al., 2012). Tentacles withdraw in response to sudden de-
creases in light intensity, exhibiting a shadow response consisting of
partial or total retraction of the body into the shell and downward
movement of one or both tentacles (Stoll, 1972; 1976). In
C. concholepas specifically, shadow response is observed under field
and laboratory conditions once light intensity is suddenly interrupted
near the cephalic region of the individuals with an opaque object
(Manríquez PH. pers. obs). This suggests that the cephalic eyes, or
other sensitive areas in the cephalic region, might play an important
role in detecting habitats with appropriate light illumination. Hence,
ALAN is likely to have a significant effect on the activity of this species.

Coastal urbanization and tourism development is followed by
coastal land reclamation, creation of artificial beaches (Chee et al.,
2017) and beachfront lighting (Hölker et al., 2010). This is particularly
important in Antofagasta, northern Chile, where the urban fringe is nar-
row and urbanization takes place near the coast (Corsin, 2001). As pre-
viously mentioned, the intertidal habitat is subject to a wide range of
stressors including ALAN (Underwood et al., 2017), so the rocky inter-
tidal zone and the organisms inhabiting there are goodmodels to inves-
tigate the eco-physiological consequences of ALAN. In this study, we
conducted laboratory experiments using juveniles of C. concholepas to
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investigate the potential effects of ALAN (using LED lighting) on prey
searching, self-righting speed and metabolism. In this particular envi-
ronment, prey searching and self-righting success are important traits
in mediating both predator-prey interactions and the ability to return
to a normal posture after dislodgement, respectively.Moreover,we con-
ducted a field survey to determinewhether the distribution of juveniles
in shallow subtidal rocky habitats was influenced by the ambient light
conditions. Our hypothesis was that exposure to ALAN has significant
effects on behavioral and physiological traits of juveniles of this key-
stone species.We expected that ALAN exposurewould inhibit the activ-
ity of small juveniles of C. concholepas and prompt them to incur
increased metabolic costs in searching for food in darkened areas.
Given that overturned individuals are more vulnerable to visual preda-
tors, we also expected that ALAN would speed up self-righting.

2. Methods

2.1. Influence of natural lighting conditions on the abundances of loco in the
field

This field sampling was conducted to explore the link between the
response of small juveniles of C. concholepas to ALAN in the laboratory
and their natural abundances during night hours. Daytime natural
abundances on shaded or illuminated shallow subtidal microhabitats
might give cues about where the small juvenile of this species prefer
to be more active (e.g. searching for prey). Similarly, night-time abun-
dances might help to know if this pattern changes in absence of light.
The location and abundance of juvenile Concholepas concholepas
(~1.5 cm in shell length)were determined from surveys conducted dur-
ing the day at low tide conditions in rock boulders mainly encrusted
with barnacle stands. The analyzed boulders were located in subtidal
shallow-water habitats inside pools that remain as pockets of seawater
when the tide ebbs. These surveys were conducted in Antofagasta,
northern Chile, at El Lenguado (23°46′S; 70°28′W) and Trocadero
(23°35′S; 70°23′W). In southern Chile, surveys were conducted at
Calfuco (39°46′S; 73°23′W) during both day and night-time hours. All
the surveys were conducted during austral summer months to match
those months when high abundances of small juvenile C. concholepas
are present at the chosen sampling sites (Manríquez et al., 2009;
Manríquez et al., 2012). During the day the average (±SE; N; weather
condition at sampling time) light intensities at seawater-level were
56.26 (0.67; 9; sunny), 46.64 (2.33; 9; sunny) and 3.16 (0.61; 9; partly
cloudy) kilo-lux for El Lenguado, Trocadero and Calfuco, respectively.
At night, during the sampling, light intensity measured in Calfuco was
zero. Light intensities were measured using a Pro's Kit MT-4017 Light
IntensityMeter. However, previous studies have shown that light inten-
sity during full moon under clear conditions could be around 0.1–0.3 lx
(Gaston et al., 2013, 2104).

The presence and abundance of juvenile C. concholepaswas noted on
both the upper and lower surface of rock boulders that were loose and
small enough to be able to be turned by the observer (≤ 20 cm in max-
imal length). In the pools, and only considering individuals below the
water level, juveniles inhabiting the upper, illuminated surface of the
boulders were counted before the boulder was turned over and those
inhabiting the lower, shaded surface were then counted. After being
assessed, all the boulders were returned to their original position. The
number of juveniles in each of the 2 micro-habitats (i.e. upper or
lower side of the boulders) was standardized by searching time. When
the boulders being surveyed were in the shallow subtidal pools, water
levelwas always ~10 cmabove the upper surface of the boulders. There-
fore, small juveniles of C. concholepas were exposed to contrasting nat-
ural lighting but not to desiccation. At each site, the same observer was
used locate juvenile Locos for the entire duration of the survey, with a
second researcher present to measure searching times and the size of
the individuals. The traveling time between micro-habitats and the
time needed to turn the loose boulders was not considered as part of

the search times. In southern Chile, the sampling schedule also included
night-time samplings conducted in both micro-habitats during low
tides occurring just a fewhours after the daytime sampling. In those sur-
veys, a headlamp equipped with a LED-generated dim red light was
used to help observe the small juveniles.

2.2. Collection of individuals for experiments

During December 2017, early juvenile stages of Locos (b1 cm in shell
length) were collected from rocky intertidal platforms located next to
the remains of the old rail turntable at Caleta Coloso in northern Chile,
Antofagasta (23°45′S; 70°27′W). In this study, we focused our observa-
tions and experiments on small juveniles of C. concholepas, because they
are the more abundant stages in rocky intertidal and shallow subtidal
habitats. Moreover, because of their small size these juveniles are the
most susceptible to be attacked by visual predators, dislodged by
wave action or disrupted by environmental stressors. At the study site,
there is no urbanization or beachfront lighting in place and the only ar-
tificial light sources at night are frompassing car headlights on the high-
way that runs parallel to the coast line, 50 m away and behind a 1 m
high stonewall. Therefore, it can be assumed that sessile and lowmobil-
ity organisms inhabiting this site have not been exposed to direct ALAN.
The juveniles were collected from habitats mainly dominated by stands
of the barnacle Notochthamalus scabrosus. Recently settled small indi-
viduals of the mussels Perumytilus purpuratus and Semimytilus algosus
were also presents on the rocky intertidal platforms. Shell coloration
in C. concholepas depends on the color of themore abundant prey avail-
able in the habitat (Manríquez et al., 2009). Therefore, all the individuals
were cryptic with mixed shell color (dark and light colored) and there-
fore ingestively conditioned (Hall et al., 1982) to the prey used in the
laboratory experiments (below). After collection, the individuals were
moved to laboratory facilities at the Universidad Católica del Norte,
Coquimbo, Chile (29°58′S; 71°21′W) where all the experiments were
conducted. On arrival, individualsweremaintained in Pexiglas® aquaria
with running seawater, under a natural photoperiod for the austral
summermonths (12:12 h light:dark photoperiod without artificial con-
trol for gradual changes at dawn and dusk). During the entire rearing
period, lighting in the laboratory was provided indirectly by fluorescent
lamps and the light intensity at the level of the aquariumswas on aver-
age (±SE; N) 38.6 lx (±6.5; 6). During the first 2 weeks of rearing, indi-
viduals were provided with small rocks incrusted with stands of the
barnacle N. scabrosus on which to feed and then the diet was switched
to small individuals of the mussel S. algosus. At the end of each experi-
ment (see below), individuals were weighed to the nearest 0.001 g
and measured to the nearest 0.01 mm using an analytical balance
(Adam AFA180 LC) and a digital vernier caliper (Mitutoyo 500-196-
30), respectively.

2.3. Prey-searching under light-darkness conditions

This experiment was conducted on juvenile C. concholepas which
had been acclimated to laboratory conditions for 1week. During this ac-
climation period, individuals were fed ad libitum with barnacle stands
collected from the same site used for C. concholepas collection. After ac-
climation, the directional responses of C. concholepas to artificial light
were evaluated in a two-choice test using Plexiglas® Y-mazes. The left
and right Y-maze arms were both 0.60 m long, 0.18 m wide and
0.10 m deep (Fig. 1). Three Y-mazes (black lateral walls, black lid and
white floor) were run simultaneously with both arms of each maze re-
ceiving filtered (1 μm) seawater at a constant rate of 1.0 L h−1. The sea-
water flowing into the arms of the Y-mazes dropped ~1 cm onto the
surface of the water. As in a previous study (Manríquez et al., 2014),
the displacement paths of the individual snails were verified at the
end of the trials by observing the remains of fine sediment stuck to
the mucous track generated by C. concholepas as the anterior part of
their foot travels along thewhite Y-mazefloor. TheY-maze experiments
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were repeated on 8 consecutive days until a total of 24 replicate trails
were obtained. After each run, the Y-mazes were cleaned with tap
water to remove any chemical cue that could influence future measure-
ments. At the beginning of each trial, a small flat rock with ~200 barna-
cleswas placed near the seawater inlets in each of the Y-maze arms. The
surface of the flat rock bearing the barnacle stands were always up-
wardly oriented. In each Y-maze, one arm was lit by attaching a white
LED light to the seawater inlet while the other arm remained in dark-
ness. All the LED lights used in this study (Chanzon ®) were 5 mm
round clear type, forward voltage of 3.2–3.6 V, 0.06 W, with a view
angle of 120° and a correlated color temperature (CCT) of 8000 K.
They also had the characteristic light source spectral power distribution
(SPD) curve, displaying a first peak at 460 nm with a power of
0.028 W/nm (indicating blue content) followed by the bell shape of
the second peak at 550 nm (indicating higher yellow content). The
LED was powered by a button Lithium cell battery (3 V, CR1616) and
oriented towards the upper surface of the rock in that arm (Fig. 1a). In
the dark arm, a LED was also attached to the seawater inlet but was
not switched on and therefore the surface of the rock was not illumi-
nated. This was to ensure that the physical presence of the lighting
equipment was the same in both arms and could not influence the re-
sults. During the experiments, the upper surface of the rockswas always
immersed inwater to depth of ~ 3–4 cm. The light intensitiesweremea-
sured in the air just above the water surface (~2 cm) and in the starting
zone situated 50 cm away from the inlets using a L-100 PCE Lux Meter.
Above the illuminated flat stones the light intensities were on average

(±SE; N) 329.9 lx (±22.4; 8). The light intensity used in this experiment
(and in the others, see below) was within the natural range measured
during daytime hours in the locality where the animals were collected
(ca. 200 to 1000 lx). However, in the darkened arms and in the starting
zone the light intensities were on average (±SE; N) 0.016 lx (±0.001;
8) and 0.169 lx (±0.011; 8), respectively. To standardize hunger levels,
all trial specimenswere starved for 24 h before the experiment. The test
individualswere placed in the acclimatization zone for 1 h (~17:00) and
thenmoved carefully to the starting zone. Each trial lasted 15 h, and the
final position of the snails in the Y-mazes was recorded (~09:00). The
final position of the juveniles in the Y-maze was categorized as lighting
arm, darkened arm or in the starting zone (Fig. 1a). To maintain the
temperature at 15 °C the Y-mazes were semi-immersed in a
temperature-controlled water bath.

2.4. Self-righting under light-darkness conditions

This experimentwas designed to examinehow light/darknessmight
influence self-righting success and speed of small juvenile individuals of
C. concholepas. This experiment was conducted 1 week after the previ-
ous one on a different group of individuals that had been acclimated
to laboratory conditions for 2 weeks. To account for the existence of
an endogenous rhythm that might mask self-righting performance in
response to light/darkness the experiment was run twice. The first ex-
perimental run was conducted during daytime hours (~10:00 to
19:00), while the second experimental run was conducted during the
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night (~22:00 to 03:00). In each experimental run we used 24 different
individuals. Each individual was placed in a plastic chamber (5 L), filled
with 3.5 L of aerated seawater and immersed in a water bath to main-
tain the acclimation temperature (~15 °C). The entire chamberwas cov-
ered with black plastic to prevent light from entering the system
(Fig. 1b). The opening of the chamber was equipped with a modified
plastic funnel used to close the chamber and to hold a white LED light
(the same as the one described in the previous section) (Fig. 1b). The
funnel spout was 1.0 cm in diameter and 3.0 cm in length and provided
an efficient way to stop the room lighting from entering the chamber.
When the white LED was on (during daytime or night hours), the
light intensity in the bottom of the experimental chamber was on aver-
age (±SE; N) 485.5 lx (±11.3; 8). However, when the LEDwas off (dur-
ing daytime or night hours), the light intensity was 0.068 (±0.001; 8).
To improve adherence during righting, the bottom of the chamber
was covered with a circular strip of a rough-textured rubber surface
(3 M™ Safety-Walk™ tape). Each juvenile was placed in the chamber
for 5 min of acclimatization and then was placed upside down in the
middle of the chamber. In this way the plane of the shell aperture was
parallel with respect to the horizontal plane, therefore with the same
degree of difficulty to self-right (Manríquez et al., 2016, 2017). Self-
righting time was defined as the total time taken by the individual to
completely return to its normal upright position from the moment
that the individual was placed upside down and was measured using
a digital stopwatch. A maximum of 15 min to assess self-righting was
allowed per individual. Inability to self-right within 15min was consid-
ered as self-righting failure. Regardless of experimental run (diurnal or
nocturnal), during darkness a dim red LED Petzl headlight (~15 lx) was
used to intermittently illuminate the inside of the chamber to allow the
juvenile to be observed. After each trial the chamber was cleaned and
filled with fresh aerated seawater in preparation for the next trial.

2.5. Metabolic impact of ALAN

The effect of ALAN on oxygen consumption rate in small juvenile
C. concholepas was measured on a randomly selected group of 32 indi-
viduals that had been acclimated to laboratory conditions for
3–4 weeks. Four experimental runs were conducted, each run
consisting of 4 illuminated and 4 darkened 60 mL glass respirometry
chambers. The illuminated chambers were lit with a white LED, the
same as those used in the previous experiments, placed 3 cm above
each chamber (Fig. 1c). The light levels in the artificially illuminated
and darkened chambers, were on average (±SD; N) 480.8 lx (±12.0;
4) and zero, respectively. The darkened chambers were identical except
they were completely covered with sticky back vinyl tape leaving a
small opening over the Oxygen Sensor Spot (SP-PSt3-NAU, PreSens).
The chambers were placed horizontally and semi-immersed in a black
Pexiglas® container connected to a refrigerated and heating water
bath circulator (Lab Companion RW-2025G). In this container, all the
chambers were left with the oxygen sensor spots (fixed at the inner
side of the chambers) 0.5 cm above the water level. To avoid any addi-
tional stress during the oxygen measurements, the chambers were not
manipulated when the fiber optical probe was applied to the spots. A
fiber optic oxygenmeter (Fibox 3, PreSens)was used for all oxygen con-
sumptionmeasurements. Calibrationwas performed using a Na2SO3 so-
lution (0% saturation) and using air bubbled seawater (100%
saturation). Individuals were starved in tanks containing 1.0 μm run-
ning filtered seawater for 24 h prior to the measurements. During this
period individuals were maintained at light intensities that were on av-
erage (±SE; N) 38.6 lx (±6.5; 6) and supplied by daylight fluorescent
tubes. Metabolic measurements lasted for at least 6 h, with the first
5 min removed to avoid possible manipulation effects. Special care
was taken to prevent oxygen levels from dropping below 70% of air sat-
uration. Background respiration was determined by measuring oxygen
consumption without a snail in the chamber, and that was subtracted
from the experimental oxygen consumption rates. This experimental

setting did not allow us to test whether the return from illumination
to darkness reduces oxygen consumption to maintain homeostasis.
The temperature during the measurements was stabilized at 15 °C by
connecting the container holding the respirometry chambers to a refrig-
erated and heating water bath circulator (Lab Companion RW-2025G).
Wet weight of each individual was measured using an analytical bal-
ance (Adam AFA180 LC). To determine the presence of encrusting or
shell-boring organisms in the small juveniles that might influence oxy-
gen consumption each individual was immersed in a Petri dish filled
with seawater and observed under a stereo-microscope (Olympus SZ
61).

2.6. Data analysis

Prey-searching and self-righting behavior can be affected by the size
of snail performing that activity. Consequently, the sizes of juvenile
C. concholepas used in the different lighting treatments were compared
using a 1-way ANOVA, after the assumptions of normality and homoge-
neity of variancewere tested. Thiswas done for both the prey-searching
and self-righting experiments. Oxygen consumption rates were ana-
lyzed with a 1-way ANOVA. Field abundances (square root- trans-
formed data) of juvenile C. concholepas among microhabitats were
analyzed by 2-way ANOVAs, considering in one case microhabitat type
(above or underneath the boulders) and location as main factors and
in the other case microhabitat type and hours of sampling (day or
night-time hours) as main factors. Self-righting times were compared
between treatments using a Kruskal-Wallis, as homogeneity of variance
between treatments was violated. The final position of the trial individ-
uals (percentage) in the prey-searching Y-maze experiment under con-
trasting lighting regimes and in the metabolism measurements were
analyzed by a Fisher's exact-probability test. All statistical analyses
were performed using SPSS v.18.0 (IBM Corp., Armonk, NY, USA). At
the end of the experiments all the experimental individuals were
returned to the same site where they were collected.

3. Results

3.1. Influence of natural lighting conditions on the abundances of loco in the
field

The abundance of small juveniles of C. concholepaswas significantly
different between microhabitats (F1,28: 0.9307; p b 0.00001). Approxi-
mately 4 and 5 times more individuals were found in the shaded than
in the illuminated microhabitats at El Lenguado and Trocadero, respec-
tively (Fig. 2a). The same analysis found that sampling site (F1,28: 0.05; p
0.3429) and the interaction with microhabitats type (F1,28: 0.05; p =
0.8261) were not significant. At Calfuco during day-time hours, almost
4 times more small juveniles were found underneath than above the
boulders (Fig. 2b). However, during night-time hours the abundances
were similar in both microhabitats (Fig. 2b). Overall, the abundance of
juvenile C. concholepas was significantly higher underneath than
above the boulders (F1,28: 8.5653; p = 0.0067, Fig. 2a). Although more
small juveniles were observed during nigh-time hours (Fig. 2b), the ef-
fect of sampling period was not significant (F1,28: 3.4661; p = 0.0732).
Similarly, the interaction between sampling period and microhabitat
type was not significant (F1,28: 0.05; p = 0.1702).

3.2. Prey-searching under light-darkness conditions

There were no significant differences (1-way ANOVA; F1,46 = 0.608;
p = 0.440) in terms of size between the individuals used in the illumi-
nated experiments (mean ± SE = 7.75 ± 0.16; N = 24) and those
used in the dark experiments (mean ± SE = 7.91 ± 0.14; N = 24). At
the end of the experiments, most of the trial individuals were found in
the darkened arm (Fig. 3). The frequency of juvenile C. concholepas re-
corded in each of the 3 potential final positions (i.e. darkened arm,
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white LED illuminated arm or starting position)was significantly differ-
ent from expected based on equal chance of being found on each posi-
tions (χ2 = 64.220; DF = 2; p b 0.0001; Fig. 3). When the juveniles
were found in the darkened arms, the percentage of trial individuals
found in each side of the rocks (above or below) or in other areas
around the rocks was significantly different from expected (Table 1).

In this condition the trial individuals were mainly found (~71%) in the
upper surface of the rocks in which the barnacles were attached and
no signs of mucous tracks were seen in the illuminated arm. When
the trial individuals were found in the illuminated arm, no signs of mu-
cous tracks were seen in the darkened arm and they were only found
below the rocks (100%, Table 1). Finally, for the trial individuals found
in the starting position, no signs of mucous tracks beyond that position
were recorded.

3.3. Self-righting under light-darkness conditions

There were no significant differences (1-way ANOVA; F1,94 = 2.269;
p= 0.135) in terms of size between the individuals used in the diurnal
experiments (mean± SE=8.12± 0.12; N=48) and those used in the
nocturnal experiments (mean± SE= 8.40± 0.14; N= 48). Moreover,
no significant differences were found in size between individuals ex-
posed to white LED illumination or maintained in darkened conditions
during day time (1-way ANOVA; F1,46 = 0.472; p = 0.495) or night-
time hours (1-way ANOVA; F1,46 = 0.364; p= 0.549) trials. Regardless
of whether the observations were conducted during the day or at night,
significantly shorter self-righting times were recorded for juvenile
C. concholepas under dark conditions (Fig. 4a-b; Kruskal-Wallis, χ2 =
10.29; DF = 1; p = 0.001 and Kruskal-Wallis, χ2 = 10.29; DF = 1; p
= 0.001 for day and night experiments, respectively). Righting success
during the day was ~75% in the dark and 33% for white LED illuminated
individuals. Similarly, righting success during the night was ~89% in the
dark and ~28% for white LED illuminated individuals.

3.4. Metabolic impact of ALAN

There were no significant differences (1-way ANOVA; F1,34 =
0.4313; p = 0.579) in terms of size between the individuals used in
the illuminated experiments (mean ± SE = 13.96 ± 0.52; N = 18)
and those used in the dark experiments (mean ± SE = 13.68 ± 0.41;
N = 18). Oxygen consumption rate was significantly higher (nearly
twice as high) in juvenile C. concholepas that were exposed to white
LED illumination than in those kept in darkness (1-way ANOVA; F1,34
= 9.637; p=0.004; Fig. 5). Once the chambers were opened, the juve-
niles inside the white LED illuminated chambers were primarily found
within the opaque blue screw caps away from the white LED lighting
source (11 of 12 individuals; χ2=8.33; DF=1; p=0.004).Meanwhile,
once the darkened chamberswere opened this behavioral responsewas
not generally observed (3 of 12 individuals; χ2 = 3.00; DF = 1; p =
0.083) andmost trial individuals were found away from the screw caps.

4. Discussion

Field surveys of rock boulders in shallow tide pools indicated that,
during the day, juvenile Concholepas concholepas congregate on the un-
derside of rock boulders. However at night, these juvenileswere present

0,00

0,40

0,80

1,20

1,60

Above Underneath Above Underneath

0,00

0,40

0,80

1,20

1,60

Above Underneath Above Underneath

Ab
un

da
nc
e
(in

di
vid

ua
ls
m
in

-1
)

(a)

(b)

Microhabitat (boulders)

El Lenguado (day) Trocadero (day)

Calfuco (day) Calfuco (night)

a a

b
b

a

b
b

b

Fig. 2. Average (±SE) abundances of small juveniles of C. concholepas recorded above and
underneath rock boulders presents in shallow subtidal pools. In the top graphs are
depicted the abundances in El Lenguado and Trocadero (a) during day-time hours at
northern Chile. In the bottom graphs (b) the abundances are depicted for day (open
bars) andnight (filled bar) hours in Calfuco at southern Chile. Different letters indicate sig-
nificant differences verified by ANOVA 2-way and Tukey's test (p b 0.05). In the insert pic-
ture a small juvenile of C. concholepas preying on a barnacle stand during day-time hours
in the underneath side of a rock boulder at Antofagasta, northern Chile. Scale bar 1 cm.

0

20

40

60

80

100

Darkened Ligh!ng No selec!on

Pr
op

or
!o

n
(%

)

Selected arm
Fig. 3. The effect of white LED lighting on the selected Y-maze by the small juveniles of
C. concholepas. White and dark bars are the proportion of individuals in the white LED
illuminated and darkened arm of the Y-maze, respectively. The grey bar is the
proportion of individuals that were found in the starting position of the Y-mazes.

Table 1
Concholepas concholepas. Percentage of juvenile individuals recorded on or around the
rocks placed in the selected darkened or white LED illuminated arm of the Y-maze.

Position of the trail snails Darkened arm
(%; n = 17)

White LED illuminated
arm (%; n = 3)

On the rocks
(Upper side-with barnacles)

70.58 0

On the rocks
(Lower side-without barnacles)

23.53 100

Around the rocks 5.88 0
χ2 = 66.911; DF = 2;

p b 0.0001

Percentages of trial snails in each position at the end of the Y-maze experiments were
compared using the Fisher's exact test with equal expected proportions in each position
category. n, number of snail choosing the corresponding Y-maze arm.
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both on top of and on the underside of the boulders. Since these individ-
uals were below the water level, they were not exposed to desiccation
or thermal stress. Hence, those results suggest that they were actually
avoiding light. Previous studies have indicated that large subtidal indi-
viduals of C. concholepas are active during both day and night (Stotz
et al., 2003). Meanwhile, laboratory studies using intertidal adult indi-
viduals have indicated that they are mainly active at night (Castilla
et al., 1979, Castilla and Cancino, 1979, Castilla et al., 1979, Guisado
and Castilla, 1983). In rocky intertidal habitats, juveniles of this species
remainmotionless during daytime low tides, and are difficult to see due
to their cryptic coloration (Manríquez et al., 2009). They are mainly
found hiding in small cracks, crevices, on the undersides of boulders
(Castilla and Cancino, 1979), inside shells of dead barnacles
(Manríquez et al., 2004) and near/beneath the pedal disc of sea anem-
ones (Moreno et al., 1993). Our study suggests the existence of a clear
pattern in which juveniles of C. concholepas are more active at night
than during the day, and select darkened micro-habitats during the
day. In the rocky intertidal those sites might represent micro-habitats
selected by small juveniles of C. concholepas during ebb tides to reduce
desiccation and heating stress. However, our results suggest that similar
microhabitats immersed within tide pools can also be used as refuges
from stressful or inadequate lighting (i.e. scototactic behavior) and/or
to avoid visual predators. If juveniles of C. concholepas are actually
avoiding lit habitats, then ALAN could modify this species' distribution
and prey-predation relationships, as it has been reported for other ma-
rine and terrestrial species (e.g. Bird et al., 2004; Becker et al., 2013;
Luarte et al., 2016; Bolton et al., 2017; Pulgar et al., 2018).

The predation experiment showed that juvenile individuals tend to
move to rocks with prey placed in the darkened arm of the Y-maze
rather than the lit arm containing identical rocks and prey. This suggests
that these organisms can distinguish between white LED illuminated
and darkened areas and, therefore, in shallow subtidal habitats ALAN
might affect the feeding activity, behavior and success of these snails
at night. Given that the snails were able to reach the prey in darkness,
these results suggest that prey finding in C. concholepas relies on chem-
ical rather than on visual cues, which might be an important trait in a
marine keystone predator species that move and prey during hours
with low visibility. Absence of mucous tracks in both arms of the Y-
mazes suggests that the final position of the experimental individuals
represents their first choice. Such preference for darkened over lit
areas seems natural and, we are confident, is not biased by the light
levels used in the laboratory. The average light levels used to simulate
ALAN treatments (330 lx) and the experiments discussed below (self-
righting: 486 lx and metabolic impact: 481 lx) are relatively high but
within the same order ofmagnitudeof light intensitiesmeasuredduring
night hours at the ground level of several field sites in the Chilean litto-
ral (∼100 to 150 lx; Pulgar et al., 2018, Duarte unp. data).Moreover, light
intensities used in our laboratory experiments are also within the order
of magnitude of light intensities measured at night on the surface of
rocky intertidal habitats next to promenades illuminated by lights
equipped with white LEDs at Antofagasta (author's unpublished data).

Our findings also show that, unexpectedly, the time required for
righting is negatively affected by exposure to ALAN. Fast self-righting
is considered an adaptive trait that evolved to reduce lethal attacks by
visual predators. Indeed, on wave-swept rocky shores, the ability of
C. concholepas to self-right after dislodgement, and rapidly return to a
normal up-right position, reduces the risk of predation (Manríquez
et al., 2014). Therefore, increased righting times in intertidal habitats af-
fected by ALAN, might increase an individual's susceptibility to a lethal
attack by visual predators. Those predators are mainly active at night
and include some species of crab (Silva et al., 2010), birds (Dugan,
1981) and small terrestrialmammals (Navarrete and Castilla, 1993). Al-
though the negative effects of ALAN on the righting of overturned snails
are clear, C. concholepas behavioral responses are complex and probably
shaped by their interactionwith other species. In our study, exposure to
ALAN was done using individuals in isolation rather than as part of an
interacting community. Therefore, further works addressing the impact
of ALAN on multi-species systems are a logical follow up to this study.

We found that the metabolic rate of juveniles of C. concholepaswas
higher in the presence of ALAN than in a darkened environment. In
our study, microbial respiration was minimised by using 0.45 μm-
filtered seawater and by ensuring that encrusting organisms, such as
bryozoans, hydrozoans, ascidians and barnacles, were not present on
the shell surface. Moreover, shell-boring phoronids and polychaetes
were not present in any of the experimental individuals. Therefore,
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differences in metabolic rates found in this study can only be attributed
to the presence or absence of ALAN. A significant increase in the meta-
bolic rate of juveniles exposed to ALAN suggests an increased demand
for energy which otherwise would be allocated to other activities such
as predator escape behavior or prey searching. This suggests that expo-
sure to ALAN is a potentially powerful stressor during night-time that
might have a selection effect on this species by impairing other
energy-demanding activities, an issue that should be addressed in fu-
ture studies. This also points towards the existence of a metabolic regu-
latory response inwhich lightmay lead to increasedmetabolic rates and
hence ATP demand. Therefore, by minimizing day displacement and
avoiding illuminated areas, C. concholepas may reduce metabolic rates.
Our experimental setting did not allow us to test whether the return
to darkness reduced oxygen consumption tomaintain homeostasis. Fu-
ture studies are required to investigate whether acute metabolic
changes in response to ALAN induce ametabolic rebound once the indi-
viduals are back to not stressful conditions. If C. concholepas are condi-
tioned to feed at night hours, exposure to ALAN would increase their
normal energy requirements and, in order to meet this increased de-
mand, theymay start to undertake foraging activities with higher levels
of boldness than normal, such as start foraging in the light. Such activi-
ties couldmake themmore vulnerable to visual predators, reducing sur-
vival and impacting upon population success. The same applies to
individuals that are dislodged when exposed to ALAN, where longer
self-righting times will also make them more vulnerable to visual
predators.

At the end of the metabolic measurements, the individuals main-
tained in thewhite LED illuminated chamberswere usually found inside
the screw cap away from the light source. In contrast, this behavior was
rarely observedwhen the oxygen consumtionwasmeasured in individ-
uals within darkened chambers. This is consistent with other observa-
tions showing that individuals of C. concholepas avoided lit areas and
moved towards darkened areas in both the respirometry chambers
and y-mazes. In nature, such microhabitats might be the underside of
boulders submerged in an intertidal pool during low tides. This prefer-
ential movement to dark areas, or aversion to bright ones, suggests
the existence of a scototactic behavior that has beenpreviously reported
in fish (Maximino et al., 2010, Blaser and Rosemberg, 2012, Thompson
et al., 2016). Scototactic behavior has been suggested as a mechanism
used by gastropods to return to coastal habitats after being displaced
offshore (Chelazzi and Vannini, 1976). Studies conducted in mice have
also found that short-term exposure to low levels of night-time fluores-
cent light increases their metabolic expenditure (Borniger et al., 2014).
Consistently with that, in some species of fish, dark conditions decrease
the individual's energetic requirements (Parker, 2002). Therefore, we
suggest that the scototactic behavior in this species can be modulated
by lighting and might have further consequences for other important
traits, such as prey finding, predation susceptibility and metabolism.

5. Conclusions

Combined, our results indicate thatwhen exposed to ALAN, small ju-
veniles of C. concholepas showed significantly longer self-righting times,
higher metabolic rates, and were less frequently found near the food
items available. Moreover, in shallow subtidal habitats, small juveniles
of this species preferred shaded areas during the day, but had no prefer-
ence during night-time hours. Such evidence suggests that, due to
ALAN, these juveniles become less efficient at finding food and more
vulnerable to visual predators. A previous study found that juvenile
C. concholepas that were stressed by a combination of elevated levels
of pCO2 and the presence of a predatory crab showed significantly
shorter self-righting times than those maintained under control condi-
tions (Manríquez et al., 2013b). This was not the case with individuals
exposed to ALAN. Therefore, we suggest ALAN can have far-reaching
impacts on this and other species of rocky intertidal communities. We
conclude that in the rocky intertidal, habitat complexity and natural or

artificial lighting can play an important role in micro-habitat selection
by C. concholepas and other similar species. The reduction of darkness
during night-time hours might alter the availability of appropriate hab-
itat and affect those behavioral and physiological traits that are needed
to make individuals less vulnerable to visual predators. Negative effects
of night-time lighting, from the individual to the community levels,
have been described in the literature (Davies et al., 2015; Luarte et al.,
2016; Ludvigsen et al., 2018). However, our study is the first to report
negative effects of ALAN on a keystone predator species, and thus
might have negative implications for community dynamics. This far,
available evidence on climate-driven effects on keystone species, and
their cascading effects on coastal communities, has mainly focused on
the effects of temperature (e.g. Sanford, 1999, Harley, 2011, Bonaviri
et al., 2017), ocean acidification (Manríquez et al., 2013a, b, 2016) or a
combination of both. In the light of the results presented here, the
sustained growth of ALAN sources and their potential effects on key-
stone species and associated communities can no longer be ignored. In
our study, artificial control of dawn and duskwas not feasible, so the po-
tential crepuscular effect on the investigated behavioral responses can-
not be disregarded.

In practical terms, our results imply that beachfronts equipped with
white LED lighting at night might affect important behavioral (i.e. prey
finding, self-righting) and physiological (i.e. metabolism) traits in
C. concholepas or other similar species inhabiting intertidal habitats.
This in turn can affect a whole range of species interactions and might
have negative consequences for intertidal communities. Due to the
fact that C. concholepas is a keystone species, changes in the balance of
biological interactions caused by ALAN may, eventually, modify the
whole community structure as has been described already in other in-
tertidal invertebrates (Underwood et al., 2017) and ecosystems
(Frank, 2006). The practical consequence of these results is the need
for less biologically disruptive lighting (see Gaston et al., 2012). We
argue that the development of beachfront lighting ordinance is required
to help protect organisms inhabiting the coast-line. For instance, sea
turtle friendly lighting has been designed to protect nocturnal nesting
and hatching of sea turtle species (Salmon, 2003), and similar initiatives
may be required to protect other organisms from ALAN. Further studies
assessing the impacts of white LED lighting on feeding rate and survival
of C. concholepas and other benthic species will allow additional predic-
tions to be made about the effects of environmental changes on coastal
habitats. Since LED lighting can be highly directional, one potential solu-
tion could be to direct light sources more precisely towards specific tar-
gets (i.e. coastal pedestrian paths, street lighting and routes),
preventing or minimizing the illumination of coastal habitats in which
sensitive species might inhabit.
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CONTAMINACIÓN LUMÍNICA EN EL ARCHIPIÉLAGO JUAN FERNÁNDEZ Y SU 
IMPACTO EN AVES MARINAS 

 

La contaminación lumínica se refiere al uso ineficiente, innecesario y extremo de fuentes de luz 
artificial, la cual aumenta el brillo del cielo nocturno a través de la reflexión y difusión de la luz artificial 
en las partículas que conforman la atmósfera terrestre. Sus impactos son variados, afectando aspectos 
de índole económicos, dado por el sobre consumo energético de entre un 30 a 60%, como en la salud 
humana, donde varios estudios apuntan a un incremento de dolores de cabeza, fatiga, y ansiedad ante 
los cambios del ciclo circadiano provocado por la sobre-exposición de luz o el uso de un tipo de luz 
con respecto a otra. Así mismo, la contaminación lumínica también tiene efectos culturales, al dificultar 
la visión de la noche estrellada. Los impactos negativos en la biodiversidad también son múltiples, 
pudiendo afectar a una gran variedad de especies, incluyendo peces, tortugas marinas y aves marinas.  
 

Las aves marinas son un gran y variado grupo de aves con adaptaciones que les permiten desarrollar 
su vida principalmente en el mar. Solo pisan tierra para nidificar, por lo general una vez al año y en 
lugares remotos. La mayoría de las especies son muy longevas y alcanzan su madurez sexual varios 
años después del nacimiento. Durante sus largas vidas, las aves marinas enfrentan amenazas similares 
en todas partes del mundo. Mientras se desplazan por el océano, deben lidiar con la pesca de cerco en 
los sitios de alimentación y con la contaminación marina. Cuando pisan tierra durante la etapa 
reproductiva, se enfrentan a la pérdida de hábitat y a la presencia de especies exóticas invasoras en las 
colonias de nidificación. Además, las aves que nidifican cercanas a zonas pobladas deben afrontar la 
contaminación lumínica, la que afecta en su mayoría a los polluelos al momento de abandonar por 
primera vez el nido.  

En Chile tenemos casos muy mediáticos en la zona norte, con especies de golondrinas de mar y yuncos 
encandilados con luces artificiales, las que posteriormente colisionan con cables o infraestructura, 
cayendo al suelo y quedando vulnerable al ataque de depredadores. Esta situación también ocurre en 
Juan Fernández, donde habitan seis especies de aves marinas, cinco de ellas clasificadas por el 
Reglamento de Clasificación de Especies (RCE) como “En Peligro” y una clasificada como 
“Vulnerable”. La Tabla 1 presenta un resumen de las seis especies de aves marinas nidificantes del 
archipiélago y sus categorías de amenaza. 
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Tabla 1. Aves marinas nidificantes del Archipiélago Juan Fernández y su categoría de amenaza según el 
Reglamente de Clasificación de Especies del Ministerio del Medio Ambiente. 

Nombre común Nombre científico Categoría de 
Amenaza 

Distribución de las colonias 
de nidificación 

Fardela blanca Ardenna creatopus En Peligro 
Endémica de Chile. Nidifica 
en las islas Robinson Crusoe, 

Santa Clara y Mocha. 

Fardela blanca de Juan 
Fernández Pterodroma externa En Peligro Endémica nidificante de la isla 

Alejandro Selkirk 

Fardela blanca de Más 
Afuera 

Pterodroma longirostris En Peligro Endémica nidificante de la isla 
Alejandro Selkirk 

 

Fardela blanca de Más a 
Tierra 

 

Pterodroma defilippiana 

 

Vulnerable 

 

Endémica de Chile. Nidifica 
en el Archipiélago Juan 

Fernández e islas 
Desventuradas 

Fardela negra de Juan 
Fernández 

Pterodroma neglecta En Peligro Nidifica en varias islas del 
Pacífico subtropical 

Golondrina de mar de 
vientre blanco 

Fregetta grallaria En Peligro Nidifica en varias islas del 
Pacífico subtropical 

 

De las seis especies nidificantes de Juan Fernández, cuatro son nocturnas, es decir, llegan y salen de 
las colonias durante las horas de oscuridad. Durante la noche, navegan y se orientan con navegación 
celestial, razón por la cual, las luces artificiales en zonas costeras pueden atraerlas y encandilarlas. Este 
encandilamiento resulta en una amenaza porque: (1) pueden chocar contra infraestructura, causando 
lesiones o incluso la muerte por el impacto, y (2) pueden confundirse y aterrizar en zonas lejanas a sus 
colonias, dejándolas vulnerables a la depredación por perros y gatos. Este fenómeno también ha sido 
documentado en varias islas habitadas del mundo incluyendo Hawaii, Nueva Zelanda, Australia, entre 
otros.  

Para estas especies que ya están amenazadas por otros impactos antrópicos, la contaminación lumínica 
puede significar un impacto significativo adicional para la población. No obstante, este impacto a las 
poblaciones de especies amenazadas es evitable con la instalación de luminarias apropiadas. En las 
islas de Hawaii (y en otras islas) se han instalado luminarias que minimizan la contaminación lumínica, 
y básicamente, han eliminado el problema de encandilamiento en aves marinas.  

Desde 2012, Oikonos ha documentado efectos negativos de las luminarias del poblado de Robinson 
Crusoe en individuos de cinco de las seis especies (A. creatopus, P. externa, P. longirostris, P. defilippiana y 
F. grallaria), registrando individuos lesionados y muertos. La fardela blanca (Ardenna creatopus) es la 
especie más afectada, comprendiendo más del 92% de todas las aves marinas caídas. La Figura 1 
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muestra el número total de aves marinas caídas por mes, entre los años 2012 y 2020. 

 

Figura 1. El número total de aves marinas caídas en el poblado San Juan Bautista por mes, mostrando la tasa 
máxima en el mes de mayo cuando los volantones de la fardela blanca abandonan su madriguera. 

Si bien se registran fardelas blancas caídas en varios meses del año, se concentran principalmente en 
mayo (Figura 1). Este mes coincide con la época de volantones, es decir, cuando los polluelos 
abandonan el nido para comenzar su migración hacia el hemisferio norte.  Algo similar, aunque en 
menor magnitud, ocurre con P. externa y P. longirostris, quienes también abandonan el nido en las 
mismas semanas, pero en la isla Alejandro Selkirk.  En el caso de los volantones de P. defilippiana, 
especie que tiene colonias de nidificación en la isla Santa Clara y en los islotes Verdugo y Juanango, 
éstos comienzan su migración durante las últimas semanas de noviembre y los primeros días de 
diciembre, período en que están potencialmente más susceptible a impactos por luminarias. La Figura 
2, resume los datos registrados de la caída de aves marinas entre los años 2012 y 2020. 
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Figura 2. Número de aves marinas caídas en el poblado San Juan Bautista por año, mostrando un aumento 
significativo en el año 2020.   

Junto con lo anterior, y en el marco del programa de monitoreo de impacto lumínico de Oikonos, 
hemos registrado un nivel relativamente constante en el número de aves marinas caídas entre los años 
2012-2019, con el total anual variando entre un mínimo de 25 y un máximo de 68 (con un promedio 
de 41 ejemplares).  Sin embargo, durante los primeros 5 meses de 2020 se ha documentado un total 
de 169 aves marinas caídas, más de dos veces el máximo del periodo anterior (2012-2019). De los 
ejemplares caídos en 2020, 96 fardelas blancas fueron encontrados muertas y 73 vivas, posteriormente 
liberadas. Todos los ejemplares fueron registrados durante el mes de mayo y correspondieron a la 
especie Ardenna creatopus, y el borde costero sur fue la zona que presentó un mayor número de 
ejemplares caídos (Figura 3).  

 

 

Figura 3. Número de aves marinas caídas en el poblado San Juan Bautista por año y por sector, mostrando un 
aumento significativo en el año 2020 y en el Borde Costero Sur.   
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Antecedentes de la biología natural de fardela blanca (Ardenna creatopus) 

Ardenna creatopus es un reproductor colonial filopátrico que anida en madrigueras sobre laderas. En el 
Archipiélago Juan Fernández, la mayoría de las colonias se ubican en laderas abiertas y cubiertas de 
hierba o con escasa vegetación hasta 500 metros de altitud, mientras que las colonias en isla Mocha se 
encuentran en un hábitat de bosque nativo hasta 350 metros de altitud. Las fardelas blancas se 
reproducen durante el verano austral; regresan a las colonias durante octubre y permanecen en aguas 
chilenas hasta mayo. Son monógamas, y ponen un solo huevo por temporada reproductiva; la 
incubación y alimentación del polluelo es compartida por ambos padres, quienes salen en busca de 
alimento durante el día, regresando a las colonias después del atardecer.  

La estimación poblacional histórica de fardela blanca es de 27.982 parejas reproductivas en el mundo o 
55.964 individuos reproductivos, de las cuales, 19.380 parejas se reproducen en isla Mocha (Muñoz, 
2011), y rangos entre 8,315 y 11,999 parejas reproductivas en el Archipiélago Juan Fernández. 
Finalmente, las figuras a continuación, muestran ejemplares de Ardenna creatopus saliendo de la 
madriguera en temporada reproductiva (Figura 4), ejemplares muertos recuperados por la Corporación 
Nacional Forestal en mayo de 2020 (Figura 5), y un ejemplo de luminarias amigables con las aves 
marinas instaladas por Oikonos y la Municipalidad de Juan Fernández en el único sitio de nidificación 
de fardela blanca en el poblado San Juan Bautista en Robinson Crusoe (Figura 6).  

 

Figura 4. Ejemplares adultos de Ardenna creatopus saliendo de la madriguera durante la temporada 
reproductiva en la isla Santa Clara. 
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Figura 5. Ejemplares de Ardenna creatopus muertos y recuperados por CONAF durante mayo de 2020 en el 
poblado de San Juan Bautista en Robinson Crusoe. Fotografía: Corporación Nacional Forestal. 

 

Figura 6. Luminarias de bajo impacto para las aves marinas instaladas por Oikonos y la Municipalidad de Juan 
Fernández en el único sitio de nidificación de Ardenna creatopus en el poblado de San Juan Bautista. 
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A R T I C L E I N F O

Keywords:
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Skyglow
Insect apocalypse
Insect declines
Insect conservation

A B S T R A C T

Insects around the world are rapidly declining. Concerns over what this loss means for food security and eco-
logical communities have compelled a growing number of researchers to search for the key drivers behind the
declines. Habitat loss, pesticide use, invasive species, and climate change all have likely played a role, but we
posit here that artificial light at night (ALAN) is another important—but often overlooked—bringer of the insect
apocalypse. We first discuss the history and extent of ALAN, and then present evidence that ALAN has led to
insect declines through its interference with the development, movement, foraging, and reproductive success of
diverse insect species, as well as its positive effect on insectivore predation. We conclude with a discussion of
how artificial lights can be tuned to reduce their impact on vulnerable populations. ALAN is unique among
anthropogenic habitat disturbances in that it is fairly easy to ameliorate, and leaves behind no residual effects.
Greater recognition of the ways in which ALAN affects insects can help conservationists reduce or eliminate one
of the major drivers of insect declines.

1. Introduction

Over the last two decades, researchers have uncovered steep de-
clines in insect diversity and biomass (Dirzo et al., 2014; Potts et al.,
2010) across geographically distinct areas including Germany
(Hallmann et al., 2017), the Netherlands (van Langevelde et al., 2018;
van Strien et al., 2019), Sweden (Franzén and Johannesson, 2007), the
British Isles (Powney et al., 2019; Shortall et al., 2009; Wilson et al.,
2018), Puerto Rico (Lister and Garcia, 2018), and Costa Rica (Janzen
and Hallwachs, 2019). This alleged “insect apocalypse” (Jarvis, 2018)
has generated an appropriate amount of public concern: insects are a
critical component of all terrestrial and freshwater food webs (Baxter
et al., 2005; van Veen et al., 2006) and provide important ecosystem
services (Schowalter et al., 2018). Their absence would have devas-
tating consequences for life on this planet. If insect decline is indeed a
global phenomenon (see Wagner, 2019), the question then becomes:
What is the problem, and how can we best address it? One recent re-
view of insect decline has sought to identify the main causes by ranking
potential drivers in order of their frequency of mention within relevant
literature (Sánchez-Bayo and Wyckhuys, 2019). The authors found, as

indeed have we, that habitat loss, chemical pollution (especially pes-
ticide use), invasive species, and climate change are the most well-de-
scribed threats to insect persistence. However, we do not agree that
relative degree of scientific consideration reflects importance in this
case. Instead we posit that “diurnal bias”—a preference among ecolo-
gists for studying daytime phenomena (Gaston, 2019)—has led insect
conservationists to overlook another widespread habitat disturbance,
pollutant, and method of insect control: artificial light at night (ALAN).

Although discrete sources of anthropogenic light have been used to
kill insects since circa 60 CE (Beavis, 1995), the modern phenomenon of
ecological light pollution began in earnest with the invention of the arc
lamp in the early 1800s (Dillon and Dillon, 2002; Saunders, 1887).
Soon after, dedicated “light traps” were adopted as a common method
of pest control (U.S. Patent, 4808), and are indeed still used for this
purpose today (Johansen et al., 2011; Pawson et al., 2009; Shimoda and
Honda, 2013); around the 1950s, light traps became popular among
entomologists for use in surveying insect biodiversity (Leather, 2015).
More recently, as lighting technology has advanced and the cost per
unit of brightness declined, both the intensity and quantity of artificial
light installations have increased worldwide (Kyba, 2018; Kyba et al.,
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2017; Tsao et al., 2010). Modern light pollution is no longer confined to
urban centers, but radiates outwards through the atmosphere and along
road networks that run into or around otherwise pristine areas (Gaston
et al., 2015; Gaston and Holt, 2018; Guetté et al., 2018). Since 1992,
levels of light pollution have doubled in high biodiversity areas, and are
likely to continue to rise (Koen et al., 2018; Kyba et al., 2017). By 2014,
over 23% of the land surface of the planet experienced artificially ele-
vated levels of night sky brightness (Falchi et al., 2016); by comparison,
agricultural crops cover approximately 12% (FAO, 2012). Insect con-
servationists now frequently lament, as do we, the dearth of insects to
be found swarming around artificial lights (e.g. Janzen and Hallwachs,
2019), yet rarely consider that the lights themselves may be an issue.

Artificial light at night is a potent evolutionary trap (Schlaepfer
et al., 2002; Altermatt and Ebert, 2016; Hopkins et al., 2018). Most
anthropogenic disturbances have natural analogs: the climate has
warmed before, habitats have fragmented, species have invaded new
ranges, and new pesticides (also known as plant defenses) have been
developed. Yet for all of evolutionary time, the daily cycle of light and
dark, the lunar cycle, and the annual cycle of the seasons have all re-
mained constant. Until now (Altermatt and Ebert, 2016), insects have
had no cause to evolve any relevant adaptations to ALAN. And so some
species retreat from streetlights (Farnworth et al., 2018) while others
for unclear reasons perch beneath them, stunned, or circle around them
until claimed by injury, exhaustion, or predation (Frank, 1988; Owens
and Lewis, 2018). While the total fitness impact of an artificial light
source will depend on its intensity, direction, spectral distribution
(Elvidge et al., 2010), and flicker rate (Inger et al., 2014), as well as the
time of day and structure of nearby surfaces (Horváth et al., 2009; Szaz
et al., 2015), the light output of most common fixtures is more than
enough to radically disturb the entire habitat of small-bodied animals
such as insects. Insects that manage to escape the cone of light beneath
a fixture can still be affected by skyglow, which emanates far beyond
urban centers at levels sufficient to obscure or alter vital environmental
cues including polarized moonlight, starlight, moon phase, and day-
length (Davies et al., 2013b; Kyba et al., 2011a; 2011b).

A growing body of research demonstrates that ALAN can impact the
fitness of plants and animals (Bennie et al., 2016; Gaston et al., 2013),
and more recent reviews have catalogued its broadscale effects on in-
sects in particular (Desouhant et al., 2019; Grubisic et al., 2018; Owens
and Lewis, 2018; Seymoure, 2018). Some estimates suggest that one
third of insects attracted to stationary artificial light sources die before
morning, either through exhaustion or predation (Eisenbeis, 2006;
Frank, 2006; Yoon et al., 2010); insects attracted to vehicle headlights
likely die immediately (Frank, 2006; Gaston and Holt, 2018). This
“fatal attraction” has been estimated to result in 100 billion insect
deaths per summer in Germany (Eisenbeis and Hänel 2009) and had the
potential to swiftly eliminate isolated populations of Hydraecia petasitis
moths in Finland (Väisänen and Hublin, 1983; see also Cantelo et al.,
1972). Insects that escape immediate death may still become trapped in
a “light sink,” unable to engage in behaviors vital to fitness (van
Langevelde et al., 2017). The potential for individual deaths to com-
pound into large-scale declines (Kokko and Sutherland, 2001) has been
borne out by the results of a 30 year survey of Dutch macromoths (van
Langevelde et al., 2018), during which time positively phototactic and
nocturnal species underwent steeper declines than diurnal species not
attracted to light. A similar survey of macromoths in the UK and Ireland
found greater losses at light polluted sites (Wilson et al., 2018), even
after controlling for urbanization (Bates et al., 2014), and that noc-
turnal species once again underwent disproportionate declines
(Coulthard et al., 2019). However, a small number of studies have
found disproportionate declines in day-active insect species instead
(Franzén and Johannesson, 2007).

One complicating factor is the fact that temporal niche partitioning
between diurnal and nocturnal species has become less extreme in re-
sponse to human activity (Ditchkoff et al., 2006; Gaynor et al., 2018;
Levy et al., 2019). At the same time, deforestation and habitat

fragmentation have reduced the availability of dark refuges for all
species (reviewed in Seymoure, 2018). If ALAN is contributing to a
worldwide decline of entomofauna, insects that occupy open habitats
should be more threatened than those that occupy closed habitats, and
terrestrial and aquatic species more so than fossorial species—as indeed
they are (Coulthard et al., 2019; Fox et al., 2014; Franzén and
Johannesson, 2007; Guerra Alonso et al., 2019; Paukkunen et al., 2018;
Potocký et al., 2018; Sánchez-Bayo and Wyckhuys, 2019; van Strien
et al., 2019), although few have viewed these trends with light in mind.

We argue here that ALAN impacts the vital biological functions of
nocturnal and diurnal insects alike in ways both related and unrelated
to flight-to-light behavior (Fig. 1). ALAN can cause immediate beha-
vioral change, or more complex behavioral expression of physiological
changes induced by external timekeeping signals (i.e.Zeitgebers); both
changes may be triggered by certain wavelengths of light only. ALAN
can also interact with other anthropogenic disturbances such as climate
change or noise pollution in complex ways (McMahon et al., 2017;
Miller et al., 2017; Walker et al., 2019). For example, pollinator insects
pushed from agricultural fields to road verges by pesticides will be more
exposed to streetlights and vehicle headlights (Phillips et al., 2019).
Impacts on single species will have downstream effects on other
members of the food web, the outcome of which can be extremely
difficult to predict (Sanders and Gaston, 2018). To keep this review in
scope, we focus here on the way in which ALAN impacts several vital
fitness-related behaviors of insects on the individual level. We also
discuss some of the potential consequences for insect populations, many
of which are just now becoming apparent (Table 1)

2. Movement

Large-scale seasonal migration and small-scale daily movements in
pursuit of food or habitat both play a crucial role in maintaining the
fitness of insect species (Hammock and Wetzel, 2013; Rankin, 1985),

Fig. 1. Both local sources of artificial light (left) and diffuse skyglow (right)
can impact the physiology, behavior, and fitness of insects. Positively photo-
tactic insects, including macromoths and beetles, exhibit a “fatal attraction” to
ALAN (A), while negatively phototactic insects such as weta avoid it (B). ALAN
also amplifies polarized light pollution, causing mayflies and other aquatic
insects to oviposit on non-aquatic flat surfaces (C). Skyglow obscures natural
nocturnal light sources (D), including the astronomical cues used by dung
beetles to navigate and the bioluminescent signals produced by fireflies and
other insects, with consequences for foraging and reproductive success in these
species. In the short term, ALAN can alter circadian patterns of activity and rest
(E), causing diurnal pollinators and insectivores to extend their foraging bouts
into the evening, while fully nocturnal insects delay their nightly emergence.
Over the long term, these repeated perturbations have been shown to alter the
development and phenology of crickets and aphids (F). The resulting pheno-
logical mismatches between host plants, predators, and prey will have cas-
cading effects on pollination success, host-parasite interactions, and eventually
entire food webs (G). Textures modified from Creative Commons Attribution
2.0 Generic licensed images (Wikimedia Commons, Flickr; Milky Way: John
Fowler; túngara frog: Geoff Gallice; Townsend's big-eared bat: National Parks
Service).
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and are necessary to the recovery of at-risk metapopulations (Schultz
et al., 2019). The attractive and repulsive effects of discrete sources of
artificial light are well known to prevent natural patterns of movement
(Allema et al., 2012) and alter the distribution of insects in a landscape
away from the evolved baseline (Degen et al., 2016; Macgregor et al.,
2017; Manfrin et al., 2017; Manríquez et al., 2019; Šustek, 1999; but
see Grenis et al., 2015; White, 2018). The fitness repercussions of “fatal
attraction” are described above, and not covered in any more detail
here. Lines of closely spaced streetlights, as are found along most major
roads, can also act as a barrier to the movement of positively and ne-
gatively phototactic species alike (Degen et al., 2016; Eisenbeis, 2006),
effectively fragmenting major swaths of otherwise suitable habitat. For
example, the drift rates of negatively phototactic immature aquatic
insects are significantly lower in the presence of riverside lighting
(Henn et al., 2014; Perkin et al., 2014a), and their adult forms pre-
vented from moving between streams or colonizing new streams
(Perkin et al., 2014b).

Nocturnal light signals serve an important role in the orientation of
many insect species (reviewed in Foster et al., 2018; Owens and Lewis,
2018). For example, Scarabaeus satyrus dung beetles use the stars and
dim patterns of polarized starlight to efficiently navigate away from
dung piles (Dacke et al., 2013), while Talitrus saltator sand hoppers
maintain a route parallel to the shoreline on their nightly excursions by
moving with respect to the moon (Ugolini et al., 2005). These signals
can be partially or fully obscured in light polluted habitats (Davies
et al., 2013b; Kyba et al., 2011a; 2011b); lunar signals also face com-
petition from overhead sources of artificial light (e.g. streetlights;
Sotthibandhu and Baker, 1979). Upwelling light (e.g. path lighting) can
further disorient flying insects such as wasps and dragonflies that
maintain a horizontal position in the air by keeping the more illumi-
nated half of their visual field always overhead (Berry et al., 2011;
Goodman, 1965). In fact, both upwelling and downwelling artificial
lights are intentionally used in agriculture to suppress the movement
and abundance of pest insects (Loughlin, 2014; Miller et al., 2015; Shi
et al., 2017; Shimoda and Honda, 2013), yet we wonder why more
desirable species have stopped visiting our increasingly illuminated
backyards.

3. Foraging

Artificial light at night can interfere with efficient acquisition of
food, vital to the developmental and reproductive success of insects
(Wenninger and Landolt, 2011), in several ways. Diurnal and crepus-
cular insects that move their foraging activity into the “night light
niche” (Garber, 1978) must endure cold stress (Caveney et al., 1995;
Urbanski et al., 2012), while nocturnal insects that continue to forage
alongside may experience reduced rates of growth due to increased
competition and/or what is effectively a reduction in their spatial niche
(Duarte et al., 2019). Insects avoid profitable foraging patches under
illumination due to perceived (Skutelsky, 1996) or actual increases in
their risk of predation by invertebrate (Heiling, 1999; Miller et al.,
2017), avian (Dwyer et al., 2013, and mammalian insectivores (Rydell,
2006). For example, the reduced presence of tree (Hemideina thoracica)
and cave (Rhaphidophoridae sp.) weta at artificially illuminated sites is
thought to be in avoidance of geckos and other nocturnal predators
(Farnworth et al., 2018).

Nocturnal insects that postpone foraging until their habitat is suf-
ficiently dark (Dreisig, 1980) are likely to be negatively affected by a
reduction in temporal niche (Tierney et al., 2017). For example, in la-
boratory environments exposure to dim ALAN is linked to less frequent
feeding in several moth species (van Langevelde et al., 2017). Orches-
toidea tuberculata sand hoppers consume less food under ALAN, and
grow less (Luarte et al., 2016). Tasmanian cave glow-worms (Ara-
chnocampa tasmaniensis) extinguish their bioluminescent lures when
exposed to artificial light (Merritt and Clarke, 2013), and could there-
fore starve under constant cave lighting. In the field, pollinators thatTa
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delay their nightly forage due to the day lengthening effects of skyglow
are likely to become desynchronized from their food plants, especially
in cases where flower opening is cued by temperature instead of light
(Seymoure, 2018; Somanathan et al., 2008; van Doorn and Van
Meeteren, 2003). Differences in the environmental cues used to guide
development of insects and their food plants result in increasingly ex-
aggerated desynchronization over the course of the growing season
(Forrest and Thomson, 2011; Laube et al., 2014) and decrease polli-
nator effectiveness (Rafferty and Ives, 2012).

Artificial light at night might also cause unexpected trophic cas-
cades through its effects on plants (Bennie et al., 2016; Schroer et al.,
2019) or insect natural enemies (see Predation). For example, ALAN
stunts the growth of larval cutworms (Apamea sordens) by increasing
the cuticle toughness of their smooth brome host plants (Grenis and
Murphy, 2018). By decreasing the flower abundance of pea plants
(Bennie et al., 2018a, 2016), ALAN has also been shown to impact pea
aphids (Acyrthosiphon pisum) (Bennie et al., 2018b) as well as the
parasitoid wasps (Aphidius megourae; Lysiphlebus fabarum and Aphidius
ervi) that prey upon them (Sanders et al., 2018, 2015). When food is
available, and foraging insects present and active, ALAN can still impact
foraging success. Unnatural spectra may obscure the particular visual
cues that tobacco hornworm moths (Manduca sexta) and other insects
use to identify flowers, plants, or prey (Cutler et al., 1995; Davies et al.,
2013a; Streinzer et al., 2019). For example, monochromatic red illu-
mination has been found to decrease the rate at which parasitoid wasps
encounter their pea aphid hosts (Cochard et al., 2017; 2019a, 2019b).
Finally, ALAN can incapacitate positively phototactic insects such as
giant water bugs (Lethocerus deyrolli;Choi et al., 2009; Yoon et al., 2010)
and macromoths (Somers-Yeates et al., 2013) that might otherwise
spend the evening engaged in foraging activities, including nocturnal
pollination (Knop et al., 2017; Macgregor et al., 2015).

4. Reproduction

ALAN can delay or eliminate the window of time during which
night-active insects engage in courtship and mating (Dreisig, 1975; Lall,
1993; Li et al., 2019). The corn earworm moth (Helicoverpa zea) never
mates when ambient light levels are above that produced by a quarter
moon (Agee, 1969), and other strictly nocturnal insects are likely si-
milarly sensitive, but understudied. The insects that manage to main-
tain a nightly routine within light polluted habitats may still have dif-
ficulty locating suitable mates. Firefly beetles are one unique example:
the courtship of most fireflies requires the exchange of bioluminescent
signals, which are obscured or inhibited by artificial illumination
(Firebaugh and Haynes, 2016; Owens et al., 2018) to the point that
receptive Lampyris noctiluca females perched underneath streetlights
are never visited by male conspecifics (Ineichen and Rüttimann, 2012).
In certain cases, these females must compete with the streetlights to
attract males (Bek, 2015). Other insects may see but be unable to re-
cognize conspecifics: male crepuscular horned beetles (Coprophanaeus
lancifer) have a coloration that reflects the purplish light of dusk, and
will be less apparent to females when lit by artificial light of a different
spectral composition (Davies et al., 2013a; Kelley et al., 2019; Théry
et al., 2008).

ALAN can also impact the reproductive success of insects directly
through its various effects on development and physiology (Honnen
et al., 2016). Exposure to constant light is known to sterilize males
(Bebas et al., 2001; Giebultowicz et al., 1990), suppress female sex
pheromones (Fatzinger, 1973; van Geffen et al., 2015a), and interfere
with oviposition in moths (Nemfc, 1971; Yamaoka and Hirao, 1981) –
likely a result of its disruption of the circadian timing of reproductive
development or behavior. Similarly, exposure to dim ALAN decreases
the fecundity of Drosophila melanogaster (McLay et al., 2017). Exposure
to different ratios of blue or red light at night significantly alters the sex
ratio of parasitoid wasps (Cochard et al., 2019a, 2019b), and may im-
pact other insect species as well. The effective sex ratio of surviving

reproductives can be further altered by the differential impacts of ALAN
on behavior: for example, male tree weta avoid illuminated areas but
female tree weta do not (Farnworth et al., 2018), and female winter
moths (Operophtera brumata) avoid illuminated tree trunks (van Geffen
et al., 2015b). In general, female moths tend to be less strongly at-
tracted to artificial lights than males of the same species (Altermatt
et al., 2009; Garris and Snyder, 2010; van Geffen et al., 2015b). Those
that can be found at light traps are often gravid (Frank, 1988) and may
be compelled to oviposit in the immediate area regardless of habitat
suitability. Perhaps most dramatically, polarized light pollution fre-
quently misleads aquatic insects into ovipositing on non-aquatic, im-
permeable surfaces (Szaz et al., 2015; Villalobos Jiménez and de,
2017), efficiently decimating subsequent generations.

5. Predation

Insects that become caught in the orbit of artificial lights can be
readily exploited by insectivores. This may be why predatory ar-
thropods tend to be disproportionately represented in illuminated ha-
bitats (Davies et al., 2017, 2012; Eccard et al., 2018; Manfrin et al.,
2017), just as insectivorous bats (Jung and Kalko, 2010; Minnaar et al.,
2015; Russo et al., 2019; Rydell, 2006), rats (Yoon et al., 2010),
shorebirds (Dwyer et al., 2013), geckos (Zozaya et al., 2015) and cane
toads (González-Bernal et al., 2016) are often found feeding around
artificial lights. Orb‐web spiders prefer to build their webs near artifi-
cial lights, where they net more prey (Czaczkes et al., 2018; Heiling,
1999; Yuen and Bonebrake, 2017). Diurnal predators such as jumping
spiders (Frank, 2009; Wolff, 1982) and anoles (Garber, 1978) have also
been described hunting for insects at lights at night (Manfrin et al.,
2018), while birds are known to feed on aquatic insects trapped by
polarized light pollution (Robertson et al., 2010). In general, prey in-
sects do not appear able to defend against the increased predation
pressure. To the contrary, a wide variety of moth species willingly
approach streetlights monitored by foraging bats (Acharya and Fenton,
1999), where they are less able to execute their normal evasive flight
behavior (Minnaar et al., 2015; Svensson and Rydell, 1998).

Predators do not only benefit from the dense aggregation of insect
prey under artificial lights, but also the increased visibility, which is
thought to benefit visually oriented vertebrate insectivores including
some birds (Dwyer et al., 2013; Santos et al., 2010) and fish (Meyer and
Sullivan, 2013). Other invertebrate predators may also benefit: pea
aphids are more frequently predated by visually oriented lady beetles
(Coccinella septempunctata) under ALAN, but not by lady beetles that use
non-visual cues to hunt (Miller et al., 2017). When light levels are too
bright, however, some predatory and parasitoid insects themselves
succumb to its suppressive effects on foraging behavior (Eccard et al.,
2018; Sanders et al., 2018, 2015). Finally, alterations to the intensity
and spectra of the nocturnal light environment can interfere with visual
signals, which play an important role the predator-prey arms race. The
aposematic glows of larval fireflies (Branham and Wenzel, 2003;
Leavell et al., 2018) and the aposematic coloration of Heliconius but-
terflies (Seymoure, 2016) are likely to become less apparent under
ALAN, as these and other warning signals have evolved to maximize
visibility within particular natural light environments. Camouflage has
also evolved within environments illuminated solely by natural sources
(Davies et al., 2013a; Delhey and Peters, 2017), and could become in-
effectual when viewed under ALAN. In some cases, intelligent predators
given the opportunity to observe insects perched beneath artificial
lights may become better at recognizing them in natural light en-
vironments (Frank, 2006). Whenever evolutionary traps increase pre-
dation risk in this way, they are likely to cause the rapid extinction of
affected species (Kokko and Sutherland, 2001; Robertson et al., 2018).

6. Development

Artificial light at night can interfere with the development of
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immature insects by directly inhibiting or promoting nocturnal or
diurnal foraging activity (see Foraging), or by interfering with the
production of a suite of endocrine hormones (Ouyang et al., 2018;
Russart and Nelson, 2018a) and the processes that they regulate, in-
cluding circadian rhythms (Aulsebrook et al., 2018; Dominoni et al.,
2016) and metabolic function (Gaston et al., 2017; Marcheva et al.,
2013). One insect hormone particularly affected by environmental light
– especially short wavelength light (Aubé et al., 2013; Lampel et al.,
2005) – is melatonin. Melatonin is an active antioxidant (Durrant et al.,
2019; Jones et al., 2015; Tan et al., 2010) and key biological signal
(Hardeland and Poeggeler, 2003), which is primarily produced in
darkness and suppressed by blue light. Its daily oscillation helps to
regulate circadian rhythms of activity as well as circannual photo-
periodism (Desouhant et al., 2019; Evans et al., 2007; Tan et al., 2010).

Previous research into the circadian rhythms of insects has used
regimens of constant darkness or light to elucidate the fitness costs of
total arrhythmicity (Winfree, 1974), which include impaired immune
function, reduced fecundity, and a shorter lifespan (Durrant et al.,
2015; Kouser and Palaksha Shakunthala, 2014). Other subtler fitness
costs may arise from the mistiming of crucial life history events. For
example, many insect species synchronize certain developmental ac-
tivities with particular times of day: for example, Drosophila jambulina
fruit flies eclose before dawn when ambient temperature and humidity
are optimal (Thakurdas et al., 2009), while intertidal midges (Ponto-
myia oceana and Clunio spp.) eclose during periods of low tide
(Neumann, 1989; Soong et al., 2011); improper timing could cause fruit
flies to desiccate and intertidal midges to drown.

Artificially lengthened photoperiods delay the development of in-
sects that overwinter as juveniles, including locusts (Locusta migratoria;
Tanaka et al., 1993) and thrips (Megalurothrips sjostedti; Ekesi et al.,
1999), while accelerating the development of multivoltine lady beetles
(Coelophora saucia; Omkar and Pathak, 2006), aphids (Megoura viciae;
Kehoe et al., 2018) and flower bugs (Orius sauteri; Wang et al., 2013).
By effectively lengthening photoperiod, and potentially suppressing
melatonin production, ALAN prolongs juvenile development in black
field crickets (Teleogryllus commodus; Durrant et al., 2018), but accel-
erates development in orb-web spiders (Eriophora biapicata; Willmott
et al., 2018). Short-wavelength light speeds up the pupal development
of cabbage moths (Mamestra brassicae; van Geffen et al., 2014), while
red light has no effect. ALAN also causes aphids that exhibit seasonal
polyphenism to maintain their summer form well into autumn (Sanders
et al., 2015), and horse-chestnut leafminers (Cameraria ohridella) to
undergo more generations per season (Schroer et al. 2019); both of
these changes likely lead to cold stress. Whether ALAN slows or speeds
development in a certain species is ultimately immaterial: whenever
insects are desynchronized from their external climate, conspecifics,
host plants, food sources, etc., the survival, reproduction and general
fitness consequences are catastrophic (Boggs and Inouye, 2012; Bosch
et al., 2010; Buckley et al., 2017; Conrad et al., 2003; Konvička et al.,
2016; Kudo and Ida, 2013; Miller-Rushing et al., 2010; Schenk et al.,
2018).

7. Recommendations

We still have yet to fully understand how diverse insect taxa re-
spond to artificial light of varying spectral composition, intensity, po-
larization, and flicker. To make matters more complicated, old fash-
ioned bulb types often release large amounts of heat (Elvidge et al.,
2010), while some modern LED fixtures emit ultrasonic frequencies that
could have compounding effects on insect fitness (John Swaddle, pers.
comm.). A combination of insect electroretinography and thoughtfully
controlled behavioral studies (Cronin et al., 2014) may reveal ways of
reducing the ecological consequences of ALAN on insects while still
maintaining sufficient levels of nighttime illumination for human safety
and enjoyment. In general, efforts to mitigate ALAN driven declines in
insect diversity and biomass should take a spectral, spatial, and

temporal approach (Bruce-White and Shardlow, 2011).
Monochromatic LEDs can be engineered to produce light of any

desired spectral composition (Pimputkar et al., 2009). Therefore, once
we know the specific wavelength affinities of insects, we can in theory
design lights with minimal output in the wavelengths that most affect
insect fitness. Many insects are capable of perceiving ultraviolet wa-
velengths, but are fairly insensitive to red, deep red, and infrared
(Briscoe and Chittka, 2001; Lind et al., 2017). Long wavelength light
(amber or red) tends to induce relatively low levels of flight-to-light
behavior across insect groups (Donners et al., 2018; Longcore et al.,
2018; Seymoure et al., 2019; Spoelstra et al., 2015), and has the least
suppressive effect on melatonin production (Dauchy et al., 2016; Do
et al., 2009; Russart and Nelson, 2018b), which may reduce impacts on
insect physiology and development (Desouhant et al., 2019; Do et al.,
2009; Jones et al., 2015; Russart and Nelson, 2018b; Saunders, 2012).
However, the spectral needs of certain insect (Bek, 2015; Pacheco et al.,
2016; Spoelstra et al., 2015; van Langevelde et al., 2017) and non-insect
taxa such as plants, fish, and birds (Bennie et al., 2016; Dominoni,
2015; Seymoure et al., 2019) do not always align. Furthermore, many
monochromatic LED fixtures on the market today are so bright, with
such a broad full width at half maximum (FWHM, a measure of the
proportion of photons emitted on either side of the peak wavelength),
that their color as stated is not particularly relevant.

In many cases, it is far easier, quicker, and cheaper to shield, dim, or
turn off a light source than it is to find the particular bulb type or
narrow bandpass filter that makes its emissions visible to humans alone.
Spatial mitigation of ALAN must involve the installation of proper
shielding, but shielding alone is insufficient: it may block glare at
human eye level and reduce atmospheric skyglow, but it will not pre-
vent downwelling light from affecting insects in the immediate habitat;
stationary insects, including pond-dwelling aquatic species and most
female fireflies, may be completely incapacitated by a perfectly
shielded streetlight. Rather than focusing overly much on shielding,
insect conservation efforts should instead be directed towards the fol-
lowing methods of spatial mitigation: limiting illumination to desired
areas such as sidewalks or roads; dimming light sources to the lowest
acceptable intensity; and—perhaps most importantly—reducing the
number of fixtures installed in and around ecologically vulnerable
areas. In ecotourist hotspots, path lights might be shielded from the top
and the bottom to minimize their impact on nearby biodiversity.
Increased understanding of how insects are affected by “invisible”
qualities of light including polarization (Egri et al., 2017; Száz et al.,
2016) and flicker rate (Barroso et al., 2017; Inger et al., 2014; Shields,
1989) can further inform the design of low-impact fixtures as well as
their surrounding surfaces. Finally, temporal approaches comprising
motion activation and/or automatic timers that extinguish lights when
they are not needed, or when vulnerable species are likely to be most
affected (e.g. during the two month long courtship season of the
common glow-worm; (Gardiner, 2011), can greatly improve insect
survivorship.

8. Conclusion

Some estimates predict that one million species, including up to
40% of insects, will go extinct within the next several decades (IPBES,
2019; Sánchez-Bayo and Wyckhuys, 2019). It is urgent therefore that
we seek to identify the range of threats that insects face, and understand
how to best address them. In light of the evidence presented above, we
strongly believe that ALAN—in combination with habitat loss, chemical
pollution, invasive species, and climate change—is driving insect de-
clines. The relative lack of research into its ecological impact is likely a
reflection of diurnal bias (Gaston, 2019), and not due to an inherent
lack of importance. Quite the contrary: light is the source of all life on
this planet, a fundamental part of the perceptive ability of most animal
taxa, and an environmental cue of time of day and year that has been
constant throughout all of evolutionary history. Anthropogenic changes
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to the natural light environment should be predicted to affect all life
that has evolved within it—that is to say, almost all life on Earth.

In this paper we have summarized numerous studies demonstrating
the ways in which ALAN impacts nocturnal and diurnal insects through
effects on movement, foraging, reproduction, predation risk, and de-
velopment. We would like to emphasize that ALAN is not merely a
subcategory of urbanization: the ecological consequences of light pol-
lution are not limited to urban and suburban centers, but widespread
along roadways and around protected areas. Although there is ob-
viously no single cause of insect declines, each threat identified is an
opportunity for better informed management practices. Furthermore,
unlike other potential drivers of insect declines, ALAN is relatively
straightforward to reverse, and doing so could greatly reduce insect
losses immediately. Our aim in sharing our perspective is thus to urge
policy makers and land managers to incorporate the known con-
sequences of ALAN into their insect conservation agendas. Meanwhile,
more research is needed to further document the role of ALAN in insect
declines, as well as to engineer more insect friendly lighting technology.
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PLAN DE RECUPERACIÓN, CONSERVACIÓN Y GESTIÓN DE LA FARDELA 
BLANCA (Ardenna creatopus). 

 

1. PRESENTACIÓN 
 

La presente propuesta de Plan de Recuperación, Conservación y Gestión de la 
Fardela Blanca (Ardenna creatopus, antes Puffinus creatopus), es un esfuerzo 
colectivo de actualización del primer documento de planificación para la 
conservación de la especies elaborado por la Corporación Nacional Forestal 
(CONAF) en el año 2007, y responde a los lineamientos del Ministerio del Medio 
Ambiente, en el marco del Reglamento de Planes de Recuperación, 
Conservación y Gestión de Especies, contenido  en el decreto supreno N°1, de 
2014, del Ministerio del Medio Ambiente. Cabe destacar que este documento es 
el primero que ingresa al proceso de formalización por vía abreviada. 
 
En la actualidad, existen diversas políticas tanto nacionales como internacionales, 
que permiten contar con un marco de acción para la conservación de la fardela 
blanca. En este sentido, el presente plan de recuperación, conservación y gestión 
de especies (plan RECOGE) puede vincularse con los Objetivos de Desarrollo 
Sostenible (ODS), en su Agenda 2030, a través de su Objetivo 14 “Conservar y 
utilizar en forma sostenible los océanos, los mares y los recursos marinos para el 
desarrollo sostenible”, y su Objetivo 15 “Promover el uso sostenible de los 
ecosistemas terrestres, luchar contra la desertificación, detener e invertir la 
degradación de las tierras y frenar la pérdida de la diversidad biológica”, según 
sea el caso. Estos objetivos permiten contar con bases de referencia para el 
desarrollo de acciones que propendan a la conservación y protección de la 
biodiversidad y desarrollo sostenible de los océanos. 
 
Por otra parte, dentro del Programa de Gobierno 2018-2022, en la sección MEDIO 
AMBIENTE, CAMBIO CLIMÁTICO Y CALENTAMIENTO GLOBAL, uno de los objetivos 
que se contempla es “Reducir el nivel de riesgo en que se encuentran las distintas 
especies actualmente vulnerables o en peligro de extinción”. Este objetivo se 
considera parte de las acciones consideradas relevantes durante el actual 
periodo de gobierno, por lo que este Plan de Conservación de Fardela Blanca, 
estaría cumpliendo cabalmente con ese desafío. 
 
Cabe destacar que este Plan se vincula directamente con la Estrategia Nacional 
de Biodiversidad (2003) principalmente con su quinto lineamiento estratégico en 
relación a “Proteger y restaurar la biodiversidad y sus servicios ecosistémicos”. En 
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2010, el Convenio sobre Diversidad Biológica (CDB), instó a los países a actualizar 
sus Estrategias Nacionales de Biodiversidad (ENB) de acuerdo al “Plan Estratégico 
para la Diversidad Biológica 2011-2020 y las Metas de Aichi”, donde este plan 
RECOGE se relaciona directamente con la meta 12, que señala que “Para 2020, 
se habrá evitado la extinción de especies en peligro identificadas y su estado de 
conservación se habrá mejorado y sostenido, especialmente para las especies en 
mayor declive”. Siguiendo esta línea, durante los años 2012 y 2015, Chile trabajó 
en la actualización de la Estrategia Nacional de Biodiversidad (2017-2030), 
documento en el que este Plan RECOGE forma parte del Plan de Acción de 
Especies Nativas. Además, se vinculan directamente con los objetivos estratégicos 
(1) Promover el uso sustentable de la biodiversidad para el bienestar humano 
reduciendo las amenazas sobre los ecosistemas y especies, y (4) Insertar objetivos 
de biodiversidad en políticas, planes y programas del sector público y privado.  
 
El desafío que plantea este documento es la implementación integral de sus 
acciones, con la participación y coordinación de todos los sectores, con sus 
respectivas responsabilidades y competencias. En este sentido y después de 
evaluar el proceso de elaboración del Plan RECOGE Fardela blanca es 
importante mencionar el interés y preocupación de diversas instituciones públicas 
y sector privado en la conservación de esta especie. De este modo, el Plan de 
RECOGE de la Fardela Blanca, podrá constituirse en una adecuada directriz para 
coordinar y aunar los esfuerzos que permitan disminuir las amenazas y mejorar el 
estado de conservación de esta relevante especie migratoria. 
 

2. ORGANISMO COORDINADOR-FACILITADOR 
 

Desde que se tomó la decisión de actualizar este Plan RECOGE bajo un 
mecanismo abreviado, el Ministerio del Medio Ambiente ha contado con el 
apoyo de la ONG Oikonos quienes han coordinado reuniones, facilitado y 
convocado talleres, además de preparar documentos que han sido parte de los 
inicios de este proceso. 
 
Oikonos Ecosystem Knowledge es una ONG norteamericana enfocada en el 
estudio y protección de ecosistemas insulares vulnerables involucrando a las 
comunidades a través de colaboraciones científicas y artísticas innovadoras. 
Oikonos tiene más de 16 años de experiencia creando e implementando 
soluciones concretas e innovadoras a problemáticas de conservación de 
especies y ecosistemas amenazados. Todo este esfuerzo se ha logrado mediante 
la realización de una ciencia rigurosa, facilitando acciones de conservación 
colaborativa e involucrando a distintos actores claves y tomadores de decisiones 
en la gestión y protección ambiental a largo plazo. 
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En Chile trabaja desde Santiago, Valparaíso, Isla Mocha y el Archipiélago Juan 
Fernández, liderando proyectos de conservación de diversas especies endémicas 
y ecosistemas amenazados, incluyendo el Picaflor de Juan Fernández 
(Sephanoides fernandensis), el Rayadito de Masafuera (Aphrastura masafuerae), 
Fardela de Masatierra (Pterodroma defilippiana) y la Fardela Blanca (Ardenna 
creatopus). Con respecto a esta última especie, Oikonos ha trabajado con 
acciones concretas de conservación por 16 años consecutivos a través del 
proyecto “Conservación de la Fardela Blanca”, motivados por su alta 
vulnerabilidad y condición de especie migratoria. Este trabajo constante ha 
permitido crear alianzas nacionales e internacionales para la implementación y 
desarrollo de proyectos de investigación, mitigación de sus amenazas, difusión y 
educación ambiental asociado a la especie. Por otra parte, gracias a la gestión 
realizada por el equipo de Oikonos, con instituciones públicas y privadas, se ha 
logrado cuantificar y mitigar las amenazas en tierra y mar a través de la 
implementación de diferentes estrategias, incluyendo cercos de exclusión de 
depredadores, cambios de luminarias para evitar encandilamiento, campañas 
de esterilización de mascotas, programas de educación ambiental y un fuerte 
trabajo a nivel nacional y a lo largo de su ruta migratoria para cuantificar y 
disminuir la captura incidental de esta especie asociada a pesquerías de cerco.  
 
Finalmente, durante el trabajo realizado estos años con fardela blanca, Oikonos 
ha facilitado y participado activamente en la confección y actualización de los 4 
planes de conservación y recuperación que posee la especie actualmente a 
nivel nacional e internacional, incluyendo el Plan de Acción de América del Norte 
para la Conservación de la Fardela de Vientre Blanco (2005), Plan Nacional para 
la Conservación de la Fardela Blanca (2007), Estrategia de Recuperación para el 
Albatros de Cola Corta y la Fardela Blanca (2008). También facilitó la inclusión de 
la especie en el Acuerdo para la Conservación de Albatros y Petreles (ACAP).  
 

3. METODOLOGÍA 
 
La fardela blanca está en alguna categoría de conservación desde hace varias 
décadas en Chile. Fue declarada como Vulnerable (CONAF 1988 y Reglamento 
Ley de Caza 1998). Diez años después, en abril de 2008, se declara En Peligro, 
mediante decreto supremo N°50, de 2008, del Ministerio Secretaría General de la 
Presidencia, como resultado del 2º Proceso de Clasificación de Especies.  
 
Paralelamente y considerando su alto grado de amenaza, en el año 2007, la 
CONAF, y la entonces Comisión Nacional del Medio Ambiente (CONAMA), 
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convocaron a diferentes actores, académicos, representantes de servicios 
públicos y la comunidad para analizar y construir una estrategia de conservación 
de la Fardela Blanca en el mediano y largo plazo. Es así como se elaboró el “Plan 
Nacional para la Conservación de la Fardela de Vientre Blanco Puffinus creatopus 
Coue, 1864 en Chile”. 
 
Entre los años 2008 y 2012, se desarrollan varias actividades en el marco de un 
Acuerdo de Cooperación Ambiental entre Chile y Canadá, entre los que se 
destacan: 

- Marzo de 2009, realización primera reunión en Viña del Mar con la 
contraparte canadiense e inicio del apoyo.  

- Enero de 2011, reunión en isla Mocha. 
- Realización de diversas actividades en terreno tales como: sensibilización, 

capacitación, educación, investigación, etc. 
 
En el año 2010, con la entrada en vigencia de la Ley Nº 20.417, se incorporó la 
figura de los Planes de Recuperación, Conservación y Gestión de Especies en la 
Ley Nº 19.3000, sobre Bases generales del Medio Ambiente. Cuatro años después, 
en enero de 2014 se realizó una reunión en Valparaíso, en las instalaciones del 
Instituo de Fomento Pesquero (IFOP), para evaluar el Plan de Conservación 
Fardela de Vientre Blanco (2007) y allí se decide actualizar el Plan migrándolo al 
formato que los Planes RECOGE. Para dar seguimiento a esta reunión, en marzo 
de ese año (2014), se junta el mismo grupo para iniciar elaboración Plan RECOGE. 
Desde esta fecha y hasta junio de 2014, se realiza, en primer lugar, la revisión y 
reformulación de acciones tomando como insumo el Plan de Conservación de 
Fardela de Vientre Blanco, y en segundo, la revisión y recomendaciones del taller 
de enero de 2011 en isla Mocha, donde participaron Oikonos, Island 
Conservation, IFOP, la Subsecretaría de Pesca y Acuicultura (SUBPESCA), CONAF, 
el Servicio Agrícola y Ganadero (SAG) y el MMA. 
 
En septiembre de 2014 se publicó el decreto supremo N° 1, 2014, del MMA, 
mediante el cual se aprobó el Reglamento para la Elaboración de los Planes de 
Recuperación, Conservación y Gestión de Especies (en adelante el Reglamento), 
en el marco del cual se contempla la revisión de planes por un mecanismo 
abreviado para aquellos que tuviesen un avance del proceso de elaboración y 
que cumplan con los contenidos mínimos y principio que establece la normativa 
vigente, así como también para los que requieran la actualización del mismo. Tal 
es el caso del proceso de actualización del Plan de Conservación de la Fardela 
Blanca Ardenna creatopus. 
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Una de las iniciativas relevantes durante el desarrollo de la propuesta de plan fue 
la incorporación de la fardela blanca al Acuerdo de Conservación de Albatros y 
Petreles (ACAP), actividad impulsada por SUBPESCA y el IFOP, y apoyada por el 
MMA y la ONG Oikonos. El 28 de noviembre de 2014, SUBPESCA envía 
formalmente la propuesta a ACAP y en mayo de 2015, se adopta la propuesta e 
incluye la especie en los listados de ACAP (COP5, Tenerife, España). Actualmente, 
Chile ha participado en varias reuniones de este Acuerdo, aportando información 
sobre la especie y recibiendo el apoyo en las iniciativas de conservación que 
nuestro país está llevando a cabo.  
 
Durante el 2015, entre los meses de junio y diciembre, con el Reglamento vigente 
y el Comité de Planes ya operando, se decide afinar objetivos y líneas de acción, 
una revisión de amenazas y sus factores influyentes, así como la recopilación de 
las acciones previamente propuestas utilizando el enfoque de “estándares 
abiertos para la conservación”. El trabajo fue desarrollado por un pequeño 
equipo que incluyó a Oikonos, MMA, IFOP, SUBPESCA y CONAF.  
 
En marzo de 2016, en el marco del proceso de construcción de este plan, se 
realizó en la ciudad de Viña del Mar el Taller de Elaboración del Plan de 
Recuperación, Conservación y Gestión de Fardela Blanca, donde se convocó a 
diversos actores relevantes y servicios públicos. Se tomó en consideración los 
resultados de reuniones y talleres realizados desde el año 2007 a la fecha y que 
fueron sintetizados y redactados por un grupo de trabajo más reducido durante el 
año 2015. El objetivo definido para este taller fue “revisar y complementar la 
síntesis y propuesta preliminar formulada por este grupo de redacción, 
particularmente amenazas y acciones”. Sin embargo, por la extensión de la 
reunión, sólo fue posible revisar y calificar las amenazas, así como también definir 
los factores influyentes, dejando para una nueva reunión la revisión y definición de 
acciones.  
 
En noviembre y diciembre de ese mismo año (2016), se realizaron dos reuniones 
más que tuvieron por objetivo, continuar el proceso de elaboración del Plan de 
Recuperación, Conservación y Gestión de Fardela Blanca (Ardenna creatopus, 
antes Puffinus creatopus), tomando como base los resultados y acuerdos del taller 
de marzo de 2016.  
 
Durante el 2017 y parte del 2018, se continuó desarrollando el trabajo de 
construcción del Plan RECOGE de Fardela Blanca. Sin embargo, esta parte del 
proceso se concentró en un grupo más reducido que pudiese ir ordenando ideas, 
acciones, actividades y toda información requerida en la tabla resumen del Plan. 
Este proceso de actualización consideró la realización de diversos talleres de 
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trabajo y reuniones bilaterales a fin de identificar las acciones que serían 
implementadas dentro de este plan. Por otro lado, se comenzó a trabajar en la 
actualización y adaptación del texto al formato oficial de los Planes para entrar al 
proceso del Ministerio del Medio Ambiente. 
 
Con el objetivo de finalizar este proceso, el martes 19 de junio del 2018, en la 
ciudad de Santiago, se realizó el último Taller de Elaboración del Plan RECOGE de 
la Fardela Blanca, donde se tomó en consideración los resultados de reuniones y 
talleres realizados desde el año 2007 a la fecha, reuniones bilaterales con servicios 
públicos realizados durante el primer trimestre del 2018 y que fueron sintetizados y 
redactados por un grupo de trabajo más reducido durante mayo de 2018. 
 
EL presente documento consolida el trabajo que se ha descrito en estos párrafos y 
que ha significado esfuerzo de actores relevantes, organización y servicios 
públicos y el desafío de contar con un instrumento formal de conservación para 
la fardela blanca. En este proceso, participaron representantes de la Corporación 
Nacional Forestal (CONAF), el Servicio Agrícola y Ganadero (SAG), Ministerio de 
Medio Ambiente (MMA), Ministerio de Bienes Nacionales (BBNN) Subsecretaría de 
Pesca y Acuicultura (SUBPESCA), Servicio Nacional de Pesca y Acuicultura 
(SERNAPESCA), el Instituto de Fomento Pesquero (IFOP), Gobernación Marítima, 
Dirección General del Territorio Marítimo y de Marina Mercante (DIRECTEMAR), 
Brigada de Delitos contra el Medio Ambiente (Policía de Investigaciones de Chile), 
representantes de las Municipalidad de Lebu y de Juan Fernández, las ONGs 
Island Conservation, Oikonos y Albatross Task Force – Chile y representantes de la 
Universidad Andrés Bello.  
 

4. RESUMEN DE LOS ANTECEDENTES GENERALES SOBRE LA ESPECIE Y 

FACTORES DE AMENAZA 
 
La fardela blanca (Ardenna creatopus) es una especie migratoria que se 
distribuye en el Océano Pacífico Oriental en ambos hemisferios, nidificando en el 
hemisferio sur, exclusivamente en territorio chileno (Archipiélago de Juan 
Fernández e Isla Mocha) y migrando al norte durante el invierno austral (Figura 1). 
Pertenece al orden Procellariiformes, el más grande de aves marinas, 
comprendido por albatros, petreles, golondrinas de mar y yuncos. Se caracterizan 
por tener vidas de larga duración, tener una madurez reproductiva tardía con 
bajas tasas de reproducción y pisar tierra solo para anidar. En la actualidad, no 
existen datos de edad media del primer apareamiento para fardela blanca, sin 
embargo es posible asumir información basada en datos publicados para fardela 
negra (Ardenna grisea), donde se estima una edad media del primer 
apareamiento de 7-8 años y un tiempo promedio de generación de 13,1 años. 

Folio N° 1240



 
 

8 
 
 

Dentro de este Orden, la fardela blanca está dentro de las especies más 
pequeñas, posee plumaje café grisáceo en las partes superiores y blanco 
manchado en el vientre y parte inferior del cuerpo, el que mudan después de 
cada nidificación.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Esta especie es nidificante endémica de Chile ya que se reproduce solo en tres 
islas: Isla Mocha en Bahía de Arauco, a 35 km de la costa, frente a Tirúa; Isla 
Robinson Crusoe a 670 km al noroeste de Valparaíso y en la Isla Santa Clara, 
ubicada a tan solo 1,5 km al sudoeste de la isla Robinson, en el archipiélago 
oceánico de Juan Fernández (Figura 2). Nidifica en colonias y construye sus nidos 
en madrigueras sobre laderas. Su reproducción ocurre durante el verano austral, 
poniendo un solo huevo por temporada reproductiva desde fines de noviembre 
hasta mediados de diciembre. Los polluelos abandonan el nido en mayo. La ruta 
migratoria hacia sus zonas de descanso sigue la costa, desde Chile hasta 
Canadá, pudiendo llegar en algunas ocasiones a Alaska. En cuanto a sus zonas 
de alimentación se pueden identificar tres zonas relevantes: Arica, norte de 
Valdivia y el Golfo de Arauco al sur de Talcahuano, siendo estas dos últimas las 
principales (Figura 3).  

Figura  Mapa migración Fardela Blanca 

Figura . Mapa migración Fardela Blanca 

Figura 1. Migración fardela blanca 
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En la Isla Mocha, la especie se reproduce en un bosque denso, desde alrededor 
de 150 m sobre el nivel del mar hasta las crestas montañosas más altas. En 
Robinson Crusoe, se encuentran en laderas y a lo largo de cordones de crestas, 
mientras que en Santa Clara las madrigueras se distribuyen en partes extensas de 
la isla, mayormente en grupos, aunque también hay muchas solitarias. Tanto en la 
Isla Robinson Crusoe como Santa Clara, las madrigueras se encuentran en 
terrenos abiertos con hierba rala y vegetación herbácea.  
 
La fardela de vientre blanco es una especie considerada a nivel internacional 
como vulnerable por la UICN. En Chile, de acuerdo al Reglamento Clasificación 
Especies, se encuentra En Peligro (DS N° 50 de MINSEGPRES de 2008). Este grado 
de amenaza se debe a la disminución continua de sus poblaciones observada 
tanto en el área de ocupación, con sólo tres sitios reproductivos, como en la 
extensión y calidad del hábitat. Si bien la especie ocupa 21 millones de kilómetros 
cuadrados, su área de nidificación es de 150 kilómetros cuadrados.  
 
 
 
 
 

Figura 2 Colonias de reproducción 

Figura 2. Colonias de reproducción 

Figura 3 Alimentación y nidificación Isla Mocha Figura 3. Zona de alimentación Fardela Blanca 

Figura 2. Colonias reproductoras 
conocidas 

Figura 3. Zonas de 
alimentación fardela blanca 
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5. DIAGNÓSTICO DE LOS FACTORES DE AMENAZA Y SUS EFECTOS 
 

La fardela blanca, se encuentra sujeta a una serie de amenazas que han sido 
identificadas, sin embargo, las causas de declinación de sus poblaciones han sido 
poco estudiadas y difieren dependiendo del lugar. Este escenario requiere que el 
diseño e implementación de las acciones de conservación, contribuyan a 
aumentar el conocimiento y revertir aquellas amenazas que el grupo de 
elaboración definió como de mayor relevancia. 
 
En este sentido, se identifican seis amenazas directas y principales: 1) Especies 
exóticas invasoras; 2) Perros y gatos en las colonias reproductivas; 3) Consumo de 
polluelos; 4) Perturbación antrópica en sitios reproductivos (efectos lumínicos y 
tendido eléctrico); 5) Ganado al interior del Área Silvestre Protegida; y 6) Captura 
incidental.  
 
Se identificaron además dos amenazas indirectas: contaminación por 
hidrocarburos y consumo de plásticos. Esta última posiblemente de alto impacto y 
que va en aumento, pero dada su magnitud y la relevancia nacional e 
internacional, no fue incluida dentro del plan. Sin embargo, se requiere con 
urgencia que su impacto sea considerado y estudiado a nivel nacional.  
  
5.1 CAPTURA INCIDENTAL 
 
La captura incidental en pesquerías es considerada una de las principales 
amenazas de la fardela blanca. En los últimos años, Chile ha estado avanzando 
en desarrollar investigaciones sobre tasas de captura incidental como parte de un 
programa de observadores científicos de IFOP en la flota de pesquería de cerco 
del centro-sur de Chile, y en la flota de pesquería de cerco artesanal realizado 
por Albatross Task Force. Desde los años 2015 a 2017, se rastreando un total de 49 
individuos, determinándose “puntos calientes” de alimentación y migración. 
 
La captura incidental por pesquerías se identificó recientemente como una 
amenaza significativa en el mar para la especie. Se encontró evidencia de 
captura incidental en 6 ZEE (Zonas Económicas Exclusivas), identificadas gracias a 
aves rastreadas. La cuantificación de la magnitud de la captura incidental es 
variable y no todas las pesquerías han sido estudiadas aún. Se estudió además la 
susceptibilidad a la captura incidental en pesquerías, cuantificado la 
sobreposición del hábitat marino de las aves con la distribución y el esfuerzo 
pesquero. Se han reportado altas tasas de captura incidental de fardela blanca 
(i.e. >1.500 aves muertas entre 2015–2017), registradas por observadores científicos 
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de IFOP con un 2% de cobertura de los viajes de la flota, estimándose 1,7 y 5,1 
aves capturadas por lance en barcos artesanales e industriales respectivamente 
en pesquerías de cerco en Chile central con altas tasas de mortalidad. 
 
Un estudio de seguimiento de fardelas blancas adultas durante su época de 
crianza de polluelos, evaluó factores como tiempo y profundidad de buceo para 
determinar conductas de forrajeo, observándose que se alimentaron a 334 km 
(175 ± 100 km) de Isla Mocha, con mayor frecuencia de 5 a 30 km de la costa, 
sobre la plataforma continental al norte de Valdivia. Otros lugares de 
alimentación estaban dentro de ~ 20 km de Isla Mocha, y desde Lebu hasta el 
norte de Talcahuano. Los resultados obtenidos mediante seguimiento satelital en 
áreas de nidificación de fardelas blancas en isla Mocha, indicaron que esta ave 
tiene un alto nivel de superposición con el esfuerzo de pesquerías costeras de 
cerco, principalmente de sardina y anchoveta. Se identificaron dos “puntos 
calientes” de alimentación de fardela blanca: uno al norte de Valdivia y otro, en 
el Golfo de Arauco al sur de Talcahuano. Esas áreas coinciden con el mayor 
esfuerzo pesquero de las embarcaciones de cerco, donde el mayor traslape se 
evidenció en la flota de sardina/anchoveta cerca de Valdivia. En la especie se 
describe que la mayoría de las actividades de alimentación ocurren al 
anochecer y durante el día.  
 
Dentro de Chile, también existen registros de captura incidental de fardela 
blanca en pesquerías de red, palangre y arrastre. Sin embargo, se requiere mayor 
información sobre la magnitud y ubicación de registros de captura incidental en 
esas pesquerías, así como en la flota de pesquería de cerco que se encuentra 
operando en el norte de Chile.    
 
Según un estudio de seguimiento satelital realizado entre el 2006 y el 2015 durante 
la temporada de cría, el 28% de los individuos viajan 1600-2500 km al norte de sus 
colonias para pasar toda la temporada no reproductiva en aguas peruanas, y el 
72% viaja 8000-11000 km al norte a las aguas del oeste de Norteamérica, Baja 
California, México, hasta el extremo sur de Canadá. Los individuos que viajaron a 
América del Norte, se detuvieron en aguas peruanas en cada tramo de la 
migración por dos semanas aproximadamente, lo que lo convierte a Perú en un 
cuello de botella migratorio, ya que toda la población está expuesta a las 
pesquerías en Perú durante los meses de migración (entre mayo y octubre).  A lo 
largo del rango migratorio de la fardela blanca, la captura incidental también 
podría ser una seria amenaza. La captura incidental ha sido documentada en 
pesquerías de arrastre y palangre en EE.UU, en pesquerías de cerco en Baja 
California, México, en Perú (pesca de red) y Ecuador (palangre), no obstante, se 
requiere mayores investigaciones en estos países. 
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Dentro de las herramientas para mitigar la captura incidental, se considera la 
sensibilización de comunidades pesqueras cercanas a los puntos calientes de 
alimentación de fardela blanca (Valdivia y al sur de Talcahuano). Por otra parte, 
la búsqueda e implementación de medidas de mitigación y las buenas prácticas 
que permitan reducir la captura en los barcos y/o reformas en la actual política 
de pesca.  
 
Algunas de las posibilidades de modificaciones en la normativa podrían ser la 
implementación de vedas temporales, por condiciones climáticas o colocar 
límites en la hora del día en periodos que la pesca está permitida. Sin embargo, se 
necesitan más datos sobre el comportamiento de fardelas durante su 
alimentación para determinar si realizar pesca durante la noche podría reducir la 
captura incidental. Una pequeña muestra de aves a las cuales se les colocó 
transmisores para seguimiento durante el buceo en Isla Mocha, indicó que las 
aves se alimentan durante todo el día y toda la noche, pero que es posible que 
haya menos buceos entre medianoche y el amanecer.  

Dentro de las prioridades de investigación para el futuro se incluye la tasa de 
captura incidental en pesquerías de cerco en el norte de Chile y en otros tipos, 
tales como pesquería de red, arrastre, y palangre. Además, desarrollar 
investigación de la magnitud, composición y orígenes de varamientos de aves 
marinas en Chile, lo que también aportaría información para determinar tasas de 
captura incidental. Por otra parte, resulta necesario realizar análisis de riesgo de 
captura incidental y superposición de fardelas y pesquerías a lo largo del rango 
migratorio, especialmente en Perú y Ecuador.    

Se considera que el poder estudiar los varamientos en las costas cercanas a sus 
principales áreas de alimentación, podría entregar información valiosa para 
determinar causalidad, frecuencia y número de individuos afectados. Es decir, 
entender de mejor manera las mortalidades de fardelas blancas asociadas a 
pesquerías. A través de esta investigación, es factible obtener un buen indicador 
de las estacionalidades y vislumbrar el impacto actual de las pesquerías asociado 
a la captura incidental. Asimismo, permitirá evaluar a futuro la efectividad de las 
medidas de mitigación aplicadas, mediante registro de hallazgos en las playas. 
 
Por otra parte, considerando que esta especie migratoria realiza su actividad 
reproductiva y alimenticia en un gran rango dentro del continente, para que este 
plan de conservación regional tenga resultados positivos, es necesario que todos 
los países por cuyas aguas migra la especie y en donde pasa el invierno, se 
incluyan en el proceso de desarrollo de medidas de protección y/o conservación. 
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5.2 ESPECIES EXÓTICAS INVASORAS (EEI) 
 
Las fardela blanca nidifica en islas que antiguamente eran libres de 
depredadores, por lo que no desarrollaron un comportamiento defensivo contra 
estos animales. Por este motivo, la introducción de animales exóticos en estos 
lugares produce importantes pérdidas en las poblaciones de fardelas y, en 
algunos casos, ha provocado que estas aves abandonen completamente la 
colonia. 
 
En el archipiélago Juan Fernández se ha reportado que la fardela blanca 
interactúa negativamente con mamíferos introducidos, siendo un factor 
importante la depredación que sufren los adultos y los polluelos por parte de 
animales asilvestrados como gatos, coatíes y ratas. Dado que las fardelas 
excavan madrigueras para reproducirse, resulta de fácil acceso para varias 
especies exóticas. De este modo, se ha reportado consumo de fardelas adultas 
por coatíes (Nasua nasua) en la superficie de la colonia, y se ha contabilizado 
hasta treinta fardelas muertas en una noche, posiblemente provocado por gatos. 
En el caso de los coatíes, éstos pueden ejercer una presión significativa pero el 
nivel de depredación varía entre colonias. Otros factores son la competencia con 
conejos (Oryctolagus cuniculus) por las cuevas de nidificación, y la depredación 
de polluelos de fardela blanca por parte de ratas (Rattus norvegicus y Mus 
musculus) 
 
En cuanto a los conejos, éstos fueron erradicados de la Isla Santa Clara en 2003, 
sin embargo, aún están presentes en Robinson Crusoe. La respuesta de las 
fardelas blancas reproductoras en Santa Clara tras la erradicación fue notable: 
un aumento de parejas reproductoras de casi el 40% en tres años. Más aún, la 
temporada reproductiva del año 2018 evidenció la tasa de ocupación más alta 
jamás registrada desde que se monitorea esta isla. Eso demuestra que, al parecer, 
las aves eran más sensibles a las perturbaciones de los conejos durante el período 
previo a la puesta de huevos. Sobre la base de estos resultados de Santa Clara es 
recomendable determinar la importancia que tiene la presión que ejerce el 
conejo junto con las otras especies sobre la población de las fardelas 
reproductoras.  
 
5.3 PERROS Y GATOS EN LAS COLONIAS REPRODUCTIVAS 
 
Una de las especies que producen mayor impacto en las colonias reproductivas 
son los gatos domésticos (Felis catus) a través de la depredación de adultos y 
polluelos, principalmente en los sitios de nidificación.  
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Relatos históricos indican que los gatos han estado presentes desde comienzos 
del siglo XVIII en Isla Robinson Crusoe, por lo que se considera que los gatos 
salvajes han contribuido a graves reducciones de la población de fardelas 
blancas. Actualmente, hay presencia de gatos de vida libre que impactan en las 
colonias de esta isla. Un estudio realizado entre el 2003 y 2004, en un intento 
preliminar por determinar las amenazas de depredación por parte de ratas, gatos 
y coatíes en Robinson Crusoe, estimó que, en promedio, un máximo del 2-4% de 
los nidos de fardelas blancas en los terrenos de estudio han fracasado como 
resultado de la depredación de adultos y la mayor parte de la depredación se 
atribuyó a gatos salvajes. Posteriormente, se ha documentado la presencia de 
gatos en las colonias a través de cámaras con sensor de movimiento, y 
anualmente se evidencian eventos de mortalidad de más de 10 individuos 
adultos (o juveniles) dentro de sus colonias reproductivas, posiblemente atribuibles 
a la acción de gatos. 
 
En la Reserva Nacional Isla Mocha hay presencia de gatos y perros asociada con 
la ocupación de seres humanos en la isla. Desde el año 2012, y con la ayuda de 
cámaras con sensor de movimiento, se registra la presencia de animales 
introducidos en cinco colonias reproductivas de fardela blanca. Resultados de 
dicho estudio indican que el año 2018, del total de animales introducidos 
detectados, el 90% corresponde a gatos y el 10% a perros. Además, la tasa de 
detección diaria de mamíferos introducidos durante la época reproductiva del 
2018 fue de 0,68%, lo que indica que, en promedio, se registra un animal 
introducido en las colonias día por medio. 
 
Si bien se verifica impacto por ratas, gatos y perros, se desconoce la magnitud del 
efecto en los tamaños de la población y las tendencias poblacionales. 
 
5.4 GANADO AL INTERIOR DEL ÁREA SILVESTRE PROTEGIDA 
 
En el caso de las islas Robinson Crusoe y Santa Clara, además de los impactos de 
depredadores mamíferos invasivos, los animales de pastoreo introducidos también 
han tenido efectos documentados en fardelas blancas. El ganado ha tenido 
impactos significativos en las madrigueras de reproducción de la única colonia 
que queda a la que aún tiene acceso en Robinson Crusoe, donde casi el 50% de 
las madrigueras muestran algún tipo de daño estructural. Actualmente un cerco 
construido en octubre de 2011 impide el paso del ganado a la parte central de la 
colonia, pero no protege por completo a toda la colonia. Dicha exclusión afectó 
positivamente a la vegetación aumentando su cobertura y altura, disminuyendo 
los daños por erosión y colapso de madrigueras, y disminuyendo la cobertura y 
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frecuencia del trun, cuya presencia es un impedimento para que las fardelas 
puedan construir nuevas madrigueras. Sin embargo, la exclusión no ha tenido 
hasta ahora ningún efecto en la regeneración natural de plantas nativas, debido 
posiblemente a que el cerco no excluye a los conejos.  
 
Durante el 2019, se comenzó a construir un nuevo cerco de exclusión de 
mamíferos en la colonia Piedra Agujereada, el cual evitará la entrada de 
ganado, conejos, perros, gatos y coatíes.  
 
La importante pérdida de vegetación nativa y erosión  en  Robinson  Crusoe  y  
Santa  Clara,  en  particular,  destruye  o  altera  anualmente  una importante 
cantidad de madrigueras en algunas de las subcolonias. Como se describió 
anteriormente, la pérdida de una madriguera de reproducción activa significa la 
pérdida de una pareja reproductora, con la consecuencia de que cada ave 
debe buscar una nueva madriguera y/o pareja, un proceso que puede dar como 
resultado la pérdida de varias temporadas reproductivas para esos individuos. 
 
5.5 CONSUMO DE POLLUELOS 
 
En Isla Robinson Crusoe y Santa Clara, no existen antecedentes de recolección de 
huevos o polluelos de fardela blanca por parte de los habitantes de la isla, a 
diferencia de lo que ocurre en Isla Mocha. 
 
En Isla Mocha, la captura de polluelos para consumo humano por parte de los 
lugareños fue considerada históricamente como una de las mayores amenazas 
para la especie. Si bien la práctica de recolectar polluelos para alimentación es 
ilegal, los residentes de la isla tradicionalmente recogen grandes cantidades 
todos los años, de mediados de abril a mediados de mayo. Al año 1999 se 
estimaba la extracción de un 20% de la producción de polluelos cada año para 
consumo humano y fue posiblemente uno de los factores que habría producido 
un drástico descenso de la población. 
 
La recolección de polluelos se informó por primera vez a comienzos del siglo XX, 
pero la escala de la operación nunca se ha determinado. El efecto de esta 
actividad también se extiende más allá de la recolección, ya que la captura de 
polluelos frecuentemente conlleva la destrucción de las cuevas de anidación, 
significando no solo la mortalidad del polluelo, sino también la no reproducción 
de la pareja por un par de años. Desde 2010, la CONAF, quien administra la 
Reserva Nacional de la Isla Mocha, realiza patrullajes nocturnos para hacer 
cumplir la prohibición de recolectar polluelos. Si bien no existen datos 
cuantitativos actualizados, la información de la que se tiene conocimiento a 
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través de los guardaparques y residentes locales, sugiere que la magnitud de la 
recolección se ha reducido drásticamente desde que comenzó a regir esa 
medida. Posiblemente, ahora los niveles de recolección total sean mucho 
menores. 

Un evento aislado ocurrió en mayo de 2018, donde fue registrada la caza de 
aproximadamente 300 polluelos en la Reserva Nacional Isla Mocha. A las pocas 
horas de ocurrido, una de las personas responsables fue descubierta por 
funcionarios de Carabineros y actualmente el caso, se encuentra sancionado a 
asistir a tres cursos de aprendizaje sobre la fardela blanca y su protección.   

 
5.6 PERTURBACIÓN ANTRÓPICA EN SITIOS REPRODUCTIVOS (EFECTOS LUMÍNICOS Y 
TENDIDO ELÉCTRICO) 
 
Las luces artificiales nocturnas causan una alta mortalidad de aves marinas. Los 
volantones de aves marinas que anidan en madrigueras y en menor medida los 
adultos, son encandilados, atraídos y forzados a aterrizar por las luces cuando 
vuelan de noche. Éstas han sido halladas principalmente en islas oceánicas, pero 
también en algunas localidades continentales, siendo las fardelas 
(Procellariiformes), uno de los grupos de aves marinas más afectadas. Los sitios de 
anidación de las fardelas están particularmente en riesgo de sufrir contaminación 
lumínica debido al turismo y al crecimiento urbano. 
 
En Robinson Crusoe, se monitorea el impacto lumínico en aves marinas desde el 
2012. Dicho estudio ha registrado 805 ejemplares afectados entre el 2012 y 2018, 
de los cuales 18,8% fueron encontrados vivos en el suelo, y el 1,36% fueron 
encontrados muertos. La muerte de estas aves pudo ser producto de choques al 
tendido eléctrico o por depredación luego de caer al suelo producto del golpe. 
El estudio también identificó zonas del poblado que provocan el mayor impacto 
lumínico en aves marinas, siendo la población El Escocés y el borde costero las 
zonas más afectadas. Por esta razón, a principios de diciembre del 2017, el 
Municipio instaló nuevas luces "amigables para las aves" en El Escocés. Posterior a 
la instalación de estas luminarias, se detectó una disminución significativa en el 
número de aves afectadas en esta zona.      
 
Por otra parte, desde el 2010 se lleva a cabo una campaña educativa llamada 
“Programa SOS”, donde, a través de la radio local, y material de difusión 
incluyendo carteles e imanes distribuidos a cada hogar, se solicita a la 
comunidad que las aves vistas en tierra sean reportadas y entregadas a los 
coordinadores locales de Oikonos. Entre enero y junio de 2018, un total de 23 
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personas distintas contactaron a la ONG para informar sobre el hallazgo de 35 
individuos en el suelo en la ciudad.  
 
En el caso de isla Mocha, después de dos eventos de caída de fardelas blancas 
producidos en febrero en los años 2017 y 2018 durante las fiestas costumbristas, 
Oikonos regaló dos focos de baja contaminación lumínica para el gimnasio en 
diciembre del 2018, los cuales fueron ocupados a partir de la fiesta costumbrista 
en febrero de 2019. Además, dentro de las acciones se pretende promover la 
colaboración y coordinación entre las distintas instituciones públicas, para que 
dentro de la planificación y diseño de nuevos proyectos cerca de áreas de 
reproducción de fardelas se tomen este tipo de medidas de prevención. Esto es 
crucial dado el estado crítico de conservación de la fardela blanca y el aumento 
global en la contaminación lumínica. 
 
5.7 CONTAMINACIÓN POR PLÁSTICOS E HIDROCARBUROS 
 
Cabe destacar que existen permanentes amenazas, a nivel mundial, asociadas a 
la ingesta de plásticos y contaminación por hidrocarburos, las cuales requieren 
esfuerzos de investigación específicos para fardela blanca.  
 
En el caso de la ingesta de plásticos, es una de las amenazas que hasta hace 
pocos años era una de las más invisibles para la fauna marina, sin embargo, se ha 
evidenciado que actualmente está provocando un alto impacto en todos los 
ecosistemas marinos. Esta amenaza afecta a la mayoría de las especies de aves 
marinas y es de tal magnitud que se considera que para el 2050 el 99% de las aves 
del mundo tendrán plástico en sus estómagos. En algunas especies se ha 
comprobado la mortalidad de sus crías al ser alimentadas con plásticos y en el 
caso de adultos, mortalidad por inanición. Para fardela blanca, se han realizado 
necropsias y un estudio de búsqueda de plásticos en heces en Isla Mocha, 
registrándose la presencia de plásticos en ambos tipos de muestras.  
 
Dado esto, uno de los desafíos de investigación que se plantea dentro de las 
líneas de acción de investigación, es evaluar la magnitud del impacto que 
genera este problema para la fardela blanca, motivo por el cual durante el 
proceso de construcción de este plan RECOGE se propuso, entre otras cosas, la 
necesidad de armar un programa de necropsias e incorporarlo de manera 
permanente dentro de la línea de acción de investigación.  
 
Por otra parte, la contaminación con productos del petróleo representa también 
una importante amenaza potencial en muchas partes del rango de distribución 
de la fardela blanca, incluidos los mares de Canadá, Estados Unidos y México. Lo 
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mismo si se trata de emisiones accidentales que deliberadas de petróleo o sus 
derivados desde plataformas, barcos o fuentes terrestres, el hecho es que estos 
contaminantes pueden provocar la muerte de ejemplares individuales de la 
especie, así como afectar gravemente su hábitat y fuentes de alimentación. Se 
sabe que la fardela suele posarse en el agua y dejarse flotar en grandes grupos, 
tanto en sus zonas de reproducción como en su distribución invernal, lo que 
incrementa el riesgo de mortandad provocada por derrames, crónicos o agudos. 
Los resultados del seguimiento satelital indican el rango de su distribución durante 
el ciclo anual y ayudan en identificar puntos calientes para la especie que 
puedan superponerse espacialmente con regiones de riesgo de contaminación 
elevado.  
 
Si bien, en este Plan RECOGE Fardela Blanca, estas amenazas no quedaron 
reflejadas explícitamente como líneas de acción específicas, fueron temas 
ampliamente discutidos en todos los talleres realizados durante todo el proceso. 
En la última etapa, donde es necesario proponer plazos para el desarrollo de esas 
acciones, sus responsables y qué productos se esperaban, se discutió la dificultad 
de poder cuantificar los datos, tomando en consideración que esta problemática 
no pertenece solo a nuestro país, sino que es una grave problemática a nivel 
mundial. Para ambas amenazas, se determinó que existe la necesidad de 
continuar o generar investigación que contribuya a identificar los esfuerzos 
necesarios para prevenir y/o mitigar los efectos sobre la fardela blanca.  
 

6. ACTORES RELEVANTES 
 
Para la etapa de implementación del Plan, es necesaria la participación de los 
distintos actores que interactúan en el territorio y cuyo interés sea la conservación 
de la fardela blanca, junto con desarrollar acciones y actividades que apunten a 
mejorar su estado de conservación. 

Los actores relevantes para la implementación del Plan de Recuperación, 
Conservación y Gestión de la Fardela Blanca (Ardenna creatopus) corresponden 
a las siguientes instituciones o personas: 

o Ministerio del Medio Ambiente (MMA) 
o Corporación Nacional Forestal (CONAF) 
o Servicio Agrícola y Ganadero (SAG) 
o Subsecretaría de Pesca y Acuicultura (SUBPESCA) 
o Servicio Nacional de Pesca y Acuicultura (SERNAPESCA) 
o Instituto de Fomento Pesquero 
o Ministerio de Bienes Nacionales  
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o Gobernación marítima 
o Directemar (Armada de Chile) 
o Brigada de delitos contra el medio ambiente (PDI) 
o Representantes Municipalidad de Lebu y Juan Fernández 
o Organizaciones no gubernamentales (Oikonos, Island Conservation y 

Albatross Task Force – Chile) 
o Alejandro Simeone (Universidad Andrés Bello)  

 

7. VISIÓN 
 

La fardela blanca, especie que nidifica únicamente en Chile, deja de estar en 
riesgo de extinción en la medida que la sociedad la valora ecológica y 
socioculturalmente, conservando y protegiendo sus hábitats de nidificación, 
alimentación y migración. 

8. ALCANCE TERRITORIAL DEL PLAN 
 

El plan se circunscribirá al territorio nacional, en las áreas de nidificación, 
alimentación y migración de la fardela blanca, con especial atención en Islas 
Robinson Crusoe, Santa Clara y Mocha (Figura 4). 

 

Figura 4. Alcance territorial del Plan 
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9. META DEL PLAN  
 

En un periodo de 20 años, la población de fardelas demuestra una tendencia 
positiva de crecimiento demográfico en ambas colonias reproductoras 
conocidas, en Isla Mocha y Archipiélago Juan Fernández.  
 

10.  OBJETIVOS DEL PLAN  
 

La definición de los objetivos del Plan se desarrolló en los talleres participativos 
junto al Grupo de Elaboración del Plan, a partir de las acciones identificadas para 
el control de las amenazas, el desarrollo de las líneas de acción y la obtención de 
la Meta definida.  
 
Objetivo 1. Disminuir las amenazas marítimas que afectan los sitios de migración y 
alimentación de la fardela blanca. 

 
Objetivo 2. Disminuir las amenazas terrestres que afectan los sitios de nidificación 
de la fardela blanca. 
 
Objetivo 3. Aumentar el conocimiento y el trabajo colaborativo para la 
protección de la fardela blanca y su hábitat  

 
 

11.  ESTRUCTURA DEL PLAN DE ACCIÓN  
 
A continuación se detallan las Líneas de Acción para cada objetivo del Plan, y el 
Indicador de Seguimiento para cada una de ellas. 
 
a. LÍNEAS DE ACCIÓN POR OBJETIVO E INDICADORES DE SEGUIMIENTO. 

LÍNEA DE ACCIÓN INDICADOR DE SEGUIMIENTO 

Objetivo 1.  Disminuir las amenazas marítimas que afectan los sitios de migración y 
alimentación de la fardela blanca 

1.1 Evaluar interacción de pesquerías con 
zonas de migración y alimentación de la 
fardela blanca  
 

Aumento en el conocimiento de la 
interacción de pesquerías con zonas de 
migración y alimentación de la fardela 
blanca 
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1.2 Mitigar el impacto de las pesquerías 
sobre la fardela blanca 

Reducción del número de fardelas en 
eventos de captura y colisión incidental en 
pesquerías 

Objetivo 2 Disminuir las amenazas terrestres que afectan los sitios de nidificación de la 
fardela blanca 

2.1 Implementar programas de control y/o 
erradicación de EEI en hábitat de fardela 
para disminuir el riesgo de su amenaza 

Número de programas de control y/o 
erradicación de EEI en hábitat de fardela 

2.1 Mitigar efectos de mascotas sobre fardela 
blanca y otras especies protegidas 

Disminución de la presencia de mascotas 
en áreas donde nidifica fardela blanca y 
otras especies protegidas 

2.3 Restaurar hábitat de nidificación Evaluación de la calidad de hábitat 
midiendo porcentajes de cobertura, 
incluyendo suelo expuesto, plantas nativas y 
plantas introducidas. 

2.4 Disminuir la mortalidad de fardela en Isla 
Mocha para evitar su consumo a nivel local y 
regional 

Disminución de eventos registrados de 
mortalidad de fardela en Isla Mocha 

2.5 Evaluar y minimizar la mortalidad de 
fardelas adultas, juveniles e inmaduras por 
infraestructura humana 

Disminución de mortalidad de fardela 
blanca a causa de tendidos eléctricos y 
luminarias 

Objetivo 3. Aumentar el conocimiento y el trabajo colaborativo para la protección de la 
fardela blanca y su hábitat 

3.1 Implementar programa de educación 
ambiental y sensibilización para la 
conservación y protección de la Fardela 
Blanca 

Aumento en el conocimiento y la 
percepción positiva de la especie y su 
hábitat por parte del público objetivo 

3.2 Fortalecimiento de la gestión para la 
conservación y protección de la Fardela 
Blanca. 

Aumento de los compromisos de 
colaboración para la protección de fardela 
blanca. 

3.3 Promover, adaptar y desarrollar 
investigación necesaria para la 
conservación de la especie y sus hábitats 

Evaluación de las respuestas de la especie 
de las medidas y acciones implementadas 
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b. ACTIVIDADES POR LÍNEA DE ACCIÓN, PLAZOS ASOCIADOS, PRODUCTOS / 

RESULTADOS Y RESPONSABLES SUGERIDOS 
 

ACCIÓN 
AÑO DE 

INICIO DE 
LA ACCIÓN 

PLAZOS 
ASOCIADOS 

A LA ACCIÓN 
PRODUCTO/RESULTADO 

RESPONSABLES 
SUGERIDOS 

Objetivo 1.  Disminuir las amenazas marítimas que afectan los sitios de migración y alimentación de la fardela blanca 

Línea de Acción 1.1 Evaluar interacción de pesquerías con zonas de migración y alimentación de la fardela blanca 

1.1.1 Identificar zonas de alimentación de 
adultos reproductores asociados a sus 
colonias de nidificación 

Año 2 cada 2 años Informe con zonas de alimentación SUBPESCA (coordinador), 
SERNAPESCA1, IFOP, ATF2, 
Oikonos  

1.1.2 Identificar las zonas traslape y de 
interacción de fardelas blancas con 
pesquerías 

Año 1 Permanente Mapas de sobreposición de zonas 
de alimentación de la especie con 
el esfuerzo pesquero 

SUBPESCA (coordinador), 
IFOP, Oikonos  

1.1.3 Difundir y publicar datos de zonas de 
alimentación de adultos reproductores 
asociados a sus colonias de nidificación. 

Año 1 Permanente 1. Estudio de zonas de 
alimentación de adultos 
reproductores. 
 
2. Informe de difusión y 
publicación del estudio 

IFOP (coordinador), 
Oikonos, MMA 

 
1 Servicio Nacional de Pesca 
2 ONG Albatross Task Force 
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1.1.4 Recopilar/rescatar información de 
captura incidental y mortalidad desde 
pescadores artesanales e industriales que 
presentan problemas de interacción 

Año 1 Permanente 1. Diagnóstico con los pescadores 
artesanales e industriales para 
identificar causas y amenazas 
 
2. Informe de antecedentes de 
captura incidental 
 
3. Reporte de actividades de 
sensibilización sobre la importancia 
de las buenas prácticas 

SUBPESCA (coordinador), 
IFOP, ATF, Oikonos 

1.1.5 Identificar la estructura genética de 
las poblaciones de fardela blanca y 
correlacionarlo con los eventos de bycatch 
(proporciones de Mocha y AJF). 

Año 2 4 años Informe de estructura genética y su 
correlación con eventos de bycatch 

Oikonos (coordinador), 
IFOP, USGS 

1.1.6 Estimar captura incidental y 
mortalidad en las pesquerías de arrastre, 
cerco y palangre que permita establecer 
las amenazas y medidas de mitigación 

Año 1 Permanente  Informe con captura incidental y 
mortalidad en las pesquerías 

SUBPESCA (coordinador), 
IFOP, Oikonos, ATF, 
SERNAPESCA 

Línea de Acción 1.2 Mitigar el impacto de las pesquerías sobre la fardela blanca 
 

1.2.1 Sensibilizar y educar a pescadores 
sobre la captura incidental y el registro de 
datos 

Año 2 Permanente Programa de sensibilización que 
incorpore insumos de todas las 
instituciones durante su diseño. 

IFOP (coordinador), 
SUBPESCA, ATF, Oikonos 

1.2.2 Definir y/o diseñar medidas de 
mitigación y buenas prácticas en las 
diferentes pesquerías mencionadas en el 
punto anterior para reducir la captura 
incidental y mortalidad 

Año 2 Permanente Manual de buenas prácticas para 
pescadores, incorporando en el 
documento la definición 
consensuada de "Buenas Prácticas" 
 

SUBPESCA (coordinador), 
IFOP, Oikonos, ATF, 
SERNAPESCA 

Folio N° 1256



 
 

24 
 
 

1.2.3 Implementar medidas de mitigación 
para disminuir la mortalidad de fardela 
blanca en pesquerías 

Año 3 Permanente Informe de implementación de 
medidas de mitigación 

SUBPESCA (coordinador), 
IFOP, Oikonos, ATF, 
SERNAPESCA 

1.2.4 Monitorear y fiscalizar la aplicación 
de las medidas de mitigación para 
disminuir la mortalidad de fardela blanca 
en pesquerías. 

Año 4 Permanente Informe de monitoreo 
 
 

SUBPESCA (coordinador), 
IFOP, Oikonos, ATF, 
SERNAPESCA 

Objetivo 2.  Disminuir las amenazas terrestres que afectan los sitios de nidificación de la fardela blanca 

Línea de Acción 2.1 Implementar programas de control y/o erradicación de EEI en hábitat de fardela para disminuir el riesgo de su 
amenaza 

2.1.1 Diseñar proyecto de control y/o 
erradicación de ratones, conejos, gatos 
asilvestrados y coatíes en Robinson Crusoe 

Año 2 1 año Documento con diseño de 
proyecto de control y/o 
erradicación de ratones, conejos, 
gatos asilvestrados y coatíes en 
Robinson Crusoe 

CONAF3 (coordinador), 
MMA4, Island 
Conservation (IC)5, 
Oikonos, Municipalidad 

2.1.2 Implementar proyecto de control y/o 
erradicación de ratones, conejos, gatos 
asilvestrados y coatíes en Robinson Crusoe 

Año 4 5 años Reporte de actividades de 
implementación del proyecto de 
control y/o erradicación de 
ratones, conejos, gatos 
asilvestrados y coatíes en Robinson 
Crusoe 

CONAF (coordinador), IC, 
MMA, OIKONOS,  

2.1.3 Diseñar proyecto de control y/o año 4 1 año Documento con diseño de CONAF (coordinador), 

 
3 Corporación Nacional Forestal 
4 Ministerio del Medio Ambiente 
5 ONG Island Conservation 
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erradicación de ratones, gatos 
asilvestrados en Isla Mocha 

proyecto de control y/o 
erradicación de ratones y gatos 
asilvestrados en Isla Mocha 

MMA, Island 
Conservation (IC), 
Oikonos, Municipalidad 

2.1.4 Implementar proyecto de control y/o 
erradicación de ratones, gatos 
asilvestrados en isla mocha 

año 6 5 años Reporte de actividades de 
implementación del proyecto de 
control y/o erradicación de ratones 
y gatos asilvestrados en Isla Mocha 

CONAF (coordinador), IC, 
MMA, Oikonos 

2.1.5 Propiciar las condiciones para el 
establecimiento de control de ingreso de 
material biológico y genético a las islas 
donde la especie nidifica 

año 1 Permanente Informe de gestión para el 
establecimiento de control de 
ingreso de material biológico y 
genético a las islas donde la 
especie nidifica 

MMA (coordinador) 
Municipios, IC, OIKONOS, 
CONAF, Armada 

2.1.6 Evaluar la mortalidad de las especies 
en las colonias 

año 1 Permanente Documento de evaluación sobre la 
mortalidad de las especies 

Oikonos (coordinador), 
CONAF, IC, MMA 

2.1.7 Diseñar e implementar un plan 
estratégico de sensibilización y difusión 
sobre el impacto de las EEI y medidas de 
control y/o erradicación 

año 1 Permanente Programa de sensibilización y 
difusión sobre el impacto de las EEI 
y medidas de control y/o 
erradicación.   

MMA (coordinador) 
CONAF,  Oikonos, IC, 
Municipio 

Línea de acción 2.2 Mitigar efectos de mascotas sobre fardela blanca y otras especies protegidas 

2.2.1 Diseñar e implementar un Plan de 
Tenencia Responsable de Mascotas 
permanente para Isla Mocha y AJF 

Año 2 Permanente Normativas municipales dirigidas a 
la tenencia responsable de 
mascotas en zonas de nidificación 
de fardela blanca en isla mocha  
 
1. Plan de Tenencia Responsable 
de Mascotas para Isla Mocha 
  

Municipio Lebu 
(Coordinador), MMA, 
ONGs, CONAF. Municipio 
AJF 

Folio N° 1258



 
 

26 
 
 

2. Plan de Tenencia Responsable 
de Mascotas para Isla Robinson 
Crusoe 

2.2.2 Diseñar e implementar acciones para 
controlar la amenaza de perros y gatos 
dentro del área protegida 

Año 2 Permanente Reporte y evaluación de acciones 
diseñadas de control de la 
amenaza de perros y gatos dentro 
del área protegida. 

CONAF (coordinador), 
MMA, ONGs 

Línea de Acción 2.3 Restaurar hábitat de nidificación 

2.3.1 Mantener la exclusión de ganado en 
áreas prioritarias de la isla Robinson 
Crusoe 

Año 1 Permanente Informe de monitoreo de exclusión 
de ganado en áreas prioritarias 

CONAF (coordinador), 
Oikonos 

2.3.2 Identificar e implementar prácticas 
para mejorar el manejo ganadero en sitios 
de nidificación de fardela blanca en 
Robinson Crusoe (considerar programas 
INDAP y PRODESAL) 

Año 2 Permanente Informe de prácticas y de 
sensibilización con la comunidad 
sobre el manejo de ganado en 
áreas de nidificación de fardela 
blanca 

MMA (coordinador) 

2.3.3 Evaluar y monitorear la recuperación 
de flora nativa de Isla Santa Clara luego de 
la erradicación de conejos 

Año 1 Permanente   Informe de monitoreo de la 
recuperación de flora nativa de isla 
Santa Clara 

CONAF (coordinador), IC, 
Oikonos, MMA. 

2.3.4 Control de erosión y recuperación de 
flora nativa en áreas de nidificación 
prioritarias en Robinson Crusoe y Santa 
Clara 

Año 1 Permanente 1. Reporte de actividades de 
control de erosión y recuperación 
de flora nativa en Robinson Crusoe 
 
2. Informe con actividades 
plantación de flora nativa en las 
colonias de Robinson Crusoe 
 

CONAF (coordinador), IC, 
Oikonos, MMA. 
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3. Informe de nuevos sitios de 
exclusión de ganado 

2.3.5 Mejorar cerco de exclusión en Piedra 
Agujereada (Robinson Crusoe, AJF) para 
excluir ganado y conejos y promover 
restauración de flora nativa 

Año 1 4 años 1. Informe de monitoreo del cerco 
de exclusión en Piedra Agujereada 
 
2. Documento propuesta de 
restauración de flora nativa 

CONAF (coordinador), 
Oikonos 

2.3.6 Construir cercos de exclusión de 
depredadores y ganado para áreas 
prioritarias de nidificación de Fardela 

Año 4 1 año Informe de construcción de cercos 
de exclusión 

CONAF (coordinador), 
Oikonos 

 Línea de Acción 2.4 Disminuir la mortalidad de fardela en Isla Mocha para evitar su consumo a nivel local y regional 

2.4.1 Establecer un protocolo de 
coordinación interinstitucional en caso de 
denuncias y presentación de querellas. 

Año 1 1 a 2 años 1. Protocolo de coordinación 
interinstitucional 
 
2. Acta de la primera reunión de 
coordinación en Isla Mocha con 
todas las instituciones 
fiscalizadoras 
 
3. Actas de reuniones periódicas de 
seguimiento 

CONAF (coordinador), 
Fiscalía, BIDEMA6,  
Carabineros, ARMADA, 
SAG7   

2.4.2 Sensibilizar a la comunidad local y 
regional sobre impacto del consumo de 
polluelos. 

Año 1 1 a 2 años Informe de actividades de 
sensibilización con la comunidad 
local y regional sobre el impacto 
del consumo de polluelos (Parte 

MMA (coordinador), 
CONAF, Oikonos, SAG 

 
6 Brigada Investigadora de Delitos Contra el Medioambiente y Patrimonio Cultural 
7 Servicio Agrícola y Ganadero 
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del Programa de Educación 
ambiental de la Acción 2.1.1) 

 Línea de Acción 2.5 Evaluar y minimizar la mortalidad de fardelas adultas, juveniles e inmaduras por infraestructura humana 

2.5.1 Cuantificar y evaluar incidentes 
asociados a interacción de fardelas con 
tendidos eléctricos y luminarias en islas 
donde nidifica fardela blanca, y la 
efectividad de las medidas de mitigación 
que se implementen 

Año 1 Permanente Documento que contenga 
evaluación de incidentes por 
interacción de fardelas con 
tendidos eléctricos y luminarias 

Oikonos (coordinador), 
MMA, Municipalidades, 
ONGs 

2.5.2 Revisar la normativa vigente para 
luminaria y proponer su adecuación para 
las islas donde nidifica fardela blanca  
 

Año 1 Un año Propuesta de normativa Oikonos (coordinador), 
MMA, MOP8, Ministerio 
de Energía, 
Municipalidades, ONGs 

2.5.3 Instalar luminarias de bajo impacto 
para disminuir la mortalidad de las 
fardelas blancas en islas donde nidifica  
 

Año 1 Tres años Iluminarias instaladas MMA, Municipalidades, 
ONGs, MOP 

2.5.4 Elaborar y/o continuar programa de 
rescate de individuos afectados por 
contaminación lumínica (colisiones) que 
considere la evaluación del rescate. 
 

Año 1  Permanente Programa de rescate de individuos 
afectados por contaminación 
lumínica 

Oikonos (coordinador), 
MMA 

 
8 Ministerio de Obras Públicas 
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Objetivo 3. Aumentar el conocimiento y el trabajo colaborativo para la protección de la fardela blanca y su hábitat  

Línea de Acción 3.1 Implementar programa de educación ambiental y sensibilización para la conservación y protección de la 
Fardela Blanca 

3.1.1 Diseñar Programa de educación 
ambiental para la conservación y 
protección de la fardela blanca 

Año 1 1 año 1. Identificación de público 
objetivo 
 
2. Programa de educación 
ambiental para la conservación y 
protección de la fardela blanca, 
considerando, por ejemplo, su 
historia natural, amenazas para la 
especie (EEI, residuos, consumo de 
polluelos, captura incidental y 
contaminación lumínica) 

MMA (coordinador) 
Oikonos, CONAF, IC, 
SUBPESCA, SAG 

3.1.2 Desarrollar actividades de educación 
ambiental no formal y sensibilización sobre 
fardela blanca y biodiversidad insular con 
actores locales en Isla Mocha y AJF 

Año 2 Permanente Reporte de actividades de 
educación ambiental 

MMA (coordinador), 
Oikonos, CONAF, IC, 
SUBPESCA  

3.1.3 Ampliar Grupo de Observadores de 
Fardela Blanca y otras aves marinas 
(utilizando medios como redes sociales). 

Año 1 Permanente Grupo de Observadores ampliado y 
funcionando 

Oikonos y IC 
(coordinadores), MMA, 
CONAF 

3.1.4 Asegurar la inclusión de la 
conservación de la fardela blanca en los 
programas educativos certificados en los 
colegios de Juan Fernández e Isla Mocha 
 

Año 2 Cada 2 años PROGRAMA EDUCATIVO MMA (coordinador), 
Municipalidades de Lebu 
y Juan Fernández  
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3.1.5 Desarrollar actividades de educación 
ambiental no formal y sensibilización sobre 
fardela blanca y biodiversidad insular con 
actores claves 

Año 2 Permanente Reporte de charlas y talleres MMA (coordinador), 
Oikonos, CONAF, IC, 
SUBPESCA 

3.1.6 Elaborar un Plan Estratégico de 
difusión y comunicaciones 

Año 1 1 año Plan estratégico de difusión y 
comunicaciones sobre la especie y 
su hábitat a través de distintos 
medios de comunicación (radio, 
redes sociales, boletines, revistas, 
entre otros) y elaboración de 
material de difusión  

MMA (coordinador), 
Oikonos, IC, CONAF, 
SUBPESCA, IFOP 

3.1.7 Evaluar la percepción social de la 
fardela blanca de manera periódica para 
determinar estrategias de educación, 
sensibilización y difusión 

Año 1 Cada 2 años Encuesta que evalúe el cambio 
positivo de percepción y actitud de 
la comunidad hacia la fardela 
blanca  

MMA (coordinador), 
Oikonos, IC, CONAF  

3.1.8 Capacitar a monitores, 
guardaparques y otras personas en el 
monitoreo poblacional de la Fardela 
Blanca a través de distintas herramientas 

Año 2 Permanente Informes con resultados 
propuestos en la acción 

Oikonos (coordinador), 
CONAF, MMA 

Línea de Acción 3.2 Fortalecimiento de la gestión para la conservación y protección de la Fardela Blanca 

3.2.1 Promover acuerdos de colaboración 
entre servicios públicos para la protección 
de la fardela blanca 

Año 1 Permanente 1. Convenios de colaboración, que 
incorpora capacitación de las 
instituciones vinculadas 
 
2. Generar acuerdos de 
colaboración con actores claves 
que faciliten labores logísticas de 

MMA (Coordinador), 
CONAF, Oikonos, MMA, 
SUBPESCA, IFOP, INDAP 
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investigación (Armada, científicos a 
bordo en los viajes) 

3.2.2. Incorporar el Plan RECOGE de 
Fardela Blanca en instrumentos de 
planificación y gestión 

Año 1 Permanente Instrumento de planificación y 
gestión 

MMA (coordinador), 
ONGs, CONAF, 
SUBPESCA, SAG 

Línea de Acción 3.3 Promover, adaptar y desarrollar investigación necesaria para la conservación de la especie y sus hábitats 

3.3.1 Caracterizar eventos de varamiento 
determinando ocurrencia y causalidad 

Año 1 Permanente 1. Reporte semestral de eventos de 
varamiento   

 
 

SERNAPESCA 
(coordinador), IFOP, 
DIRECTEMAR, SERVICIO 
SALUD, BIDEMA, 
Investigadores y apoyo de 
ONGs (Oikonos, ATF, etc.)  

3.3.2 Actualizar prioridades de 
investigación necesarias para la protección 
y conservación de la fardela blanca 

Año 1 cada 5 años 1. Informe con prioridades de 
investigación para la protección y 
conservación de la fardela blanca 
 
2. Informe con evaluación de 
respuestas a las medidas de 
conservación, protección y/o 
restauración 

MMA (coordinador), 
Oikonos, IC, CONAF, 
SUBPESCA, IFOP. 

3.3.3 Diseñar e implementar un programa 
de anillamiento de volantones y adultos 
para realizar su seguimiento de manera 
permanente 

Año 1 Permanente Programa de anillamiento de 
volantones y adultos 

MMA (coordinador), 
Oikonos, IC, 
investigadores, SAG 

3.3.4 Realizar un análisis de viabilidad de la 
población de fardela blanca, incorporando 
reproducción, supervivencia y mortalidad. 

Año 2 Permanente Informe de viabilidad poblacional  Oikonos (coordinador), 
Investigadores, IFOP 
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3.3.5 Realizar nuevos seguimientos con 
GPS de ejemplares en Juan Fernández e 
Isla Mocha (juveniles y adultos) 

Año 3 1 año Informe de seguimientos satelitales Oikonos (coordinador), 
IFOP, USGS9 

3.3.6 Mantener actualizada la estimación 
poblacional de las colonias reproductivas 

Año 3 Cada 5 años Informe de estimación poblacional 
de las colonias reproductivas 

Oikonos (coordinador), 
MMA, CONAF  

3.3.7 Promover el intercambio de 
información levantada en el área de 
distribución de la especie y difundir la 
información científica generada y 
publicada 

Año 1 Permanente Reporte de gestión para promover 
censos e intercambio de 
información con Norteamérica 

SUBPESCA (coordinador), 
MMA, Oikonos, IFOP, ATF 

 
 

 

 

 

 
9 El Servicio Geológico de los Estados Unidos o USGS por sus siglas en inglés 
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12.  GRUPO DE SEGUIMIENTO, PROCEDIMIENTO Y PERIODOS DE 

EVALUACIÓN DE LA IMPLEMENTACIÓN DEL PLAN 
 
Grupo destinado a realizar el seguimiento de las acciones comprometidas 
para el éxito del plan según lo señalado en el procedimiento y periodos de 
evaluación de la implementación del Plan. El grupo de seguimiento para el 
Plan de Recuperación, Conservación y Gestión de la fardela blanca está 
conformado por: 
 

o Ministerio del Medio Ambiente (MMA). 
o Ministerio de Energía.  
o Ministerio de Obras Públicas (MOP). 
o Corporación Nacional Forestal (CONAF). 
o ONG Oikonos. 
o Subsecretaría de Pesca (SUBPESCA). 
o Servicio Nacional de Pesca (SERNAPESCA) 
o Instituto de Fomento Pesquero (IFOP). 
o ONG Island Conservation. 
o Alejandro Simeone (Académico Universidad Andrés Bello). 
o Albatros Task Force Chile (ATF). 

 

La coordinación del grupo de seguimiento estará a cargo del Ministerio del 
Medio Ambiente, quienes sesionarán al menos una vez por año para 
verificar el cumplimiento de las acciones definidas en el Plan. El 
cumplimiento de las acciones deberá ser reportadas al Ministerio por parte 
de él o los órganos, personas jurídicas o personas naturales asignadas para 
cada acción. 

La implementación del Plan se llevará a cabo en un horizonte de 20 años, 
periodo durante el cual, el Grupo de Seguimiento evaluará cada 5 años, o 
según estimen conveniente, replantear aquellas acciones que no estén 
siendo efectivas para lograr alcanzar las metas propuestas en el Plan. 
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13.   COSTO ESTIMADO PARA IMPLEMENTACIÓN 
 

El costo de implementación del Plan de Recuperación, Gestión y 
Conservación de Fardela Blanca (Ardenna creatopus) se estima en 4.590.153 
US dólares10, considerando un horizonte de 20 años. Este se desglosa en US$ 
556.174 para el cumplimiento del objetivo N°1, US$ 1.059.860 en el caso del 
Objetivo N° 2 y US$ 2.974.114 en el caso del Objetivo N° 3. La siguiente tabla 
presenta un resumen de la estimación de costos del plan. 

Objetivos del Plan Costo (USD) 

Objetivo 1. Disminuir las amenazas marítimas que afectan los sitios 

de migración y alimentación de la fardela blanca 

U$ 556.174 
 

Objetivo 2. Disminuir las amenazas terrestres que afectan los sitios 

de nidificación de la fardela blanca 

U$ 1.059.860 
 

Objetivo 3. Aumentar el conocimiento y el trabajo colaborativo 

para la protección de la fardela blanca y su hábitat  

U$ 2.974.114 
 

TOTAL PLAN RECOGE U$ 4.590.153 
 

Fuente: Elaboración propia 
 

La estimación de costos calcula el valor presente neto para cada una de las 
acciones definidas por el plan (48 Acciones), considerando una tasa de 
inversión social del 6% definida por el Ministerio de Desarrollo Social11 para 
proyectos sociales y un periodo variable dependiendo de los plazos 
definidos para cada acción que van desde 1 años hasta 20.  

Los costos presentados en este Plan corresponden a una evaluación de 
todas las acciones descritas en el mismo (48 acciones), pudiéndose valorar 
monetariamente 44 acciones que corresponde al 92% del total.  

 

 
10 Valor del dólar 704,48 CLP, promedio anual 2019, datos SII. 
http://www.sii.cl/valores_y_fechas/dolar/dolar2019.htm 
 
11 Precios Sociales 2017. Ministerio de Desarrollo Social (MDS). 2017. 
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1. INTRODUCCIÓN 

La presente propuesta de Plan de Recuperación, Conservación y Gestión de las Golondrinas de 
Mar del Norte de Chile se enmarca en los objetivos trazados por la Estrategia Nacional de 
Biodiversidad 2017-2030, de acuerdo con el Reglamento de Planes de Recuperación, Conservación 
y Gestión de Especies (Decreto Supremo N°1/2014 del Ministerio del Medio Ambiente). 

Las golondrinas de mar pertenecen a un grupo de aves marinas, del Orden Procellariiformes, que 
se alimentan en el mar y anidan en tierra, algunas especies en islas e islotes, y otras en planicies 
interiores del desierto. 

Las cuatro especies objeto de este plan han sido clasificadas de acuerdo con el Reglamento para la 
Clasificación de Especies Silvestres según Estado de Conservación, y corresponden a la golondrina 
de mar negra (Hydrobates markhami)1, clasificada como En Peligro (DS N° 79/2018 MMA), la 
golondrina de mar de collar (Hydrobates hornbyi)2 y la golondrina de mar peruana (Hydrobates 
tethys)3, clasificadas como Vulnerable (DS N° 16/2020 MMA) y la golondrina de mar chica 
(Oceanites gracilis), clasificada como Datos Insuficientes (DS N° 79/2018 MMA). 

La siguiente propuesta de Plan de Recuperación, Conservación y Gestión de las Golondrinas de 
Mar del Norte de Chile se presenta según lo establecido en el Artículo 16 del Decreto Supremo 
N°1/2014 del Ministerio del Medio Ambiente. 

 

2. METODOLOGÍA DE ELABORACIÓN DEL PLAN 

La presente propuesta de Plan de Recuperación, Conservación y Gestión de las Golondrinas del 
Mar del Norte de Chile está estructurada de acuerdo a los lineamientos del Ministerio del Medio 
Ambiente, en el marco del Reglamento para la Elaboración de Planes de Recuperación, 
Conservación y Gestión de Especies (DS N°1/2014) y surge como un esfuerzo mancomunado del 
Grupo de Elaboración del Plan que está conformado por representantes de instituciones públicas, 
ONGs, universidades, investigadores independientes y empresas, designadas por la Resolución 
Exenta N° 1.113 del 11 de septiembre del 2019 que da inicio al proceso de elaboración del 
presente Plan, y las Resoluciones Exentas N° 1.723/2019, N° 490/2020, N° XXXX/2020 que la 
modifican. 

El grupo de elaboración se reunió en 12 talleres, los dos primeros de manera presencial en Iquique 
y el resto de forma remota. Como parte de la evaluación de amenazas se conformó un subgrupo 
para evaluar las de origen marino y también se constituyó un grupo de redacción, cuya misión fue 
recoger las observaciones del grupo ampliado para elaborar propuesta a revisar. De manera 
adicional, en enero de 2020 se realizó en la ciudad de Arica una reunión ampliada que permitió 
levantar nuevos antecedentes para la elaboración del Plan. 

 
1 Clasificada originalmente como Oceanodroma markhami 
2 Clasificada originalmente como Oceanodroma hornbyi 
3 Clasificada originalmente como Oceanodroma tethys 
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3. ANTECEDENTES GENERALES SOBRE LAS ESPECIES 

 

Las golondrinas de mar son pequeñas aves marinas, pertenecientes a las familias Oceanitidae e 
Hydrobatidae, del orden Procellariiformes. Son aves de vuelo rápido y ágil, que habitan aguas 
profundas donde se alimentan de pequeños peces, crustáceos y cefalópodos.  

Se reproducen en tierra firme, en colonias que generalmente se encuentran en islas o acantilados 
costeros, aunque en algunas especies pueden estar decenas de kilómetros tierra adentro. 
Nidifican gregariamente, mostrando gran fidelidad a sus colonias reproductivas. No construyen sus 
nidos, sino que utilizan cavidades ya existentes. Son especies longevas (largo generacional 
estimado en 16 años) y ponen un solo huevo por temporada.  

En Chile habitan nueve especies de golondrinas de mar regularmente: Oceanites oceanicus, 
Oceanites pincoyae, Oceanites gracilis, Fregetta grallaria, Fregetta tropica, Nesofregetta 
fuliginosa, Hydrobates (Oceanodroma) hornbyi, Hydrobates (Oceanodroma) tethys e Hydrobates 
(Oceanodroma) markhami, distribuidas desde el extremo norte hasta los mares subantárticos, e 
incluyendo las aguas de las islas oceánicas del país y el archipiélago de Juan Fernández.  

Las cuatro especies de golondrinas de mar que habitan el océano Pacífico en el norte de Chile, 
también se reproducen en el país. Estas corresponden a tres especies actualmente incluidas en el 
género Hydrobates4: golondrina de mar negra (H. markhami), de collar (H. hornbyi) y peruana (H. 
tethys), junto a la golondrina de mar chica (Oceanites gracilis) (Figura 1). 

El conocimiento de la biología y ecología de estas especies es rudimentario, tanto en lo referido a 
su vida en el mar como en cuanto a su reproducción. Desde hace algunas décadas se conocen 
pequeñas colonias de H. tethys y O. gracilis en las islas Grande de Atacama y Chungungo, 
respectivamente, pero solo recientemente se ha descubierto que al menos tres especies nidifican 
en tierras interiores del desierto de Atacama, desde la Región de Arica y Parinacota hasta la 
Región de Atacama (H. markhami, H. hornbyi y O. gracilis). Producto de que los descubrimientos 
en tierras interiores son recientes, es probable que existan colonias que permanecen 
desconocidas. 

Otro aspecto pobremente comprendido son las rutas de vuelo entre el mar y las colonias de 
reproducción. Uno de los factores que ha contribuido a este desconocimiento es el hecho de que 
las golondrinas de mar visitan sus colonias de noche. Por esta misma razón, son susceptibles a la 
iluminación artificial (ver sección amenazas). 

 

 

 

 
4 Recientemente el South American Classification Committee (SACC) aprobó la propuesta #829, que funde el 
género Oceanodroma con Hydrobates, prevaleciendo este último.  
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Figura 1. Distribución de (a) Hydrobates markhami, (b) Hydrobates hornbyi, (c) Hydrobates tethys y (d) Oceanites 
gracilis. Fuente: BirdLife International 2020 
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Golondrina de mar negra (Hydrobates markhami) 

  

Figura 2. Golondrina de mar negra en vuelo. Foto: Verónica Araya 

DISTRIBUCIÓN:  

La golondrina de mar negra (Figura 2) se distribuye en aguas tropicales y pelágicas del océano 
Pacífico, desde Centroamérica hasta el norte de Chile. Dentro del país, se encuentra entre las 
aguas del extremo norte, colindando con Perú, hasta el mar de la región de Atacama, alcanzando 
raramente las regiones de Coquimbo y Valparaíso. 

COLONIAS CONOCIDAS: 

Se reproduce en Perú, donde se conoce una colonia en Paracas (Jahncke 1993, 1994) y en Chile, 
donde se conocen colonias en las regiones de Arica y Parinacota, Tarapacá y Antofagasta, que en 
su conjunto albergan al 96% de la población global conocida de la especie (Medrano et al. 2019).  

Estas son (Figura 3 y 4): 

● Región de Arica y Parinacota: Pampas Chuño, La Higuera, Chaca y Camarones (Torres-Mura 
& Lemus 2013, Barros et al. 2019, Medrano et al. 2019). 

● Región de Tarapacá: Pampa Tana, Salar de Quiuña-Jarza, Caleta Buena (Pampa Perdiz), El 
Carmen norte, Pampa Hermosa y Salar Grande (Barros et al. 2019, Malinarich & Vallverdú 
2019, Medrano et al. 2019). 

● Región de Antofagasta: Río Loa y Salar de Navidad (Medrano et al. 2019).  
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Figura 3. Colonias reproductivas de golondrina de mar negra 
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CARACTERÍSTICAS DE LAS COLONIAS:  

Sus colonias reproductivas se ubican en sectores únicos, con afloramientos de sal, que ofrecen 
fisuras y cavidades naturales (Figura 5 a 8), cubiertas en forma variable por arena (Jahncke 1993, 
Torres-Mura & Lemus 2013, Barros et al. 2019, Malinarich & Vallverdú 2019, Medrano et al. 2019). 
La densidad de nidos puede variar considerablemente entre colonias y dentro de ellas. 

En las colonias de Quiuña, río Loa y Salar de Navidad comparte los sitios de nidificación con H. 
hornbyi en una proporción que aún se desconoce. En Pampa Hermosa comparte el sitio con O. 
gracilis (Malinarich & Vallverdú 2019, Medrano et al. 2019). 

 
Figura 4. Características principales de las colonias reproductivas de Hydrobates markhami en Chile. Fuente: Medrano 
et al. (2019).  

 
Figura 5. Colonia de golondrina de mar negra en Pampa Chaca. Foto: Fernando Medrano 
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Figura 6. Colonia de golondrina de mar negra en Caleta Buena. Foto: Fernando Medrano 

 

Figura 7. Colonia de golondrina de mar negra en Pampa Camarones. Foto: Fernando Medrano 

 

Figura 8. Cavidad que sirve como nido para la golondrina de mar negra. Foto: Fernando Medrano 
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ESTIMACIÓN POBLACIONAL: 

Spear & Ainley (2007) estimaron, mediante conteos en mar abierto, una población de entre 
700.000 y 1.600.000 individuos; sin embargo, más recientemente Barros et al. (2019) y Medrano 
et al. (2019) estimaron en solamente 115.000 a 116.000 individuos mediante conteos directos en 
colonias reproductivas. De acuerdo con el conocimiento actual, el desglose de parejas 
reproductoras por colonias es el siguiente (Tabla 1): 

Colonia Número de parejas Fuente de la estimación 

Paracas (Perú) 2.000-4.000 Jahnke 1993, 1994 

Arica 

Pampa Chuño 90 Barros et al. 2019 

Pampa La Higuera 5 Barros et al. 2019 

Pampa Chaca 24.815 Barros et al. 2019 

Pampa Camarones 9.772 Barros et al. 2019 

Pampa Tana 2 Barros et al. 2019 

Salar de Quiuña - Jarza 405 Medrano et al. 2019 

Caleta Buena (Pampa Perdiz) 624 Barros et al. 2019 

El Carmen norte 2 Malinarich & Vallverdú 2019 

Pampa Hermosa 14 Malinarich & Vallverdú 2019 

Salar Grande/río Loa 20.000 Barros et al. 2019 

Salar de Navidad 3 Medrano et al. 2019 

Total 57.732 – 59.732  

Tabla 1. Tamaño de la población reproductora para las colonias de golondrina de mar negra 

DIETA:  

Se alimenta de cefalópodos (ej. Loligo gahi, Japetella sp.) y de forma secundaria de peces 
pelágicos (ej. Anchoveta Engraulis ringens) y mesopelágicos con migraciones verticales (ej. 
Myctophum nitidulum) (García-Godos 2002, Vargas 2019). También se especula que consume 
carroña, a partir del hallazgo de fibras musculares no identificadas, que podrían corresponder a 
mamíferos marinos o aves (García-Godos et al. 2002).  

FENOLOGÍA REPRODUCTIVA: 

Las colonias de Arica y Quiuña poseen la misma cronología reproductiva que la colonia de Perú, 
con un periodo que se extiende desde abril hasta febrero y un peak de salida de volantones en 
diciembre. Las colonias ubicadas al sur de la región de Tarapacá y en la región de Antofagasta 
poseen una cronología distinta, iniciando la reproducción en noviembre y concluyéndola en mayo-
junio, con un peak de salida de volantones en abril (Figura 9). Esto podría sugerir la presencia de 
dos poblaciones (Barros et al. 2019). 
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Figura 9. Calendario reproductivo de la golondrina de mar negra (Medrano et al. 2019) 

 

En las colonias de Tarapacá, Malinarich y Vallverdú (2019) reportan, mediante cámaras trampas y 
recorrido pedestre, depredadores naturales como zorros chilla (Lycalopex griseus) y jote cabeza 
colorada (Cathartes aura). Adicionalmente identificaron una especie de roedor del género 
Phyllotis sp. ingresando a las galerías. 

ESTADO DE CONSERVACIÓN: 

Clasificada “En Peligro” para Chile (Ministerio del Medio Ambiente 2018) y “Casi Amenazada” 
(BirdLife International 2019) a nivel global. 
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GOLONDRINA DE MAR DE COLLAR 

 
Figura 10. Golondrina de mar de collar en vuelo. Foto: Tom Johnson 

DISTRIBUCIÓN:  

La golondrina de mar de collar (Figura 10) se distribuye desde el sur de Ecuador hasta el norte de 
Chile, entre 30 y 500 km mar adentro. Se considera una especie endémica de la corriente de 
Humboldt y en el país se registra entre el extremo norte y los mares de la región de Atacama. 

COLONIAS CONOCIDAS: 

La única colonia conocida es Pampa del Indio Muerto, en la región de Atacama (Barros et al. 2018). 
Sin embargo, es probable que existan otras en Quiuña, Salar Grande, río Loa (región de Tarapacá) 
y salar de Navidad (región de Antofagasta), donde se conoce un nido en cada sector (Malinarich & 
Vallverdú 2019, Medrano et al. 2019, Compañía Minera Cordillera Chile SCM 20205) (Figura 11). La 
aparición recurrente de juveniles en Lima y la región de Antofagasta, sugiere que en esos sectores 
existen colonias no descritas.   

Actualización Plan de Explotación Mina Tenardita 

 
5 Compañía Minera Cordillera Chile SCM (2020) Declaración de Impacto Ambiental Actualización Plan de 
Explotación Mina Tenardita, Región de Tarapacá. Disponible en 
https://infofirma.sea.gob.cl/DocumentosSEA/MostrarDocumento?docId=ff/88/f12b52f726992204b2814483
5d3403e5f16e  
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Figura 11. Colonias reproductivas de golondrina de mar de collar 
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CARACTERÍSTICAS DE LAS COLONIAS:  

Nidifica en cavidades naturales presentes en sustratos salinos que contienen yeso (Barros et al. 
2018) (Figuras 12 y 13). En la única colonia conocida, recientemente se ha descrito la nidificación 
de O. gracilis (Barros et al. 2020). 

 

Figura 12. Colonia de golondrina de mar de collar en Pampa del Indio Muerto, Región de Atacama 

 

Figura 13. Cavidades que sirven como nido para la golondrina de mar de collar 

ESTIMACIÓN POBLACIONAL: 

Su población fue estimada en 637.200 - 1.011.900 individuos a partir de conteos en mar abierto 
(Spear & Ainley 2007), sin embargo, dicha no guarda relación con la única colonia conocida, que 
alberga solo 7.919 parejas reproductivas (Medrano et al. 2019). 

DIETA:  

No se tienen antecedentes sobre la dieta de esta especie.  
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FENOLOGÍA REPRODUCTIVA: 

En esta especie no se conoce la fecha en la que realiza despliegues reproductivos, pero 
probablemente ocurren entre noviembre y enero. Se han reportado nidos con huevos entre 
diciembre y enero, pichones entre febrero y junio, y volantones caídos en luminarias entre abril y 
septiembre (Figura 14). A diferencia de la golondrina de mar negra, en esta especie sólo se ha 
encontrado un calendario reproductivo, con actividad entre noviembre y septiembre (aunque el 
grueso de la actividad reproductiva ocurriría entre diciembre y junio) (Barros et al. 2018, Medrano 
et al. 2019). 

 

 
Figura 14. Calendario reproductivo de la golondrina de mar de collar. Fuente: Medrano et al. 2019 

ESTADO DE CONSERVACIÓN: 

Su categoría vigente en Chile es “Vulnerable” (Ministerio del Medio Ambiente 2020). A nivel global 
está clasificada “Casi Amenazada” (BirdLife International 2019). 
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GOLONDRINA DE MAR PERUANA 

 

Figura 15. Golondrina de mar peruana en vuelo. Foto: Michael O’Brien 

DISTRIBUCIÓN:  

La golondrina de mar peruana (Figura 15) es una especie pelágica que se distribuye desde la 
península de Baja California hasta el norte de Chile, nidificando entre Ecuador y Chile.  

COLONIAS CONOCIDAS: 

En Galápagos, la subespecie tethys, nidifica en dos localidades confirmadas (islas Pitt y Genovesa) 
y se cree que podría nidificar en una localidad adicional (Roca redonda) (Carboneras et al. 2019). 
En Perú, la subespecie kelsalli, se reproduce en al menos ocho islas (Foca, Chao, Corcovado, Ferrol, 
Pescadores, San Lorenzo, San Gallán y La Vieja) (Carboneras et al. 2019, García-Olaechea 2020) 
(Figura 16). En Chile solo se conoce una colonia de reproducción, en la Isla Grande de Atacama 
(Bernal et al. 2006), pero a partir del hallazgo de volantones en la aduana Loa, se sospecha que 
podría existir una colonia en esa latitud, en islas o el desierto interior (Barros y la Red de 
Observadores de Aves 2019) (Figura 16). 
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Figura 16. Colonias reproductivas de golondrina de mar peruana 
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CARACTERÍSTICAS DE LAS COLONIAS:  

Anida en cavidades en rocas o bajo la cobertura arbustiva (Carboneras et al. 2019). Los nidos se 
encuentran en cuevas o grietas de ~15 cm de apertura y 15-30 cm profundidad (Ayala et al. 2008). 

En Galápagos las colonias son visitadas durante el día, lo que es una excepción para Hydrobatidae. 
En Perú y Chile tiene actividad nocturna en las colonias.  

En Isla Grande los nidos se encuentran a nivel del suelo o en laderas de quebradas, en parches 
dispersos de hasta 10 nidos, que podrían reconocerse por marcas de guano en la entrada de las 
cuevas. En el extremo norte de la isla, los nidos de esta especie se encuentran junto a nidos de 
Yunco de Humboldt (Pelecanoides garnotii) y Pingüino de Humboldt (Spheniscus humboldti) (Luna 
2018). 

 

Agregar foto de nidos en Isla Grande de Atacama 

Figura 17. XXXXXXX. Foto: XXXXXX 

 

ESTIMACIÓN POBLACIONAL: 

Su población se estima en 628.000 - 1.136.900 a partir de conteos en mar abierto (Spear & Ainley 
2007). En Galápagos la población se estima en 200.000 parejas, mientras que en Perú y Chile no se 
conocen estimaciones poblacionales. En Chile la única colonia conocida tiene 100 individuos 
maduros, pero podría haber más individuos no registrados (Bernal et al. 2006). 

DIETA:  

Peces pequeños, cefalópodos (pulpos y calamares) y crustáceos plantónicos (Ribic et al. 1997). Se 
alimenta principalmente durante la noche (Brooke 2004). 

FENOLOGÍA REPRODUCTIVA: 

En Galápagos, Ecuador, se reproduce todo el año, con peak reproductivos en mayo y junio (Harris 
1969). En Perú, pone huevos entre mayo y junio (Ayala et al. 2004). En la Isla Grande de Atacama, 
Chile, la postura de huevos ocurre en diciembre, con los volantones saliendo del nido en marzo y 
abril (Bernal et al. 2006, Luna 2015), fenología consistente con el hallazgo de juveniles atraídos por 
luces en la región de Tarapacá (Barros y la red de observadores de aves 2019, Silva et al. 2020).  

ESTADO DE CONSERVACIÓN: 

Su categoría vigente en Chile es “Vulnerable” (Ministerio del Medio Ambiente 2020). A nivel global 
se considerada “Preocupación menor” (Birdlife International 2019). 
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GOLONDRINA DE MAR CHICA 

 

Figura 18. Golondrina de mar chica. Foto: Rodrigo Silva 

DISTRIBUCIÓN:  

Para la golondrina de mar chica (Figura 18), se describen dos subespecies, O. g. galapagoensis y O. 
g. gracilis, a veces reconocidas como especies plenas (Murphy 1936, Howell & Zufelt 2019). La 
subespecie galapagoensis habita las aguas alrededor de las islas Galápagos, mientras que gracilis 
está restringida a la corriente de Humboldt, hasta 500 km de la costa de Chile, Perú y el sur de 
Ecuador (Spear & Ainley 2007). Es una especie común en toda su distribución, sin embargo, se 
conocen muy pocos datos sobre su biología reproductiva. 

COLONIAS CONOCIDAS: 

Se presume que la subespecie O. g. galapagoensis nidifica entre abril y septiembre en las islas 
Galápagos, pero ningún nido se ha encontrado a la fecha (Gaskin et al. 2015, Carboneras et al. 
2019). 

Para la subespecie gracilis se conocen sitios de nidificación en el desierto interior de las regiones 
de Tarapacá, Antofagasta y Atacama, y en un islote de la región de Coquimbo (Barros et al. 2020). 
También se presume que existen nidos cerca de Arica, donde se reportan juveniles 
recurrentemente. Los sitios son (Figura 19):  

● Región de Tarapacá: Pampa Hermosa. 
● Región de Antofagasta: Tocopilla y Sierra Miranda (Quebrada Ordóñez) 
● Región de Atacama: Pampa del Indio Muerto  
● Región de Coquimbo: Isla Chungungo  
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Figura 19. Colonias reproductivas de golondrina de mar chica 
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CARACTERÍSTICAS DE LAS COLONIAS:  

Hasta hace poco la única colonia conocida se encontraba en la isla Chungungo, región de 
Coquimbo, pero recientemente se descubrió que también nidifica en ambientes desérticos entre 7 
y 75 km tierra adentro (Malinarich & Vallverdú 2019, Barros et al. 2020). 

En Pampa Hermosa (Figura 20) la colonia se emplaza en un afloramiento de sal que ofrece 
abundantes cavidades naturales, utilizadas por esta especie e Hydrobates markhami (Malinarich & 
Vallverdú 2019). En Tocopilla los nidos se encuentran en un área de lomajes costeros con 
pequeñas quebradas secas, donde abundan cavidades excavadas por alguna otra ave. Aunque se 
sabe que esta especie nidifica en el área, se desconocen las características precisas de los nidos. En 
Quebrada Ordóñez (Sierra Miranda) el nido se encontró bajo una pequeña costra de sal. En Pampa 
del Indio Muerto (Figura 21), donde prevalece una colonia de H. hornbyi, los nidos están en una 
pampa sin afloramientos de sal evidentes, pero con cavidades naturales producto de la existencia 
de depósitos de yeso. Los nidos en isla Chungungo están en grietas de roca u oquedades bajo 
rocas, a veces cubiertas por matorrales (Figura 22). Las cavidades poseen entradas angostas (<10 
cm) y longitud variable (40-150 cm) (Barros et al. 2020).  

 

 

Figura 20. Colonia de golondrina de mar chica en Pampa Hermosa. Foto: Rodrigo Silva 

 

Figura 21. Colonia de golondrina de mar chica en Pampa del Indio Muerto. Foto: Fernando Medrano 
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 Figura 22. Sitio de nidificación en islote Chungungo. Foto: Cristian Pinto  

ESTIMACIÓN POBLACIONAL: 

Existen diferencias importantes en las estimaciones poblacionales de eta especie, por una parte 
Broke (2004) estima una población de 300.000 individuos maduros, mientras que Spear & Ainley 
(2007) estima una población de entre 343.000 y 1.026.000 a partir de conteos en mar abierto. No 
existen estimaciones poblacionales realizadas en colonias. En Pampa Hermosa se conocen 14 
nidos y en isla Chungungo apenas 11, aunque se estima que este islote podría alcanzar al menos 
los 100 nidos (Barros et al. 2020). La evidencia para los demás sitios es anecdótica.  

DIETA:  

Desconocida, pero probablemente basada en pequeños peces y crustáceos planctónicos (Brooke 
2004).  

FENOLOGÍA REPRODUCTIVA: 

La evidencia preliminar sugiere que existiría un patrón bimodal de reproducción, con un grupo que 
se reproduciría entre mayo y agosto (salida de volantones) y otro que lo haría entre noviembre-
enero y marzo-abril (salida de volantones) (Barros et al. 2020). 

 

ESTADO DE CONSERVACIÓN 

Clasificada en Chile y a nivel global como “Datos insuficientes” (Ministerio del Medio Ambiente 
2018, BirdLife International 2019). 
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4. DIAGNÓSTICO DE LOS FACTORES DE AMENAZA Y SUS EFECTOS 

 
4.1 IDENTIFICACIÓN DE AMENAZAS Y PRIORIZACIÓN 

Las amenazas sobre las colonias de golondrinas de mar han sido descritas por Barros et al. (2019) y 
Medrano et al. (2019), e incluyen intervenciones directas sobre el sustrato de nidificación y 
obstáculos en las rutas de vuelo hacia el mar. Dichos autores mencionan entre ellas: (1) caminos 
(por ejemplo, Ruta 5 y Ruta A-31) y caminos secundarios que cruzan las colonias, y que podrían 
degradar áreas con cavidades, (2) basura arrastrada desde los caminos, principalmente latas y 
botellas plásticas, las que podrían bloquear la entrada a cavidades. Esto sucede incluso a docenas 
de kilómetros de las carreteras debido al viento, (3) ejercicios militares (movimiento de tanques y 
pruebas de bombas), las cuales destruyen sustrato salino y podría causar el colapso de cavidades 
(Figure 3), (4) líneas de transmisión eléctrica que atraviesan colonias, las que destruyen sustrao 
bajo las torres y generan riesgo de colisión, y (5) minas, plantas de energía e instalación de 
caminos, los que destruyen directamente el sustrato salino.  

Asimismo, se ha destacado como una importante amenaza a la contaminación lumínica, debido a 
la atracción que sufren los volantones de estas especies hacia las fuentes de iluminación artificial. 
Este fenómeno se produce de forma masiva en alumbrado público y de proyectos industriales 
cercanos a las colonias, en ciudades que puedan estar a varios kilómetros de ellas, o en sectores 
iluminados dentro de sus rutas de vuelo entre el mar y los sitios de nidificación (Silva et al. 2020). 

Sobre dicha base, y para identificar y definir las amenazas que serán consideradas para este Plan, 
el Grupo de Elaboración definió tres objetos de conservación dependiendo del ambiente y proceso 
involucrado: a) Hábitat reproductivos (colonias de nidificación), b) Ruta de vuelo y, c) Hábitat 
marino (zonas de alimentación y desplazamiento). Considerando la información publicada, y el 
conocimiento de los miembros del grupo de elaboración, se identificaron 12 amenazas para los 
objetos de conservación definidos, las que se manifiestan de manera diferenciada según objeto. 
Las amenazas identificadas para cada objeto corresponden a: 

• Hábitat reproductivo (colonias): las amenazas identificadas fueron: a) Actividades y 
proyectos mineros (incluye exploraciones, prospecciones y proyectos mineros), b) Obras 
areales (proyectos fotovoltaicos, proyectos eólicos), c) Obras lineales (tendidos eléctricos, 
caminos, ductos), d) Iluminación inapropiada a nivel industrial, vial y urbano, e) Ejercicios 
militares, f) Residuos terrestres, g) Eventos masivos culturales, recreativos, turísticos y 
tránsito de fuera de ruta (incluye actividades de jeepeo), h) Ingreso no regulado y extracción 
ilegal de guano en isla Grande de Atacama (para H. tethys), y) i) Presencia de perros. 

• Rutas de vuelo: las amenazas identificadas fueron: a) Iluminación inapropiada a nivel 
industrial, vial y urbano y, b) Obras lineales y/o en altura (tendidos eléctricos, parques 
eólicos)  

• Hábitat marino: las amenazas identificadas fueron (se reconoció que es el ámbito donde 
menos antecedentes existen, así que en algunos casos se trata de amenazas reconocidas 
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como potenciales): a) Iluminación inadecuada desde embarcaciones, b) Residuos marinos, c) 
Vertimientos marinos (RILES)**, y d) Sobreexplotación pesquera** 

 
Con doble asterisco se indica las amenazas identificadas como posibles o potenciales, para las 
cuales no se cuenta con evidencia directa de afectación de golondrinas de mar, pero en las cuales 
el grupo de elaboración infiere afectación a partir de evidencia del problema para otras aves 
marinas.   
 
En la siguiente tabla 2 se señalan las amenazas identificadas y el objeto de conservación afectado 
(no jerarquizadas): 
 

Tabla 2. Amenazas identificadas según objeto de conservación afectado   
Objeto de conservación afectado 

N° Nombre de la amenaza Hábitat reproductivo Rutas de vuelo Hábitat marino 
1 Iluminación inapropiada X X X 
2 Actividades y proyectos 

mineros 
X 

 
  

3 Obras areales¹ X X   
4 Obras lineales² X X   
5 Ejercicios militares X 

 
  

6 Residuos terrestres X 
 

  
7 Eventos masivos³ X 

 
  

8 Ingreso no regulado y 
extracción ilegal de guano⁴ 

X 
 

  

9 Presencia de perros X     
10 Residuos marinos 

 
  X 

11 Vertimientos marinos 
(RILES)** 

  
X 

12 Sobre explotación 
pesquera** 

  
X 

 
¹ Considera proyectos fotovoltaicos y eólicos 
² Considera tendidos eléctricos, caminos y ductos 
³ Considera eventos culturales y actividades de tránsito fuera de ruta, estilo jeepeo 
⁴ Aplica para Isla Grande de Atacama (específicamente para Hydrobates tethys) 
** Amenazas identificadas como potenciales debido a la carencia de evidencia de su impacto sobre 
golondrinas de mar 
 
Las amenazas identificadas fueron posteriormente clasificadas en función de su alcance, severidad 
e irreversibilidad, bajo los conceptos de estándares abiertos para la práctica de la conservación 
(CMP 2013)6. Esta metodología implica calificar el impacto en función de la contribución que cada 
amenaza directa sobre el Objeto de conservación.  Para fines de la calificación, así como posterior 
tratamiento, la amenaza de “iluminación inadecuada” fue desagrega según sus impactos en tierra 

 
6 Alianza para las medidas de la conservación (CMP) 2013. Estándares abiertos para la conservación. Versión 3.0 / Abril 2013. 
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y sus impactos en el ámbito marino. Como se observa en la Tabla 3, tres amenazas fueron 
calificadas como de muy alto impacto, dos como de alto impacto, tres como de impacto medio y 
tres como de bajo impacto. La sobrexplotación pesquera no pudo ser calificada ya que, debido a la 
ausencia de evidencia directa, no pudo precisarse su alcance. 

 
Tabla 3. Valoración del nivel de impacto de las amenazas identificadas para las golondrinas de mar (se 

excluye aquellas citadas como potenciales) 
N° Amenaza Alcance Severidad Irreversibilidad Calificación 
1 Iluminación inapropiada en tierra  Muy alto  Muy alto Medio  Muy alto 

2 Actividades y proyectos mineros Alto Alto Muy alto  Muy alto 

3 Obras areales (proyectos fotovoltaicos, 
proyectos eólicos) 

Alto Alto Muy alto Muy alto 

4 Ingreso no regulado y extracción ilegal de 
guano en isla Grande de Atacama 

Muy alto Alto Medio  Alto 

5 Iluminación inapropiada en 
embarcaciones 

Alto Muy alto Medio  Alto 

6 Residuos marinos (incluye plásticos) Alto Medio Alto  Medio 

7 Obras lineales (tendidos eléctricos, 
caminos, ductos) 

Medio Medio Medio Medio 

8 Residuos terrestres Medio Medio Medio  Medio 

9 Ejercicios militares Bajo Alto Alto  Bajo 

10 Eventos masivos (considera eventos 
culturales y actividades de tránsito fuera 
de ruta estilo jeepeo) 

Bajo Bajo Medio  Bajo 

11 Presencia de perros Bajo Bajo Medio  Bajo 

 
 
4.2 DESCRIPCIÓN DE LAS AMENAZAS 

A continuación, se describen las amenazas identificadas, ordenas según su calificación del nivel de 
impacto sobre los objetos de conservación del Plan. 

 
4.2.1. Iluminación inapropiada a nivel urbano, industrial y vial (afectación de hábitat 

reproductivo y rutas de vuelo) 
 

Corresponde a la amenaza actual de mayor relevancia para las golondrinas de mar, identificándose 
como factores contribuyentes el masivo desarrollo de la tecnología LED que posee un importante 
espectro luminoso azul,   la precariedad de la normativa existente, ausencia de instrumentos que 
faciliten la correcta iluminación de proyectos (como una guía), desconocimiento por parte de 
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tomadores de decisiones acerca de los efectos del tipo de iluminación sobre la biodiversidad y el 
aumento de la iluminación debido a urbanizaciones y desarrollos industriales. 

La contaminación lumínica afecta varios aspectos de la biología y ecología de aves. El grupo de las 
aves marinas es uno de los más sensibles a este impacto, dentro del cual los petreles de 
Oceanitidae, Hydrobatidae y Procellaridae son los afectados en mayor medida. De las 113 especies 
de petreles que nidifican en cavidades, se sabe que al menos 56 son propensas a ser atraídas por 
luces (Rodríguez et al. 2017). 

Las aves marinas son atraídas hacia las luces, se desorientan y se ven forzadas a aterrizar, en un 
fenómeno conocido como fallout (Imber 1975, Reed 1985), el que puede ocasionar eventos de 
mortalidad masiva (Ainley et al. 2001, Rodríguez et al. 2017). El fallout no ocasiona la muerte 
directa de las aves afectadas, pero generalmente deriva en ella mediante colisión, atropello, 
depredación, inanición o deshidratación (Rodríguez et al. 2012, 2014, 2017). 

La mayoría de las aves afectadas son volantones, aves que han nacido esa misma temporada, que 
al realizar sus primeros vuelos al mar son especialmente vulnerables a la desorientación por 
luminarias (Miles 2010 y diversos autores compilados por Rodríguez et al. 2017). La fase lunar 
juega un rol relevante en este fenómeno, observándose mayor intensidad de caídas en las noches 
de luna nueva (Telfer et al. 1987, Le Corre et al. 2002, Montevecchi 2006, Rodríguez & Rodríguez 
2009, Miles 2010, Murillo et al. 2013, Rodríguez et al. 2014, Rodríguez et al. 2017). 

El alcance territorial del impacto depende fundamentalmente del tipo e intensidad de las luces y 
de la cercanía de las fuentes emisoras con las colonias reproductivas o rutas de desplazamiento 
(Rodríguez et al. 2014, Rodríguez et al. 2017). Aparentemente también existe una variación de la 
sensibilidad por especie. A modo referencial, se ha descrito la atracción a 4,2, 5,9 y 6 km de las 
colonias reproductivas para Calonectris diomedea, Puffinus mauretanicus e Hydrobates pelagicus 
respectivamente (Rodríguez et al. 2015), distancias relativamente consistentes con los 3-5 km 
informados por Poot et al. (2008) para migradores nocturnos. Observaciones realizadas en la 
provincia de Iquique sugieren que estas distancias podrían ser aún mayores, siempre 
condicionadas por las características del paisaje a escala local (Silva & Terán 2018). También se ha 
registrado que las aves pueden ser atraídas a tierra firme una vez que han alcanzado el océano 
(Troy et al. 2013). 

Para Chile, Silva et al. (2020) recopilan y publican una sistematización de los antecedentes para 
aves marinas, incluyendo la información publicada y comunicada para las cuatro especies que son 
objeto de este plan. Estos antecedentes son los más actualizados a la fecha y se detallan a 
continuación: 

• Golondrina de mar chica (Oceanites gracilis). Esta especie es afectada por la contaminación 
lumínica en Arica, Iquique, Puerto Patache, Salar Grande, Mejillones, Antofagasta y Coloso 
(Malinarich et al. 2018, Servicio Agrícola y Ganadero Antofagasta, datos no publicados, 
Fundación Gaviotín Chico, datos no publicados, R. Peredo obs. pers., V. González obs. pers.). 
Entre 2009 y 2019 se han reportado 83 ejemplares caídos por luces, de los cuales 23 provienen 
del radio urbano de Iquique (Malinarich et al. 2018) y 15 de la ciudad de Antofagasta (Guerra-
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Correa obs. pers.). Si bien no se tienen antecedentes sobre la cantidad máxima caída en estos 
lugares, no se han registrado más de cinco individuos caídos por año en cada uno de ellos. No 
obstante, es probable que el pequeño tamaño de esta especie dificulte la detección de su 
caída. Malinarich et al. (2018) señalan que la mayoría de los registros en Iquique ocurre entre 
agosto y diciembre. En Arica, se han encontrado adultos en noviembre, diciembre y abril (R. 
Peredo, obs. pers.). 

• Golondrina de mar de collar (Hydrobates hornbyi). Existen registros de individuos afectados 
por contaminación lumínica en el centro y sur de Perú (Y. Murillo com. pers., J. Vizcarra com. 
pers.). Para Chile, existen registros en Arica, Iquique, Alto Hospicio, Pozo Almonte, Puerto 
Patache, Tocopilla, Michilla, Baquedano, Sierra Gorda, Mejillones, Antofagasta y sector 
industrial La Negra (Barros et al. 2018).  

Se han registrado 79 ejemplares caídos en la ciudad de Arica entre 2001 y 2019, con un máximo 
de 44 ejemplares en 2019. Para la región de Arica y Parinacota, la mayoría de las caídas se han 
reportado entre julio y septiembre (R. Peredo obs. pers., SAG Arica y Parinacota, datos no 
publicados). En el caso de la región de Tarapacá, solamente existe un esfuerzo sistemático en la 
ciudad de Iquique y Alto Hospicio, por lo que los registros de Pozo Almonte y Patache son 
anecdóticos. En Iquique y Alto Hospicio se han reportado 143 ejemplares rescatados de 2010 a 
2018, con registros que parecen ir aumentando conforme incrementa la iluminación y el 
esfuerzo de búsqueda, siendo 57 individuos registrados en el año 2018 (V. González obs. pers., 
Malinarich et al. 2018). En la región de Antofagasta se han reportado 1.626 ejemplares caídos 
en el periodo 2009–2018 (C. Guerra-Correa & J. Páez-Godoy obs. pers.), con un máximo 
registrado de 240 individuos en un año (Rodríguez et al. 2017). De este total, 1.022 fueron 
rescatados en Antofagasta y localidades cercanas, mientras que 492 fueron rescatados en 
Mejillones. La información proveniente de Tocopilla, Michilla, Baquedano, Sierra Gorda, y el 
sector industrial La Negra es anecdótica. 

En cuanto a la temporalidad de las caídas, se ha reportado que en Arica suceden entre julio y 
septiembre, alcanzando su pico máximo en agosto (R. Peredo obs. pers.). Por otra parte, 
Malinarich et al. (2018) extienden su ocurrencia entre junio y septiembre en Iquique, aunque 
datos de la red de voluntarios que rescata golondrinas en la misma ciudad las extienden entre 
abril y julio (V. González obs. pers.). Por otra parte, Guerra-Correa (2014) reporta las máximas 
frecuencias en Antofagasta entre junio y julio de cada año. Finalmente, los registros de la 
Fundación Gaviotín Chico para el periodo 2010 a 2018 señalan la ocurrencia de las caídas entre 
febrero y octubre en Mejillones (B. Olmedo obs. pers.). 

• Golondrina de mar peruana (Hydrobates tethys). Se han registrado eventos de caídas de esta 
especie por luminarias en Iquique, donde un ejemplar fue hallado en abril de 2014 (V. González 
obs. pers.); también en Chipana y Aduana del río Loa, donde se registraron 13 volantones 
caídos y al menos 20 sobrevolando las luminarias del sector en abril de 2017, sugiriendo la 
existencia de una colonia en el sector (Barros 2019). Se desconocen mayores antecedentes 
acerca de la magnitud de este impacto, su extensión a lo largo del año y su recurrencia en 
distintas temporadas. A su vez, es probable que el patrón de coloración del plumaje de esta 
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especie, similar al de la golondrina de mar fueguina y golondrina de mar chica, facilite errores 
de identificación, dificultando la comprensión de la ocurrencia de este fenómeno para esta 
especie. 

• Golondrina de mar negra (Hydrobates markhami). Se ha documentado la caída de golondrinas 
de mar negra en los alrededores de cuatro colonias reproductivas conocidas en el norte de 
Chile. En la región de Arica y Parinacota han ocurrido caídas en el complejo fronterizo 
Chacalluta y diversos puntos de la ciudad de Arica, destacando el estadio Carlos Dittborn, la 
rotonda de Azapa, el centro y el nuevo mall (Barros et al. 2019, Ronny Peredo com. pers.). Por 
otra parte, en la región de Tarapacá se reportan caídas en Alto Hospicio, Pozo Almonte, la 
ciudad de Iquique, especialmente en los sectores de Playa Brava y Cavancha, el aeropuerto 
Diego Aracena, Puerto Patache y Salar Grande (Barros et al. 2019). Finalmente, en la región de 
Antofagasta se han registrado caídas en Tocopilla, Mejillones y la ciudad de Antofagasta (Barros 
et al. 2019). Datos provenientes de distintas fuentes entre 2009 y 2019 revelan un total de 
10.600 aves afectadas. Aunque este no es un recuento sistemático, la mortalidad estimada 
consideraría al menos 20.000 ejemplares por año entre 2017 y 2018 (Barros et al. 2019). 

A pesar de conocer acerca de la caída de esta especie desde el 2001, apenas en el 2017 se 
realizó un primer esfuerzo por dimensionar la magnitud del fenómeno en la ciudad de Arica (R. 
Peredo obs. pers.). Así, se encontraron 86 ejemplares caídos, en un periodo de 6 días, en un 
área de 9,53 ha del estadio Carlos Dittborn. En la temporada reproductiva 2018–2019, como 
parte de un plan piloto de rescate que contó con participación de la Municipalidad de Arica, el 
SAG regional, la ONG Brigada de Rescate Golondrinas de Mar (BREGMA) y la Red de 
Observadores de Aves y Vida Silvestre de Chile (ROC), se rescataron 1.173 ejemplares entre 
mediados de noviembre y mediados de febrero, valor que superó los 3.000 ejemplares en la 
temporada 2019-2020 (R. Peredo obs. pers.). En la Figura 23 se muestra el aumento y la 
concentración de puntos de caída de aves en Arica. 
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Figura 23: Figura que describe los principales focos de caídas de golondrinas de mar en la ciudad de Arica 
Fuente: Nota técnica “Plan de Rescate de Golondrinas de Mar en Arica” (año 2020) - Elaboración ROC 

 

En la región de Tarapacá, Malinarich et al. (2018) reportaron 8.167 ejemplares rescatados entre 
2010 y 2018. Este total de registros reúne la incidencia desde varias fuentes, principalmente de 
la planta de la empresa K+S (5.206 ejemplares) y la empresa CMC (449 ejemplares), ambas en 
Salar Grande y del radio urbano de Iquique (2.291 ejemplares).  

Para la ciudad de Iquique, se observó un aumento de las caídas a partir de 2014, 
probablemente relacionado con el aumento generalizado de la iluminación urbana y la 
instalación de potentes luces LED orientadas hacia el mar en sectores del borde costero de 
sectores como Playa Brava y Cavancha (Malinarich et al. 2017, V. González obs. pers.), así como 
también por el aumento del esfuerzo de búsqueda impulsado por la Red de Voluntarios 
Rescate Golondrinas de Mar Iquique. Así, en 2018 se registraron 831 individuos afectados por 
las luminarias, los que se elevaron a 1.574 aves en el 2019 (Verónica González - ONG 
Golondrina de Mar, com. pers.). 

En el Salar Grande, a pocos kilómetros de una colonia reproductiva de aproximadamente 
20.000 parejas (Barros et al. 2019), la mina Kainita, de la compañía K+S, reportó entre 700 y 
800 ejemplares rescatados en sus instalaciones durante las temporadas de 2015 y 2017, pero 
más de 3.300 durante el 2016 (Malinarich et al. 2018). Sin embargo, de acuerdo con 
observaciones personales, así como los testimonios de trabajadores de la empresa, estas cifras 
estarían considerablemente subestimadas (R. Silva com. pers.). Por otra parte, siete kilómetros 
al sur se encuentra la mina Tenardita, de la empresa CMC, donde también se produce caída 
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masiva de golondrinas de mar negra, aunque en menor cantidad debido, probablemente, a su 
menor superficie iluminada. En ambos casos, la cercanía de las instalaciones iluminadas a los 
nidos parece decisiva y es muy probable que su acción conjunta pueda ocasionar la extinción 
de la población local en el mediano plazo. 

Durante las temporadas de 2017 y 2018 se realizó un conteo sistemático de las aves caídas en 
una superficie de 2 ha iluminadas de Salar Grande, que representan aproximadamente el 4% de 
la superficie total iluminada del área. Durante seis días en cada ocasión, se encontraron 167 
aves en 2017, y 166 aves en 2018. Utilizando como base la extensión temporal y la cantidad de 
aves caídas diariamente registradas para 2017 en la ciudad de Iquique, se realizó una 
extrapolación lineal, que sugiere que aproximadamente 11.500 aves cayeron esa temporada en 
las dos minas de sal cercanas a la colonia reproductiva de Salar Grande (Silva et al. 2020). 

Entre 2009 y 2018, con el mismo esfuerzo dedicado a la golondrina de mar de collar, se rescató 
un total de 126 ejemplares de la golondrina de mar negra en la región de Antofagasta: 43 en la 
ciudad con el mismo nombre y sus cercanías, 50 en Mejillones y 33 en otras localidades (C. 
Guerra-Correa & J. Páez obs. pers.). 

Las caídas en Arica ocurren entre octubre y febrero, con un máximo en noviembre y diciembre 
(R. Peredo obs. pers.), mientras que para las regiones de Tarapacá y Antofagasta van de marzo 
a junio, con un máximo en abril (Malinarich et al. 2018, Barros et al. 2019, V. González obs. 
pers.). En ambos casos, la gran mayoría de las aves corresponde a individuos volantones. 

 
 
4.2.2 Actividades y proyectos mineros 

 
Si bien se ha publicado información del impacto producido por la contaminación lumínica de 
proyectos mineros, especialmente en Salar Grande (Región de Tarapacá), este tipo de proyectos 
también reviste una amenaza por la ocupación potencial de áreas que constituyan hábitat 
reproductivo de golondrinas de mar, lo que redundaría en la destrucción de colonias o partes de la 
misma, por la intervención directa del sustrato ya sea por la explotación misma, como por sus 
instalaciones anexas (campamentos, caminos, ductos, entre otros). 

Desde el catastro online de Sernageomin (http://catastro.sernageomin.cl/) se puede revisar la 
distribución de las concesiones de exploración minera y las concesiones de explotación mineras 
que están otorgadas (Figura 24), lo que es una aproximación de la presión potencial que la 
actividad minera tiene sobre el territorio (estos mapas muestras las concesiones, independiente 
de si se están o no en explotación). No obstante, para los fines de este plan representan la 
amenaza potencial y en consecuencia pueden encausar las acciones preventivas necesarias para 
mitigar impactos no deseados sobre las colonias de nidificación de las golondrinas de mar.  
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Figura 24: Catastro de concesiones mineras. Color verde representa concesiones de Exploración Código 
1983, color azul representa Explotación Código 1983 Concesiones, color rojo representa Explotación Código 

1932 Concesiones y color turquesa los Estacamento Salitral Concesiones (Fuente. Catastro de 
SERNAGEOMIN, http://catastro.sernageomin.cl/) 

 
El cruce cartográfico del catastro de concesiones con las colonias de golondrinas de mar conocidas 
muestra una alta sobreposición entre ellas, lo que representa al menos un impacto potencial para 
las golondrinas de mar. 

En la actualidad, algunos proyectos están emplazados en o muy próximos a áreas de relevancia 
para las especies, mientras que otros proyectos se encuentran en proceso de evaluación 
ambiental. A continuación, se listan algunos de esos proyectos y las colonias con las cuales se 
relacionan: 

• Proyecto “Tente en el Aire” SQM S.A., colonia Pampa Hermosa, Región de Tarapacá (en 
evaluación ambiental) 

• Mina Loberas y Kainitas, K+S Chile S.A. (ex Sociedad Punta de Lobos S.A), colonias de Salar 
Grande, Región de Tarapacá (proyecto en funcionamiento) 

• Explotación Depósito de Sal Mina California, Inversiones Atacama Blanca SpA, colonias 
Salar Grande, Región de Tarapacá (proyecto en funcionamiento, con RCA favorable) 

 

A modo de ejemplo, en la Figura 25 se muestran algunos proyectos ubicados en o próximos a las 
colonias de Pampa Hermosa y Salar Grande. 
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Figura 25. Sobreposición de las áreas de los proyectos “Explotación Depósito de Sal Mina California”, 
“Proyecto de Explotación de Sal IMS-ISABEL” y “Tente en el Aire” (información entregada por los titulares al 
ser ingresados los proyectos a evaluación ambiental a través del SEIA) y la colonia de nidificación de 
golondrina de mar negra en el Salar Grande y Pampa Hermosa (polígono trazado en color rojo, Fuente: ROC, 
2020). 
 

 

4.2.3 Obras areales (incluye proyectos fotovoltaicos y eólicos) 
 

Cualquier proyecto que se instale sobre una colonia de golondrinas de mar, sin lugar a duda 
representa una amenaza debido a la destrucción del sustrato y consecuentemente, la eliminación 
del área como sitio reproductivo, además de los riesgos que pueden también generar por sus 
obras anexas (líneas de transmisión eléctrica, ductos, caminos) y riesgos de atracción por 
luminarias. Esto es particularmente relevante si consideramos que el alto interés de generación 
eléctrica no convencional en el desierto, principalmente de energía fotovoltaica, aunque también 
eólica.  

Algunas obras areales que se relacionan con colonias de nidificación conocidas son (se incluye 
proyectos ya construidos, aprobados, desistidos y en evaluación ambiental): 

• Proyecto Parque Solar Fotovoltaico Don Arturo, colonia Pampa Chuño, Región de Arica y 
Parinacota (en evaluación) 

• Proyecto Parque Solar Fotovoltaico Copihue, colonia Pampa Chuño, Región de Arica y 
Parinacota (desistido) 

• Proyecto ERNC Loa, colonias río Loa, Región de Antofagasta (desistido)  
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• Parque Eólico Cerro Tigre, colonia Salar Navidad, Región de Antofagasta (aprobado) (Figura 
26) 

 

 

Figura 26. Sobreposición de las áreas del proyecto "Parque Eólico Cerro Tigre" (información entregada por el 
titular al ser ingresado el proyecto a evaluación ambiental a través del SEIA) y la colonia de nidificación de 
golondrina de mar negra en el Salar Navidad (polígono circular en color rojo, Fuente: ROC, 2020).  
 

 

4.2.4 Extracción ilegal de guano en isla Grande de Atacama 
 

La isla grande Atacama corresponde al único sitio de reproducción conocido de la golondrina mar 
peruana en Chile, en este sitio Ricardo Catalán (obs. pers) reporta que, como parte de las labores 
de fiscalización del Área Marina Protegida de Múltiples Usos -Isla Grande de Atacama, han 
registrado escaleras y cuerdas colocadas para el ingreso a la isla y extracción ilegal de guano, lo 
que podría afectar la nidificación de la especie en el sitio. La extracción de guano blanco implica el 
uso de herramientas para remover el sustrato, lo que podría causar destrucción directa de nidos, 
así como la obliteración de otros por la caída de material que sea removido. 

 
 
4.2.5 Iluminación inapropiada en el mar 

 
En el hábitat marino no hay estudios sobre la afectación de golondrinas de mar por iluminación, 
aunque diversos autores mencionan la atracción de aves marinas hacia luces en tierra, pero 
también en el mar (Black 2005, Merkel & Johansen 2011, Montevecchi 2006), lo que permite 
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asumir que, en Chile, la iluminación de embarcaciones podría también ser un factor de amenaza 
para las golondrinas de mar y otras aves marinas. Verónica González y Andrea Auger (ONG 
Golondrina de Mar, com pers) informan que, como parte del programa de rescate de golondrinas 
de mar que desarrollan en Tarapacá, han recibido ejemplares que han caído en barcos de carga, 
pesqueros y de la Armada, con recepciones de hasta 60 individuos en algunos años. Sin embargo, 
no hay estimaciones de la magnitud de este problema en el mar, ya que los datos son muy 
puntuales, sin que exista un programa de rescate e información sobre el problema para que las 
embarcaciones reporten. 

 
4.2.6 Residuos marinos (incluye plásticos) 
 
Abundante investigación muestra que residuos marinos, especialmente plástico, tiene efectos 
sobre aves marinas, sin embargo, los estudios en golondrinas de mar son escasos (Youngren et al. 
2018, van Franeker & Bell 1988). Roman et al. (2016, 2019a, 2019b) evaluaron la ingesta de 
plástico en diversas aves marinas, determinado que las aves se alimentan sobre la superficie son 
más susceptibles a ingesta de plástico, destacando a Procellariiformes dentro de los grupos más 
sensibles, prediciendo que las golondrinas de mar (Familias Hydrobatidae y Oceanitidae) serían las 
aves con mayor riesgo. 

Youngren et al. (2018) reportaron la presencia de plástico en el 100% de los polluelos de 
golondrina de mar de Tristám (Oceanodroma tristami), mientras que van Franeker & Bell 1988 
encontraron plástico en el 75% de los polluelos y adultos de Oceanites oceanicus que muestrearon 
en la Antártica. Para las especies objeto de este Plan, no hay estudios específicos, sino que sólo los 
hallazgos incidentales de García-Godos et al. (2002) que efectuaron un estudio de dieta de 
golondrina de mar negra en Perú, detectando la presencia de plásticos y papel aluminio en el 3,2% 
de las muestras (3 de 95). A nivel nacional, Vargas (2019) analizó dieta de golondrina de mar 
negra, a partir de ejemplares encontrados en regiones de Arica y Parinacota y de Tarapacá, 
detectando presencia de plástico en el 44% de las muestras analizadas. 

A pesar de existir evidencia de esta amenaza, el grupo de elaboración acordó no comprometer 
acciones específicas como parte del Plan, ya que existe una serie de otras instancias que ya se 
encuentren abordando esta problemática de forma más global. 
 
 
4.2.7 Obras lineales (incluye tendidos eléctricos, caminos y ductos) 
 
Las obras lineales, especialmente caminos y ductos, que atraviesen o se instalen sobre colonias de 
golondrinas de mar pueden causar la destrucción del sustrato ocasionando la destrucción de nidos 
y pérdida de superficie como área de reproducción. La actual existencia de caminos atravesando 
algunas de las colonias conocidas es muestra del riesgo que los caminos pueden representar 
debido a eventual destrucción de sectores con nidos, la Ruta 5 y la Ruta A-31 atraviesan la colonia 
de Pampa Chaca (ambas rutas fueron construidas antes de conocerse la existencia de dicha 
colonia). 
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Otras obras, como las líneas de transmisión eléctrica, pueden representar un riesgo, tanto por la 
pérdida de área de reproducción en los sitios de emplazamiento de las torres, así como por riesgo 
de colisión. De hecho, las líneas de transmisión eléctrica son descritas como una amenaza para la 
conservación de las aves, en especial en sitios donde las líneas cruzan corredores para aves 
migratorias o residentes, causando la muerte de millones de aves a nivel global (Bernardino et al. 
2018, Constantini et al. 2017, Loss et al. 2014, 2015, Rioux et al., 2013). Si bien no hay estudios 
realizados en Chile que muestren mortalidad de golondrinas de mar debido a colisión con tendidos 
eléctricos, u otras estructuras, sí existen hallazgos reportados como parte de líneas de base o 
monitoreo de algunos proyectos, como por ejemplo en el informe de Adenda complementaria del 
proyecto solar “Modificación Central Sol del Loa” que reporta el hallazgo de dos carcasas de 
golondrina de mar negra bajo la línea de transmisión “Laguna – Crucero” en las coordenadas UTM 
443.476 – 7.605.466 y 443.674 – 7.604.184 (Anexo H de la Adenda Complementaria,  

Algunas obras lineales que se relacionan con colonias de nidificación conocidas son (se incluye 
proyectos ya construidos y/o aprobados ambientalmente: 

• Ruta 5 (Colonia Pampa Chaca) 
• Ruta A-31 (Colonia Pampa Chaca) 
• Línea de Transmisión “Nuevas Líneas 2x220 kV entre Parinacota y Cóndores” Aprobada por 

RCE 1112/2019 SEA (Colonia Pampa Chaca y otras) (Figura 27) 
• Ducto proyecto Pampa Orcoma, Aprobada por RCA 75/2017 SEA (Colonia Caleta Buena) 

 

 
Figura 27. Sobreposición de las áreas del proyecto "Nuevas Líneas 2x220 kV entre Parinacota y Cóndores” 
(información entregada por el titular al ser ingresado el proyecto a evaluación ambiental a través del SEIA) y 
las colonias de nidificación de golondrina de mar negra en colonias de Camarones y Pampa Chaca (polígono 
de colonias en color rojo, Fuente: ROC, 2020). 
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4.2.8 Residuos terrestres 

 
La presencia de basura es mencionada por Barros et al. (2019) y Medrano et al. (2019), como una 
amenaza para las colonias de Pampa Chaca y Pampa Camarones (Región de Arica y Parinacota), 
que son atravesadas por la Ruta 5 y Ruta A-31, y desde donde los transeúntes arrojarían residuos 
al camino que luego son arrastrados por el viento por varios kilómetros. Los residuos observados, 
tanto latas como botellas plásticas, pueden quedar alojados en la entrada de las cuevas y de ese 
modo obstruir el ingreso y uso por parte de las golondrinas. Barros et al. (2019) menciona que en 
el caso de la colonia de Caleta Buena (o Pampa Perdiz, Región de Tarapacá), la instalación de 
vertederos legales e ilegales cerca de la colonia es una amenaza potencial por el arrastre de basura 
que podría obstruir cavidades y la atracción de depredadores como roedores introducidos Rattus 
spp., perros y jotes de cabeza colorada (Cathartes aura) (Figura 28). Medrano et al. (2019) 
mencionan la presencia de basura obstruyendo entrada de cavidades en la colonia de Quiuña 
(Región de Tarapacá). 

 

Figura 28: Presencia de basura cercana a Colonia Caleta Buena – Pampa Perdiz (Alto Hospicio), noviembre de 
2019 (Fotografía de Ivory Alarcón).  
 

En un sector de la colonia de Pampa Chaca (Región de Arica y Parinacota), la Red de Observadores 
de Aves y Vida Silvestre de Chile (ROC) evaluó la presencia de basura sobre la colonia, 
determinado un mapa de concentración de basura, la que se asociaría fuertemente a la presencia 
de la Ruta 5 y del atractivo turístico de Presencias Tutelares (Figura 29). 
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Figura 29: - Mapa de calor con la presencia de basuras en el sector de Presencias Tutelares, colonia e Pampa 

Chaca (Fuente: elaboración de ROC) 

 

4.2.9 Ejercicios militares 

 
Barros et al. (2019) mencionan la presencia de ejercicios militares en áreas con colonias de 
golondrina de mar negra en Pampa Chaca, toda vez que se verifica tránsito de tanques y prácticas 
de tiro en un predio militar que coincide parcialmente con tal colonia, lo que eventualmente 
podría destruir sustrato y causar colapso de cavidades. 

 
4.2.10 Eventos masivos culturales, recreativos, turísticos y tránsito de fuera de ruta sobre sitios 

de nidificación de golondrinas de mar 

 

Se refiere a la ejecución de eventos masivos culturales, recreativos, turísticos y tránsito fuera de 
ruta sobre colonias de golondrina de mar podría causar la destrucción del sustrato causando la 
destrucción de nidos y pérdida de superficie como área de reproducción. Un ejemplo de ello es el 
“Festival de la Cosmovisión Andina” que suele ejecutarse en el monumento a las presencias 
tutelares ubicado en plena Pampa Chaca, a un costado de la Panamericana Norte, 27 kilómetros al 
sur de Arica. Dicho monumento se encuentra inserto dentro de la colonia de nidificación de 
golondrina de mar denominada Pampa Chaca. 
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Enlaces web referenciales: 
https://www.cooperativa.cl/noticias/pais/region-de-arica/miles-de-personas-llegaron-a-las-
presencias-tutelares-para-la-segunda/2019-06-03/100202.html 

https://www.muniarica.cl/9021/espectacular-miles-de-almas-iluminaron-las-presencias-tutelares 
https://www.monumentos.gob.cl/monumentos/monumentos-publicos/presencias-tutelares 
 
 
4.2.11 Presencia de perros en las colonias reproductivas 

 
La presencia de perros (Canis lupus familiaris) de vida libre, ya sean perros abandonados, perros 
asilvestrados o perros que son dejados vagar libremente por sus dueños, es reconocida como una 
importante amenaza para diversas especies de fauna silvestre (Doherty et al. 2017).  

En Chile la situación no es distinta, y diversas publicaciones científicas dan cuenta de este hecho, 
así como también las innumerables noticias de prensa y foros de discusión. Este problema no sólo 
se presenta en medios rurales cercanos a polos urbanos, sino que también en ambientes más 
alejados, incluidas muchas áreas protegidas, y en el caso del norte de Chile se reconoce su 
presencia en al menos Caleta Buena (Figura 30), sin embargo, no tenemos evidencia de que esa 
presencia constituya una amenaza relevante. La presencia de perros en la colonia en Caleta Buena 
se asocia con el basural del mismo nombre, los que no sólo estarían siendo subsidiados por 
alimento que encuentran en el mismo, sino que potencialmente también por aporte de alimento y 
agua entregado por algunas personas.  

En la Región de Antofagasta, Carlos Guerra (obs personales) informa que ha observado perros 
excavando en nidos de golondrinas de mar en búsqueda de aves. 
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Figura 30: - Presencia de perros de vida libre en la Colonia Caleta Buena (Alto Hospicio) (Fotografía de 

Rodrigo Silva). 

A pesar de la evidencia existente, el grupo de elaboración acordó no comprometer acciones 
específicas como parte del Plan, ya que existe una serie de otras instancias que ya se encuentren 
abordando esta problemática de forma más global. 
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5. ACTORES RELEVANTES  

 
Durante la etapa de implementación del Plan se hace necesaria la participación de diversos 
actores que tienen interés en la conservación de las especies o que influyen sobre el territorio que 
éstas habitan, tanto del sector público como privado. 
 
Los actores relevantes para la implementación del Plan de Recuperación, Conservación y Gestión 
de las Golondrinas de Mar del Norte de Chile corresponden a las siguientes instituciones: 
 

• Ministerio del Medio Ambiente (Secretaría Regional Ministerial de la Región de Arica y 
Parinacota, Tarapacá, Antofagasta, Atacama y Coquimbo). 

• Servicio Agrícola y Ganadero 
• Corporación Nacional Forestal 
• Ministerio de Obras Públicas, a través de la Dirección de Vialidad, SEREMI MOP (Regiones 

Arica y Parinacota a Atacama), Dirección de Obras Portuarias y SEMAT  
• Ministerio de Bienes Nacionales (Secretarías Regionales Ministeriales y NC). 
• Ministerio de Energía (Secretarías Regionales Ministeriales y NC). 
• Ministerio de Vivienda y Urbanismo (SERVIU y Secretarías Regionales Ministeriales) 
• Ministerio de Educación (Secretaría Regional Ministerial). 
• Direcciones de Educación Municipal (DAEM) y Servicios Locales de Educación (SLE).  
• Servicio Nacional de Geología y Minería. 
• Servicio de Evaluación Ambiental. 
• Gobiernos Regionales, a través de su Dirección de Planificación y Desarrollo Regional. 
• Municipalidades del área de distribución de las especies, incluye al menos las de Arica, 

Iquique, Alto Hospicio, que son la de mayor conflicto por contaminación lumínica.  
• Ejército de Chile 
• Armada de Chile 
• Investigadores que realicen trabajos con la especie, adscritos o no a universidad o a 

centros de investigación.  
o Universidad de Antofagasta – CREA 
o Universidad Católica del Norte 

• Grupo de Observadores de Aves de Arica 
• Red de Observadores de Aves y Vida Silvestre de Chile (ROC) 
• ONG Golondrina de Mar 
• Centro de Estudios y Conservación del Patrimonio Natural (CECPAN) 
• Otras ONGs que realicen acciones de conservación de las golondrinas de mar  
• Oficina de Protección de Calidad de los Cielos – OPCC  
• Fundación Cielos de Chile  
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6. VISIÓN 

 
Las golondrinas de mar que habitan en el norte de Chile disminuyen su riesgo de extinción, pues 
existen poblaciones viables y un hábitat adecuado para la ocurrencia de ciclos biológicos tanto en 
mar como en tierra, siendo reconocidas y valoradas por la sociedad. 
 
 
7. ALCANCE DEL PLAN 
 
El alcance de este plan se definió como toda el área de distribución de las especies, que considera 
desde el límite norte con Perú, el mar hasta las 200 millas, y la porción de tierra que incluye las 
colonias conocidas y los sitios de caída de golondrinas de mar identificados. El límite este 
corresponde a los límites de los pisos vegetacionales de Lueber y Pliscoff en las Regiones de Arica y 
Parinacota, Tarapacá, Antofagasta y parte norte de Atacama, ya que en toda esa zona los pisos 
guardan una muy buena relación con el tipo de sustrato conocido más idóneo para nidificación 
golondrinas de mar, y desde Copiapó al sur no se usa tal límite este sino que una línea imaginaria 
más próxima a la costa ya que los pisos de matorral, de esa área, no representarían un ambiente 
conocido para reproducción de las especies que son objeto del Plan.  
 
El alcance territorial del Plan se muestra en la siguiente figura: 
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8. META DEL PLAN  
 
Dentro del plazo de 10 años, las especies de golondrinas de mar alcanzan una categoría de estado 
de conservación como no amenazado, asegurando la mitigación de sus amenazas de origen 
antrópico y el resguardo de colonias reproductivas. 
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9. OBJETIVOS DEL PLAN  
 

• Objetivo 1: Controlar y mitigar las amenazas que afectan a las golondrinas de mar del 
norte de Chile y su hábitat, en las colonias y rutas de vuelo. 

• Objetivo 2: Controlar y mitigar las amenazas que afectan a las golondrinas de mar del 
norte de Chile y su hábitat en el medio marino. 

• Objetivo 3. Fortalecer la conservación de las especies a través de la protección efectiva de 
áreas de relevancia, la investigación aplicada y la educación de la comunidad. 

 

 

10. ESTRUCTURA DEL PLAN DE ACCIÓN  
 
A continuación, se detallan las Líneas de Acción para cada objetivo del Plan y las acciones 
asociadas a la ejecución de cada una de ellas y su indicador de seguimiento. 
 

I. LÍNEAS DE ACCIÓN POR OBJETIVO E INDICADORES DE SEGUIMIENTO 
 
 
LÍNEA DE ACCIÓN INDICADOR DE SEGUIMIENTO 
Objetivo 1. Controlar y mitigar las amenazas que afectan a las golondrinas de mar del norte de 
Chile y su hábitat, en las colonias y rutas de vuelo. 

1.1. Establecimiento de un plan de mitigación del 
impacto causado por luminarias 

N° aves marcadas caídas / N° de aves marcadas en 
las colonias 
 
índice para medir iluminación 

1.2. Fortalecimiento de la red de rescate de 
golondrinas de mar en todas las regiones 

Mejor condición corporal (incluyendo peso) en el 
momento del rescate 
 
N° de personas/empresas distintas que hacen 
entrega de aves 

1.3. Incorporar buenas prácticas en los proyectos de 
inversión públicos y privados para la protección de 
las golondrinas de mar 

Proporción de proyectos de inversión, públicos o 
privados, emplazados en o próximos a áreas críticas 
para golondrinas de mar que incorporan buenas 
prácticas para mitigar sus impactos 

1.4. Gestión de residuos en las áreas de influencia de 
las colonias de golondrinas de mar 

Densidad de residuos en la colonia (desde muestreo 
de terreno), medida como N° de ítem/m2 

1.5. Generar alianzas con las Fuerzas Armadas para 
reducir impacto de ejercicios militares en sitios de 
nidificación de golondrinas de mar 

N° de predios militares con directrices o medidas de 
protección implementadas 

1.6. Mitigación del impacto de eventos masivos 
culturales, recreativos, turísticos y tránsito de fuera 
de ruta sobre sitios de nidificación de golondrinas de 
mar 

N° de prospecciones de colonias de golondrinas de 
mar efectuadas en áreas potenciales de realización 
de eventos, y que correspondan a hábitat adecuado 
para las especies 

1.7. Controlar la extracción de guano en la isla 
Grande de Atacama  (N° de detecciones/N° de fiscalizaciones) 
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LÍNEA DE ACCIÓN INDICADOR DE SEGUIMIENTO 
Objetivo 2. Controlar y mitigar las amenazas que afectan a las golondrinas de mar del norte de 
Chile y su hábitat en el medio marino. 
2.1. Mitigación de la contaminación lumínica en 
embarcaciones  

Cantidad de dotaciones /buques notificados. Los 
buques extranjeros son agenciados en Chile (vínculo 
con una agencia de nave nacional) 

Objetivo 3. Fortalecer la conservación de las especies a través de la protección efectiva de áreas 
de relevancia, la investigación aplicada y la educación de la comunidad. 
3.1. Investigación y monitoreo para la 
conservación, toma de decisión y planificación 

N° de acciones de investigación del Plan 
implementadas/ N° de acciones investigación del 
Plan 

3.2 Brindar protección a hábitats críticos para la 
conservación de las distintas especies de 
golondrinas de mar a través de instrumentos 
basados en área 

Superficie de hábitat crítico con medidas de 
protección basada en área implementadas 
 
N° de colonias con medidas de protección 
implementadas/ N° de colonias conocidas 

3.3 Implementar programas de educación y 
sensibilización para la conservación de las 
golondrinas de mar 

Porcentaje de implementación del programa de 
educación y sensibilización de la comunidad 
 
Aumento en el conocimiento y la percepción positiva 
de las especies y su hábitat por parte del público 
objetivo 
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II. ACTIVIDADES POR LÍNEA DE ACCIÓN, PLAZOS ASOCIADOS, PRODUCTOS/RESULTADOS Y RESPONSABLES 
SUGERIDOS  

 

ACCIÓN INICIO DE 

EJECUCIÓN 

DURACIÓN 

ACCIÓN 

PRODUCTOS/RESULTADO RESPONSABLE 

COORDINADOR 

COLABORADORES  

Objetivo 1. Controlar y mitigar las amenazas que afectan a las golondrinas de mar del norte de Chile y su hábitat, en las colonias y rutas de vuelo 

Línea de acción 1.1. Establecimiento de un plan de mitigación de impacto por luminaria 

1.1.1 Instaurar una mesa público-
privada de trabajo en cada región para 
abordar temática lumínica.  

1 Permanente Mesa regional conformada (que 
considere instancias de 
comunicación interregional) 

MMA SAG, Empresas, 
Ministerio de Energía, 
MOP, Vialidad, DOP, 
Municipalidades, SEC, 
ONGs 

1.1.2 Establecer criterios para una 
iluminación adecuada para la 
protección de golondrinas de mar 

1 2 Establecer criterios para 
iluminación adecuada (primer 
año) 
 
Guía para controlar la 
contaminación lumínica y 
afectación a las golondrinas por 
parte de proyectos 

MMA Investigadores, ONGs, 
SAG, Ministerio de 
Energía, Municipios 

1.1.3 Generación de ordenanzas 
municipales que consideren regulación 
y fiscalización de contaminación 
lumínica. 

2 4 Ordenanzas dictadas para el 
resguardo de golondrinas de mar, 
con énfasis en las comunas de 
Iquique, Arica y Alto Hospicio 
donde el problema es más crítico 

Municipalidades, 
MMA 

Ministerio de Energía, 
MOP, SAG 

1.1.4 Definir estándares para que los 
recambios de luminarias públicas sean 
efectuados con las luminarias 
adecuadas para mitigar la atracción de 
aves. 

1 Permanente Diagnóstico de periodos 
estimados para nuevos 
recambios. 
Lineamientos o estándares para 
los programas de recambio de 
luminarias incluyen 

MMA – Ministerio 
de Energía 
(Agencia de 
Sostenibilidad 
Energética) 

SAG, ROC, ONG 
Golondrina de Mar, 
Municipios, MINVU-
SERVIU, MOP 
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ACCIÓN INICIO DE 

EJECUCIÓN 

DURACIÓN 

ACCIÓN 

PRODUCTOS/RESULTADO RESPONSABLE 

COORDINADOR 

COLABORADORES  

consideraciones para el 
resguardo de las golondrinas de 
mar 

1.1.5 Promover que en las Estrategias 
Energéticas Locales se incorporen 
consideraciones de resguardo para las 
golondrinas de mar  

1 Permanente Diagnóstico de la situación de 
cada comuna respecto de sus 
estrategias energéticas locales. 
Estrategias Energéticas Locales 
con consideraciones de resguardo 
para las golondrinas de mar 
incorporadas, priorizando las 
comunas de Arica, Iquique, Huara 
y Alto Hospicio. 

Ministerio de 
Energía, Agencia de 
Sostenibilidad 
Energética 

Municipios, MMA, ROC, 
ONG Golondrina de MAr 
e investigadores 

1.1.6 Gestionar el recambio de 
luminarias, públicas y privadas, en las 
zonas identificadas como puntos 
críticos para las golondrinas de mar. 

1 Permanente Identificación de los puntos 
críticos de caída de aves. 
Cambio de luces amigables con 
las golondrinas en espacios 
públicos y privados, urbanos, 
viales e industriales 

MMA Municipalidades, ONG, 
MINVU, MOP, DOP, 
Vialidad), Empresas, 
Ministerio de Energía 

1.1.7 Promover que en la actualización 
de la norma de contaminación 
lumínica se incorporen medidas para la 
protección de las golondrinas de mar, 
con alcance territorial en toda el área 
de su distribución. 

1 5 Normativa ajustada, incluyendo 
medidas adecuadas para el 
resguardo de las golondrinas de 
mar 

MMA Ministerio de Energía, 
SAG, OPCC, ONGs, 
Investigadores, 
Municipios 

1.1.8 Incorporar criterios de resguardo 
de golondrinas de mar en las bases de 
financiamiento para instalación o 
recambio de luminaria  

1 2 Manuales de presentación de 
proyectos para iluminación con 
criterios incorporados 

MMA Ministerio de Energía, 
SUBDERE, Gobierno 
Regional, Municipios 

1.1.9 Fomentar la certificación de 
luminarias y dispositivos amigables con 

2 Permanente Luminarias y/o dispositivos 
amigables con las aves 

MMA Ministerio de Energía, 
OPCC 

Folio N° 1313



 
 
 

PLAN DE RECUPERACIÓN, CONSERVACIÓN Y GESTIÓN DE LAS GOLONDRINAS DEL MAR DEL NORTE DE CHILE               47 
 

ACCIÓN INICIO DE 

EJECUCIÓN 

DURACIÓN 

ACCIÓN 

PRODUCTOS/RESULTADO RESPONSABLE 

COORDINADOR 

COLABORADORES  

las aves. certificadas 
1.1.10 Promover la fiscalización del 
cumplimiento de normativa de 
iluminación. 

2 Permanente Reporte de fiscalizaciones 
efectuadas.  

MMA Municipios, SMA, 
autoridades de 
fiscalización  

1.1.11 Incorporar criterios ambientales 
en reglamentos de alumbrado público. 

1 Permanente Reglamento de alumbrado 
actualizado 

MIN ENERGIA MMA, Municipios, MOP, 
ONGs, OPCC, 
Investigadores 

1.1.12 Generar capacidades para el 
componente lumínico en los 
evaluadores de proyectos en el marco 
del SEIA. 

1 Permanente Capacitaciones efectuadas 
(acción conjunta con la acción 
1.3.8) 

MMA SEA, Comisión de 
Evaluación, SAG, 
Municipios 

Línea de acción 1.2 Fortalecimiento de la red de rescate de golondrinas de mar en todas las regiones 

 

1.2.1. Implementar instancia de 
coordinación regional e interregional 
para ejecutar acciones de rescate. 

1 Permanente Ente coordinador conformado 
tanto a nivel regional como 
interregional 

MMA SAG, ONGs, 
Investigadores, 
Municipio, Servicios 
Públicos relacionados 

1.2.2. Elaboración de un manual de 
procedimiento de rescate y 
rehabilitación de golondrinas de mar. 

1 1 Manual estandarizado 
interregionalmente, que incluya 
manipulación de aves caídas en 
embarcaciones (usando como 
insumo el manual ya existente 
para el Centro de Rehabilitación 
de la Universidad de Antofagasta) 

Ente coordinador 
de cada región  

Actores involucrados con 
el rescate, MMA, IFOP 

1.2.3. Consensuar interregionalmente 
una pauta de recomendaciones para el 
rescate de golondrinas, orientado a la 
comunidad. 

1 1 Pauta de recomendaciones Ente coordinador 
de cada región 

Actores involucrados con 
el rescate, MMA 

1.2.4. Socializar información 
consensuada respecto a pauta de 

1 Permanente Suficiente conocimiento de la 
comunicad sobre el 

Ente coordinador 
de cada región 

Actores involucrados con 
el rescate, MMA, 
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ACCIÓN INICIO DE 

EJECUCIÓN 

DURACIÓN 

ACCIÓN 

PRODUCTOS/RESULTADO RESPONSABLE 

COORDINADOR 

COLABORADORES  

recomendaciones para el rescate de 
golondrina, orientado a la comunidad. 

procedimiento de rescate (mejor 
rescate y con mayor rapidez) 

Municipios 

1.2.5. Diseñar y mantener actualizada 
una base de datos de incidentes de 
caídas de golondrinas de mar por 
región, con formato consensuado 
interregionalmente. 

1 Permanente Diseño (año 1),  
Base de datos única y actualizada, 
acorde con la acción 3.1.1. 

MMA ONGs, Investigadores, 
Municipio, Servicios 
Públicos relacionados con 
rescate 

1.2.6. Elaborar e implementar un 
programa de financiamiento para el 
rescate de golondrinas de mar. 

1 Permanente Programa de rescate postulado a 
financiamiento 
Recursos obtenidos 

Ente coordinador 
de cada región 

MMA, ONGs, 
Investigadores, 
Municipios, Servicios 
Públicos relacionados con 
rescate 

1.2.7. Proponer fuentes de 
financiamiento para construcción de 
Centro de Rescate y Rehabilitación 
para golondrinas de mar. 

2 3 Lista de posibles fuentes de 
financiamiento. 
Borrador de proyecto de CDR 
golondrina a ser financiado 

Ente coordinador 
de cada región 

ONGs, Investigadores, 
Municipios, Servicios 
Públicos relacionados con 
rescate 

1.2.8. Promover la instalación de 
Centro de Rescate y Rehabilitación 
para golondrinas de mar en las 
regiones de Arica y Parinacota y de  
Tarapacá. 

1 Permanente Instancias de trabajo y 
coordinación entre actores 
relevantes que pudiesen 
contribuir en la construcción del 
Centro de Rescate y 
Rehabilitación 

Ente coordinador 
de cada región 

ONGs, Investigadores, 
Municipios, Servicios 
Públicos relacionados con 
rescate 

Línea de acción 1.3. Incorporar buenas prácticas en los proyectos de inversión públicos y privados para la protección de las golondrinas de mar 

1.3.1. Poner a disposición de los 
servicios públicos evaluadores (SMA, 
SERNAGEOMIN, etc.) y privados la 
información de los sitios de nidificación 
y rutas de vuelo 

1 Permanente Cartografía actualizada con sitios 
de nidificación y rutas de vuelo 
disponible, Información de 
golondrinas de mar disponible. 
De actualización periódica según 
nuevo conocimiento 

MMA SAG, Investigadores, 
ONGs, Privados, SEA, 
Servicios Públicos en 
general (Bienes 
Nacionales, Energía, 
Obras Públicas, Minería, 
CORFO, otros) 
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ACCIÓN INICIO DE 

EJECUCIÓN 

DURACIÓN 

ACCIÓN 

PRODUCTOS/RESULTADO RESPONSABLE 

COORDINADOR 

COLABORADORES  

1.3.2. Establecer mesas de trabajo 
sectoriales, públicos y privados, para 
abordar la amenaza de proyectos de 
inversión 

1 Permanente Mesas de trabajo establecidas 
según sector. Acuerdos de mesas 
de trabajo 

MMA Servicios Públicos en 
general (Energía, Minería, 
SERNAGEOMIN, Obras 
Públicas, SAG, Bienes 
Nacionales, otros), 
CORFO, Municipios, 
empresas según sector 

1.3.3. Incorporar información sobre 
áreas de nidificación en instrumentos 
de planificación territorial (IPT)  

1 Permanente Información entregada a los 
organismos coordinadores de los 
IPT 

MMA MINVU, Municipios 

1.3.4. Diseñar, identificar y evaluar la 
efectividad de las medidas de 
mitigación de efectos negativos sobre 
golondrinas de mar 

2 Permanente Documento que sistematice la 
evaluación de efectividad de 
medidas de mitigación y que 
proponga las más adecuadas. 
Medidas adecuadas en 
implementación 

MMA SAG, Investigadores, 
ONGs, Privados, SEA 

1.3.5. Elaborar guía metodológica para 
el levantamiento de línea de base 
sobre golondrina de mar para 
proyectos 

1 2 años Guía metodológica para el 
levantamiento de línea de base 

MMA SAG, Investigadores, 
ONGs, SEA, consultores  

1.3.6. Promover la incorporación de 
exigencias ambientales en los permisos 
sectoriales para proyectos que no se 
sometan al SEIA (ej. exploraciones 
mineras, caminos y otros). 

2 3 años Mesa coordinación entre 
sectoriales, documento con 
exigencias a solicitar, acuerdos 
entre servicios públicos 

MMA Servicios públicos que 
entregan permisos 
sectoriales, SAG, 
Investigadores, 
Municipios, ONGs 

1.3.7. Fortalecer capacidades de los 
evaluadores de proyectos que son 
ingresados al SEIA, con énfasis los que 
se emplacen en sitios de nidificación y 
rutas de vuelo de golondrinas de mar.  

3 Permanente Personal capacitado, mejor 
proceso de evaluación de 
proyectos ingresados al SEIA 
(evaluación el proceso de 
capacitación) (acción conjunta 

MMA SAG, SEA, Municipios 
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ACCIÓN INICIO DE 

EJECUCIÓN 

DURACIÓN 

ACCIÓN 

PRODUCTOS/RESULTADO RESPONSABLE 

COORDINADOR 

COLABORADORES  

con la acción 1.1.14) 
Línea de acción 1.4   Gestión de residuos en las áreas de influencia de las colonias de golondrinas de mar 
 

1.4.1. Fortalecer la fiscalización que 
impida la aparición o continuidad de 
vertederos clandestinos y 
microbasurales en áreas de nidificación 
de golondrinas de mar. 

1 Permanente Reportes de fiscalizaciones 
efectuadas 

Municipios Carabineros de Chile, 
MMA, Ministerio de 
Transporte y 
Telecomunicaciones, 
Empresas para 
disposición final de 
residuos, SEREMI Salud, 
Gobierno Regional 

1.4.2. Implementar campañas de 
limpieza de basurales clandestinos y 
residuos en las colonias y en sus 
proximidades  

1 Permanente Campañas de limpieza efectuadas Municipios, MMA ONGs, sociedad civil, 
Vialidad (en faja fiscal 
como actividades 
regulares de 
mantención), Ministerio 
de Transporte y 
Telecomunicaciones, 
Empresas 

1.4.3. Implementar mecanismos y 
dispositivos para evitar acceso a botar 
residuos en basural Las Quemas 
(Comuna de Alto Hospicio). 

1 3 Barreras físicas instaladas 
Aumento en el horario de 
recepción de residuos en el 
relleno sanitario El Boro 

Municipio Gobierno Regional 

1.4.4. Revisión y actualización de 
normativas atingentes a residuos.  

1 3 Normativa revisada y actualizada MMA Municipios, SEREMI de 
Salud 

Línea de acción 1.5. Generar alianzas con las Fuerzas Armadas para reducir impacto de ejercicios militares en sitios de nidificación de golondrinas de mar 

 

1.5.1. Efectuar prospecciones y 
zonificación para identificar los sitios 
reproductivos de colonias que se 

1 Permanente Línea base de sitios de 
reproducción dentro de predio 
militar (tanto en colonias 

MMA  FFAA, investigadores, 
ONGs 

Folio N° 1317



 
 
 

PLAN DE RECUPERACIÓN, CONSERVACIÓN Y GESTIÓN DE LAS GOLONDRINAS DEL MAR DEL NORTE DE CHILE               51 
 

ACCIÓN INICIO DE 

EJECUCIÓN 

DURACIÓN 

ACCIÓN 

PRODUCTOS/RESULTADO RESPONSABLE 

COORDINADOR 

COLABORADORES  

encuentran en predios con ejercicios 
militares, y elaborar disposiciones para 
debido resguardo 

conocidas, como en sitios 
potenciales) 
Procedimientos internos que 
considera prevención de 
afectación a colonias 

Línea de acción 1.6 Mitigación del impacto de eventos masivos culturales, recreativos, turísticos y tránsito de fuera de ruta sobre sitios de nidificación de 

golondrinas de mar 

 
1.6.1. Mesa de trabajo con 
instituciones que entregan permisos 
y/o promueven eventos masivos, 
operaciones turísticas y rally para 
entregar información de colonias y 
sensibilizar del impacto de actividades 
sobre ellas. 

1 Permanente Información entregada, 
reuniones, Documento con 
directrices para la entrega de 
permisos (restricciones legales 
entre otros) 

MMA Municipios, Gobiernos 
Regional, SERNATUR, 
Ministerio de Deporte 
(otros por definir) 

1.6.2. Priorizar prospección en zonas 
donde haya interés o se desarrollen 
actividades de eventos masivos o 
tránsito fuera de ruta.  

1 Permanente Informe de prospecciones 
efectuadas (acorde con Acción 
3.1.3.) 

MMA  Municipios, 
Gobernaciones, 
SERNATUR, Ministerio del 
Deporte, SAG, 
Investigadores, ONGs 

1.6.3. Instalar señalética en el sector 
de presencias tutelares (Pampa Chaca).  

1 2 Señalética instalada MMA Municipios, Vialidad 

Línea de acción 1.7 Controlar la extracción de guano en la isla Grande de Atacama 

 

1.7.1. Fortalecer campañas de 
fiscalización en el Área Marina 
Protegida Isla Grande de Atacama y al 
Bien Nacional Protegido IGA  

1 Permanente Informe anual de fiscalización MMA Armada, SERNAPESCA, 
SAG, Sernageomin, Bienes 
Nacionales 

Objetivo 2. Controlar y mitigar las amenazas que afectan a las golondrinas de mar del norte de Chile y su hábitat en el medio marino. 

Línea de acción 2.1. Mitigación de la contaminación lumínica en embarcaciones 
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ACCIÓN INICIO DE 

EJECUCIÓN 

DURACIÓN 

ACCIÓN 

PRODUCTOS/RESULTADO RESPONSABLE 

COORDINADOR 

COLABORADORES  

 

2.1.1. Establecer mesa de trabajo para 
abordar problema de contaminación 
lumínica en las embarcaciones. 

1 Permanente Mesa Sectorial Marina constituida 
(residuos, vertidos e iluminación) 

MMA ONGs, Investigadores, 
DIRECTEMAR, SAG, IFOP, 
SUBPESCA, privados, 
Sernapesca 

2.1.2. Elaborar manual de buenas 
prácticas respecto de iluminación para 
mitigar efectos sobre  golondrinas de 
mar y otras aves marinas en las 
embarcaciones 

2 1 Manual de Buenas Prácticas  MMA ONGs, Investigadores, 
DIRECTEMAR, IFOP, 
SUBPESCA, privados, 
SERNAPESCA 

2.1.3. Identificar y revisar directrices, 
lineamientos y normativas nacionales e 
internacionales existentes sobre 
luminarias en embarcaciones 

1 1 Informe de revisión y análisis, que 
incluya recomendaciones 

MMA ONGs, Investigadores, 
DIRECTEMAR, SAG, IFOP, 
SUBPESCA 

2.1.4. Promover generación de 
normativa nacional para la Iluminación 
en embarcaciones 

3 3 Propuestas de normativa MMA DIRECTEMAR, SUBPESCA 

2.1.5. Sensibilización de Buenas 
Prácticas y Normativa asociada de 
iluminación para embarcaciones  

3 Permanente Acciones y material de 
sensibilización 
Informe anual de cumplimiento 

MMA ONGs, Investigadores, 
DIRECTEMAR, SAG, IFOP, 
SUBPESCA, SERNAPESCA 

2.1.6. Levantamiento de la información 
de caídas de golondrinas de mar en 
embarcaciones 

1 Permanente Propuesta de formas de levantar 
la información, Informes, 
Estadística, Reportes de 
cuantificación de caídas 

MMA ONGs, Investigadores, 
DIRECTEMAR, SAG, IFOP, 
SUBPESCA, SMA, privados 

Objetivo 3. Fortalecer la conservación de la especie a través de la protección efectiva de áreas de relevancia, la investigación aplicada y la educación de la 

comunidad. 

Línea de acción 3.1. Investigación y monitoreo para la conservación, toma de decisión y planificación 

3.1.1. Recopilar y sistematizar la 
información disponible sobre 
golondrinas de mar  

1 Permanente Reporte del conocimiento sobre 
golondrinas de mar, actualizado y 
disponible (debe incluir 

MMA ONG Golondrina de mar, 
CREA-UA, SAG, ROC, ONG 
Observadores de Aves de 
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ACCIÓN INICIO DE 

EJECUCIÓN 

DURACIÓN 

ACCIÓN 

PRODUCTOS/RESULTADO RESPONSABLE 

COORDINADOR 

COLABORADORES  

repositorio cartográfico de 
colonias, sitios de nidificación y 
caída de aves, incluyendo la 
afectación en el ámbito marino)  

Arica, Investigadores 

3.1.2. Elaborar e implementar un 
programa de monitoreo y seguimiento 
permanente de las colonias de 
golondrinas de mar 

1 Permanente Programa de monitoreo diseñado 
y en implementación (incluyendo 
tamaño poblacional, estructura 
demográfica, entre otros) 

MMA ONGs, CREA-UA, 
investigadores, SAG, 
CONAF 

3.1.3. Identificar sitios de nidificación 
de golondrinas de mar 

1 Permanente Reporte anual de prospecciones 
realizadas (incluye acciones 1.5.1. 
y 1.6.2.) 

SAG ONG Golondrina de mar, 
CREA-UA, ROC, 
investigadores, MMA 

3.1.4. Describir la biología reproductiva 
de las especies 

1 Permanente Informe/artículo/tesis SAG/Investigadores ONG Golondrina de Mar, 
CREA-UA, ONG 
Observadores de Aves 
Arica, ROC, investigadores 

3.1.5. Identificar rutas de vuelo entre 
las colonias y el mar 

3 5 Diseño del estudio (incluyendo 
radar y nuevas tecnologías). 
Estudios realizados 

SAG ONG Golondrina de mar, 
CREA-UA, ROC, 
investigadores 

3.1.6. Identificar, cuantificar y mapear 
amenazas en sitios de nidificación  

1 Permanente Informe de análisis de amenazas 
en sitios de nidificación 

MMA SAG, ONG Golondrina de 
mar, CREA-UA, ROC, 
investigadores 

3.1.7. Diseñar e implementar un 
proyecto de monitoreo del éxito de los 
programas de rescate y liberación 

1 3 Diseño de un proyecto de 
investigación. 
Estudio(s) efectuados 

SAG ONG Golondrina de Mar, 
CREA-UA, Municipalidad 
de Arica, ONG 
Observadores de Aves 
Arica, ROC, investigadores 

3.1.8. Identificar las áreas de 
alimentación en el mar  

3 3 Informe/artículo/tesis Investigadores, 
ONGs 

Investigadores, ONGs 

3.1.9. Evaluar nivel de conectividad 
(flujo génico) actual e histórica entre 

1 4 Informe/artículo/tesis Investigadores, 
ONGs 

Investigadores, ONGs,  
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ACCIÓN INICIO DE 

EJECUCIÓN 

DURACIÓN 

ACCIÓN 

PRODUCTOS/RESULTADO RESPONSABLE 

COORDINADOR 

COLABORADORES  

poblaciones/colonias de golondrinas 
de mar 
3.1.10. Caracterizar y modelar hábitat 
y selección de hábitat para las especies 
de golondrinas de mar  

2 2 Informe/artículo/tesis Investigadores, 
ONGs 

Investigadores, ONGs, 
Sernageomin 

3.1.11. Evaluar el riesgo de colonias 
ante eventos climáticos 

3 2 Estudio publicado Investigadores, 
ONGs 

Investigadores, ONGs, 

Línea de acción 3.2 Brindar protección a hábitats críticos para la conservación de las distintas especies de golondrinas de mar a través de instrumentos 

basados en área 

3.2.1. Evaluar y priorizar áreas para las 
golondrinas de mar para fomentar su 
protección 

1 Permanente Listado priorizado y en continua 
actualización  

MMA ONGs, investigadores, 
Ministerio de Bienes 
Nacionales, SAG, CONAF, 
Municipios, Gobiernos 
Regionales, SUBPESCA, 
SERNAPESCA 

3.2.2. Identificar las figuras de 
protección de áreas que resulten 
adecuadas para las áreas priorizadas 

2 Permanente Lista de figuras recomendadas 
según área priorizada 

MMA CONAF, SAG, Ministerio 
de Bienes Nacionales, 
ONGs, Municipios, 
SUBPESCA, SERNAPESCA 

3.2.3. Declarar áreas bajo protección 
oficial u otros instrumentos efectivos 
basados en protección de áreas en 
sitios priorizados para golondrinas de 
mar  

2 Permanente Áreas con medidas de protección 
efectiva creadas 
Planes de manejo elaborados 

MMA CONAF, Ministerio de 
Bienes Nacionales, 
Municipios, DIPLADE, 
SAG, ONGs, 
investigadores, 
SUBPESCA, SERNAPESCA 

3.2.4. Fortalecer alianzas público-
privadas para resguardar áreas de 
relevancia para golondrinas de mar 

2 Permanente Acuerdos de colaboración 
público-privados para resguardo 
de áreas 

MMA CONAF, SAG, Ministerio 
de Bienes Nacionales, 
ONGs, investigadores, 
Municipios, Sector 
privado, SEA 
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ACCIÓN INICIO DE 
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COORDINADOR 

COLABORADORES  

Línea de acción 3.3 Implementar programas de educación y sensibilización para la conservación de las golondrinas de mar 

3.3.1. Diseñar Programa de 
sensibilización y educación ambiental 
para la conservación y protección de 
las golondrinas de mar 

1 1 Identificación de público objetivo 
Programa de educación 
ambiental para la conservación y 
protección diseñado 

MMA  ONGs, Investigadores, 
SAG, Municipios, 
SUBPESCA, SERNAPESCA, 
Servicios Locales de 
Educación 

3.3.2. Diseñar e implementar un 
Programa de educación y 
sensibilización para el rescate 

1 Permanente Programa diseñado 
Acciones de educación y 
sensibilización sobre rescate 
implementadas (se relaciona con 
la acción 1.2.4) 

Ente de 
coordinación 
regional 

ONG, Centro de rescate, 
SAG, Municipios 

3.3.3. Implementar el programa de 
sensibilización y educación ambiental a 
públicos objetivo para la conservación 
de golondrinas de mar y su hábitat 

2 Permanente Talleres y actividades de 
educación y de sensibilización 
implementados 

MMA  Municipios, ONGs, 
investigadores, 
Establecimientos 
educacionales, SEREMI 
Educación, SAG, sector 
privado 

3.3.4. Diseñar y producir material y/o 
herramientas para educación y 
sensibilización 

2 Permanente Material y/o herramientas de 
educación y sensibilización 
distribuido y divulgado. 

MMA  Municipios, 
Establecimientos 
educacionales, SEREMI 
Educación, Seremi de 
Cultura, SAG, sector 
privado, ONGs 

 
CONAF: Corporación Nacional Forestal; CORFO: Corporación de Fomento de la Producción; CREA-UA: Centro Regional de Estudios y Educación Ambienta - 
Universidad de Antofagasta; DIPLADE: División de Planificación y Desarrollo Regional; DIRECTEMAR: Dirección General del Territorio Marítimo y de Marina 
Mercante DOP: Dirección de Obras Portuarias; IFOP: Instituto de Fomento Pesquero; MMA: Ministerio del Medio Ambiente; MINVU: Ministerio de Vivienda y 

Urbanismo; MOP: Ministerio de Obras Públicas; OPCC: Oficina de Protección de la Calidad del Cielo del Norte de Chile; ROC: Red de Observadores de Aves y 
Vida Silvestre de Chile; SAG: Servicio Agrícola y Ganadero; SEA: Servicio de Evaluación Ambiental; SEC: Superintendencia de Electricidad y Combustibles;  

SERNAGEOMIN: Servicio Nacional de Geología y Minería; SERNAPESCA: Servicio de Pesca y Acuicultura; SERNATUR: Servicio Nacional de Turismo; SERVIU: 
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Servicio de Vivienda y Urbanismo; SMA: Superintendencia del Medio Ambiente; SUBDERE: Subsecretaría de Desarrollo Regional y Administrativo; SUBPESCA: 
Subsecretaría de Pesca y Acuicultura.  
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11. GRUPO DE SEGUIMIENTO Y PERIODOS DE EVALUACIÓN DE LA IMPLEMENTACIÓN DEL 
PLAN  

 

El Grupo de Seguimiento es aquel destinado a realizar el seguimiento de las acciones 
comprometidas para el éxito del Plan según lo definido en el periodo de evaluación de su 
implementación. El Grupo de Seguimiento para el Plan de Recuperación, Conservación y Gestión 
de las Golondrinas de Mar del Norte de Chile estará conformado por representantes de las 
siguientes organizaciones: 

 
• Ministerio del Medio Ambiente 
• Ministerio de Bienes Nacionales 
• Ministerio de Energía 
• Servicio Agrícola y Ganadero 
• ONG Golondrina de Mar 
• Agrupación de Observadores de Aves de Arica 
• Red de Observadores de Aves y Vida Silvestre de Chile 
• CREA – Universidad de Antofagasta 

 
El Ministerio del Medio Ambiente estará a cargo de la coordinación del Grupo de Seguimiento, que 
sesionará al menos una vez al año para verificar el cumplimiento de las acciones definidas en el 
Plan. El cumplimiento de estas acciones deberá ser reportado al Ministerio del Medio Ambiente 
para su correcto seguimiento por parte de él o los órganos, personas jurídicas o personas 
naturales asignadas para cada acción. 

La implementación del Plan se llevará a cabo en un horizonte de 10 años, y cada 5 años o según 
estime conveniente, el Grupo de Seguimiento evaluará, según estimen conveniente, replantear 
aquellas acciones que no estén siendo efectivas para lograr las metas propuestas en el Plan. 
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El Plan de Rescate de Golondrinas de Mar es una iniciativa que se desarrolla en Arica gracias al trabajo 
conjunto de la Red de Observadores de Aves y Vida Silvestre de Chile (ROC) y la Ilustre Municipalidad 
de Arica, como respuesta a la caída masiva de ejemplares que ocurre entre octubre y febrero de cada 
año. Sus principales acciones corresponden a la promoción del rescate por parte de la ciudadanía, 
recepción de ejemplares en lugares habilitados, marcaje y liberación diaria de ejemplares (nocturna). 

En sus dos primeras temporadas de funcionamiento (2018-2019 y 2019-2020), se rescataron 1.173 y 
3.048 ejemplares, respectivamente. Los mapas que se presentan a continuación representan 
visualmente la distribución de los puntos de rescate de ejemplares de golondrina de mar negra 
(Hydrobates markhami1), como indicador de la distribución de los puntos de caída, con la finalidad de 
aportar a la comprensión del fenómeno y contribuir a un mejor manejo, que genere un impacto positivo 
en la conservación de esta especie. 

Si bien el número de ejemplares rescatados en cada temporada es el anteriormente dicho, el número 
de ejemplares con procedencia conocida correspondió a 504 y 1.402, distribuidos en 304 y 1.034 puntos 
de caída en cada temporada (puntos negros en los mapas). A partir de estos puntos, se estimó la 
densidad de las caídas (Kernel Density Estimation de SAGA en el software QGIS) para visualizar 
cúmulos de datos -los puntos de caída- que se representan en una gradiente de color (amarillo a rojo) 
en función de su agregación (cinco categorías, desde “muy bajo” a “muy alto”).  

Para comparar correctamente las temporadas, se homologaron sus valores generando una escala con 
los mínimos y máximos obtenidos en ambos mapas y aplicando dichos valores en cada uno. Si bien el 
método utilizado no considera la cantidad de individuos caídos en cada punto (en algunos casos alcanza 
más de 10 individuos), sino únicamente su distribución, los resultados sugieren que es una medida 
apropiada para informar la toma de decisiones, al menos en primera instancia. 

Se observa, por ejemplo, que algunos de los principales focos de caídas de golondrinas de mar en la 
ciudad de Arica, corresponden a: casco viejo, mall Plaza, strip center Costanera, estadio Carlos Dittborn, 
estadio Canadela, costanera, rotondas alcalde Manuel Castillo Ibaceta y alcalde Adolfo Arenas Córdova. 
Estas áreas parecen estar ocasionando la mayor parte de la atracción y caída de golondrinas de mar, 
por lo cual se recomienda (i) adoptar acciones para reducir el número de ejemplares caídos en estas 
zonas, (ii) concentrar los esfuerzos de búsqueda y recolección del plan de rescate en estas zonas y (iii) 
analizar su relación con variables como tipo e intensidad de la luz.  

                                                           
1 Oceanodroma markhami fue clasificada En Peligro en el 14° proceso del Reglamento de Clasificación de Especies 
(DS79/2018) 
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a  b  s  t  r a  c t

The use  of artificial  light  at night  and  its ecological  consequences  are  increasing around  the  world.  Light
pollution can lead to  massive mortality  episodes  for nocturnally active petrels,  one  of the  most  threat-
ened  avian groups.  Some  fledglings  can  be  attracted  or disoriented by  artificial  light  on their  first flights.
Studies  testing the  effect  of artificial  light  characteristics  on attractiveness  to  seabirds  have not  provided
conclusive  results and there is  some  urgency  as  some  endangered  petrel  species  experience high  light-
induced  mortality. We  designed  a field  experiment to test the  effect of three common  outdoor lighting
systems  with different  light spectra (high  pressure  sodium,  metal  halide and  light emitting  diode)  on  the
number  and the  body condition  of grounded  fledglings  of  the  short-tailed  shearwater  Ardenna tenuirostris.
A  total  of 235  birds  was grounded  during  99  experimental  hours  (33 h for  each treatment).  47%  of birds
was  grounded  when  metal  halide lights were  on,  while light  emitting  diode  and  high  pressure  sodium
lights showed  lower  percentages of attraction  (29% and 24%).  Metal halide multiplied  the  mortality  risk
by  a  factor of 1.6  and 1.9 respectively  in comparison with  light emitting  diode  and  high  pressure sodium
lights.  No  differences  in body condition  were  detected  among the  birds  grounded  by  the  different light-
ing  systems.  We recommend  the  adoption  of high  pressure  sodium  lights (or  with  similar spectra)  into
petrel-friendly  lighting designs together with  other  light mitigation measures such  as  light  attenuation,
lateral  shielding  to  reduce spill  and  appropriate orientation.

©  2017 Elsevier  GmbH.  All rights  reserved.

1. Introduction

The increasing use of artificial light at night is causing a  loss
of the natural nightscapes worldwide (Falchi et al., 2016). Light
pollution is an emerging threat to  biodiversity conservation by
disrupting circadian rhythms, affecting natural behaviours, repro-
duction, animal movement or endocrine systems, and finally,
influencing the ecosystem functioning by  cascading effects (Gaston,
Duffy, Gaston, Bennie, & Davies, 2014; Hölker, Wolter, Perkin, &
Tockner, 2010; Longcore & Rich, 2004). Although marine environ-
ments are mostly free of artificial light, most coastal areas are
affected by light pollution at night (Davies, Duffy, Bennie, &  Gaston,
2014). Artificial lights along the coast can cause direct and inciden-
tal mass mortality events in  endangered marine taxa, e.g. turtles or
seabirds (Rich & Longcore, 2006; Rodríguez, Holmes et al., 2017).
Despite the multiple effects on human health and biodiversity, arti-
ficial light is  steadily proliferating in the night environment led

∗ Corresponding author at: Department of Evolutionary Ecology, Estación Biológ-
ica  de Doñana (CSIC), Avda. Américo Vespucio, 26, 41092, Seville, Spain.

E-mail address: airamrguez@ebd.csic.es (A. Rodríguez).

by improvements in luminous efficiency (Kyba, Hänel, & Hölker,
2014). Thus, the determination of the impact of the different arti-
ficial lighting systems on biodiversity should be a priority for
developing appropriate lighting policies to enable better coastal
planning and conservation practices.

Fledglings of nocturnal petrel species (including shearwaters
and storm-petrels) are attracted to artificial lights during their first
flights from nest-burrows to the ocean, often colliding with human
structures or the ground. If they survive the collision, they are
grounded in artificially lit areas and susceptible to being killed by
incidental threats (vehicle collision, predation, starvation or dehy-
dration) (Ainley, Podolsky, Deforest, &  Spencer, 2001; Le Corre,
Ollivier, Ribes, & Jouventin, 2002; Rodríguez, Rodríguez, Curbelo
et al., 2012; Rodríguez et al., 2014). To mitigate light-induced
mortality of petrels, rescue programs have been implemented in
several locations around the world (Rodríguez, Holmes et al., 2017).
However, pre-emptive measures, that reduce the attractiveness of
artificial lighting to seabirds, would be much more effective at the
population level. To our knowledge, there is  no published informa-
tion on whether seabird attraction to artificial lights is related to
the type of lights or  individual traits of the seabirds. Here, we test
the effect of three commonly used lighting systems with different

http://dx.doi.org/10.1016/j.jnc.2017.07.001
1617-1381/© 2017 Elsevier GmbH. All rights reserved.
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light spectra (metal halide – MH,  high pressure sodium – HPS – and
light emitting diode – LED) on the attraction of short-tailed shear-
water (Ardenna tenuirostris) fledglings, a species severely affected
by light pollution (Rodríguez et al., 2014). We  also test if body con-
dition of grounded fledglings differs among lighting systems. Why
petrels are attracted to lights is not entirely understood, but it may
be related to food as petrels could confuse lights with natural bio-
luminescent prey or associate light with food during the nestling
period at their nest-burrows (see Rodríguez, Holmes et al., 2017).
Although short-tailed shearwater fledglings attracted by artificial
lights do not seem handicapped, as their body condition is simi-
lar to those of adults (Rodríguez, Moffett et al., 2017), degree of
attraction to  lighting systems could be mediated by  body condi-
tion. Body condition at fledging is  a proxy to  greater likelihood of
survival and recruitment in  long-lived seabirds (Becker & Bradley,
2007; Maness & Anderson, 2013). Thus, attraction of birds in  good
condition, i.e. those with higher survival and recruitment proba-
bilities, to  a particular lighting system would worsen the impact of
such light for petrel populations. Apart from lighting systems, other
factors appear to  play a  role in the number of seabirds attracted to
lights. First, birds tend to  fledge early in  the night (Reed, Sincock,
& Hailman, 1985; Rodríguez, Rodríguez, & Negro, 2015), and there-
fore, it was expected that the number of grounded birds would
increase during the first nocturnal hours. Second, fledging is a syn-
chronous process leading to  high number of birds fledging around
a peak date (27–28 April for the short-tailed shearwater; Rodríguez
et al., 2014). Third, fledging date is  favoured by  strong winds which
give a lift to flight-inexperienced fledglings (Rodríguez et al., 2014;
Skira, 1991). Fourth, the number of grounded birds is reduced dur-
ing full moon nights (Le Corre et al., 2002; Rodríguez & Rodríguez,
2009; Telfer, Sincock, Byrd, & Reed, 1987).  Fifth, the number of
attracted birds in  a year is related to  the number of fledglings
produced by the population in  that particular year, i.e. the higher
breeding success the higher the numbers of grounded birds (Day,
Cooper, & Telfer, 2003; Rodríguez, Rodríguez, & Lucas, 2012).

2. Material and methods

Our study was conducted on Phillip Island, south-eastern
Australia, where natural night skyscapes unpolluted by artificial
lights are available adjacent to short-tailed shearwater breeding
colonies (Fig. 1a). Phillip Island is  relatively low with a max-
imum altitude about 112 m above sea level. It holds around
543,000 breeding pairs of short-tailed shearwaters (Harris, Brown,
& Deerson, 1980), which is  more than 1% of its global breeding pop-
ulation (BirdLife International, 2017), mainly distributed along the
south coast (Fig. 1a). The short-tailed shearwater nests in dense
colonies generally in  sandy soils. Adults start migration before their
chicks fledge and consequently fledglings depart the colony in  the
absence of their parents. Fledglings try to  reach the ocean on their
first flights.

Our experiment was conducted in  the overflow car park
at Phillip Island Nature Parks on the Summerland Peninsula
(− 38.505942◦S, 145.149486◦E), which is a  13,000 m2 grassed area
surrounded by  some unlit buildings and short-tailed shearwater
colonies (Fig. 1b). At the experiment site, masts held the three types
of lamps (MH, HPS and LED) at the same height and orientation at
each mast. Five masts of 3–5 m high supported the lamps used dur-
ing the experiment (Fig. 1b, c). The three light types employed in
our study are commonly used in outdoor facilities (e.g. car parks,
sport stadiums and industrial areas) and they emit different spectra
(Fig. 2a; Table 1). MH  and HPS bulbs emit light in  360◦ in every direc-
tion, and for this reason they were housed in  similar luminaries. In
contrast, LED emits light in one direction.

Fig. 1. (a) Phillip Island map showing distribution of breeding colonies, study site
(grey circle) and light pollution levels taken from a nocturnal satellite imagery;
NOAA National Geophysical Data Center; available at  http://ngdc.noaa.gov/eog/
viirs/download monthly.html.  (b) Map  of the study area showing the light posts
and  the lit area. (c) Nocturnal picture showing two  light-posts and the moon.

To assess the potential attraction of shearwater fledglings to  the
three lighting types, we designed an experiment in which every
treatment (light type) was replicated every night. We lit the area
at night during the fledging period and counted the number of
grounded birds on the lit field. The experiment was repeated over
three fledging seasons (2014: 22 April-4 May; 2015: 19 April-5
May; 2016: 26–29 April). To account for the high variability in num-
ber of groundings from night to night, we  turned on each lighting
type for one hour in  a random order each night. The same type
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Fig. 2. Spectral composition (a) of the lighting types used (data provided by manufacturer). Vertical dashed and solid lines indicate the wavelength of maximum absorbance
of  visual pigment of cones and rods for Ardenna pacifica (Hart, 2004). Mean number per hour (b) and body condition (c) of short-tailed shearwater fledglings grounded by
lighting types. In (b) bars show mean ± s.e. Different capital letters indicate significant differences between levels.

Table 1
Characteristics of light systems used in the experiment.

Light Comercial reference Lamp Wattage (W)  Color Temperature (K) Luminous Flux (Lm)

High pressure sodium (HPS) SON-T 400W/220 E40  1SL 400 2000 (warm) 48000
Metal halide (MH) MASTER HPI-T Plus 400W/645 E40  1SL 400 4500 (cool) 32000
Light emitting diode (LED) VBLFL-855-4-40 200 4536 (cool) 18111

of light (MH, HPS and LED) was on in  the five masts during each
experimental hour. We  also had a  period of 15-min in  darkness
between treatments to  avoid potential attractive effects of the pre-
vious treatment on the birds. First light-treatment was turned on
45–60 min  after sunset. We  ran the experiments in the first hours
of darkness (three experimental hours in total plus two  15-min
gaps) as they coincide with the peak of fledging time (Reed et al.,
1985; Rodríguez et al., 2015). By randomly sequencing the three
treatments, we  controlled for any changes in hourly fledgling rate
through the night.

Grounded birds were collected and kept in boxes. Each individ-
ual was marked with a  permanent marker pen on the toe webbing

for identification and released in the closest colony at the end of
each experimental night. Recaptured birds (five birds) were not
included in  the analyses. In 2015, body mass (g) and four biometric
variables (wing, tarsus, bill length and bill length) were measured
from grounded birds in the treatments of the experiment. The
biometric variables were taken using an electronic balance (near-
est 5 g), a ruler (nearest 1 mm)  and an electronic calliper (nearest
0.01 mm).  To obtain a  size indicator of the grounded birds, we ran
a principal component analysis (PCA) on centered and scaled mor-
phometric variables (wing, tarsus and bill length, and bill depth)
and the first principal component was  used as a body size index
(BSI). The first principal component retained 54% of variation. The
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four morphometric variables showed positive factor loadings (fac-
tor loadings: 0.47, 0.51, 0.49 and 0.52 for wing, tarsus, and bill
length, and bill depth) and highly significant correlations to the
first principal component (Fig. S1). Then, we  run a  linear model of
body mass on BSI (the first principal component). This regression
showed a R2 =  0.33 and it was statistically significant (F 1,133 =  65.2,
P < 0.001). Diagnostic plots indicated that model assumptions were
not violated (see Fig. S2).  Finally, we  extracted the standardized
residuals of this model and used them as a  body condition index
(BCI), where positive and negative values indicate that birds are
heavier and lighter than the average in the population, respectively
(Green, 2001; Rodríguez, Rodríguez, Curbelo et al., 2012; Rodríguez,
Moffett et al., 2017).

To control for the confounding variables noted in the introduc-
tion, i.e. fledging time/order and wind strength, moon light and
inter-annual breeding success, we  added five predictors: 1) Order
of light treatment (three-level factor: first, second and third). 2)
Quadratic term of fledging date (continuous variable ranging from
19 April to 5 May). 3) Wind speed (km/h) taken from an auto-
mated meteorological station located at Rhyll, Phillip Island, and
distant 15 km from the study area (Bureau of Meteorology refer-
ence: 086373). The station provides wind data every 30 min  and we
calculated the average for the two readings of each experimental
hour (treatment). 4) Moon light or luminance (continuous variable)
measured as the percentage of luminance at full moon at zenith at
distance equal mean equatorial parallax (Austin, Phillips, & Webb,
1976). We calculated moon luminance for each 10-min periods
by using the moonlight Fortran software (Austin et al., 1976)  and
we assigned the maximum moon luminance to each experimental
hour. 5) Year as a  three-level factor to account for annual variation
in breeding success.

We used generalised linear mixed models (GLMMs) with log
link and Poisson error distributions to  assess whether the number
of grounded birds differs between light treatments (three-level fac-
tor). To control for the dependence in  the number of grounded birds
per light treatment in  a  single night, night was included as a random
factor. To control for confounding variables, i.e. variables affecting
the number of attracted birds (see above), we conducted GLMMs
adding these predictors plus light treatment factor. To avoid over
parameterization, only two predictors were included in  each model
(light treatment plus predictor). To assess whether body condition
of grounded birds differs between lighting types, a  linear model
was conducted including body condition index as response vari-
able and light treatment as a  factor. Models were compared to
null models, i.e. including only the intercept, using the ‘anova’
function (stats package) and assumptions were checked using diag-
nostic plots (Supplementary material). Statistical analyses were
conducted in  R  version 3.3.2 (R Core Team, 2016). The function
‘prcomp’ (stats package) was employed to conduct the principal
component analysis (PCA). Linear models and generalised linear
mixed models were conducted using the functions ‘lm’ (stats pack-
age) and ‘glmer’ (lme4 package) (Bates, Mächler, Bolker, & Walker,
2015). Model assumptions of generalised linear mixed models were
checked through a simulation-based approach using the ‘DHARMa’
package (Hartig, 2016).

3. Results

A total of 235 short-tailed shearwater fledglings were grounded
during the 33 experimental nights (99 h; 33 h for each treatment)
in the three annual fledging periods. Pooling all nights, the high-
est number of grounded fledglings was reached when MH  lights
were on (!2

2 = 19.974; P <  0.001; 110, 68 and 57 birds for MH,  LED
and HPS lights, respectively). Eight out of the 235 birds were killed
or subsequently euthanized after fatal collision with the ground or

light-posts (4, 3 and 1 birds for MH,  LED and HPS lights). The GLMM
including just the light treatment was  significant with regard to
the null model, i.e. including only the intercept term (!2

2 =  19.209;
P < 0.001; Fig. 2b). Light treatment was also significant in all the
GLMMs  including additional variables (all P-values < 0.003; Sup-
plementary material). In 2015, 135 grounded shearwaters were
captured and measured. Body condition was similar between the
shearwaters grounded by the different lighting types (Fig. 2c), as the
model was not  better than the null model (F2,132 =  1.908; P =  0.153).

4. Discussion

The number of grounded birds differed among light types, with
MH being the light type attracting the highest number of  the
short-tailed shearwater fledglings. LEDs were second highest light
type in causing grounded birds, although no statistical differences
were apparent in  comparison with HPS. Body condition of birds
grounded by each lighting type was similar, indicating that attrac-
tion power of each lighting type did not depend on body condition,
and more interestingly that no lighting system selectively attracted
birds with higher survival and recruitment probabilities, i.e. birds
in good body condition.

Differences in the number of grounded birds per light type may
be explained by the visual systems of shearwaters. The retina of
the congeneric wedge-tailed shearwater (Ardenna pacifica)  have
five visual pigments with maximum absorbance at 406–566 nm
(Hart, 2004). Assuming a  similar visual system, short-tailed shear-
water fledglings could be more sensitive to MH  and LED lighting,
which produce a  very cool light (blue) and a wider emission spec-
trum, than HPS which produces warmer light (red/orange) and low
emissions under 550 nm (Table 1; Fig. 2a). Thus, shearwaters are
likely to perceive lights differently. Given they display an attraction
response, heightened perception may  lead to heightened attrac-
tion. Our results on the higher number of  grounded birds by MH
and LED than HPS lights, agree with the possibility that MH and
LED lights are appreciably brighter for shearwaters than HPS lights,
thus increasing the attraction response.

Our results agree with other studies on other taxa in  which HPS
lights affect behaviour less than MH  or LED lights, e.g. bats (Stone,
Wakefield, Harris, & Jones, 2015)  or invertebrates (Pawson & Bader,
2014), but contrast with those found for songbirds at off-shore plat-
forms. Nocturnal migrating songbirds are more attracted by light
with visible long-wavelength radiation (red and white) than by
light with less or no visible long-wavelength radiation (blue and
green) (Poot et al., 2008). Thus, adopting taxa-specific recommen-
dations for the effect of artificial lights is crucial.

Designing experiments to study the potential attraction of dif-
ferent light types to  seabirds is  a challenging task, due to  the
intrinsic seabird natural traits, the low number of  colonies and the
vast extensions of cities and their associated light pollution (Reed,
1987, 1986; Reed et al., 1985). Reed et al. conducted two  field exper-
iments changing light characteristics (polarization and spectra), but
failed to reduce light attraction in Newell’s shearwaters Puffinus
newellii (Reed, 1987, 1986). Despite these inconclusive results, light
signatures (wavelength and intensity) have been changed around
nesting colonies around the world to mitigate light-induced mor-
tality. However, these actions have been conducted without any
scientific evidence and their effectiveness has not been appropri-
ately assessed (Rodríguez, Holmes et al., 2017). Our experimental
study sheds some light on the potential effect of  commercially
available lighting systems, providing first-hand information for the
lighting management around seabird breeding grounds. If  artificial
lights cannot be completely avoided, we strongly recommend that
HPS lights, or filtered LED and MH lights with purpose-designed fil-
ters for lower emission spectra, should be the only external lights

Folio N° 1335



72 A. Rodríguez et al. / Journal for Nature Conservation 39  (2017) 68–72

used in proximity to shearwater colonies. The type of light must be
adopted together with other light reduction actions (KSHCP, 2017).
Light should be as dim as possible to be fit the purpose, and should
be correctly oriented towards the target area or  object to avoid sky-
ward light spill. Shielding and cut-off designs for luminaries can
also help to avoid unnecessary light spread and reduce shearwater
attraction (Reed et al., 1985). Finally, turning off the lights when not
required or using motion sensors to turn on/off the lights would
contribute to reducing light pollution (for a  complete list  of light
mitigation actions see KSHCP, 2017). More research is  needed to
further understand the role of emission spectra on the potential
attraction of seabirds and the impact of seabird-friendly lighting
on sympatric organisms.
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Abstract: Artificial lights at night cause high mortality of seabirds, one of the most endangered groups of
birds globally. Fledglings of burrow-nesting seabirds, and to a lesser extent adults, are attracted to and then
grounded (i.e., forced to land) by lights when they fly at night. We reviewed the current state of knowledge
of seabird attraction to light to identify information gaps and propose measures to address the problem.
Although species in families such as Alcidae and Anatidae can be grounded by artificial light, the most
affected seabirds are petrels and shearwaters (Procellariiformes). At least 56 species of Procellariiformes,
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more than one-third of them (24) threatened, are subject to grounding by lights. Seabirds grounded by lights
have been found worldwide, mainly on oceanic islands but also at some continental locations. Petrel breeding
grounds confined to formerly uninhabited islands are particularly at risk from light pollution due to tourism
and urban sprawl. Where it is impractical to ban external lights, rescue programs of grounded birds offer the
most immediate and employed mitigation to reduce the rate of light-induced mortality and save thousands
of birds every year. These programs also provide useful information for seabird management. However, these
data are typically fragmentary, biased, and uncertain and can lead to inaccurate impact estimates and poor
understanding of the phenomenon of seabird attraction to lights. We believe the most urgently needed actions
to mitigate and understand light-induced mortality of seabirds are estimation of mortality and effects on
populations; determination of threshold light levels and safe distances from light sources; documentation of
the fate of rescued birds; improvement of rescue campaigns, particularly in terms of increasing recovery rates
and level of care; and research on seabird-friendly lights to reduce attraction.

Keywords: disorientation, illumination, light pollution, orientation, petrel, rescue campaign

Mortalidad de Aves Marinas Producida por Luces Artificiales Terrestres

Resumen: Las luces artificiales nocturnas causan una mortalidad alta de aves marinas, uno de los grupos de
aves en mayor peligro de extinción a nivel mundial. Los polluelos de aves marinas que anidan en madrigueras,
y en menor medida los adultos, son atraı́dos y forzados a aterrizar por las luces cuando vuelan de noche.
Revisamos el estado actual del conocimiento sobre la atracción de las aves marinas por la luz para identificar
vaćıos de información y proponer medidas para resolver el problema. Aunque las especies de familias como
Alcidae y Anatidae pueden ser forzadas a aterrizar por la luz artificial, las aves marinas más afectadas son
los petreles y las pardelas (Procellariiformes). Por lo menos 56 especies de Procellariiformes, más de un tercio
(24) de ellas amenazadas, son propensas al aterrizaje atraı́das por las luces. Las aves marinas forzadas a
aterrizar han sido halladas en todo el mundo, principalmente en islas oceánicas, pero también en algunas
localidades continentales. Los sitios de anidación de los petreles confinados anteriormente a islas deshabitadas
están particularmente en riesgo de sufrir contaminación lumı́nica debido al turismo y al crecimiento urbano.
En donde no es práctico prohibir las luces externas, los programas de rescate de las aves accidentadas ofrecen
la mitigación más inmediata y empleada para reducir la tasa de mortalidad inducida por la luz y salvar
a miles de aves cada año. Estos programas también proporcionan información útil para el manejo de aves
marinas. Sin embargo, estos datos están t́ıpicamente fragmentados, sesgados y son inciertos, y pueden llevar
a estimaciones inexactas del impacto y a un entendimiento pobre del fenómeno de la atracción de las aves
marinas por la luz. Creemos que las acciones necesarias de mayor urgencia para mitigar y entender la
mortalidad de aves marinas producida por la luz son: la estimación de la mortalidad y los efectos sobre la
población; la determinación de umbrales de niveles de luz y de distancias seguras a las fuentes de luz; el
estudio del destino de las aves rescatadas; la mejora de las campañas de rescate, particularmente en términos
de incrementar las tasas de recogida y el nivel de cuidado; y la investigación sobre las caracteŕısticas de la
luz para reducir la atracción de las aves marinas.

Palabras Clave: campaña de rescate, contaminación lumı́nica, desorientación, iluminación, orientación, petrel

Introduction

The alteration of natural light levels in the environment,
or light pollution, has increased dramatically over the last
century and has led to the loss of natural nightscapes
worldwide (Bennie et al. 2015; Gaston et al. 2015a)
and affected, for example, individuals’ health, popula-
tions’ time partitioning, interspecific interactions, repro-
duction, movements, and community structure, thereby
causing cascade effects on ecosystem functioning (Long-
core & Rich 2004; Gaston et al. 2014, 2015b). Accord-
ingly, light pollution is recognized as a great threat to
biodiversity (Hölker et al. 2010). One of the most se-
vere ecological consequences of light pollution is light-
induced mass fatality events.

Seabirds are among the most endangered groups of
birds globally, and Procelariiformes (hereafter petrels)
has one of the highest proportions of threatened species
(Croxall et al. 2012). The principal threats at sea are
commercial fishery operations (e.g., competition and by-
catch) and pollution (e.g., oil spills, marine-debris inges-
tion, and entanglement). On land introduced predators
and habitat loss can severely impact breeding colonies
(Croxall et al. 2012). The widespread and ever-growing
use of artificial light at night is an increasing threat to
seabirds. Burrow-nesting petrels are attracted to artifi-
cial lights at night, become disorientated, and are forced
to land (Imber 1975). This phenomenon, called fall-
out (Reed et al. 1985), can cause mass-mortality events
(Telfer et al. 1987; Ainley et al. 2001; Le Corre et al.
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Figure 1. Locations where attraction of seabird fledglings to lights has been reported (numbers, number of species
affected; circle size, proportional to number of grounded birds; CR, critically endangered; EN, endangered; VU,
vulnerable; NT, near threatened; LC, least concern).

2002; Rodŕıguez & Rodŕıguez 2009; Rodŕıguez et al.
2014). Light-induced grounding can be fatal due to col-
lisions with human-made structures (e.g. buildings, elec-
tric wires and pylons, fences, or posts) or the ground.
Even if uninjured, grounded birds may be unable to take
off again and are vulnerable to predation; vehicle colli-
sions (Rodŕıguez et al. 2012b, 2014); starvation or de-
hydration (Rodŕıguez et al. 2012b); and poaching (some
people eat grounded birds) (M.L-C., personal observa-
tion).

We reviewed the state of knowledge and the global
impact of seabird mortality induced by land-based arti-
ficial light. Specifically, we focused on the global distri-
bution and scale of impacts to seabird species; what is
known after four decades of seabird rescue and reha-
bilitation campaigns worldwide; and what information
is needed to better assess and mitigate this growing
threat.

Information Sources

To determine the taxonomic diversity of seabirds affected
by lights, we consulted the IUCN Red List of Threatened
Species website (IUCN 2016) and searched for species
affected by light pollution. We refined our search with
the terms Aves and light pollution (within excess energy,
pollution, and threats categories). We found 15 species
assessments: 13 petrels, 1 auklet, and 1 thrush (Support-
ing Information). We also searched Web of Science for
peer-reviewed literature on seabird attraction to light by
combining targeted keyword searches (light pollution,
artificial light∗, seabird∗, marine bird∗, light∗, mortality,

attraction, and disorientation). We classified publications
as of interest if they dealt with seabird mortality induced
by artificial lights and as terrestrial or marine, depend-
ing on whether mortality, attraction, or disorientation
was caused by land- or marine-based lights. Twenty-one
of the 100 publications that emerged from our search
at Web of Science dealt with light-induced mortality of
seabirds. Fourteen publications were classified as ter-
restrial and 7 as marine (Supporting Information). Our
list was not exhaustive, but it reflected the information
available for different taxa. To expand our search, we
examined the references in the publications of inter-
est, as well as their citations, and found 9 additional
publications.

Rescue efforts (defined as actions taken to recover
birds grounded by light attraction, mitigate threats associ-
ated with light-induced grounding [road kills, predation,
dehydration, starvation, or poaching], and release birds
to the ocean) constitute an information source because
data collection has been instituted for some projects. We
used the internet and social media (Google, Facebook,
and Twitter) to search for programs in which citizens
are encouraged to rescue and report on grounded birds.
We asked them for information on the number of species
and individuals, proportion of ages, proportion of the
population affected, and mortality rates.

Location, Species, and Age of Grounded Birds

We found that light-induced fatality of seabirds has been
recorded on at least 47 islands worldwide, on three
continental locations, and across all oceans (Fig. 1).
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Figure 2. Threatened seabirds (IUCN 2014) affected by light-induced mortality on land (numbers on y-axis,
number of grounded birds dead and alive; question mark, species reported to be grounded by light but without
quantification).

This phenomenon affects mainly burrow-nesting petrel
species (Procellariidae, Hydrobatidae, and Oceanitidae),
although other seabirds such as auklets and puffins (Al-
cidae) and eiders (Anatidae) can also be affected (Dick
& Donalson 1978; Whitworth et al. 1997; Merkel &
Johansen 2011; Wilhelm et al. 2013). The disproportion-
ate effect on petrels was supported by the scant informa-
tion on other species. Only 1 of 14 publications classified
as terrestrial, and 2 of 15 IUCN species assessments dealt
with species other than petrels. Fifty-six of 113 burrow-
nesting petrel species have been recorded grounded by
lights, an estimate more than double the number reported
in previous publications (Reed et al. 1985) and four times
higher than the number of species for which this is
listed as a problem by IUCN. Twenty-four seabird species
subject to light-induced grounds are globally threatened
(Fig. 2 & Supporting Information). Attraction to and dis-
orientation by lights of seabirds at sea have also been
reported (7 studies report light mortality, attraction, or
disorientation at sea), primarily in association with lights
being used for fisheries purposes (Ryan 1991; Black 2005;
Merkel & Johansen 2011; Glass & Ryan 2013) but also
with lights on oil platforms (Wiese et al. 2001; Day
et al. 2015; Ronconi et al. 2015). Light-induced mortality
at sea is difficult to document (Montevecchi 2006); thus,
assessments may be underreported relative to estimates
of land-based mortality.

Of the 14 studies focused on light-induced fatali-
ties on land, all documented a greater number of fa-
talities of fledglings than of adults. Most seabirds af-
fected are fledglings grounded during their first flights
from their natal nests toward the ocean. The percent-
age of affected fledglings in relation to all grounded
birds (i.e., fledglings + adults) varies among species
from 68% to 99% (Table 1). Rescue programs that tar-
get fledglings and collect data on age probably under-
estimate the number of adults involved, but at most
sites it appears fewer adults are affected (Table 1).
Thus, presumably, the main functional consequence of
light-induced fatality on land is reduced survival after
fledging. However, rescue programs should ensure that
adults are not ignored by not restricting rescues to the
fledging season and by quantifying adult mortality. At
sea, light attraction may involve adults and juveniles
because some events occur outside fledging periods.
None of the 7 marine studies considered the age of
birds.

Reasons for Light-Induced Grounding

The reasons for seabird attraction to and disorientation by
lights are not well known. Three hypotheses have been
proposed. First, artificial light is perceived by birds as a
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ŕı
gu

ez
et

al
.2

01
5b

P
u

ff
in

u
s

lh
er

m
in

ie
ri

90
.3

20
.9

–4
6.

9
4.

9
14

4
9

R
od

ŕı
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source of food (i.e., bioluminescent prey). Procellariiform
chicks are fed by regurgitation, but they do not receive
parental care after fledging. Thus, they must learn to find
food for themselves at sea. Some species grounded by
lights consume bioluminescent prey, and inexperienced
fledglings may confuse artificial lights for their natural
bioluminescent prey (Imber 1975).

Second, for the first months of life, the only light
cavity-nesting seabirds see is light streaming in from the
burrow entrance. All a nestling’s meals, brought by the
parents, also arrive via that entrance; thus, food is asso-
ciated with light and newly fledged birds might confuse
artificial lights with a food source (D. Ainley, personal
communication).

Third, artificial lights could override the ambient light
of the moon, stars, or other stellar objects near the hori-
zon. Thus, seabirds could lose the visual cues needed for
finding the ocean, or even incorrectly use artificial lights
as navigational cues (Telfer et al. 1987). In support of this
hypothesis, generally seabirds do not crash directly into
lights as they would do if they had confused them for
prey. When they fly over lit areas or near bright lights,
they seem blinded or disoriented and collide with struc-
tures such us walls, antennas, trees, or the ground. The
fact that the number of grounded birds is lower when the
moon is full, when artificial lights are less prominent rela-
tive to moonlight, also supports this hypothesis. The low
contrast between artificial lights and the night sky during
a full moon may make artificial lights less attractive to
inexperienced seabirds looking for food, which also sup-
ports the food-source hypotheses. However, food-source
hypotheses do not explain why birds older than fledglings
also are affected.

Mitigation Measures

The impact of light pollution on seabirds can be reduced
following a hierarchical mitigation plan organized (IUCN
2014) around the following actions: avoidance, minimiza-
tion, rehabilitation, offsets, and supporting of conserva-
tion actions.

Avoidance

Avoidance entails measures taken to avoid creating im-
pacts. In planning of new developments, avoidance in-
cludes identifying and not deploying light systems asso-
ciated with bird groundings. For existing developments,
unnecessary lights are removed or turned off when they
are spatially and temporally unnecessary (Table 3). Ob-
viously, the best way to mitigate light attraction is to
remove all sources of artificial light. This is impractical in
most areas, but virtually all external lights can be elimi-
nated in some situations, such as small research stations
on remote islands. For example, the number of birds af-

fected on Marion and Gough Islands was greatly reduced
once outside lights were removed and all windows were
fitted with blackout blinds that are closed each evening
before full dark (Cooper & Ryan 1994). Reducing the use
of lights at night has also greatly reduced collisions with
vessels fishing around seabird breeding islands (Glass &
Ryan 2013).

Minimization

Minimization measures reduce the duration, intensity, or
extent of the effects of artificial lights on seabirds. Re-
moving all external lights in urban areas is difficult due to
human safety concerns. Some progress has been made,
nonetheless, in sparsely populated rural areas, such as
Cilaos, Reunion, Indian Ocean, where streetlights are
turned off during the fledging period of the Barau’s Petrel
(Pterodroma baraui) (M.L-C., personal observation). On
Kauai, Hawaii, to avoid attracting Newell’s Shearwaters
(Puffinus newelli) to light, recreational events that pre-
viously occurred at night are being held during daylight
hours (The Associated Press 2010) and legal action is
underway to remove of unnecessary lights (Department
of Justice 2010). Even though complete removal of ex-
ternal lighting is unpopular or impractical, reducing light
emissions (i.e., turning off or shielding lights) can help
limit the number of affected birds. Shielding and other
light-source manipulations seek to achieve necessary il-
lumination for humans while reducing light emissions
visible to birds (e.g., reducing light projected toward the
sky or onto reflective surfaces and automated features
to turn off lights when they are not required) (KSHCP
2016). The number of grounded Newell’s Shearwaters
decreased by 40% when the main lights of a tourist re-
sort at Kauai were shielded (Reed et al. 1985). On St
Kilda Island, Scotland, reduced light emissions resulted
in a decrease in the numbers of grounded Leach’s Storm-
Petrels (Hydrobates leucorhous) but not Manx Shear-
waters (Puffinus puffinus) (Miles et al. 2010). Turning
off streetlights along the 600-m-long bridge connecting
Phillip Island to the Australian mainland reduced the
number of grounded Short-tailed Shearwaters (Ardenna
tenuirostris) (Rodŕıguez et al. 2014).

Identifying key temporal and spatial overlaps between
seabirds and lighting is necessary to minimize risk. On a
seasonal scale, it includes focusing measures on the time
of year when fledgling occurs. On a nightly scale, mini-
mizing light during the first few hours of darkness appears
to reduce the attraction of fledglings of some species, al-
though the timing of fledging is not well known for most
seabird species (i.e. early or late at night). Most Cory’s
Shearwater (Calonectris borealis) fledglings GPS-tracked
and grounded in lit areas initiate their flights toward
the ocean during the first hours of darkness (Rodŕıguez
et al. 2015b), coinciding with times of peak light pollu-
tion. Also on Kauai, the number of grounded Newell’s
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Shearwater fledglings reached a peak 2–3 hours after
sunset (Reed et al. 1985). Thus, it seems that the benefits
of partial night lighting (i.e., lights being switched off or
dimmed when human activity is lower) could be limited
for petrels, as for some bat species (Azam et al. 2015; Day
et al. 2015).

Another way to minimize the number of grounded
birds may be to change the spectral composition of lights,
as it has been done for passerines (Poot et al. 2008;
Doppler et al. 2015), although evidence for seabirds is
scarce (Reed 1986, 1987). On Reunion Tropical Shear-
waters (Puffinus bailloni) seem to be less attracted
to red and yellow lights than to green and blue lights
(Salamolard et al. 2007). On the Juan Fernández Islands,
Chile, white streetlights around seabird colonies have
been changed to red and recently to green lights, and
grounding rates appear to have declined, although on a
small spatial scale (P.H., personal observation).

Rehabilitation

Rehabilitation of individuals grounded by artificial light is
a common feature of rescue campaigns. Rescue and reha-
bilitation reduce light-induced fatalities by reducing risk
of death from predation, vehicle collision, or starvation
and dehydration after grounding. Implementation and co-
ordination of these programs vary among locations, but
typically the general public takes grounded birds to des-
ignated rescue stations (e.g., fire or police station, town
hall, or collaborating entities) or report them to quali-
fied personnel. In small areas or nature parks, rescues
can be conducted by qualified personnel directly (Miles
et al. 2010; Rodŕıguez et al. 2014). After assessment of
their condition, collected birds are released from seaside
cliff tops in daylight or in a colony at night. To encour-
age participation and to raise awareness among lay peo-
ple, dissemination and outreach activities are conducted
that involve news stories; advertisements in local me-
dia, cinemas, social networks, and online; seminars and
talks in primary and high schools; distribution of posters,
stickers, and T-shirts; and publicity regarding releases of
rescued birds.

The first rescue program was established in 1978 on
Kauai (Telfer et al. 1987) and, since then, programs have
been established in 16 locations for 34 species (Fig. 1
& Supporting Information). Thousands of seabirds have
been collected and released by program participants
(Table 2 & Supporting Information), and mortality rates
for the populations involved have been reduced. The ab-
sence of these programs would increase mortality rates,
and modeling studies suggest that not having these pro-
grams may affect populations negatively (Ainley et al.
2001; Fontaine et al. 2011; Griesemer & Holmes 2011).
For the Tropical Shearwater, the rescue and release of
11,638 fledglings during the last 20 years is believed to
have played an important role in maintaining a stable

population (Gineste et al. 2016). These rescue programs
alone are not an adequate response to the threat of
fallout because not all birds subject to fallout are col-
lected by these programs, not all birds collected survive,
and postrelease survival of fallout birds remains largely
untested.

Offsets

Offsets compensate for adverse impacts that cannot be
avoided or minimized and for birds or areas that cannot be
rehabilitated. Offsets should be implemented once avoid-
ance, minimization, and rehabilitation measures have
been exhausted (IUCN 2014). Examples of such compen-
satory actions include the control of predators at colonies
(Holmes et al. 2016), shielding of coastal powerlines
by planting trees (D. Ainley, personal communication),
burying of powerlines near breeding areas (P.D., per-
sonal observation), provision of additional nesting habitat
(e.g., artificial nests), and restoration of degraded breed-
ing habitat to compensate for light-induced mortality by
increasing breeding success and breeding habitat.

Supporting Conservation Actions

Actions that support conservation have positive effects
but the level of effect is difficult to quantify. The quali-
tative outcomes of such measures do not fit easily into
the mitigation hierarchy but may provide crucial support
to the reduction of the effects of light pollution when
they provide pertinent information on species’ ecology
or assess the effectiveness of management actions (The
Biodiversity Consultancy 2016). On Kauai and Reunion,
electricity companies have funded rescue programs and
research to improve knowledge of the affected species
and threats to these species (Ainley et al. 2001; Le Corre
et al. 2002, 2003; Day et al. 2003). Ecotourism based
on the seabirds affected by grounding may also lead to
reductions of light-induced mortality. The added value of
ecotourism to local economies could favor conservation-
oriented lighting policies that otherwise would be
opposed by local residents.

Estimating the Magnitude of the Problem

Quantifying the magnitude of fallout (i.e., the proportion
of fledglings grounded by lights each year) and light-
induced mortality is critical for the conservation and the
management of susceptible species (Le Corre et al. 2002).
The majority of existing data come from rescue programs,
for which the goal is remedial action by the community
not necessarily systematic monitoring. Obtaining accu-
rate information is difficult and data are usually biased
for several reasons.
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Sã
o

M
ig

ue
l,

A
zo

re
s

66
8

12
54

Fa
ia

l,
A

zo
re

s
65

3
12

36
C

or
vo

,A
zo

re
s

21
6

59
8

T
er

ce
ir

a,
A

zo
re

s
18

8
43

3
Fl

or
es

,A
zo

re
s

16
3

34
2

G
ra

ci
os

a,
A

zo
re

s
15

3
41

0
Sa

nt
a

M
ar

ia
,A

zo
re

s
12

9
27

0
La

Pa
lm

a,
C

an
ar

y
Is

.
64

10
4

M
ad

ei
ra

57
67

Po
rt

o
Sa

nt
o,

M
ad

ei
ra

2
7

P
u

ff
in

u
s

n
ew

el
li

EN
31

57
5

K
au

ai
,H

aw
ai

i
83

1e
22

35
P

u
ff

in
u

s
ba

il
lo

n
i

LC
12

36
3

R
eu

ni
on

64
2

11
32

T
ah

it
i

7
28

P
te

ro
dr

om
a

ba
ra

u
i

EN
10

55
7

R
eu

ni
on

55
6

97
6

A
rd

en
n

a
te

n
u

ir
os

tr
is

LC
93

04
Ph

ill
ip

Is
la

nd
54

7
12

33
P

a
ch

yp
ti

la
vi

tt
a

ta
LC

75
75

G
ou

gh
Is

la
nd

24
2

50
0

T
ri

st
an

da
C

un
ha

2
10

A
rd

en
n

a
pa

ci
fi

ca
LC

28
70

N
ew

C
al

ed
on

ia
13

1
26

1
M

au
i,

H
aw

ai
i

56
93

K
au

ai
,H

aw
ai

i
41

78
R

éu
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Fledglings in population *

Fledglings grounded by lights *

Grounded fledglings reported 

Live and 
released fledglings

Grounded fledglings
unreported *

Fledglings reaching the
Ocean successfully *

Fate of released 
fledglings unknown *

Level

Dead 
fledglings

(a)

(b)

(c)

(d)

(e)

Figure 3. Hierarchical levels of sources of uncertainty in the estimation of the impact of light pollution on
seabirds. Length of bar at A represents the total number of fledglings produced annually at the population. In
subsequent levels, the boxes represent equal or lower numbers of fledglings than at level a (∗, steps where
estimating the number with accuracy is difficult).

The number of fledglings produced by a population
is hard to estimate for many affected species (Fig. 3,
level a). Colony locations are not always known and
when they are known estimating breeding success with-
out substantial disturbance of birds is hindered by the
birds’ nocturnal, cryptic, and burrow-nesting behavior.
For some species, nest chambers are difficult to reach,
multiple burrows may have a single narrow entrance,
and colonies are often located in remote and inaccessible
places (Brooke 2004).

The number of grounded fledglings is hard to record
accurately and is consequently underreported (Fig. 3,
level b). The real number of fledglings grounded by lights
(Fig. 3, level b) must be at least equal to the number of
grounded fledglings reported on the rescue campaigns
(Fig. 3, level c). Accuracy of grounding numbers de-
pends on the rescue effort. Determining the number of
grounded fledglings requires an effective monitoring pro-
gram that defines the area of impact, the search area, the
probability of a carcass being found, and how quickly
a bird may disappear due to predation, scavenging, or
decay. Rescue campaigns are usually conducted by vol-
unteers; thus, their success depends on public aware-
ness. On Tenerife, Canary Islands, very few petrels of
three species were reported during the first 2 years
of implementation of a rescue program, likely due to
a lack of awareness by the general public during that
period (Rodŕıguez et al. 2012c). Such a pattern is not
uncommon and has been reported in other long-term
programs, such as those on Kauai and Reunion (Telfer

et al. 1987; Le Corre et al. 2002). Grounded fledglings
tend to spend daylight hours hiding in dense vegetation,
holes, or crevices and are thereby easily overlooked by
rescuers (Reed et al. 1985). Smaller seabird species (such
as Storm-Petrels) may be harder to find and consequently
may be substantially underrepresented in data sets.

Systematic searches for birds conducted by qualified
personnel can increase the proportion of dead birds
found during rescue campaigns (Fig. 3, levels c and d)
because lay people may be less likely to report dead birds
either because they are not aware of the importance of
doing this or because corpses are less visible or unpleas-
ant to handle (wet, bloody, decomposing, malodorous).
On Kauai opportunistic surveys via the general pub-
lic rescue program for Newell’s Shearwaters identified
7.7% mortality of the collected birds, whereas systematic
searches revealed 43% mortality (Podolsky et al. 1998;
Ainley et al. 2001). On Phillip Island, Australia, systematic
searches revealed a higher mortality (39%) of short-tailed
Shearwater fledglings than in other opportunistic rescue
programs (Table 1) (Rodŕıguez et al. 2014).

From an environmental management point of view, as-
sessing the fate of rescued fledglings once they released
into the wild is crucial, but studying this topic is chal-
lenging because of long-term recruitment and inaccessi-
bility to colonies and nests. Thus, the fate of recovered
fledglings is unknown (Fig. 3, level e) even though thou-
sands of birds have been banded and released during
rescue campaigns (Ainley et al. 2001). Some birds res-
cued and banded at rescue programs as fledglings have
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recruited as breeders (A.R., M.L-C., and A.F.R., personal
observations), but these observations are too anecdotal to
allow for recruitment estimates. However, they demon-
strate that an unknown proportion of grounded birds
survive after being released.

Despite these sources of uncertainty, rough estimates
of the proportions of populations affected have been
made based on the number of grounded fledglings re-
ported and estimates of breeding population size and
breeding success (the latter 2 normally taken from the
literature). Some studies use correction factors to con-
trol for unreported birds, either dead or never found
(Podolsky et al. 1998). Estimates of the percentage of
fledglings affected vary from 0.1% to 60.5% of annual
production, although these numbers are rarely estimated
empirically (Table 1).

Petrels are long-lived species; consequently, the most
important threats are those that affect adult survival
(Brooke 2004). However, light-induced mortality of
fledglings is a fatality source, which, in addition to other
threats, could threaten the survival of some petrel pop-
ulations (Simons 1984; Ainley et al. 2001; Fontaine et al.
2011; Griesemer & Holmes 2011). To quantify the impact
of light pollution relative to other threats, population
models have been used for the Hawaiian Petrel (Simons
1984), Newell’s Shearwater (Ainley et al. 2001; Griesemer
& Holmes 2011), and Cory’s Shearwater (Fontaine et al.
2011). These models identified significant impacts to
population growth rates when fallout threats were con-
sidered alone, primarily because of the number of birds
expected to be subject to this threat as a proportion of
the total population.

Temporal and Spatial Distribution of Fallout

Fallout predominantly coincides with the fledging season
of the affected species. Numbers grounded usually show
a normal distribution throughout the fledging season,
corresponding with the population spread of fledging
dates. The most important factor affecting this pattern is
moon phase; fewer birds are grounded when the moon
is full than when there is a new moon (Telfer et al. 1987;
Le Corre et al. 2002; Rodŕıguez & Rodŕıguez 2009; Miles
et al. 2010; Murillo et al. 2013; Rodŕıguez et al. 2014). As
a result, the total number of grounded birds in a season
is generally lower when the full moon coincides with
the peak of fledging (Ainley et al. 2001; Rodŕıguez et al.
2012c).

Rescue campaigns also show where most grounded
birds fall out (Ainley et al. 2001; Troy et al. 2011, 2013;
Rodŕıguez et al. 2012c). In general, most grounded birds
are found in well-lit coastal areas (Rodŕıguez & Rodŕıguez
2009; Rodrigues et al. 2012; Laguna et al. 2014; Rodŕıguez
et al. 2015a), although some species are grounded at high
elevations (e.g., Barau’s Petrel and Mascarene Black Petrel

[Pseudobulweria aterrima] at 1500 m asl on Reunion
[Le Corre et al. 2002, 2003; Riethmuller et al. 2012];
Ringed Storm-Petrel [Hydrobates hornbyi] at 3052 m asl
on Huaraz in the Andes [Y.M., personal observation]).
Efforts to model the spatial fallout distribution generally
show positive relationships with light pollution levels
taken from satellite imagery (Rodrigues et al 2012; Troy
et al. 2011, 2013). The spatial distribution of breeding
colonies and their proximity to lit areas (directly adjacent
or on transit routes out to sea) also plays a crucial role
in determining the severity of the light-induced impact
on seabirds. Fledglings from inland colonies typically are
more likely to be grounded by lights than birds hatched in
colonies located on seaward cliffs or slopes (Rodŕıguez
et al. 2015a, 2015b). Some fledglings could reach the
ocean and be attracted back to land by coastal lights
(Baccetti et al. 2005; Rodŕıguez et al. 2014). In some
cases, this type of attraction may be a large proportion
of total fallout on the island (Troy et al. 2013). However,
tracked flights of Cory’s Shearwater fledglings from nests
to grounding locations suggest birds were grounded on
the night they fledge and very close to their natal burrows
(Rodŕıguez et al. 2015b).

Making the Most of Rescue Programs

Rescue programs help mitigate light-induced mortality,
but alone they cannot completely eliminate fatalities.
Rescue programs also represent opportunities to ad-
vance conservation knowledge for poorly known or rare
species. Such knowledge would otherwise be too expen-
sive or intractable to acquire. For many years, the best
evidence of reproduction for many rare petrel species
came from birds grounded by artificial lights (e.g. Mas-
carene Black Petrel on Reunion [Le Corre et al. 2003;
Riethmuller et al. 2012], Tahiti Petrel (Pseudobulweria
rostrata) on Tahiti [Villard et al. 2006], and Manx Shear-
water on Tenerife [Rodŕıguez et al. 2008]). The breed-
ing grounds of the Ringed Storm-Petrel have never been
found (Brooke 2004), but it is known from grounded
fledglings delivered to rehabilitation programs in Peru
and Chile that its fledging season is April–July (Murillo
et al. 2013), which provides useful guidance on the ap-
propriate time to search for its enigmatic breeding sites.

Because of the remoteness and inaccessibility of the
colonies of some rare and secretive petrel species,
ground-based population monitoring is limited. Records
of the number of fledglings reported by rescue campaigns
can be used as a population index because they reflect
overall population size (number of fledglings produced
cannot exceed the number of breeding pairs because
petrels lay 1 egg/breeding attempt) and breeding success
(a small number of fledglings could indicate a year of
poor breeding success) (Day et al. 2003). Thus, declin-
ing trends in the number of grounded fledglings have
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been interpreted as indicative of declining populations.
On Kauai, Newell’s Shearwater numbers have decreased
on some parts of the island, a trend probably related to
a reduction in breeding pairs or extirpation of nearby
colonies (Ainley et al. 2001; Day et al. 2003). On Tener-
ife, the number of Macaronesian Shearwaters (Puffinus
lherminieri baroli) rescued has decreased since rescue
campaigns started, suggesting its population is declining
(Rodŕıguez et al. 2012c). However, an increase in the
number of grounded birds is difficult to interpret be-
cause, usually, light-pollution levels and public awareness
increase in parallel with reported numbers. Thus, the
increases of Newell’s Shearwaters recovered from the
north shore of Kauai during the 1980s and Cory’s Shear-
waters on Tenerife from 1990 to 2010 were interpreted
as a consequence of increasing urbanization and greater
public awareness rather than an increase in breeding
population or reproductive success (Ainley et al. 2001;
Rodŕıguez et al. 2012c).

Despite light- emission reductions, enhancement of
rescue campaigns, and other mitigation measures, arti-
ficial lights will inevitably cause fatalities. The fledglings
that die constitute a homogeneous sample that can pro-
vide information on marine processes during the period
they were raised because fledglings grounded during a
given season belong to the same cohort. Thus, they could
be used as indicators of marine environmental condition
in long-term monitoring programs on epidemiology, pol-
lution, marine productivity, or foraging ecology. Dead
Cory’s Shearwaters have been used to study plastic inges-
tion. Results of these studies show that parents trans-
fer marine litter to fledglings and demonstrate plastic
contamination in the food web of a human-exploited
ecosystem (fishing), the Canary Current (Rodŕıguez et al.
2012a). Similarly, dead Newell’s Shearwaters have pro-
vided insights into the diet and plastic ingestion of this
endangered species (Ainley et al. 2014; Kain et al. 2016).

Future Research

As our findings emphasize, attraction of seabirds to arti-
ficial lights is poorly understood. Future research should
focus on the following key areas: biology and ecology of
susceptible species; effects of light intensity and spectra
on grounding; improving rescue effort and rehabilitation
and fate of rescued birds.

A lack of information on the biology and ecology of
susceptible species is a primary problem. Without basic
information on the location of colonies, breeding pop-
ulation sizes, and reproductive success, it is difficult to
estimate the severity of light-induced mortality (Fig. 3).
Intensive monitoring programs have shed some light on
these topics for some species such as the Newell’s Shear-
water on Kauai and Barau’s Petrel and Mascarene Black
Petrel on Reunion.

In the absence of better information, light intensity
has been mapped by nocturnal satellite imagery to better
understand spatial fallout patterns (Rodrigues et al. 2012;
Troy et al. 2011, 2013; Rodŕıguez et al. 2015a, 2015b).
Although a higher impact, measured as the number of
grounded fledglings, has been observed in areas with
much light pollution (Rodrigues et al. 2012; Troy et al.
2011, 2013), the potential relationship between light in-
tensity and the distance over which birds are attracted
is poorly known because of the difficulty in tracking
birds. For Cory’s Shearwater fledglings on Tenerife, a
positive correlation between light intensity and flight
distance from nests to grounding location is reported
(i.e., stronger lights attracted birds from farther away
[Rodŕıguez et al. 2015b]). Understanding the relationship
between light intensity and the distance over which birds
are attracted has important implications for the manage-
ment of the problem because it would allow quantifica-
tion of the exposure of dark areas and colonies to light
pollution.

Artificial lights are usually mapped in terms of light
intensity with respect to human vision, but attention
also needs to be paid to the spectra of lights responsi-
ble for seabird groundings. Given the differences in light
sensitivity between seabirds and humans (Reed 1986),
finding appropriate light spectra that minimize the stim-
ulation of seabird photoreceptors may reduce the num-
ber of birds grounded by lights (studied in passerines
[Poot et al. 2008; Doppler et al. 2015]). However, taxon-
specific responses to light spectra and colors likely exist.
Light characteristics that reduce the attraction for some
avian groups (e.g. green lights for passerines [Poot et al.
2008]) may be more attractive to seabirds. Rigorous stud-
ies need to be designed to understand which light colors
and spectra are most effective at reducing fallout, taking
into account potential taxon-specific differences.

Rescue protocols vary on the basis of the number of
rescued birds, species-specific needs, and amount of re-
sources allocated to the campaign (personnel, facilities,
and materials). From rescue to release, every step should
be evaluated to maximize the survival of rescued birds.
For instance, different materials used for rescue boxes
(including wood, wire net, plastic, or cardboard) could
have different effects on the waterproofing capacities
of the plumage. For some species, food and liquids are
provided if individuals are under a predetermined body-
mass threshold (Rodŕıguez et al. 2017). Finally, time from
rescue to release may be critical (Rodŕıguez et al. 2012b,
2015a, 2017), especially if veterinary care, liquids, or
food are not provided. Thus, materials used in the boxes,
body-mass thresholds, and release times should be based
on scientific evidence.

After fledging, petrels spend several years at sea be-
fore returning to their breeding grounds. Because pe-
trels generally breed underground, visit their colonies at
night, and their colonies are generally difficult to access,
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Table 3. Mitigation measures to reduce effect of artificial light in areas close to seabird colonies.

Measures to
minimize artificial
light effects Result

Level of
effectiveness Example Reference

Turning off lights
during fledging
period

prevents light
attraction of
fledglings

high On Kauai, Hawaii, lights at all county
sports facilities are turned off
during peak fledging of Puffinus
newelli. In Cilaos, Reunion Is.,
street lights are turned off during
the fledging season of Pterodroma
baraui. The street lights on the
Phillip Is., Australia, bridge are
turned off during fledging season
of Ardenna tenuirostris

The Associated
Press 2010; M.
Le Corre,
personal
observation;
Rodŕıguez et al.
2014

Banning external
lights; blinds on
windows with
internal lights

prevents light
attraction and
window collision

high Shielding windows on St Kilda Island
reduced storm petrel strikes.
Removing external lighting and
requiring blinds to be closed at
night virtually eliminated night
strikes at South African research
stations on Gough and Marion
Islands. Similar measures on ships
offshore (external lights limited to
running lights only) also greatly
reduced collisions with vessels

Cooper and Ryan
1994; Miles
et al. 2010; P.G.
Ryan, personal
observation

Shielding the light
sources

prevents light
escaping
upwards,
minimizing light
attraction

high Reduction of 40% of Puffinus
newelli groundings at a hotel.

Reed et al. 1985

Reducing traffic
speed limits and
displaying
warning signals

reduction of road
kills of seabirds
grounded by
lights

high Ardenna tenuirostris road kills were
reduced at sections of road under
management regulations.

Rodŕıguez et al.
2014

Collaboration with
rescue programs

rescue of grounded
birds by
rehabilitation and
minimizing
incidental threats

high Thirty-four species benefit from
rescue efforts worldwide (Table 1).

Telfer et al. 1987;
Rodŕıguez &
Rodŕıguez 2009;
Rodŕıguez et al.
2014; Gineste
et al. 2016

Modification of light
characteristics

prevents collision
and melatonin
suppression with
health and fitness
consequences

not assessed Several experiments report
inconclusive results in seabirds, for
example, for Puffinus newelli.
Several studies show negative
effect on other bird taxa.

Reed 1986; Poot
et al. 2008;
Doppler et al.
2015; Dominoni
et al. 2016

Change of rotating
beams of
lighthouses by
strobe or
intermittent
flashing signals

minimizes light
attraction

not assessed Light attraction of birds has
decreased at flashing lights.

Montevecchi 2006

Keep light intensity
as low as possible
on outside areas

minimizes light
attraction and
potential
blindness caused
by too bright
lights

not assessed In general, seabirds are grounded in
very brightly lit areas.

Rodrigues et al.
2012; Troy et al.
2013

unknown, or densely populated, following the fate of
rescued birds is extraordinarily challenging. Ringing may
help, especially in locations where monitoring programs
are conducted on colonies. Satellite transmitters could be
used to track and estimate survival of birds, at least during

their first months at sea. Unfortunately, the high costs of
satellite transmitters (>$3000 each) make large-sample
projects prohibitively expensive.

Because most rescue campaigns are coordinated and
carried out by people who are not scientists (e.g.,
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local governments, environmental nongovernmental
organizations, volunteers), analyses of their data are rarely
published and scientific protocols are not followed rig-
orously. Combining rescue program information with
rigorous scientific methods is crucial to better quan-
tify the impact of light pollution on seabirds. Banding
and tracking nestlings as they leave their natal colonies
may improve understanding of maiden-flight character-
istics (distances traveled, timing, or fatality areas [e.g.,
Rodŕıguez et al. 2015b]). Radar can also be used to mon-
itor and quantify light attraction (e.g., Day et al. 2003,
2015). Remote sensing provides detailed information that
has improved knowledge of the spatial distribution of
light pollution (DMSP, VIIRS, EROS-B satellite imagery,
or ISS photos [Kyba et al. 2014]), which is needed for a
better assessment of light levels in the pathways to the
ocean or colonies (Rodrigues et al. 2012; Troy et al. 2013;
Rodŕıguez et al. 2015a). Despite the relatively large num-
ber of reports describing fallout patterns, further scien-
tific studies should aim to unravel this problem, especially
by focusing on rare species with limited biological infor-
mation and on breeding grounds in different geographic
locations (continental vs. insular, high vs. low altitude,
coastal vs. inland, aggregated vs. sparse).

Conclusions

Artificial night lighting is a conservation problem for pe-
trels; least 56 species are affected, including 24 classified
as threatened on the IUCN Red List. However, light pol-
lution affects other species, and determining the extent
of the problem would be valuable. Without rescue pro-
grams, light pollution would have resulted in the death
of at least 200,000 seabirds worldwide since rescue pro-
grams were established. Although light-related fatalities
may be low relative to other human-induced mortality
factors, such as bycatch and predation by introduced
species, even a few light-related fatalities could have
large negative effects on isolated seabird populations and
endemic and endangered species (Gineste et al. 2016).
Rescue programs are the most common mitigation mea-
sure used to reduce the risk of mortality once birds are
grounded, but this action alone is insufficient to over-
come the threat from artificial light. Avoidance and min-
imization measures are effective but are not commonly
employed. Consideration of lighting impacts on seabirds
should be included in the planning of new developments
near petrel breeding areas (Table 3). Despite being a
well-known problem for decades, understanding of why
seabirds are attracted to lights and how best to mitigate
light impacts is limited. More research is necessary to
improve understanding of this human-wildlife conflict
and to design appropriate and effective management and
mitigation measures (Table 3). This is crucial given the
critical conservation status of seabirds, particularly pe-

trels (Croxall et al. 2012), and the ongoing global increase
in light pollution (Falchi et al. 2016). Meanwhile, the
general public and local governments should help reduce
attraction to light and subsequent fatality through simple
actions such as dimming, shading, or turning lights off at
critical times of the year.
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GPS tracking for mapping seabird 
mortality induced by light 
pollution
Airam Rodríguez1,2,3, Beneharo Rodríguez3 & Juan J. Negro1

Light pollution and its consequences on ecosystems are increasing worldwide. Knowledge on the 
threshold levels of light pollution at which significant ecological impacts emerge and the size of dark 
refuges to maintain natural nocturnal processes is crucial to mitigate its negative consequences. 
Seabird fledglings are attracted by artificial lights when they leave their nest at night, causing high 
mortality. We used GPS data-loggers to track the flights of Cory’s shearwater Calonectris diomedea 
fledglings from nest-burrows to ground, and to evaluate the light pollution levels of overflown areas 
on Tenerife, Canary Islands, using nocturnal, high-resolution satellite imagery. Birds were grounded 
at locations closer than 16 km from colonies in their maiden flights, and 50% were rescued within a 
3 km radius from the nest-site. Most birds left the nests in the first three hours after sunset. Rescue 
locations showed radiance values greater than colonies, and flight distance was positively related 
to light pollution levels. Breeding habitat alteration by light pollution was more severe for inland 
colonies. We provide scientific-based information to manage dark refuges facilitating that fledglings 
from inland colonies reach the sea successfully. We also offer methodological approaches useful for 
other critically threatened petrel species grounded by light pollution.

Artificial lights have provided important benefits to humanity, but they have also led to a loss of the 
natural nightscapes worldwide. More than two-thirds of the world human population lives under a 
light-polluted night sky, and the alteration of light levels at night hinders the visibility of the Milky 
Way by more than one-fifth1. Night sky degradation continues as light pollution levels increase at an 
annual rate of 6%2. Recently, light pollution has been recognised as an important threat to biodiversity 
conservation because it can cause cascading effects on ecosystem functioning in several ways3–5. Despite 
the numerous studies and reviews of the field, the underlying factors are far from being understood5, 
especially for secretive species. From a conservation point of view, mass mortality events of organisms 
are one of the most severe ecological consequences of light pollution, involving a wide range of taxa such 
as moths, sea turtles, passerine birds and seabirds6–12.

Petrels (Order Procellariiformes) are one of the most endangered groups of birds with commercial 
fisheries and introduced predators as their main threats13. They also suffer from mass mortality episodes 
caused by artificial lights. For a long time, it has been known that petrel fledglings are attracted and 
disorientated by artificial lights when they are leaving their nests for the first time and fly towards the 
sea14. More than 40 burrow-nesting petrel species, some of them critically endangered, are affected by 
lights (authors’ unpublished data). Every fledging season on islands where humans and petrels coexist, 
thousands of fledglings of different species are grounded by light pollution, a phenomenon called “fall-
out”15, being exposed to injuries or death by collision with human structures or vehicles, as well as preda-
tion16–21. To mitigate light-induced mortality, rescue campaigns are conducted by local governments and 
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NGOs, releasing into the ocean a high proportion of the rescued birds. Around 10% of birds collected 
in the campaigns die, although light-induced mortality could be higher as lay people do not report on 
dead birds, thus 40% is a more accurate estimate22.

Because the study of petrels breeding on oceanic islands is challenging (they usually nest in under-
ground burrows on remote, isolated and inaccessible areas, visit the colonies at night and spend most 
of their time at sea23), why petrels become disorientated by lights is far from being fully understood. 
The majority of our knowledge about the fallout comes from observational data from rescue campaigns, 
and mainly consists of the reporting of species identification, individual numbers, date and location24–26. 
Analyses of rescue campaign data have uncovered the main factors determining the number of grounded 
birds. Thus, more fledglings are grounded during moonless, windy and around peak fledging period 
nights16–22. Rescue campaign data have also described the spatial distribution of the fallout, indicating 
the most dangerous areas27–29. Positive correlations between the extent of urban areas and the number 
of grounded birds have emerged17,19. However, the highest numbers of grounded birds have not been 
reached in the most light-polluted areas according to satellite imagery22,27–29, probably because interac-
tion with other factors, such as distribution of the breeding colonies and distance to artificial lights, play 
a crucial role. Unfortunately, rescue campaigns cannot identify the colony of origin of unbanded birds 
grounded by artificial lights, and an important information gap arises around how far birds are attracted 
to lights and which light intensity thresholds have a considerable effect28.

Current technological advances in remotely tracking systems of birds can help to understand why 
petrels are attracted to lights29,30. In this study, we have used affordable miniaturised GPS data loggers 
to track, for the first time, the flights of fledglings from their nest sites to ground. We describe flight 
characteristics to assess the extent and intensity of the impact of light pollution on the pathway of birds 
to the sea. Furthermore, using recovery rates of fledglings banded at colonies, we built generalised linear 
models to explain the contribution of geographical variables, such as colony elevation, distance to the 
coast and light pollution levels, on the light pollution impact on colonies. Knowledge of these factors has 
important implications for conservation and management; if only birds flying over or near light-polluted 
areas are susceptible to disorientation by lights, then light pollution would have a local effect. However, 
if birds from distant areas were grounded by lights, the consequences of light pollution would worsen 
by increasing its extent and impact, affecting a higher proportion of the island population. In this sense, 
Troy et al. proposed that fledglings could be attracted to lights from a long distance and concluded that 
a substantial part of the fallout corresponds to birds attracted back to land after reaching the sea29.

Results
Recovery of birds. We banded a total of 279 fledglings: 110 birds at natural nests in breeding colonies 
(first fliers) and 169 recovered fledglings from the rescue campaigns (second fliers). Of these, 63 first fli-
ers and 94 second fliers were tagged with GPS data loggers. We retrieved 14 of 63 GPS-tracked first fliers 
during the rescue campaigns. Only five devices retained information. In the remaining nine, the GPS 
battery had expired before birds left their nests. One of 47 banded first fliers was recovered. We retrieved 
14 of 94 GPS-tracked second fliers. In this case, all except one GPS contained information, as birds left 
their adopted nest-burrow right after sunset and no battery problems arose. Nine of 75 banded second 
fliers were recovered. Recovery rate was 14% both for first and second fliers (15 of 110 first fliers and 23 
of 169 second fliers). Grounding rates of GPS-tagged and untagged birds released from one experimental 
site (second fliers) were similar, indicating that GPS attachment did not affect the probability of being 
grounded (14 recoveries of 94 tagged birds and nine recoveries of 69 untagged birds; Yates corrected 
χ2 =  0.011, P =  0.914).

Flight characteristics. All rescued birds were found at lower elevations than their nesting colonies 
(or releasing site in the case of second fliers), and at locations less than 16 km from their colonies, with 
half of the birds being rescued within a radius of 3 km (Fig. 1 and SI 1). According to the VIIRS satellite 
imagery, birds were rescued in more light-polluted areas than their colonies, except one individual whose 
colony was located in an urban area with a pixel value of 25.5 nW/sr*cm2. The majority of birds were 
grounded in areas showing light pollution levels greater than 18 nW/sr*cm2(Fig. 2), and both straight 
length and cumulative length from nests to grounding locations and length of flights were positively 
related to light pollution levels (Fig. 3; Straight length: r =  0.470, n =  32, P =  0.004; and Flight length: 
r =  0.491, n =  18, P =  0.020). We recovered a lower proportion of birds from dark sky colonies or colonies 
with unpolluted-sky pathways to the sea (Figs. 4 and 5). Twelve of the 18 GPS-tracked birds flew over 
the sea; two from the first flight group and ten from the second flight group. The two first flights flew 
over the sea between headlands and lights were visible along the track (Fig. 4). Five second flights flew 
over the sea between headlands while following the coast (maximum distances to land lower than 250 m; 
Fig. 5). The remaining five second flights entered into the open sea moving off land 1-2.5 km (mean ±  SD 
of maximum distances =  1593 ±  585 m, n =  5), and three landed on the water before grounding on land 
(Fig. 5).

Birds left nesting burrows 161.2 ±  153.8 (mean ±  SD, n =  18) minutes after sunset on average (Fig. 1). 
After grounding, 13 of 18 GPS-tracked birds were rescued within 24 hours, two were rescued 24-48 hours 
after grounding, one was rescued four days after grounding and two birds were rescued five days after 
grounding.
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Three of nine variables describing the flight characteristics were significantly different between first 
and second fliers (Table 1). Tortuosity of first flights was lower than second flights, while speed was greater 
among first flights. During first flights, birds lost altitude from the breeding colonies to light-polluted 
areas (cities). However, during second flights, birds were able to gain altitude, thus reducing their flight 
speed (Figure SI 1).

Factors affecting grounding rates. The proportion of grounded birds in relation to marked birds 
was positively related to the distance to the sea and the elevation of breeding colonies (Table 2). Models 
including explanatory variables of light pollution (i.e. mean and maximum light pollution levels within 
a radius of 3 km from the colony or the light pollution level at the colony) obtained higher AICc values 
and explained lower proportions of deviance, indicating worse fits.

Discussion
New insights on seabirds and artificial lights. Knowledge of the grounding risk of seabirds in 
relation to their exposure to light pollution on their colonies or their pathways to the sea is basic and 
fundamental for managing the seabirds and artificial lights problem27,28. Fledglings can be attracted to 
lights once they have successfully reached the sea22,31. It implies that fledglings raised in dark colonies, i.e. 
in areas unaltered by light pollution, can be affected by lights once they reach the sea and move along the 
coast, increasing the severity of this phenomenon and extending it to dark areas on the islands28,29. From 
a management perspective, unravelling the contribution of these birds to the numbers of the fallout is 
crucial. Our results indicate that their contribution does not seem to be substantial. First, we recovered 
a lower proportion of birds from dark sky colonies with unpolluted sky pathways towards the sea than 
in light-polluted colonies (Figs. 4 and 5). Second, all recovered birds were grounded at locations close 
to their breeding colonies, i.e. less than 16 km (but nine km if we only take into account first flights). 
No birds from the northern coast were found on the southern coast, or vice versa. Third, birds were 
grounded the same night when they left their burrows, i.e. there were no birds that reached the sea and 
were grounded by lights on subsequent nights. Thus, stranded birds are typically naïve birds that get 
locally disorientated on their maiden flight, and the contribution of fledglings attracted by lights back to 
the land from the ocean is not substantial to total fallout, at least on Tenerife Island, which contrasts what 
was reported for the Newell’s shearwater Puffinus newellii on Kauai, Hawaii29. We acknowledge important 
differences in intensity and distribution of light pollution between both islands which may explain these 
findings: Tenerife has an intense light pollution ring around its coast, whereas the darker Kauai shows 
dim polluted areas located in some coastal regions (maximum radiances =  103.6 and 16.5 nW/sr*cm2, 
respectively). Therefore, birds from inland colonies of Tenerife can view the lights before reaching the 
sea. In an intensely lit area (radiance =  27 nW/sr*cm2) located in the mainland Australia 15 km away 
from the nearest breeding colonies on Phillip Island, 237 short-tailed shearwaters Ardenna tenuirostris 
were found grounded during a single fledging season. This number is equivalent to one-quarter of the 
birds rescued on Phillip Island in the same year, and confirms that fledglings can be attracted to lights 
after reaching the ocean. However, its contribution to the general fallout is low, if we take into account 
the low light levels on the island and the huge breeding population size (maximum radiance =  5.3 nW/
sr*cm2 and about 542,300 nests)22.

Our models indicate ‘distance to sea’ and ‘elevation’ are more important than light pollution level 
variables for explaining the vulnerability of colonies to artificial lights, providing information on so far 
untested hypotheses that inland colonies were more susceptible to lights than were coastal ones18,22. Thus, 
coastal breeding colonies are impacted less by light pollution, but artificial lights from urban areas act 

Figure 1. Histograms of distance from colony to rescue location and time of emergence after sunset.

Folio N° 1355



www.nature.com/scientificreports/

4Scientific RepoRts | 5:10670 | DOi: 10.1038/srep10670

as a barrier for the movement of fledglings from inland colonies. Because of the high philopatry exhib-
ited by petrels and the light-induced mortality of fledglings, one would expect a low recruitment rate at 
inland colonies, which may lead to their extinction in combination with other non-natural threats such 
as predation by introduced mammals or collision with power lines17,21. Adult petrels do not seem to be 
as affected by artificial lights as fledglings16–19. Breeders from inland colonies have to deal with artificial 
light barriers multiple times in their commuting flights during the breeding season. Information on how 
they manage artificial light barriers, e.g. using dark corridors or least-cost paths32, could help to under-
stand why fledglings are grounded and propose measures based on scientific evidence for mitigating 
mortality of fledglings.

First flights were faster and straighter than second ones. During the first flights, birds seemed to 
be attracted to lights, whereas birds in their second flight seemed to be disorientated by lights (higher 
tortuosity values). These differences could be related to different nutritional statuses of first and second 
fliers, or fallout incident effects on second fliers, being released into a new nest or the flight experience 
acquired during the first flight. Explaining these findings deserves more investigation.

Implications for conservation and management. An effort should be made to reduce light pol-
lution to levels as low as possible in natural protected areas33, but also in adjacent areas, i.e. within 3 km 
from colonies, which should not show radiance levels >  10 nW/sr*cm2. According to our data, this 
action could reduce the attraction of shearwaters raised in protected areas to lit areas by 50%. However, 
the positive relationships between flight distances and light pollution levels suggest that the radius of 
light that attracts birds is dependent on light intensity (Fig. 3); greater light pollution intensities indicate 
larger attraction radii. Therefore, a 3 km buffer may not be enough to reduce attraction, especially in 
areas with highly polluted cities as noted in other studies22,29.

Furthermore, a majority of fledglings leave their nests during the first three hours after sunset15, this 
study, coinciding with the greatest usage of lights at night and, consequently, greatest light pollution lev-
els34. To minimise conflict with the general public, an effort should be to inform residents and tourists 

Figure 2. Light pollution levels at breeding colonies and at rescue locations. Numbers indicate the number 
of overlapped dots. A dashed line represents the only bird grounded in a less light-polluted area than its 
colony. Light pollution levels taken from a nocturnal satellite image produced by the Earth Observation 
Group, NOAA National Geophysical Data Center (see text).

Folio N° 1356



www.nature.com/scientificreports/

5Scientific RepoRts | 5:10670 | DOi: 10.1038/srep10670

about ecological and economic consequences of light pollution on native seabirds and to reduce the light 
emitted into the sky, especially during the fledging period. The touristic sector should be one of the main 
targets of awareness campaigns as it is one of the most contaminated with regard to light pollution. As 
an example, special certifications could be granted to resorts, restaurants, shops, and even golf courses 
showing environmental friendly activities in terms of energy efficiency, light emission and collaboration 
with rescue campaigns.

GPSs have also provided interesting information on the timing of rescue of birds, with some of 
them being rescued five days after being stranded. A key factor determining the mortality of fledglings 
grounded by light pollution is rescue date, with late rescued fledglings having a higher probability of 
death35. Thus, the rescue campaign design should be enhancement to avoid death by exhaustion, and 
birds should be released as soon as possible, or they should be provided with veterinary care, if required.

Light-induced grounding rate and population size. A previous study estimated the proportion of 
fledglings grounded by lights in relation to the fledglings produced each year on Tenerife to be around 
53%19, but the recovery rate of birds marked at their nests before fledging was 14%this study. We suggest the 
former to be an overestimation. Assuming a breeding success of 0.75 chicks per breeding pair36, 1,751 
or 863 (the maximum and minimum numbers of rescued fledglings per year during our study period) 
grounded fledglings and an affection rate of 14%this study, the breeding population might range from 8,200 
to 16,600 pairs. This figure is more than triple the 2,000-3,000 pairs estimated for Tenerife Island37 and 
warrants more detailed studies to assess the actual breeding population size.

Methodological approaches. Knowledge of seabird attraction to light is limited mainly because 
of their secretive breeding behaviour within colonies29. This study constitutes a first attempt to track 
fledglings from their nests to places where they are grounded by lights. Novel technologies in animal 
tracking30 and affordable GPS data loggers (around 37 € per unit) allowed a research strategy in which 
we assumed many GPS units would be lost because birds would successfully reach the sea, or they 
would never be found by rescue campaigns. To give a sense of how risky our approach was, 52 Newell’s 
shearwater fledglings were banded at a colony on Kauai in a period of five years (1980-1985) and none 
were recovered in the rescue campaigns17. Based on a previously estimated grounding rate for Cory’s 
shearwaters on Tenerife, we expected to recover about 53% of the devices19.

Tracking first flights is challenging. Difficulties in the fieldwork, such as accessing breeding colonies 
at night and capturing the birds in their often-deep burrows made it a hazardous task. Uncertainty in 
predicting fledging date and battery lifespan made it a disappointing task: nine out of 14 recovered GPSs 
did not contain any information on flight tracks. Note that batteries expire rapidly if GPSs do not have 
satellite coverage, e.g. when birds are underground in their burrows. Tracking second flights was easier. 
Manipulation, GPS tagging and releasing at the adoption colony are conducted during daylight hours, 
thus facilitating fieldwork. Furthermore, birds leave the burrow on the subsequent nights, and the battery 
is full when the GPS is programmed to work. Despite potential differences arising because of different 
locations of their burrows (17 natural colonies vs. two places of releasing), we compared results from 

Figure 3. Relationships between flight distances and light pollution levels. Straight length is the distance 
between colonies and grounding locations in a straight line. Flight length is the cumulative distance flown by 
GPS-tracked shearwaters. Light pollution levels correspond to the difference in radiance values (nW/sr*cm2) 
of grounding locations minus colonies.
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two approaches (natural first flights and post-recovery second flights) to evaluate grounding associated 
with light pollution. Both approaches are complementary, because first flights describe the actual prob-
lem whereas second flights help to identify critical illuminated areas, i.e. black spots where birds circle 
around lights (see, for example, Santa Cruz port, Güímar industrial area or Las Caletillas power station 
in Fig. 5b). Tracking of fledglings with devices able to download information remotely could provide a 
more complete picture of the seabird light attraction, reporting information of grounded birds and of 
those which have successfully reached the sea. Current inherent limitations of this technology make this 
approach challenging, but we foresee that the technological revolution will overcome these limitations 
in the near future38.

In our study, we have used the highest possible resolution nocturnal satellite imagery to assess light 
pollution levels, measured as radiance39. Other options have been employed for mapping the lights in 
the nightscape, such as aerial surveys of light emissions40,41 or models based on geographical features 
or position of lights28,42; however, these are too expensive and require complex analytical procedures. 
Despite the fact that satellite imagery could be too coarse for some isolated points of light; it constitutes 
a useful, easy and affordable tool for monitoring light pollution27, and those are key characteristics to be 
adopted by land policy makers43.

Figure 4. Map of Tenerife, Canary Islands, showing the banding locations at breeding colonies (dots), 
the straight lines linking nests and recovery locations (dashed lines) and GPS-tracked flights of Cory’s 
shearwaters (solid lines) of the natural approach, i.e. first flights (see details in main text). Light pollution 
levels correspond to radiance values (nW/sr*cm2) taken from a cloud-free composite of VIIRS night time 
lights corresponding to April and October of 2012 and produced by the Earth Observation Group, NOAA 
National Geophysical Data Center. Numbers indicate the number of fledglings banded at colonies and the 
number of birds recovered (in brackets). Map was created with QGIS version 2.0.1 (Open Source Geospatial 
Foundation Project, http://qgis.osgeo.org).
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Conclusions
The thresholds of light intensity and the size of ‘dark refuges’ needed to maintain natural ecosystem 
processes have been highlighted as future research topics on the ecological impacts of light pollution44. 
Our results shed some light on these two crucial topics for the attraction and disorientation problem 
seabirds face with artificial lights. A majority of birds were rescued at locations less than 10 km from their 
natal colonies and showing radiance values greater than 18 nW/sr*cm2. The implementation of measures 
taking into account these thresholds may curb the number of birds grounded by light pollution by 50%. 
Our methodological approaches are useful to study and mitigate light-induced mortality of other rare 
and threatened petrel species, but also to reveal secretive breeding aspects, such as commuting behaviour, 
colony locations and population sizes.

Methods
Study area and model species. Tenerife, the largest and one of the most mountainous Canary 
Islands (2,034 km2 and up to 3,718 m above sea level –a.s.l.), is located in the central part of the archipel-
ago (27°37’–29°25’N, 13°20’–18°19’W). Approximately 900,000 people inhabit Tenerife permanently, the 
majority of whom are concentrated in towns and villages along the coastal slopes. In addition, 4.5 million 
tourists visit the island every year, and the hotel and self-catering bed supply currently exceeds 88,00045. 
The majority of these visitors (80%) are accommodated in large hotels and resorts on the southern part of 

Figure 5. Map of Tenerife, Canary Islands, showing the release locations (a, stars), the critical illuminated 
areas (b), the straight lines linking nests and recovery locations (c, dashed lines), and GPS-tracked flights of 
Cory’s shearwaters (d, solid lines) of the experimental approach (see details in main text). Light pollution 
levels correspond to radiance values (nW/sr*cm2) taken from a cloud-free composite of VIIRS night time 
lights corresponding to April and October of 2012 and produced by the Earth Observation Group, NOAA 
National Geophysical Data Center. In a), numbers indicate the number of fledglings experimentally released 
and the number of birds recovered (in brackets). In d), numbers indicate the flight ID number used in our 
database. Map was created with QGIS version 2.0.1 (Open Source Geospatial Foundation Project, http://qgis.
osgeo.org).
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the island45. Light pollution levels have increased during recent years in parallel with increased electricity 
consumption and population size45,46.

The Cory’s shearwater Calonectris diomedea is a medium-sized seabird (body mass, 600-800 g; wing-
span, 112-126 cm), that breeds in Atlantic (Azores, Berlenga, Madeira, Selvagem and Canary Islands, C. 
d. borealis subspecies) and Mediterranean islands (C. d. diomedea subspecies). A single-egg clutch is laid 
in early June, and thus only up to one individual may fledge per nest and per year during late October to 
early November. It is the most abundant seabird species in the Canary Islands. On Tenerife, its breeding 
population has been estimated at 2,000-3,000 pairs (although this number could be a notable underes-
timation, see discussion), and it is widely distributed at elevations below 1,000 m a.s.l.37. As with other 
petrel species, the main causes of anthropogenic mortality include introduced predators, human harvest, 
fishery bycatch, and alteration of its breeding habitat37. In the Canary Islands, Azores, Madeira and 
among colonies in the Mediterranean archipelagos21,24,27, fledglings are grounded by artificial night lights. 
On Tenerife, an estimated 45-61% of fledglings are grounded by artificial light attraction (an average of 
993 ±  217 fledglings are rescued annually19). A steady increase in the number of rescued individuals has 
been documented since 199026.

Rescue campaigns. Since 1990, the public has been requested to rescue stranded birds through 
awareness campaigns involving local media, seminars in primary and high schools and the distribu-
tion of posters, stickers and T-shirts. They are asked to collect and retain the birds, and then call ‘La 
Tahonilla’ wildlife rehabilitation centre, sponsored by the local government (Cabildo Insular de Tenerife), 
to inform of the rescue. Rescued birds are examined by ‘La Tahonilla’ staff for subsequent release into 

Variables First flights Second flights P-value

Mean ±  SD range Mean ±  SD range

Timing (min) 224.52 ±  192.32 100.20–560.90 136.86 ±  137.28 34.20–479.60 0.297

Duration (min) 8.78 ±  4.66 3.20–16.10 93.50 ±  110.65 8.90–340.83 0.071

Length (m) 6325.8 ±  3054.2 2337–10296 26151.5 ±  24625.2 4195–93044 0.074

Straight length (m) 4092.2 ±  2943.6 706–9038 5717.6 ±  4921.3 1690–15597 0.307

Tortuosity 0.226 ±  0.200 0.064–0.554 0.664 ±  0.229 0.184–0.959 0.002**

Speeda (km/h) 44.79 ±  12.55 35.59–66.60 29.61 ±  4.93 19.02–37.85 < 0.001***

Light pollution levels

 max. level 31.79 ±  18.96 6.13–51.33 41.43 ±  32.34 18.93–103.64 0.542

 mean level 14.68 ±  8.75 2.18–26.19 18.71 ±  9.52 10.01–44.67 0.444

 colony/grounding place ratio 0.241 ±  0.359 0.011–1.313 0.037 ±  0.012 0.012–0.049 < 0.001***

Table 1. Flight details of Cory’s shearwater fledglings grounded by artificial lights on Tenerife, Canary 
Islands. Variables in bold were calculated from information provided by GPS data loggers (sample sizes: 
n =  5 for first flights, n =  13 for second flights). The sample size for the remainder variables is 12 and 20 for 
first and second flights, respectively (total sample equals 32). *** and ** indicate P-values < 0.001 and < 0.01, 
respectively. a until birds rest on the sea surface.

Explanatory 
variables Estimate ± SE 95% CI AICc ΔAICc

% deviance 
explained

Distance to sea 0.0004 ±  0.0001 0.0001 , 0.0006 39.29 0.00 30.7

Elevation 0.0036 ±  0.0012 0.0011 , 0.0060 40.00 0.71 28.3

Mean level of light 
pollution 0.2456 ±  0.1028 0.0455 , 0.4551 42.65 3.36 19.4

Maximum level of 
light pollution 0.0333 ±  0.0144 − 0.0047 , 0.0622 43.26 3.97 17.4

Exposure to light 
pollution 0.0557 ±  0.0418 − 0.0341 , 0.1365 46.80 7.52 5.4

Null — — 45.82 6.53 0.0

Table 2. Results of the candidate models explaining the grounding rate of breeding colonies to artificial 
lights. We employed the proportion of rescued birds for each colony as a variable response (see text for 
details).
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the sea. Injured birds are moved to the wildlife rehabilitation centre and held for rehabilitation, or they 
are euthanized. During rescue campaigns, about 6% of birds are found dead or had to be euthanized19.

Field procedures. We used two field approaches to track the flights of shearwater fledglings from 
burrows to lit areas. For first flights (the natural approach), we visited breeding colonies distributed 
across the island at night between 20 October and 3 November of 2011-2014 (Fig. 4). Fledglings were 
captured by hand in the proximities of their nest-burrows when they came out the burrows to exercise 
their wings23. After manipulation, they were released back into their natural burrows.

A second approach using rescued birds also was implemented in 2012-2014. These individuals had 
initiated their maiden flights for the sea, but were grounded and rescued. These birds were released into 
burrows of two actual nesting-colonies (Fig. 5). We called these birds “second fliers”, as we aimed to track 
them during their second voyage from surrogate nest-sites. The breeding colonies where second fliers 
were born were unknown. All first and second fliers were banded with a unique metal ring and basic 
biometric measures were recorded at capture.

Field procedures were approved by the Ethics Committee for Animal Experimentation (Doñana 
Biological Station) in accordance with the Directive 2010/63/UE on animals used for scientific pur-
poses. Regional and local governments (Gobierno de Canarias and Cabildo Insular de Tenerife) issued 
the permits for this study (file numbers: FYF 341/11, 132/12, 152/13, 162/14).

GPS deployment. We employed CatTraQ (Catnip Technologies, USA) GPSs. The original case 
was removed, and the device was put in a heat-shrink tube for waterproofing. The final size was 
27 ×  55 ×  12 mm and weighed 17 g, which represented < 3% of the body mass of Cory’s shearwater 
fledglings. Devices were attached to the mid-dorsal feathers of birds with TESA tape47. GPSs were pro-
grammed to record a position every 30 seconds from approximately one hour after sunset. In 2013 and 
2014, GPSs deployed to track the second flight of fledglings were programmed to record a position every 
15 and 10 seconds, respectively.

Environmental variables. We calculated duration (min), length (m), straight length (m), and speed 
(km/h) based on the information provided by GPS data loggers or ring recoveries. An index of tortuosity 
was calculated as 1-(straight length/length), which ranges from 0 (straight flight) to 1 (curved flight). 
Time lapsed (min) from sunset to the moment when the birds left the burrows was recorded by the 
‘Timing’ variable. Apparent sunset times were obtained from the Earth Research System Lab, NOAA 
(available at http://www.esrl.noaa.gov/gmd/grad/solcalc/sunrise.html).

Light pollution levels of each location were taken from a cloud-free composite of VIIRS night-time 
lights corresponding to April and October of 2012, and were produced by the Earth Observation Group, 
National Oceanic and Atmospheric Administration (NOAA) National Geophysical Data Center (avail-
able at http://ngdc.noaa.gov/eog/viirs/download_monthly.html). VIIRS nocturnal imagery has a higher 
spatial resolution, a lower detection limit and no saturation39,48, which constitutes important advantages 
in relation to Defense Meteorological Satellite Program (DMSP) imagery previously used in other sea-
bird studies26–29. For GPS-tracked flights, we calculated the mean and maximum light pollution levels 
by intersecting flight tracks with the nocturnal image. For colonies, the pixel value of the satellite image 
intersected with the centre of the colony was used as a measure of exposure to light pollution. Mean and 
maximum light pollution levels were calculated for an arbitrarily selected 3 km radius from the centre 
colony. Burrows more than 1 km away were assigned to different colonies (average distance between the 
nearest burrows was 80 m).

A Digital Elevation Model (DEM) with a cell size of 25 ×  25 m and an accuracy of 1 m of horizontal 
and vertical resolution respectively was obtained from the Digital Atlas of Tenerife49 and used to calculate 
elevation of every GPS location, as well as distance to the sea and elevation of colonies. Geographical 
analyses were conducted in QGIS version 2.0.1 (Open Source Geospatial Foundation Project, http://qgis.
osgeo.org). Flight altitude was obtained from GPS data loggers output.

Statistical analysis. We used randomisation tests (without replacement) to compare characteristics 
of first and second flights (Table 1). Because of the small sample sizes, we calculated P-values by running 
8,568 iterations for information obtained from GPSs (8,568 different permutations for a sample of 18 
and a group size of 13). For the remaining variables with a larger sample size (Table 1), 9,999 iterations 
were used to calculate P-values (225,792,840 different permutations for a sample of 32 and a group size 
of 20). To test potential relationships between flight distances and light pollution levels, Spearman’s tests 
on independence were used. The null distributions of statistics tests were one-tailed and approximated 
via Monte Carlo resampling (9,999 replications).

To model the proportions of grounded birds, we used a GLM with a two-column object for response 
(rescued/non-rescued birds), binomial error distribution and logit link50. We used two physical explan-
atory variables: colony elevation and distance from the colony to the sea; and three light pollution met-
rics: exposure at colony location (single pixel value) and mean and maximum values in a 3 km radius 
from the colony. Because collinearity among these variables was high (variance inflated factors ranged 
from 1.7 to 9.7), and to avoid over-parameterization, we built univariate models, i.e. including only one 
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independent variable per model. Corrected Akaike Information Criterion (AICc) was employed to select 
the best models. The lower the AICc, the better the model51.

Statistical analyses were conducted in R version 3.0.3 (R Foundation for Statistical Computing, 
Vienna, Austria), using the MASS, car and coin packages.
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The development of electric lighting technology has trans-
formed human societies, lengthening the time available for 
both work and pleasure1. Associated with human settlement, 

transport networks and industry, it has also profoundly altered the 
natural night-time environment. Large areas of the Earth now expe-
rience light that differs from natural regimes in timing, intensity 
and spectrum2,3. Nearly a quarter of the global land area already 
lies under artificially light-polluted night-time skies4. The area 
experiencing direct emissions from artificial light sources is esti-
mated currently to be expanding at approximately 2% per annum, 
with localities that were previously lit brightening further at a  
similar rate5.

Artificial light at night (ALAN) is predicted to constitute a 
significant anthropogenic pressure on natural biological systems 
because (1) such systems are organized foremost by light, and 
particularly by daily and seasonal cycles of light and dark6–8, and 
(2) there have been no natural analogues, at any timescale, to the 
form, extent, distribution, timing or rate of spread of artificial light-
ing3. More obvious impacts like delayed retention of leaves on trees 
close to streetlights and attraction of insects and birds to outdoor 
lights, have long been documented9–11. However, particularly the 
last decade has seen rapid growth in the number of empirical stud-
ies testing for the impacts of ALAN on a broad array of biologi-
cal phenomena across a wide diversity of organisms (for example,  
refs. 12–16). Although there have been qualitative reviews of this  
literature2,17,18, quantitative analyses and understanding of the fre-
quency and strength of the biological impacts of ALAN are lacking.

In this study, we report the results of a meta-analysis that 
takes into account the hierarchical structure of data due to the 
non-independence of several outcomes coming from the same 
study19,20, to build a quantitative understanding of the biologi-
cal impacts of ALAN on a variety of responses from organisms 
and ecological communities. After a systematic search, we iden-

tified 126 publications from the peer-reviewed literature testing 
for the impacts of ALAN on organisms. Each individual measure 
was assigned to one of five major response categories: organismal 
physiology; seasonal phenology; life history traits; daily activity 
patterns; and population/community. The entire dataset covered a 
wide range of different measurements for each of the five categories 
and of different study organisms and habitats and included field and 
laboratory studies.

Results and discussion
Overall, the dataset was dominated by physiological, life history trait 
and population/community-based measures, ranging from strong 
negative to strong positive responses to ALAN exposure (Fig. 1).  
Thirty-five studies documented 338 observations reporting the 
impact on organismal physiology, 7 studies yielded 35 observations 
reporting the impact on organismal phenology, 58 studies reported 
411 life history measures, 27 studies described 139 daily activity 
measures and 42 studies provided 381 observations of the impact 
on populations and ecological communities. We organized these 
measures into subcategories within each of the five main response 
categories (Methods and Fig. 2). This led to the exclusion of 196 
measures from the analysis of subcategories because these were only 
included if they had measures from at least 5 different studies.

Regarding the physiological measures, the effect sizes for the 
hormone levels (mostly melatonin) indicated that these were con-
sistently and markedly reduced across all studies included (Fig. 2b). 
By contrast, gene expression varied markedly in effect sizes, includ-
ing a number of very strong positive responses (Fig. 2b). The impact 
on these two measures is important because this can have knock-on 
effects on other physiological parameters, such as health and alert-
ness. The other three physiological measures (immune and stress 
responses and glands/structures) did not show an overall response 
to ALAN; however, the frequency distributions of effect sizes  

A meta-analysis of biological impacts of artificial 
light at night
Dirk Sanders! !1,2, Enric Frago! !3,4, Rachel Kehoe2, Christophe Patterson2 and Kevin J. Gaston! !1 ✉

Natural light cycles are being eroded over large areas of the globe by the direct emissions and sky brightening that result from 
sources of artificial night-time light. This is predicted to affect wild organisms, particularly because of the central role that light 
regimes play in determining the timing of biological activity. Although many empirical studies have reported such effects, these 
have focused on particular species or local communities and have thus been unable to provide a general evaluation of the overall 
frequency and strength of these impacts. Using a new database of published studies, we show that exposure to artificial light at 
night induces strong responses for physiological measures, daily activity patterns and life history traits. We found particularly 
strong responses with regards to hormone levels, the onset of daily activity in diurnal species and life history traits, such as the 
number of offspring, predation, cognition and seafinding (in turtles). So far, few studies have focused on the impact of artificial 
light at night on ecosystem functions. The breadth and often strength of biological impacts we reveal highlight the need for 
outdoor artificial night-time lighting to be limited to the places and forms—such as timing, intensity and spectrum—where it is 
genuinely required by the people using it to minimize ecological impacts.
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for immune and stress responses (Fig. 2d–f) show that this does  
not mean that ALAN has no impact. Rather, depending on the  
conditions of the study, the response may be either positive or  
negative. For stress responses, the frequency distribution of effect 
sizes is bimodal, with peaks at low negative and higher positive  
values (Fig. 2e).

While single studies found evidence of phenological shifts in 
plants under ALAN exposure21, our dataset suggests that across 
plants and birds both positive and negative effect sizes for phenol-
ogy have been documented (Fig. 2g), with no evidence for an over-
all consistent directional shift.

Among measures of life history traits (the term being used 
broadly), overall measures of cognition (mostly the performance 
of rodents in experimental tests) and offspring number were nega-
tively impacted by ALAN; measures of predation were positively 
impacted (Fig. 2). Most conspicuously, and including some high 
effect sizes, measures of seafinding by young turtles (that is, the 
ability to find the right direction towards the sea) were regularly 
strongly impacted by ALAN (Fig. 2h), reflecting movement towards 
the (landward) light source. This has significant consequences for 
turtle survival, although the impact can be mitigated to some degree 
by careful design, positioning and shielding of lights22.

ALAN impacts were particularly marked for daily activity pat-
terns with, overall, the onset of activity being pushed earlier and its 
cessation being delayed (Fig. 2). This did not manifest as an over-
all strong effect of ALAN on the duration of diurnal or nocturnal 
activity; however, in both cases the impacts were very varied and 
included strong positive and negative effect sizes (Fig. 2q,r). This 
highlights the diversity of influences of ALAN on different species, 

increasing the duration of activity for some while reducing it for 
others23,24 and acting as an attractor for some while as a repellent 
for others25. We looked in more detail at this directional variation 
for two animal groups, rodents and birds, which have been dis-
proportionately well studied. For rodents, the duration of activ-
ity of both diurnal and nocturnal species tended to be reduced 
by exposure to ALAN (Fig. 3a). In contrast, for birds—with all of 
those included strictly diurnal—ALAN was more likely to lead to 
an extension of the duration of their activity, with onset and cessa-
tion of singing and foraging showing especially marked responses. 
This goes further in some groups, such that diurnal species can 
use the so-called ‘night-time niche’ to extend their activity into the 
night-time15.

We found little evidence for a strong overall or net impact of 
ALAN on the abundance of species or the diversity of commu-
nities (Fig. 2). This outcome could potentially be explained as a 
consequence of the variation in, and possible trade-offs and syn-
ergies between, individual-level physiological, phenology, life his-
tory and activity responses. Indeed, abundance responses showed 
some of the greatest variation in effect sizes, from strongly negative 
to strongly positive, of any measured biological impacts of ALAN 
(Fig. 2s). For bats, for which the impacts of ALAN have attracted 
disproportionate scientific and policy attention26, activity (used as 
a measure of the presence or abundance of species rather than of 
the timing of individual movements) did not show an overall strong 
negative response (Fig. 2). However, while some effect sizes were 
positive, there was also a long tail of marked negative responses, 
highlighting that some bat species are strongly repelled by artificial 
light (Fig. 2t). Such complex patterns of responses may be typical of 
many taxonomic groups, with the overall response being driven by 
those species that are most dominant.

Species interactions are an important building block of ecologi-
cal community structure. Predation, the most frequently studied 
interaction, was typically increased by ALAN exposure (Fig. 2m), 
indicating that interactions between species can be highly sensitive 
to ALAN and are key for understanding how whole communities 
are impacted (as shown in food webs15 and pollination networks13). 
In turn, this likely leads to impacts of ALAN on ecosystem func-
tions, but so far these have been little studied13,15; therefore, they 
could not be separately addressed in this meta-analysis.

ALAN might be predicted to impact nocturnal species more 
strongly than diurnal ones because the loss of light conditions (dark 
or light) under which organisms are active is probably more limit-
ing than is their extension. There is evidence in our dataset that this 
is indeed the case. For life history and activity measures, the mean 
effect sizes were more negative for nocturnal species than for diur-
nal ones (Fig. 3b); however, there was a more negative response for 
physiological measures in diurnal species.

Overall, for most variables we did not find evidence for pub-
lication bias in effect sizes, in particular there was no evidence 
of P-hacking in any of the variables and no evidence of funnel 
plot asymmetry for most of them (Supplementary Table 1 and 
Supplementary Fig. 1). There was some statistical evidence for fun-
nel plot asymmetry for hormone levels, seafinding by turtles and 
activity on and offset as well as for gene expression, gland structure 
and bat activity but these showed no strong overall directional effect 
size (Supplementary Table 1 and Supplementary Fig. 1). However, 
in all of these cases, this asymmetry may be driven by the biological 
nature of these responses rather than being the result of publication 
bias. For example, effect sizes for hormone levels predominantly 
concern the suppression of melatonin levels by artificial light, with 
overproduction being an unlikely outcome. Likewise, for seafinding 
in turtles, any diversion of movement from the direction of the sea 
is negative for the individuals concerned and results in a negative 
effect size; any normal movement would be regarded as an absence 
of effect (rather than a positive one).

Population/
community

32%

Organismal
physiology

25%

Activity
patterns

13%

Life history
traits
27%

Phenology
3%

Fig. 1 | Physiological, phenological, life history trait, activity pattern and 
population/community-based responses to ALAN exposure. Single effect 
size measures (Hedges’ d with 95% confidence interval) with responses 
from organismal physiology (blue), phenology (grey), life history traits 
(light blue), activity patterns (orange) and population/community (red) 
arranged in sequence according to increasing effect size (negative to 
positive). The circle dashed line indicates the zero effect size and the solid 
lines at effect sizes of 10 and −10. The pie chart indicates the proportion of 
measures belonging to each of the five categories.
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Across the different studies, the levels of ALAN used in the 
experiments and observations were skewed towards low lighting of 
around 1–2 lx (such levels can occur approximately 10–20 m from an 
isolated streetlight) but covered the whole range up to 100 lx (similar 
to levels beneath stadium-type floodlighting), which we set as the 
upper limit for realistic ALAN exposure in nature. Lux is a measure 
of luminous flux per unit area based on human photopic vision but 
is typically used in studies of the biological effects of ALAN because 
it enables a direct link to illuminance as commonly measured in the 
environment and employed in the design and mitigation of artificial 
lighting systems. A meta-regression analysis found no relationship 
between the intensity of artificial light and effect size magnitude 
for the responses across all categories (Fig. 3c). Thus, while posi-
tive dose–response relationships have been documented for some 
individual physiological and behavioural responses to ALAN27, 
there is little evidence for an overall effect across a diversity of such 
responses. This is probably because of the wide variation in the form 
of dose–response relationships for individual biological responses 
to ALAN because in some cases no simple such relations exist and 
because of variation in spectral sensitivities. Consequently, the bio-
logical impact of even low intensities of ALAN may be marked15,28.

Notwithstanding the widespread nature of the biological effects 
of ALAN demonstrated by the results reported in this article, 
marked biases continue to exist in the taxonomic groups and regions 
for which empirical studies of these effects have been conducted. 
Of the 1,304 effect sizes included in the meta-analysis, 24 were for 
microbial communities, 143 for plants, 388 for invertebrates and 
746 for vertebrates. The dataset includes almost double the number 
of field studies (82) compared to laboratory experiments (42), with 

the majority of field studies in the meta-analysis from Europe (46), 
North America (17) and Australia (7). Tropical regions were mark-
edly under-represented, despite the prediction that effects of ALAN 
could be particularly strong at low latitudes because of the limited 
natural seasonal variation in the lengths of daylight and night-time6. 
Further, more research is needed on the response of whole eco-
logical communities and their functions to ALAN exposure29; the 
strong response of trophic behaviour to ALAN suggests that species 
interactions change and with them whole community structures 
and their functions will shift. Interactions with other human pres-
sures, especially climate change, are of particular interest since for 
species that exploit the night-time niche their behaviour at night is 
often temperature-dependent.

Conclusions
The results reported in this article have significant implications for 
the much-discussed mitigation of the effects of ALAN on the natural 
environment30,31. First, they underline how widespread these effects 
are, including on diurnal species, and that where possible mitigation 
should be routine rather than limited to places and times when taxa 
perceived to be of particular concern (for example, bats) are active. 
Second, they highlight the challenge of making recommendations 
to regulate the maximum intensities of particular kinds of lighting, 
given that marked biological impacts of ALAN occur across a wide 
range of intensities including very low lighting levels (below 1 lx). 
Third, we show that ALAN especially changes the physiology and 
behaviour of organisms by affecting hormone levels, the onset of 
daily activity, feeding and phototaxis but typically with a less strong 
impact on particular community responses, such as abundance and 
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species richness; this suggests that the impact on community struc-
ture and diversity might be less clear and depends on the impacts 
on key players (species or groups29). Although species richness was 
not systematically affected in our study, it is possible that ALAN is 
often altering community composition (that is, beta diversity) so 
that sensitive species are being replaced.

Concern has repeatedly been expressed about the impacts of the 
loss of natural night-time light cycles on humans that span from 
their physiology to their psychological sense of place9. In this study, 
we show that a broad array of marked impacts also occur on other 
organisms.

Methods
Literature search. We identified relevant literature using keyword searches in 
Web of Science (we used the ‘All databases’ option including Web of Science Core 
Collection, BIOSIS Citation Index, KCI-Korean Journal Database, MEDLINE, 
Russian Science Citation Index and SciELO Citation Index) and Scopus, 
finding any available papers published until 22 October 2019. (We constrained 
our searches to these databases to focus on peer-reviewed studies and tested 

for publication bias.) We used the terms: “TS = ((‘Artificial light* at night’ OR 
‘Light* pollution’ OR ‘Light* at night’ OR ‘night time light*’) AND (‘species’ 
OR ‘ecosystem*’ OR ‘ecological commun’) AND (‘abundance’ OR ‘behaviour’ 
OR ‘richness’ OR ‘reproduction’ OR ‘mating’ OR ‘*diversity’ OR ‘composition’ 
OR ‘predation’ OR ‘herbivory’ OR ‘activity’ OR ‘timing’ OR ‘physiology’ OR 
‘flight to light*’ OR ‘melatonin’ OR ‘development’ OR ‘trophic’ OR ‘biomass’ OR 
‘pollination’))”. After removing 352 duplicates, combining the searches resulted 
in 614 publications that were screened for the inclusion criteria. To be included 
in the meta-analysis, studies needed to (1) test for ALAN effects on organisms 
either in the field or the laboratory; (2) have a control group that was exposed to 
natural light levels at night (or a dark control) and treatment groups with exposure 
to ALAN up to 100 lx—studies with higher levels were excluded since these are 
unlikely to occur in the field; (3) have at least 2 replicates per treatment; and (4) 
contain data on means, estimation of variation and sample size. If only box plots 
were presented, we extracted the median and interquartile range32. This resulted in 
126 papers, with a total of 1,304 effect size measures (refs. 12,13,15,16,25,27,28,33–151).

Categorization of effect size. We categorized the effect size measures into 
five different main groups: response to exposure to ALAN of (1) organismal 
physiology, (2) phenology, (3) life history traits, (4) activity patterns (for example, 
daily diurnal, nocturnal activity) or (5) population/community. For the analyses, 
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we were interested in which factors drive the response within each category. We 
selected subcategories within each of the five major categories that we thought 
described the dataset best. For each subcategory to be included in the analysis, it 
needed to have data that were extracted from at least five different studies. Below, 
we briefly explain the subcategories.

Organismal physiology. Several studies measured the impact of ALAN on the level 
of gene expression and hormones produced. We also included immune response 
and stress response. Gland structure includes the size of glands but also the size of 
structures adjacent to them and neuronal structures.

Phenology. This describes seasonal timings of events such as flowering dates in 
plants and egg-laying in birds (measured in Julian days).

Life history traits. Life history traits are traits that affect the life table of an organism 
and therefore its fitness. Based on the biology of the different species studied, 
the different effect sizes were classified as either having a positive or negative 
relationship with fitness. To express the fitness consequences of all effect sizes, 
effect sizes were multiplied by −1 when the relationship between the trait and 
fitness was negative. Thus, effect sizes larger than zero express a benefit for the 
organism, whereas the opposite is true for values lower than zero. A total of 
seven categories were considered: seafinding in turtles; predation risk; body size; 
cognition; feeding; predation; and reproductive output.

A large number of effect sizes concern sea turtles and their ability to find the 
sea after emerging from eggs or after egg-laying by females. Turtles are expected 
to reach the sea as fast as possible to avoid predation and other risks, so increased 
time or distance in doing so and large differences in the direction of a straight 
line between egg emergence or laying and the sea are considered as negatively 
related with fitness. Predation risk is a trait negatively related to survival, which 
has been measured in many ways. In this category, most effect sizes come from 
studies of pairwise predator–prey interactions. Predation risk has been measured 
as (the sign after each trait expresses whether the trait is positively or negatively 
associated with fitness): attacks suffered by prey (−); attack attempts by predators 
(−); activity of predators (−); anti-predatory behaviours shown by prey (+); and 
abundance of prey in response to experimental exposure to predators (+). Size 
has been considered as having a positive effect on fitness since larger individuals 
are usually more fecund and live longer. Although considered as an independent 
category, cognition strongly relates to feeding efficiency and survival because 
individuals with poor cognition are less likely to forage efficiently, escape predation 
and ultimately survive. Cognition has been measured with the following traits (the 
sign after each trait expresses whether the trait is positively or negatively related to 
fitness). In rodents, cognition has been measured as the time spent to escape from 
a maze (−) and in birds as the time to solve a cognition test (−). Indirect measures 
of cognition include measuring sleep debt by either estimating sleep debt directly 
on animals (−) or by estimating the concentration of oxalic acid in blood (that is, 
a molecule that signals sleep debt) (−). For primary consumers, the traits included 
are preference over the habitual food source, food consumption, time spent eating 
and food absorption efficiency. Reproduction includes reproductive output, but 
also pre- and post-reproductive behaviours.

Activity patterns. The data for daily activity patterns contain measures of when 
animals started or ceased their activity (mostly measured against sunrise and 
sunset) and the duration of their activity. This resulted in four subcategories: 
activity onset; activity cessation; diurnal activity duration; nocturnal activity 
duration. One study measured the time spent while inactive; this was included in 
activity duration by changing the sign of the effect size.

Population/community. This category mostly contained data on the abundance 
of single species and communities (groups of species, such as functional groups) 
in the presence and absence of ALAN. Bat density is usually estimated indirectly 
as the number of passes, a variable that does not really describe activity but 
an indication of abundance. A few studies looked at the species richness of 
communities (diversity).

Data analysis. The meta-analysis was conducted in R v.3.6.0 (ref. 152) using the 
package metafor version 2.4-0153 to estimate the standardized mean difference 
(Hedges’ d) and corresponding sampling variance for each data point using 
the ‘escalc(measure = ’SMDH’)’ command. These values were then used to fit a 
meta-analytic model in MCMCglmm version 2.2919. To achieve this, the random 
term idh(SE):units was fixed to one in the prior so that all measurement errors could 
be considered as independent of each other. In addition, to account for study-level 
non-independence due to multiple measurements per study, ‘Study’ was included 
as a random effect. The Markov chain Monte Carlo chain ran for 150,000 iterations 
and it was sampled every 50 iterations with the first 50,000 removed as burn-in to 
prevent autocorrelation among subsequent iterations. Autocorrelation between 
consecutive samples was always lower than 0.1 and convergence of the chains was 
inspected visually to ensure that there were no trends in the chain and that posterior 
distributions were not skewed. Significance is reported as the pMCMC statistic19,154. 
Since we did not have any a priori knowledge on the distribution of our data, we 

used a flat prior: the inverse-gamma prior (V = 1, nu = 0.002). Hedges’ d was used 
to compare measures of the variables between treatment and control. We present 
the mean effect size and 95% credible intervals; the mean effect size was considered 
significantly different from 0 if its 95% confidence interval did not include 0.

Further, additional analyses used light intensity in lux as a moderator 
(equivalent to main effects in standard linear models).

Testing for publication bias. For all variables in the meta-analysis, we assessed 
evidence of publication bias. Publication bias implies that studies with low 
effect sizes were less likely to be published than studies with larger effect sizes155. 
However, these assumptions are not always valid and some authors have suggested 
that publication bias is mostly caused by significance levels and P-hacking156. The 
first form of bias was tested using asymmetry in funnel plots of meta-analytic 
residuals against the inverse of their precision (defined as 1/sampling variance)20. 
For multilevel meta-analysis models, funnel plots based on meta-analytic residuals 
(the sum of effect size-level effects and sampling variance effects) are better suited 
than those based on effect sizes157. We interpreted asymmetry in funnel plots 
carefully given the small sample sizes for some of the variables, and the lack of 
bidirectional outcomes for light impact on some traits, which will inevitably lead to 
a biased plot. For example, for turtles, if there is an impact of exposure to ALAN on 
seafinding this will always be negative. Further, we ran Egger’s regressions using the 
meta-analytic residuals as the response variable and precision as the moderator157. 
If the intercept of the Egger’s regression does not overlap zero, estimates from 
the opposite direction to the meta-analytic mean might be missing, which can be 
evidence of publication bias157. P-hacking was tested with the P-curve technique, 
which can provide evidence of P-hacking if values close to a significance level of 
0.05 are over-represented in the data156,158. The P-curve was performed with the 
function pcurve from the dmetar package version 0.0.9000159.

Reporting Summary. Further information on research design is available in the 
Nature Research Reporting Summary linked to this article.

Data availability
All data generated or analysed during this study are available from the Dryad 
Digital Repository160.
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Study description To understand the impact of artificial light at night on physiology and behavior of organisms and ecological communities, we conduct 
a meta-analysis, following a systematic search. 

Research sample We identified 126 publications from the peer reviewed literature testing for the impact of ALAN on organisms.

Sampling strategy We identified relevant literature using keyword searches in Web of Science (we used “All databases” including Web of Science Core 
Collection, BIOSIS Citation Index, KCI-Korean Journal Database, MEDLINE, Russian Science Citation Index and SciELO Citation Index) 
and Scopus, finding any available papers published until 22 October 2019 (we constrained our searches to these databases to focus 
on peer-reviewed studies, and tested for publication bias – see below). We used the terms: "TS= (("Artificial light* at night" OR 
"Light* pollution" OR "Light* at night" OR "night time light*") AND ("species" OR "ecosystem*" OR "ecological commun") AND 
("abundance" OR "behaviour" OR "richness" OR “reproduction" OR "mating" OR "*diversity" OR "composition" OR "predation" OR 
"herbivory" OR "activity" OR "timing" OR "physiology" OR "flight to light*" OR "melatonin" OR "development" OR "trophic" OR 
"biomass" OR "pollination"))”. After removing 352 duplicates, combining the searches resulted in 614 publications that were 
screened for inclusion criteria. To be included in the meta-analysis, studies needed to (1) test for ALAN effects on organisms either in 
the field or the lab; (2) have a control group that was exposed to natural light levels at night (or a dark control) and treatment groups 
with exposure to ALAN up to 100 lux - studies with higher levels were excluded as these are unlikely to occur in the field; (3) have at 
least 2 replicates per treatment; and (4) contain data on means, an estimation of variation and sample size. If only box plots were 
presented, we extracted the median and interquartile range. This resulted in 126 papers, with a total of 1304 effect size measures. 

Data collection Data were extracted from publication using reported effect sizes, from figures and supplementary data files.

Timing and spatial scale Indicate the start and stop dates of data collection, noting the frequency and periodicity of sampling and providing a rationale for 
these choices. If there is a gap between collection periods, state the dates for each sample cohort. Specify the spatial scale from which 
the data are taken

Data exclusions No data were excluded from the overall presentation (Figure 1). We organised the extracted measures into subcategories within 
each of the five main response categories (Fig. 2). This led to the exclusion of 196 measures from the analysis of subcategories 
because these were only included if they had measures from at least five different studies.

Reproducibility All search and inclusion criteria are described in the manuscript, see above.

Randomization n/a

Blinding Three researchers were involved in the literature search and selection process, and compared their independent outcomes and 
discussed less obvious cases.

Did the study involve field work? Yes No

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material, 
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response. 
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Resumen · La contaminación l mínica afecta a las a es marinas por la atracción hacia f entes de l   s  posterior caída fallout  en todo el 
m ndo  siendo los petreles  fardelas las especies más afectadas  La contaminación l mínica está a mentando globalmente  probablemen
te s s efectos sobre estas a es se incrementen en los pró imos años  Pese a q e e iste na e al ación global de esta materia  no e iste in
formación detallada para S damérica  por esto  el obje o de este ar c lo es elaborar n diagnós co de la sit ación en Chile  a fin de s gerir 

n enfoq e técnico  polí co para el país  promo er la disc sión  acciones al respecto para la región s damericana  Para ello  se elaboró n 
diagnós co de las especies de a es marinas  territorios afectados a tra és de la cons lta directa a in es gadores  la re isión sistemá ca  
b sq eda en bases de datos de acceso libre  En Chile   especies de a es marinas son afectadas por la contaminación l mínica  incl endo 
seis especies no iden ficadas pre iamente en la literat ra  El impacto se distrib e principalmente en islas  localidades costeras  con alg
nos casos de localidades a más de  km al interior desde la costa  La ma or parte del manejo de este fenómeno en Chile consiste en el 
rescate  liberación de a es  a nq e no ha  e idencia del é ito de este enfoq e a largo pla o  Medidas como el apagado o recambio de l ces 
son escasas  sólo se han adoptado a peq eña escala  con res ltados desconocidos a la fecha  Por ello  na act ali ación de la polí ca de 
contaminación l mínica es req erida en Chile  debe considerar la biodi ersidad como objeto de protección  el alcance geográfico nacional 
más allá de las áreas de interés astronómico  debe incl ir n e as tecnologías de il minación  como l ces LED  Finalmente  será de especial 
importancia la generación de reg laciones más estrictas sobre ac idades h manas  incl endo la il minación en las cercanías a p ntos 
sensibles  como colonias reprod c as de a es marinas  
 
Abstract · Assessing light pollution impacts on seabirds in Chile: Diagnosis and proposals  
Light poll on affects seabirds thro gh the a rac on to light so rces and its fallo t all o er the orld  being petrels and shear aters the 
most affected species  Light poll on is increasing globall  and its effects on seabirds ill likel  increase d ring the ne t ears  A global as
sessment of this iss e has been made  b t there is no detailed informa on abo t So th America  th s  the aim of this ar cle is to assess the 
sit a on in Chile  in order to s ggest technical meas res to be considered into the na onal light poll on polic  hich co ld promote the 
addressing of the iss e in So th America  To do so  a diagnosis on marine bird species as made thro gh direct cons lta on ith e perts  a 
s stema c re ie  and research in free access databases   We fo nd  seabirds species affected b  fallo t in Chile  incl ding si  species not 
pre io sl  recogni ed in the literat re  The impact is mainl  distrib ted in islands and coastal locali es  b t also inland  as far as  km from 
the shore  Most of the management of this phenomenon done in Chile is restricted to the resc e and release of affected birds  altho gh 
there is no e idence of the long-term s ccess of this approach  Meas res  s ch as t rning off lights or light replacement are rare  implement

EVALUACIÓN DEL IMPACTO DE LA CONTAMINACIÓN LUMÍNICA SOBRE LAS AVES MARI-
NAS EN CHILE: DIAGNÓSTICO Y PROPUESTAS 
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ed at a small scale  and ha e nkno n res lts  An pdate of the 
light poll on polic  is req ired in Chile  hich sho ld consider the 
protec on of biodi ersit  as a goal  the na onal geographic scope 
be ond areas of astronomical interest  and incl ding ne  ligh ng 
technologies s ch as LED lights   Finall  the de elopment of strong
er reg la ons for h man ac i es  like ligh ng near sensible points  
incl ding seabirds’ breeding gro nds  is especiall  important  
 
Key words: Anthropocene  Ar ficial light  Biodi ersit   H mboldt 
C rrent S stem  Pacific Ocean  Procellariiformes  Storm-petrels 
 
 
INTRODUCCIÓN 
 
El m ndo está cada e  más il minado  tanto en e tensión 
como en intensidad K ba et al   C ando las f entes de 
l  son e cesi as o inapropiadas  se prod ce n fenómeno 
denominado contaminación l mínica  Los efectos de este 

po de contaminación en la calidad del cielo son conocidos  
manejados desde hace empo en el m ndo  principalmente 
para e itar s s impactos sobre la obser ación astronómica 
Riegel  Cra ford  sin embargo  s s impactos 

para la calidad de ida h mana  la biodi ersidad están sien
do abordados sólo de forma reciente Longcore  Rich  
Na ara  Nelson  K ba  Hölker   
 La contaminación l mínica impacta arios aspectos de la 
biodi ersidad  incl endo cambios en el ritmo circadiano  la 
percepción is al  la orientación espacial de los seres i os 
Gaston et al   En el caso de las a es  la contaminación 

l mínica afecta principalmente s  fenología reprod c a 
e g  Dominoni et al   Dominoni  Gaston et al  

 pro ocando mortalidad deri ada de la atracción a las 
l ces  asociada a la desorientación Ainle  et al   Le 
Corre  Rodríg e  et al  a  Barros et al   Los 
gr pos en los q e estos efectos se han e idenciado con ma

or f er a corresponden a a es q e reali an mo imientos 
noct rnos  tales como alg nas especies de Passeriformes 
migratorios q e son atraídos a las l minarias an Doren et 
al   Cabrera-Cr   así como petreles  fardelas de 
las familias Oceani dae  H droba dae  Procellariidae  para 
los c ales se ha reportado atracción en casi la mitad de s s 
especies a ni el global i e   de  especies  Rodríg e  et 
al  a  Para petreles  fardelas  en par c lar  na re i
sión reciente consideró a la contaminación l mínica como 

na de las principales amena as a s  conser ación  eq ipara
ble a la sobrepesca  la introd cción de especies e ó cas  la 
capt ra incidental en pesq erías Rodríg e  et al    
 El mecanismo fisiológico  adapta o por el c al las a es 
marinas se en atraídas por las l ces es a n desconocido  
pero se cree q e está relacionado con na alteración en la 
capacidad de las a es para orientarse li ando los astros 
como pistas de na egación Rodríg e  et al.  a  Una e  
q e las a es son atraídas a las l minarias  alg nas especies 
caen directamente al s elo e g  género Pelecanoides  mien
tras q e en otras especies se generan sobre elos de horas 
alrededor de las l minarias  res ltando en el agotamiento  
caída de las a es e g  género Oceanodroma  R  Barros obs  
pers  En ambos casos  s almente se pro oca la m erte de 
los indi id os  a sea por colisión con estr ct ras h manas  
atropello por ehíc los  depredación por otras especies  ina
nición o deshidratación Rodríg e  et al.. a   

a  Dicho fenómeno es conocido como fallout Imber 
 Reed   p ede llegar a ca sar e entos de mortali

dad masi a  ocasionando impactos significa os sobre arias 
especies Ainle  et al   Rodríg e  et al  a  Este 
fenómeno se ha registrado principalmente en erra  en o
nas cercanas a las colonias reprod c as Rodríg e  et al   

a   también a bordo de barcos comerciales  pesq e
ros  plataformas petroleras  cr ceros alrededor del m ndo 
R an  Black  Glass  R an  Rodríg e  et al  

  
 El estadío en el c al los Procellariformes son más lnera
bles a desorientarse por las l minarias es en el estado de 
olantones, por lo q e e iste na ariación intraan al en la 

can dad de indi id os afectados dentro de na misma espe
cie Miles  Rodríg e  et al  a  Además  e iste na 
ariación interan al en la magnit d del fenómeno prod cto 

de la relación entre el periodo de ma or frec encia de salida 
de los olantones  e entos nat rales q e a mentan el ries
go de fallout  como la fase l nar  oc rriendo más caídas en 
noches osc ras  con l na n e a Telfer et al   Rodrí
g e   Rodríg e   Miles  M rillo et al   Ro
dríg e  et al   así como ante la presencia de ientos 
f ertes hacia el interior de la costa  en las noches n bladas
Monte ecchi  Rodríg e  et al   S pos  et al  

 
 Por otra parte  el alcance territorial del impacto p ede 
ser de hasta arios kilómetros desde las colonias reprod c
as  Rodríg e  et al  b  describieron distancias prome

dio de caídas en las islas Baleares para la pardela cenicienta 
mediterránea Calonectris diomedea   km de distancia 
desde s  colonia más cercana)  la pardela balear Puffinus 
mauretanicus   km   la golondrina de mar e ropea 
Hydrobates pelagicus   km) Rodríg e  et al  b  Asi

mismo  se ha s gerido q e las a es p eden ser atraídas a 
erra firme na e  q e han alcan ado el océano Tro  et al  

 lo q e ha sido comprobado al menos para la pardela 
cenicienta mediterránea en Tenerife  con ejemplares atraí
dos desde  km mar adentro Rodríg e  et al  b   
 Por l mo  el ni el del impacto de la il minación ar ficial 
en las a es marinas está asociado a caracterís cas de las 
f entes de l  Así  l ces de ma or intensidad  orientadas 
hacia el cielo generan ma ores ni eles de atracción  Por otro 
lado  las l ces más frías parecen generar más caídas q e 
aq ellas más cálidas  a nq e los est dios e perimentales en 
este ámbito son escasos Rodríg e  et al  a   
 Uno de los territorios donde la contaminación l mínica 
ha a mentado e impactado a es marinas es la costa Pacífica 
de S damérica  en par c lar  Chile K ba et al   Ba
rros et al   Esto se debe principalmente a la masifica
ción de la il minación de estado sólido  destacando la tecno
logía de diodos emisores de l  LED  K ba et al   con 

n costo energé co  económico similar a otras tecnologías  
esta permite instalar más l ces K ba et al   A s  e  
las l ces LED li adas se concentran en el espectro a l de 
la l  la c al se dispersa a ma or distancia en la atmósfera 
K ba et al.  Esta tecnología se ha propagado rápida

mente en Chile  e iste n recambio masi o de l minarias 
p blicas en ejecidas o ineficientes por LED Agencia de Sos
tenibilidad Energé ca   
 Por otra parte  en Chile e isten normas q e b scan reg
lar la emisión de l  hacia la atmósfera  con el obje o prin
cipal de proteger la osc ridad del cielo li ado por obser a
torios astronómicos DS N   otras q e reg lan la 
intensidad l minosa del al mbrado p blico DS N   
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DS N  S  e ba  d c a  e ac e   e e  
c  b e  a ecc  de a b d e dad  a  e   
e  c b e   a a a  e e  ce e a e  de 

a e  a a  R  S a b  e  
 E  ac  de a c a ac  ca e  a e  a a  
e  C e e a e de c ad  e  e  d e  - a a a 

 b cad -  e da  c e a de ca da  de a e  e  d
a  a e  de  a  E  e e e e d  e e c  b e  
ea a  e  e  d a c  b e  e ec  de a c a

ac  ca b e a  a e  a a  de C e  a a é  
de a de c c  de e ec e  a ec ada  de a de cac  
de a a d de  ac  b e cada a de e a  a  c  
de  e  d de e  ac  c e  A a  de 

 a e  e e  e e  éc c   c  a a 
 a e  

 
MÉTODOS 
 
Pa a ea a  e  d a c  de a  e ec e  a ec ada   a ca

dad  b cac   ed da  ad ada  e ea  a c
a d ec a d a e e  e d   a  ac e  e

c a e e c ad  a  e ec  de c a ac  
ca b e a e  a a  c d  e e e a e  de  
de e ca e de a e  e  ca dade  c e a  a  a

ad   ce  de e ca e  a ac e  c e  acadé
c   c a  be a e a e  de  c a e   

c a  ac  c da e  e e a c  Pa a e a  
a  ec e dac e  de a e  a b é  e ea  a c

a d ec a a e  e e e a e  de a ac e  c e  
c  e e e c a e  c e ac  de a e  a a   c  
de c a ac  ca de de a e ec a de a ca dad 
de  c e  a c  de  c a e  d  c a  

ac  e e c e e  e e a c   La ac  
ec ada ed a e e e ce  de c a c  e

 a ecd c  b eda  e á ca  de a e  ca da   
e ac e  de a ca dad de d d  ca d  e a ad   
e  cada ca  
 Ad c a e e  e ea  a e  e á ca a a
é  de  b cad e  e ad  ISI Web  K ed e 

eb ed e c   G e Acadé c  
c a e c  a d   é  c a e  

“ a ”, “ eab d ”, “ a e b d ”, “  ”, 
“a c a   a  ”  “C e”, e  é   e a  Ta
b é  e da  de a e a  e c ada e  a  e e e c a  
de a  b cac e  de a  ac  e  a a e a  
 F a e e  e ea  a b eda de a  e ec e  de 
a e  a a  a ec ada  e  ba e  de da  de acce  b e  
a e  c  eB d eb d c e c e   Na
a  a a  c de a d  a

c  de e e  c d  e  e a  e e  a á  de  
 de de a c a  

 Pa a cada e ec e a ec ada  e ec  ac  

F   Ma a e a ca  e  d de a c a ac  ca e e a a e a a  c  a a d de  ac   e  e ad  de c e ac  de a  
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bre  i  territorios donde e iste impacto por l minarias  ii  
periodo en el c al oc rren caídas de a es  iii  po de insta
lación  n mero de ejemplares caídos en cada no de los 
territorios  Adicionalmente  se describieron las medidas 
adoptadas para re er r dichos impactos a ni el internacional 

 se contrastaron con las adoptadas en Chile con el fin de 
proponer n enfoq e  acciones de manejo dentro del país  
Las especies in ol cradas se presentan en orden ta onómico 
sensu Clements et al    las localidades para cada espe

cie  re isadas del norte al s r de Chile Fig ra  
 
RESULTADOS 
 
Especies afectadas en Chile 
 
Pollito de mar rojizo Phalaropus fulicarius . Entre   

 se registró la m erte de  indi id os del pollito de 
mar roji o  atraídos por las l minarias del P erto Angamos  
Mejillones  región de Antofagasta G  L na-Jorq era  R  
Ag ilar  datos no p blicados  En  se registró el n mero 
más alto de a es m ertas de esta especie  q e alcan ó la 
cifra de  indi id os en n año  A par r de  el n me
ro de e entos mostró na tendencia general de descenso  
con cero e entos en 200 200   dos animales en  No 
ha  información disponible posterior a  
 
Golondrina de mar fueguina (Oceanites oceanicus chilensis . 
En la ona centro de Chile se conocen  registros históricos 
(1 20 201 ) de m ertes de esta especie en erras interio
res  Estos registros datan del periodo no iembre ma o  con 

n má imo d rante la primera mitad de abril  Este l mo 
pres miblemente corresponde al periodo de salida de olan
tones  s giriendo q e la especie nidifica en la cordillera de 
los Andes Barros  
 Desp és del esf er o de b sq eda mediante na campa
ña de ciencia ci dadana en sectores con reportes pre ios  se 
registraron ejemplares caídos entre las pro incias de Elq i  
Ñ ble  a más de  km de la costa  Un total de  ejempla
res se hallaron d rante la temporada de 201 201    en 
la temporada de 201 201 , principalmente en los meses de 
mar o abril  de los c ales la ma oría correspondieron a o
lantones encontrados al pie de f entes de il minación ar fi
cial R  Barros obs  pers  Lo anterior da c enta de la s scep

bilidad de esta especie al efecto de la contaminación l mí
nica  pero se desconoce a n s  real magnit d  
 Finalmente  e isten registros de Oceanites sp. q e po
drían corresponder a esta especie  tanto en la región de An
tofagasta ocho olantones caídos entre    CREA 
datos no p blicados  como en la región de Los Lagos D  
L engo obs  pers  pero se desconocen ma ores anteceden
tes sobre estos  
 
Golondrina de mar chica (Oceanites gracilis . Esta especie es 
afectada por la contaminación l mínica en Arica  Iq iq e  
P erto Patache  Salar Grande  Mejillones  Antofagasta  Co
loso Malinarich et al   Ser icio Agrícola  Ganadero 
Antofagasta  datos no p blicados  F ndación Ga io n Chico  
datos no p blicados  R  Peredo obs  pers  V  Gon ále  obs  
pers  Entre    se han reportado  ejemplares 
caídos por l ces  de los c ales  pro ienen del radio rbano 
de Iq iq e Malinarich et al     de la ci dad de Anto
fagasta G erra-Correa obs  pers  Si bien no se enen ante

cedentes sobre la can dad má ima caída en estos l gares  
no se han registrado más de cinco indi id os caídos por año 
en cada no de ellos  No obstante  es probable q e el peq e
ño tamaño de esta especie dific lte la detección de s  caída  
Malinarich et al   señalan q e la ma oría de los regis
tros en Iq iq e oc rre entre agosto  diciembre  En Arica  se 
han encontrado ad ltos en no iembre  diciembre  abril R  
Peredo  obs  pers  
 
Golondrina de mar subantártica (Garrodia nereis . D rante 
isitas reali adas entre las temporadas reprod c as de los 

años  a  sólo se registró n indi id o ad lto coli
sionado contra entanas il minadas de la estación meteoro
lógica de la Isla Gon alo  en el archipiélago Diego Ramíre  en 
diciembre de  C G  S a o obs  pers  
 
Golondrina de mar de vientre blanco (Fregetta grallaria . 
Los reportes de caída de esta especie son m  esporádicos  
han sido registrados nicamente en San J an Ba sta  la 
isla Robinson Cr soe  con 1 2 indi id os por temporada 
Oikonos  datos no p blicados  

 
Golondrina de mar de collar (Oceanodroma hornbyi . E is
ten registros de indi id os afectados por contaminación l
mínica en el centro  s r de Per  Y  M rillo com  pers  J  
Vi carra com  pers  Para Chile  e isten registros en Arica  
Iq iq e  Alto Hospicio  Po o Almonte  P erto Patache  Toco
pilla  Michilla  Baq edano  Sierra Gorda  Mejillones  Antofa
gasta  sector ind strial La Negra Barros et al    
 Se han registrado  ejemplares caídos en la ci dad de 
Arica entre    con n má imo de  ejemplares en 

 Para la región de Parinacota  Arica  la ma oría de las 
caídas se han reportado entre j lio  sep embre R  Peredo 
obs  pers  SAG Arica  Parinacota  datos no p blicados  En 
el caso de la región de Tarapacá  solamente e iste n esf er
o sistemá co en la ci dad de Iq iq e  Alto Hospicio  por lo 

q e los registros de Po o Almonte  Patache son anecdó
cos  En Iq iq e  Alto Hospicio se han reportado  ejem
plares rescatados de  a  con registros q e parecen 
ir a mentando conforme incrementa la il minación  el es
f er o de b sq eda  siendo  indi id os registrados en el 
año  V  Gon ále  obs  pers  Malinarich et al   En 
la región de Antofagasta se han reportado  ejemplares 
caídos en el periodo 200 201  C  G erra-Correa  J  Páe -
Godo  obs  pers  con n má imo registrado de  indi i
d os en n año Rodríg e  et al  a  De este total   
f eron rescatados en Antofagasta  localidades cercanas  
mientras q e  f eron rescatados en Mejillones   La infor
mación pro eniente de Tocopilla  Michilla  Baq edano  Sierra 
Gorda   el sector ind strial La Negra es anecdó ca Fig ra 

  
 En c anto a la temporalidad de las caídas  se ha reporta
do q e en Arica s ceden entre j lio  sep embre  alcan an
do s  pico má imo en agosto R  Peredo obs  pers  Por otra 
parte  Malinarich et al   e enden s  oc rrencia entre 
j nio  sep embre en Iq iq e  a nq e datos de la red de 
ol ntarios q e rescata golondrinas en la misma ci dad las 

e enden entre abril  j lio V  Gon ále  obs  pers  Por otra 
parte  G erra-Correa  reporta las má imas frec encias 
en Antofagasta entre j nio  j lio de cada año  Finalmente  
los registros de la F ndación Ga io n Chico para el periodo 

 a  señalan la oc rrencia de las caídas entre febrero 

 

Folio N° 1378



AVES MARINAS Y CONTAMINACIÓN LUMÍNICA EN CHILE  

  

 
 oct bre en Mejillones B  Olmedo obs  pers  Fig ra  

 
Golondrina de mar peruana (Oceanodroma tethys . Se han 
registrado e entos de caídas de esta especie por l minarias 
en Iq iq e  donde n ejemplar f e hallado en abril de  
V  Gon ále  obs  pers  también en Chipana  Ad ana del 

río Loa  donde se registraron  olantones caídos  al me
nos  sobre olando las l minarias del sector en abril de 

 s giriendo la e istencia de na colonia en el sector 
Barros  Se desconocen ma ores antecedentes acerca 

de la magnit d de este impacto  s  e tensión a lo largo del 
año  s  rec rrencia en dis ntas temporadas  A s  e  es 
probable q e el patrón de coloración del pl maje de esta 
especie  similar al de la golondrina de mar f eg ina  golon
drina de mar chica, facilite errores de iden ficación  dific l
tando la comprensión de la oc rrencia de este fenómeno 
para esta especie  
 
Golondrina de mar negra (Oceanodroma markhami . Se ha 
doc mentado la caída de golondrinas de mar negra en los 
alrededores de c atro colonias reprod c as conocidas en el 
norte de Chile  En la región de Arica  Parinacota han oc rri
do caídas en el complejo fronteri o Chacall ta Fig ra   
di ersos p ntos de la ci dad de Arica  en donde se destaca el 
estadio Carlos Di born por s s registros de cientos de golon
drinas de esta especie caídas Barros et al   Por otra 
parte  en la región de Tarapacá se reportan caídas en Alto 
Hospicio  Po o Almonte  la ci dad de Iq iq e -especialmente 
en los sectores de Pla a Bra a  Ca ancha-  el aerop erto 
Diego Aracena  P erto Patache  Salar Grande Barros et al  

 Finalmente  en la región de Antofagasta se han regis
trado caídas en Tocopilla  Mejillones  la ci dad de Antofa
gasta Barros et al   Datos pro enientes de dis ntas 
f entes entre    re elan n total de  a es 
afectadas  A nq e este no es n rec ento sistemá co  la 
mortalidad es mada consideraría al menos  ejempla
res por año entre    Barros et al   
 A pesar de conocer acerca de la caída de esta especie 
desde el  apenas en el  se reali ó n primer esf er
o por dimensionar la magnit d del fenómeno en la ci dad 

de Arica R  Peredo obs  pers  Así  se encontraron  ejem
plares caídos  en n periodo de  días  en n área de  ha 
del estadio Carlos Di born  En la temporada reprod c a 
201 201 , como parte de n plan piloto de rescate q e 
contó con par cipación de la M nicipalidad de Arica  el SAG 
regional  la ONG Brigada de Rescate Golondrinas de Mar 
BREGMA   la Red de Obser adores de A es  Vida Sil estre 

de Chile ROC  se rescataron  ejemplares entre media
dos de no iembre  mediados de febrero R  Peredo obs  
pers  
 En la región de Tarapacá  Malinarich et al   reporta
ron  ejemplares rescatados entre    Este 
total de registros re ne la incidencia desde arias f entes  
principalmente de la planta de la empresa K S  ejem
plares   la empresa CMC  ejemplares  ambas en Salar 
Grande éase el apartado sobre Salar Grande más abajo  
Fig ra   del radio rbano de Iq iq e  ejemplares   
 Para la ci dad de Iq iq e  se obser ó n a mento de las 
caídas a par r de  probablemente relacionado con el 
a mento generali ado de la il minación rbana  la instala
ción de potentes l ces LED orientadas hacia el mar en secto
res del borde costero de ci dades como Pla a Bra a  Ca an

cha Malinarich et al   V  Gon ále  obs  pers  así como 
también por el a mento del esf er o de b sq eda imp lsa
do por la Red de Vol ntarios Rescate Golondrinas de Mar 
Iq iq e  Así  en  se registraron  indi id os afectados 
por las l minarias  
 En el Salar Grande  a pocos kilómetros de na colonia 
reprod c a de apro imadamente  parejas Barros et 
al   la mina Kainita  de la compañía K S  reportó entre 

   ejemplares rescatados en s s instalaciones d ran
te las temporadas de    pero más de  d ran
te el  Malinarich et al   Sin embargo  de ac erdo 
a obser aciones personales  así como los tes monios de tra
bajadores de la empresa  estas cifras estarían considerable
mente s bes madas R  Sil a obs  pers  éase más abajo  
Por otra parte  siete kilómetros al s r se enc entra la mina 
Tenardita  de la empresa CMC  donde también se prod ce 
caída masi a de golondrinas de mar negra  a nq e en menor 
can dad debido  probablemente  a s  menor s perficie il
minada  En ambos casos  la cercanía de las instalaciones il
minadas a los nidos parece decisi a  es m  probable q e 
s  acción conj nta p eda ocasionar la e nción de la pobla
ción local en el mediano pla o  
 D rante las temporadas de    se reali ó n 
conteo sistemá co de las a es caídas en na s perficie de  
ha il minadas de Salar Grande  q e representan apro imada
mente el  de la s perficie total il minada del área  D ran
te seis días en cada ocasión  se encontraron  a es en 

   a es en  U li ando como base la e tensión 
temporal  la can dad de a es caídas diariamente registra
das para  en la ci dad de Iq iq e  se reali ó na e tra
polación lineal  q e s giere q e apro imadamente  
a es ca eron esa temporada en las dos minas de sal cercanas 
a la colonia reprod c a de Salar Grande  
 Entre    con el mismo esf er o dedicado a la 
golondrina de mar de collar  se rescató n total de  ejem
plares de la golondrina de mar negra en la región de Antofa
gasta   en la ci dad con el mismo nombre  s s cercanías  

 en Mejillones   en otras localidades C  G erra-Correa 
 J  Páe  obs  pers   

 Las caídas en Arica oc rren entre oct bre  febrero  con 
n má imo en no iembre  diciembre R  Peredo obs  pers  

mientras q e para las regiones de Tarapacá  Antofagasta 
an de mar o a j nio  con n má imo en abril Malinarich et 

al   Barros et al    V  Gon ále  obs  pers  En am
bos casos  la gran ma oría de las a es corresponde a indi i
d os olantones  
 
Petrel de Kermadec (Pterodroma neglecta . Cada año  no o 
dos indi id os de la peq eña población q e nidifica en el 
archipiélago J an Fernánde  presenta caídas en San J an 
Ba sta  isla Robinson Cr soe Oikonos  datos no p blica
dos  
 
Petrel de Juan Fernández (Pterodroma externa . A par r de 

 se han registrado e entos de caídas periódicas en el 
caserío Rada la Colonia  isla Alejandro Selkirk Fig ra  aso
ciadas a condiciones n bladas o de llo i na P  Hod m obs  
pers  A nq e no e isten es maciones precisas de la magni
t d de estas caídas  se es ma q e n mínimo de  indi i
d os son afectados por temporada P  Hod m obs  pers  La 
caída oc rre entre oct bre  abril  afectando a ad ltos  p es 
la temporada de olantones oc rre desp és del cierre pico 
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de la temporada de pesca en Selkirk  tras el c al no e isten 
más f entes de l  en la isla  
 En el p eblo San J an Ba sta  isla Robinson Cr soe 
Fig ra  la caída de esta especie ha sido registrada desde 

 en los meses de mar o  ma o  Se ha registrado n 
má imo de c atro indi id os por temporada  por lo q e s  
caída se considera poco frec ente Oikonos  datos no p bli
cados   
 
Petrel de Masatierra (Pterodroma defilippiana . E isten 
registros m  esporádicos de caída de esta especie en San 
J an Ba sta  isla Robinson Cr soe  con n má imo de dos 
indi id os encontrados por temporada Oikonos  datos no 
p blicados  
 
Petrel de Masafuera (Pterodroma longirostris . S  caída es 
m  esporádica en Rada la Colonia  isla Alejandro Selkirk  sin 
haber caídas cada año  Esto se debe a q e las r tas de tránsi
to a s s l gares de nidificación se enc entran  en relación 
con el poblado  en el sector op esto de la isla P  Hod m obs  
pers  No e isten antecedentes de atracción de esta especie 
en Robinson Cr soe  
 
Petrel azulado (Halobaena caerulea . D rante isitas reali a
das a Isla Gon alo  archipiélago Diego Ramíre  Fig ra  
entre las temporadas reprod c as de los años  a  
se registraron e entos de colisión crep sc lar  noct rna de 
indi id os por las entanas il minadas  l ces e teriores de 
la estación meteorológica presente en la isla  El má imo de 
indi id os afectados por año ha sido de  indi id os ad l
tos  entre los meses de sep embre a no iembre   el má imo 
de olantones registrados en na temporada es de  indi
id os  d rante el periodo febrero mar o C G  S a o obs  

pers  En este empo también se registraron de forma espo
rádica e entos de colisión de olantones atraídos por la l  
del faro de la isla  msnm  incl endo e entos má imos 
de  indi id os para na sola temporada d rante el e
rano a stral C G  S a o obs  pers  Así  con base en estos 
registros  cada año podrían registrarse como mínimo cerca 
de  indi id os afectados por las l ces  esperando na 
ma or frec encia de e entos dependientes del esf er o de 
registro dedicado a este po de interacciones  
 
Fardela blanca (Ardenna creatopus . Con base en los res l
tados de n programa de monitoreo reali ado desde  
se han registrado e entos de caída de esta fardela por l mi
narias en Isla Mocha Fig ra   el archipiélago J an Fernán
de  l gares q e concentran apro imadamente n   

 de la población reprod c a de esta especie  respec
amente Hod m  Sin embargo  la gran ma oría de los 

e entos de caída de indi id os oc rren en San J an Ba sta  
isla Robinson Cr soe  donde los si os de reprod cción se 
enc entran a escasa distancia de los asentamientos rbanos  
 Un monitoreo de esta especie  reali ado entre abril  ma

o de 2012 201  en San J an Ba sta  permi ó reportar  
ejemplares caídos  q e corresponden al  de las a es en
contradas en ese periodo  con n má imo registrado de  
indi id os por temporada Oikonos  datos no p blicados  
Alg nos de los ejemplares  además de haberse isto atraídos 
por las l ces  for ados a aterri ar  chocaron con objetos del 
borde costero   En Isla Mocha  los reportes son más inciden
tales  dan c enta de la caída de  ejemplares en febrero de 

   en febrero de  ambos casos relacionados con 
ac idades en el gimnasio com nal  en el c al h bo l ces 
d rante la noche V  Lópe  com  pers  Las caídas doc men
tadas afectan principalmente a olantones  se concentran 
en los meses de abril  ma o Rodríg e  et al   a  La 
e cepción serían las caídas oc rridas en Isla Mocha  donde se 
estarían afectados indi id os ad ltos en febrero V  Lópe  
com  pers  
 
Fardela negra (Ardenna grisea . Se conocen dos reportes de 
a es caídas aparentemente ad ltos  en el borde costero de 
la ci dad de Iq iq e Fig ra  registrados en ma o de  
V  Malinarich obs  pers  a nq e no se conocen colonias 

históricas en las cercanías Cabe as  Por otro lado  
d rante oct bre de  se registraron dos a es ad ltas q e 
impactaron entanas il minadas de la estación meteorológi
ca de Isla Gon alo  en el archipiélago Diego Ramíre  C G  
S a o obs  pers   
 
Yunco de Humboldt (Pelecanoides garnotii . Desde  
e isten registros de caída para esta especie en localidades 
costeras de las regiones de Arica  Parinacota ci dad de 
Arica  R  Peredo obs  pers  Fig ra  Tarapacá ci dad de 
Iq iq e  V  Gon ále  obs  pers  V  Malinarich obs  pers  
Atacama localidades de Pan de A car  Caldera  Chañaral 
de Aceit no  J  Páe -Godo  obs  pers  Coq imbo localidad 
de P nta Choros  ci dad de La Serena  G  L na-Jorq era 
obs  pers  D  Mar ne -Piña com  pers  F  Toro obs  pers   
Valparaíso localidades de Los Molles  Pap do  D  Bra o 
com  pers  al ig al q e registros en onas interiores de la 
región de Coq imbo  en la localidad de Los Choros  bicada a 

nos  km de la costa F  Toro obs  pers  Fig ra  
 En la ma oría de los si os no e isten esf er os sistemá
cos de recolección de ejemplares de esta especie  por lo q e 
no se conocen n meros de a es caídas  El nico l gar donde 
se ha reali ado n esf er o ma or es P nta Choros  donde se 
registraron  indi id os caídos entre las temporadas re
prod c as de 2011 201 , de los c ales la ma oría corres
pondió a olantones  En n esf er o sistemá co  se registra
ron  indi id os en la temporada de erano de 201 201 , 
con n má imo de  ejemplares encontrados en na noche  
por lo q e los n meros anteriores probablemente se encon
traban s bes mados  Dentro de la misma localidad se en
c entran las caletas San Ag s n  Los Corrales  las c ales 
han concentrado la ma or parte de las caídas  q e estarían 
asociadas a la instalación de l ces de seg ridad LED blancas 

 l ces halógenas  d rante  Por otra parte  en el p eblo 
de P nta Choros  la ma or parte de las m ertes de las a es 
caídas en las l ces es prod cida por perros F  Toro obs  
pers  
 El periodo de caídas má imo de esta especie en las regio
nes de Atacama  Coq imbo  Valparaíso oc rre en enero  
a nq e estos e entos se e tenderían desde diciembre a abril 
F  Toro obs  pers  Este periodo coincide con la salida de 
olantones de los nidos  pero también con el a mento de la 

il minación al inicio de la temporada t rís ca en localidades 
como P nta Choros  Los Molles  En Arica  en cambio  se 
doc mentó la caída de n e e ejemplares con ab ndante 
pl món en sep embre  oct bre de  lo q e podría es
tar asociado a la e istencia de n si o de reprod cción des
conocido  con na fenología dis nta R  Peredo obs  pers  
 Es posible q e para esta especie el grado de amena a por 
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l minarias tenga na estrecha relación con la cercanía al 
con nente de las islas  donde se bican las principales colo
nias reprod c as en el país  La Isla Pan de A car se bica a 

 km de la costa  e Isla Choros a  km de ella  donde además 
está bicado el poblado de P nta Choros  Ambas colonias 
concentran el    de la población reprod ctora en 
Chile  respec amente  la c al se enc entra es mada en 

 parejas Fernánde  et al   
 
Yunco de los canales (Pelecanoides urinatrix . D rante isi
tas reali adas entre las temporadas reprod c as de los 
años  a  se registraron e entos de colisión crep s
c lar  noct rna de indi id os con entanas il minadas  
faroles e teriores de la estación meteorológica de Isla Gon
alo  en el archipiélago Diego Ramíre  El má imo de ad ltos 

afectados por l minarias se registró en oct bre de  
c ando se registraron  indi id os ad ltos q e colisionaron  
Por otra parte  en febrero de  se registraron tres indi i
d os colisionados con ab ndante presencia de pl món  seis 
indi id os olantones a los pies del faro de la isla C G  S a o 
obs  pers  por ende  cada año se registrarían al menos nos 

 indi id os  
 
Medidas de manejo. Tanto a ni el internacional  como en 
Chile  se ha implementado na serie de medidas para e itar 

 mi gar los impactos de l minarias sobre las a es marinas  
Estas medidas incl en el manejo de l minarias  modificacio
nes en s  desplieg e para mi gar impactos  consideracio
nes para aplicar protocolos de rescate  rehabilitación de 
indi id os caídos  presentados a con n ación  
 
Evitar el impacto apagando las luces. La principal medida 
recomendada en la literat ra para e itar la atracción de a es 
marinas es  simplemente  il minar lo menos posible en aq e
llos l gares  momentos del año con caídas para cada espe
cie  territorio en par c lar Rodríg e  et al  a  Williams 
et al   Por ejemplo  en las islas St Kilda  Escocia  Miles 
et al   doc mentaron la dismin ción significa a en el 
n mero de ejemplares caídos de la golondrina de mar de 
Leach Hydrobates leucorhous  en resp esta a la red cción 
de la emisión l mínica al apagar todas las l ces de e terior  
c brir entanas q e daban al e terior de las i iendas  En la 
isla Phillip  A stralia  se comprobó e perimentalmente na 
red cción en el n mero de fardelas de Tasmania Ardenna 
tenuirostris  caídas al apagar las l ces de n p ente de  m 
de largo  q e otorga acceso a la isla  d rante las temporadas 
de     Este p ente estaba il minado por l
ces de apor de sodio de baja presión LPS  las c ales están 
dentro de las l ces q e ocasionan menores efectos sobre las 
a es marinas  sin embargo  na red cción significa a de las 
a es caídas oc rrió sólo al apagar las l ces Rodríg e  et al  

 En Ka ai  Ha aii  alg nos e entos recrea os q e 
anteriormente eran programados de noche  en la act alidad 
son programados de día para e itar la caída de fardelas de 
Ne ell Puffinus newelli  Rodríg e  et al   a  Otro 
ejemplo oc rre en áreas r rales de la isla Re nión  Océano 
Índico  donde las l ces de e terior son apagadas d rante el 
periodo de olantones del petrel de Bara  Pterodroma ba-
raui  Rodríg e  et al  a  
 Una alterna a para red cir impactos donde no sea 
fac ble apagar por completo las l ces es apagarlas parcial o 
totalmente d rante determinados periodos  Así  la red cción 

de la il minación d rante las primeras horas de osc ridad 
parece dismin ir la atracción de alg nas especies de a es 
marinas  Sin embargo  es necesario e al ar s  efec idad en 

n ma or n mero de especies Rodríg e  et al  a  El 
so de sensores de mo imiento o tempori adores se ha pro

p esto como n mecanismo q e posibilitaría lo anterior 
Raine et al   pero no se conocen e periencias q e mi

dan el efecto de s  li ación  
 
Mitigar el impacto iluminando mejor. Sólo en aq ellos casos 
en q e sea imposible reali ar pro ectos con menor il mina
ción e g  mo os de seg ridad laboral o ci il  ciertas consi
deraciones de diseño en las l minarias podrían contrib ir a 
red cir s s efectos nega os sobre las a es marinas  Por 
ejemplo  en Ka ai  el so de l minarias con protecciones o 
cap chas logró la red cción de n  de fardelas de Ne ell 
caídas d rante las noches en q e las l ces est ieran prote
gidas Reed et al   Miles et al   
 También se ha probado q e e iste na infl encia de las 
diferentes temperat ras de color de las l ces sobre la atrac
ción de a es marinas  Las l ces blancas e g  halógenos  LED 
blanco  enen n ma or potencial de incidencias al compa
rarlas con l ces cálidas e g  apor de sodio de alta presión 
HPS  incandescentes  LED ámbar  con n alor mbral q e 
fl ct a de los K a los K Interna onal Dark Sk  
Associa on  Rodríg e  et al  a  Longcore et al  

 King  Go ld  reportaron q e la caída de farde
las de Ne ell cesó c ando las l ces blancas f eron reempla
adas por l ces de colores más ten es en na localidad par

c lar de Ka ai d rante la década de  Sin embargo  no 
se conocen e periencias completamente e itosas de reem
pla os de este po  además  podrían oc rrir resp estas 
especie-específicas Miles et al   Rodríg e  et al  a  

b  
 Longcore et al   predijeron q e la l  LED filtrada 
amarilla- erde  ámbar tendría incl so menores efectos so
bre la fa na sil estre q e las l ces de apor de sodio de alta 
presión HPS  En esta línea  Rodríg e  et al  b  señala
ron q e los halógenos m l plican el riesgo de colisión de 
fardelas de Tasmania por n factor de    en compara
ción al LED blanco  las l minarias de alta presión de sodio  
respec amente  Alg nos mecanismos q e se han estableci
do para facilitar la selección de l ces con menor potencial de 
riesgo para las a es son  i  cer ficaciones e g  Fi t re Seal 
Appro al (FSA), de Dark Sk  Associa on)  ii  herramientas 
como Rapid Assessment of Lamp Spectrum to Quantify Ecolo-
gical Effects of Light at Night  la c al pro ee ejemplos sobre 

pos de l ces con ma ores  menores impactos Longcore et 
al   
 En el caso de Chile  las e periencias en red cción de la 
contaminación l mínica para e itar s  impacto sobre las a es 
marinas son escasas  Por na parte   prod cto de la magni
t d de la caída de golondrina de mar negra en las regiones 
de Arica  Parinacota  de Tarapacá  se han adoptado alg
nas medidas aisladas q e incl en  i  la reprogramación de 
e entos c lt rales potencialmente conflic os en el estadio 
de Arica  en Pampa Chaca R  Peredo obs  pers  ii  la elimi
nación absol ta de la il minación noct rna en n pro ecto 
minero Mina California  q e será constr ido cerca de la co
lonia reprod c a de Salar Grande  iii  cambios rele antes 
para red cir la il minación entre mar o  ma o en Mina Cor
dillera  en Salar Grande   i  la red cción de los empos en 
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q e la plataforma del aerop erto de Iq iq e permanece en
cendida  restringiéndose nicamente a los periodos en q e 
e isten elos programados  No obstante lo anterior  los 
efectos en la red cción de la caída de a es a n no se cono
cen  
 Más recientemente  n programa par cipa o con n 
enfoq e sistémico ha sido adoptado en la colonia de nidifica
ción de la golondrina de mar negra de Salar Grande  Éste es 
coordinado por el Ministerio del Medio Ambiente a tra és de 
la Secretaría Regional Tarapacá  q e c enta con la par cipa
ción ol ntaria de c atro empresas  considera el apagado 
de l ces d rante periodos crí cos de presencia de a es j nto 
con el recambio de l minarias  di ersas mejoras en el ma
nejo  monitoreo  reporte de a es caídas  Paralelo a s  im
plementación  se están iniciando ges ones para con er r 
este programa en n Ac erdo de Prod cción Limpia  q e 
tendría carácter inc lante  A nq e la implementación de 
este programa ha sido parcial  req iere de na e al ación 
acabada  s s res ltados son promisorios  
 Adicionalmente  se conocen otras dos e periencias de 
recambio de l minarias relacionados con a es marinas en 
Chile  Una es el reempla o de l ces blancas por l ces erdes 
en parte del p eblo de San J an Ba sta  isla Robinson Cr
soe éanse especificaciones técnicas en Ac ng a  La 
seg nda es el recambio de focos halógenos por l ces LED 

K en el gimnasio de isla Mocha éanse especificaciones 
técnicas en Ac ng b  Los res ltados preliminares de 
estas medidas s gieren na red cción significa a en la can

dad de fardelas impactadas Oikonos  datos no p blicados  
 
Rescate y liberación. Otra de las principales medidas adopta
das para dismin ir la mortalidad posterior a la caída de las 
a es consiste en desarrollar programas de rescate  libera
ción de ejemplares  a pesar de q e s  é ito a ni el poblacio
nal  en general  no ha sido comprobado Rodríg e  et al  

a  El rescate p ede ser rele ante para efectos de sensi
bili ación  dif sión de estos impactos en medios de com ni
cación  así como también se ha reportado na incidencia 
posi a a ni el poblacional en casos par c lares Miles et al  

 P  Pinet datos no p blicados  Sin embargo  n enfo
q e orientado a dismin ir la caída de a es controlando s  
ca sa l ma la contaminación l mínica  es lo más recomen
dable  a q e sólo na peq eña porción de las a es es resca
tada  na parte de ellas m ere antes de ser liberadas  el 
resto ene na s per i encia incierta Rodríg e  et al  

a   
 En el caso de Chile  las e periencias en general se han 
remi do a esta prác ca  Por ejemplo  gr pos de di ersos 
orígenes ONGs  ni ersidades  repar ciones estatales  se 
han establecido en las ci dades de Arica  Iq iq e  Antofa
gasta  mo ados principalmente por el rescate  rehabilita
ción  liberación de golondrinas de mar  por ejemplo  en 
Arica se conformó n gr po en  con la par cipación de 
la m nicipalidad  el SAG regional  la ROC  BREGMA  El resca
te  liberación también ha sido la principal medida adoptada 
por empresas responsables de caídas de golondrinas de mar 
en la región de Tarapacá  a nq e recientemente n enfoq e 
más amplio comen ó a ser adoptado Malinarich et al   
En Iq iq e han e is do inicia as de rescate  lideradas por el 
SAG desde  q e se ieron potenciadas por la organi a
ción de la Red de Vol ntarios en  q ienes reali an el 
rescate  liberación de cientos de a es cada temporada  así 

como también la dif sión de la problemá ca a ni el local  En 
Antofagasta  CREA reali ó rescates no sistemá cos entre 

   lo q e posteriormente se transformó en n 
plan organi ado de rescates  registros morfométricos  anilla
do de golondrinas de mar liberadas  la materiali ación de n 
programa de información  inc lación p blica e ins t cional 
empresarial  Las cifras de este programa dan c enta de q e  
del total de ejemplares rescatados  n  sobre i ió para 
llegar a ser anillado  liberado G erra-Correa  Páe  obs  
pers  Por otro lado  en la ona central de Chile  la ROC ha 
coordinado  desde  na red local de resp esta  En este 
caso  la principal mo ación es encontrar las colonias repro
d c as de la golondrina de mar f eg ina en la cordillera  sin 
embargo  esto ha traído como consec encia el rescate de 
ejemplares  s  traslado a centros de rehabilitación para s  
posterior liberación  En  la ONG Panthalassa inició n 
plan de rescate  liberación del nco de H mboldt en P nta 
de Choros  Finalmente  se ha reali ado n programa de res
cate  rehabilitación  liberación en San J an Ba sta  archi
piélago J an Fernánde  desde  el c al depende de re
gistros oport nís cos de a es marinas reali ados por los ha
bitantes del poblado  En los siete años de este programa más 
de  personas  de la población ad lta  han registrado 

 entregado a es a la ONG Oikonos para s  e al ación  libe
ración  J nto con este plan de rescate  e iste n programa 
sistemá co de e al ación de la atracción de l minarias en 
sectores prioritarios de San J an Ba sta     
 Las liberaciones en Chile son reali adas  en s  ma oría  
d rante las primeras horas de la noche en localidades coste
ras poco il minadas  a nq e d rante la temporada  los 
ejemplares del nco de H mboldt rescatados en P nta de 
Choros f eron liberados d rante el día  en el mar  General
mente  este po de liberaciones no han incl ido el anilla
miento de a es  con esf er os m  p nt ales en Iq iq e  
más permanentes en Antofagasta  Sin embargo  el anilla
miento ha permi do conocer casos de ejemplares de golon
drinas de mar negra  de collar q e han sido recapt rados 
pocos días desp és de s  liberación  a nq e estos n meros 
son mínimos menores al  C  G erra-Correa  R  Pere
do obs  pers  En contraste  no se conocen ejemplares anilla
dos como olantones  recapt rados en estado ad lto  a n
q e no ha habido n esf er o de capt ra importante de este 
gr po etario  Más allá de estos registros anecdó cos  la efec

idad de la liberación para todos los gr pos de edades de 
estas especies permanece ampliamente desconocida  p es 
las resp estas más sistémicas ante los e entos de caídas de 
a es son m  escasas  Casos como el del nco de H mboldt 
en P nta de Choros  donde di ersos organismos han doc
mentado la caída de a es por más de  años  sin prod cirse 
cambios s stanciales  reflejan la escasa comprensión del 
fenómeno a ni el del país  las posibilidades de resp esta 
limitadas del marco norma o q e act almente reg la la 
contaminación l mínica en el país DS N  
 
DISCUSIÓN 
 
En Chile se ha registrado la caída de  especies de a es ma
rinas por ca sa de la contaminación l mínica  de las c ales 
seis no habían sido reportadas pre iamente por Rodríg e  et 
al  a  Una de estas especies pertenece a la familia Sco
lopacidae  c atro a Oceani dae  tres a H droba dae  n e e 
a Procellaridae Tabla  Estas caídas se han registrado a lo 
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Perspectivas para el manejo en Chile 
 
El impacto de la contaminación l mínica sobre las a es mari
nas en el país es consistente con los patrones obser ados en 

largo de todo el territorio chileno  siendo el impacto sobre la 
golondrina de mar negra en el desierto de Atacama el de 
ma ores proporciones a ni el m ndial Rodríg e  et al  

a  
 

Especie afectada Categoría de conservación Localidad Latitud Longitud 
Máximo de caídas registrado 

(anual  
Phalaropus fulicarius No clasificado Mejillones -  -   

Oceanites oceanicus chilensis No clasificado 

Valle del Elq i -  -  Falta información 
Río Blanco  Saladillo -  -  Falta información 

San ago -  -   
Cajón del Maipo -  -   

Valle del Cachapoal -  -  Falta información 
San Fabián de Alico -  -  Falta información 

Oceanites gracilis Conocimiento ins ficiente 

Arica -  -  Falta información 
Iq iq e -  -   
Patache -  -  Falta información 

Salar Grande -  -  Falta información 
Mejillones -  -  Falta información 

Antofagasta -  -   

Garrodia nereis No clasificado 
Isla Gon alo  Archipiélago 

Diego Ramíre  -  -   

Fregetta grallaria En Peligro 
Isla Robinson Cr soe  Archi

piélago J an Fernánde  -  -  Falta información 

Oceanodroma hornbyi Ins ficientemente conocida 

Arica -  -   
Iq iq e -  -   

Alto Hospicio -  -  Falta información 
Po o Almonte -  -  Falta información 

Patache -  -  Falta información 
Tocopilla -  -  Falta información 
Michilla -  -  Falta información 

Baq edano -  -  Falta información 
Sierra Gorda -  -  Falta información 
Mejillones -  -   

Antofagasta -  -  
La Negra -  -  Falta información 

Oceanodroma tethys No clasificado Iq iq e -  -  Falta información 
Ad ana río Loa -  -   

Oceanodroma markhami En Peligro 

Complejo fronteri o Chacall
ta -  -  Falta información 

Arica -  -   
Alto Hospicio -  -  Falta información 
Po o Almonte -  -  Falta información 

Iq iq e -  -   
Aerop erto Diego Aracena -  -  Falta información 

P erto Patache -  -  Falta información 
Salar Grande -  -   

Tocopilla -  -  Falta información 
Mejillones -  -  Falta información 

Antofagasta -  -  Falta información 

Pterodroma externa En Peligro 

Isla Alejandro Selkirk  Archi
piélago J an Fernánde  -  -   

Isla Robinson Cr soe  Archi
piélago J an Fernánde  -  -   

Pterodroma neglecta En Peligro Isla Robinson Cr soe  Archi
piélago J an Fernánde  -  -   

Pterodroma defilippiana V lnerable 
Isla Robinson Cr soe  Archi

piélago J an Fernánde  -  -   

Pterodroma longirostris En Peligro 
Isla Alejandro Selkirk  Archi

piélago J an Fernánde  -  -   

Halobaena caerulea No clasificado 
Isla Gon alo  Archipiélago 

Diego Ramíre  -  -   

Ardenna creatopus En Peligro 
Isla Robinson Cr soe  Archi

piélago J an Fernánde  -  -   
Isla Mocha -  -   

Ardenna grisea No clasificado 
Iq iq e -  -   

Isla Gon alo  Archipiélago 
Diego Ramíre  -  -   

Pelecanoides garnotii En Peligro 

Arica -  -   
Iq iq e -  -   

Pan de A car -  -  Falta información 
Caldera -  -  Falta información 

Chañaral de Aceit no -  -  Falta información 
P nta de Choros -  -   

Los Choros -  -  Falta información 
La Serena -  -   
Los Molles -  -  Falta información 

Pelecanoides urinatrix No clasificado 
Isla Gon alo  Archipiélago 

Diego Ramíre  -  -   

Tabla . Especies afectadas por  la  contaminación l mínica en Chile  categoría de conser ación nacional  n mero má imo de ejemplares caídos registrados 
para cada localidad  
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otras la t des en lo q e respecta a familias  edades princi
palmente afectadas  Esto también es aplicable al efecto de la 
l na Telfer et al   Rodríg e   Rodríg e   Miles 

 M rillo et al   Rodríg e  et al    las caracte
rís cas de las l ces de origen antrópico más conflic as  Sin 
embargo  el hecho de q e en Chile e istan colonias repro
d c as hasta  km erra adentro  posiblemente  a más 
de    km  erra  adentro  Barros   Barros et al    

 res lta en la e istencia de na ma or can dad de si
os il minados entre las colonias  el mar  lo q e s pone 

ma ores desafíos para s  ges ón debido al a mento de la 
s perficie de potencial impacto Barros et al    
 A pesar de q e desde hace die  años  i  son arias las 
localidades  especies afectadas incl endo alg nas amena
adas local  globalmente  ii  en alg nos casos  s  magnit d 

es de las ma ores conocidas a ni el global  iii  di ersas re
par ciones p blicas en Chile han tomado conocimiento de 
este fenómeno  la caída de a es marinas por contaminación 
l mínica ha sido ampliamente omi da de la ges ón ambien
tal  tanto desde la perspec a de la conser ación de especies 
e g  el nco de H mboldt recientemente f e clasificado En 

Peligro en Chile  a n sin considerar esta f ente de impacto  
como desde el diseño de pro ectos de il minación   sólo 
recientemente comien a a ser entendido el fenómeno   
 Ante la abr madora e idencia de especies  territorios 
afectados Fig ra  es e idente q e la legislación  s s esca
sos elementos norma os referidos a aq ellos q e reg lan 
par c larmente todo lo relacionado con la il minación ar fi
cial  han sido ins ficientes para dar na resp esta temprana 
e g  el caso del nco de H mboldt en P nta de Choros  

Pan de A car   de la golondrina de mar de collar en Antofa
gasta  casos en los c ales act almente opera el DS 
N  Seg n este escenario  res lta necesario desarro
llar n e os instr mentos de ges ón o act ali ar los a e is

tentes para  i  incorporar la biodi ersidad como objeto de 
protección de la norma a de contaminación l mínica  ii  
incorporar  al menos  a s  ámbito de acción las regiones de 
Arica  Parinacota  así como Tarapacá   los territorios ins la
res  iii  establecer restricciones ma ores para los territorios 
cercanos a colonias reprod c as importantes  i  limitar 
el so de las l minarias más noci as e g  LED blanco  A n
q e a n no es clara s  diferencia  los LED de l ces más cáli
das red cirían las caídas  tal como ha oc rrido en isla Mocha  
Adicionalmente  es necesario refor ar los mecanismos para 
q e la norma act ali ada  los instr mentos e istentes q e 
reg lan la sobreil minación sean aplicados de forma efec a 
a tra és de acciones de dif sión  fiscali ación  entre otras  
 Alg nas caracterís cas técnicas q e deberían agregarse 
a la act al norma a  la c al restringe la emisión de fl jo 
radiante hacia arriba  son  i  reg lar la li ación de l ces 
q e emiten en el espectro a l  prefiriendo l minarias más 
cálidas o l ces erdes  ii  prohibir  especialmente  la instala
ción de l minarias orientadas hacia el mar  con énfasis en 
periodos crí cos para cada territorio  tal como la salida de 
olantones desde las colonias de a es marinas s scep bles 
Fig ra   iii  red cir la il minación innecesaria e g  apagar 

las l ces de las paradas del transporte p blico  de las carre
teras desp és de medianoche  especialmente en noches de 
l na n e a  Para implementar lo anterior  las alterna as de 
control remoto ac ación por mo imiento  q e posibilitan 
las n e as tecnologías de il minación  representan na opor
t nidad para permi r el encendido selec o de las l mina
rias  
 A s  e  es necesario generar restricciones más estrictas 

 adaptadas a la realidad local en los alrededores de colonias 
reprod c as importantes  con especial atención en las q e 
act almente dan señales de impacto  incl endo las colonias 
de golondrinas de mar en el norte de Chile  del nco de 

Figura  Fenología de caída de las especies más impactadas por la contaminación l mínica más de  indi id os por año  Se presenta información para el 
Petrel de J an Fernánde  Pterodroma externa  la fardela blanca Ardenna creatopus  el nco de H mboldt Pelecanoides garnotii  la golondrina de mar 
negra Oceanodroma markhami   la golondrina de mar de collar Oceanodroma hornbyi  En rojo osc ro se destacan los meses en los q e  oc rre el má imo 
de caídas  
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H mboldt en Atacama  Coq imbo  las a es del archipiéla
go de J an Fernánde   las islas Mocha  Gon alo 
archipiélago Diego Ramíre  A par r de estas e periencias  

se debe adoptar n enfoq e preca torio  e itar el incre
mento de la il minación cerca de colonias de petreles  far
delas q e act almente estén m  poco il minadas o sin il
minación alg na  como la colonia de golondrina de mar de 
collar en la Pampa del Indio M erto Barros et al    las 
colonias de las islas Ildefonso  Noir  G afo  G amblín  el 
Cabo de Hornos    
 Una dific ltad para iden ficar otros territorios rele an
tes es el hecho de q e las colonias de arias especies perma
necen desconocidas  Sin embargo  los datos de caída p eden 
con er rse en b enas apro imaciones para detectar si os de 
reprod cción Barros et al     Esto res ltaría par

c larmente l para encontrar n e as colonias del nco 
de H mboldt  de la golondrina de mar chica  la golondrina de 
mar f eg ina  la golondrina de mar de collar  la golondrina 
de mar per ana  p es las colonias son desconocidas para 
todas estas especies  Por ejemplo  para la golondrina de mar 
per ana se conoce sólo na peq eña colonia en el país 
Bernal et al   pero los si os de caída conocidos para la 

misma se enc entran  km más al norte  Es recomendable 
entonces mantener n b en sistema de registro a tra és de 
plataformas colabora as  como eBird  
 Otro aspecto q e es necesario precisar es a q é distancia 
de las colonias la il minación comien a a generar n impor
tante efecto de atracción  al ig al q e el conocimiento de las 
r tas de elo de las especies entre las colonias  el mar  En 

n est dio con GPS  Rodríg e  et al  b  encontraron 
q e los indi id os de la pardela cenicienta mediterránea 
caen a menos de  kilómetros de distancia desde s s colo
nias  En el caso de Chile  aq ellos si os donde se e afectada 

na ma or fracción de indi id os de la golondrina de mar 
negra se enc entran al menos a  km de las colonias más 
cercanas  tales como Pampa Perdi   el sector de nidos de 
Salar Grande  lo q e podría ariar dependiendo de las carac
terís cas locales del paisaje  la intensidad de la il minación  
 Los programas de rescate  rehabilitación  liberación 
deben fortalecerse  a nq e estos en ning n caso deben ser 
entendidos como el principal enfoq e de manejo Rodríg e  

a  En este conte to  es prioritario determinar el é ito 
de las liberaciones con el fin de e al ar la s per i encia de 
las a es al año sig iente de la liberación  En esa dirección   
ante la gran can dad de a es q e son manip ladas an al
mente en el país  el anillamiento es na medida básica a im
plementar  A s  e  se recomienda e al ar las condiciones 
en q e se reali an las liberaciones act almente en el país  
considerando  por ejemplo  las e periencias de Miles et al  

 q ienes reali an liberaciones desde acan lados cos
teros d rante el día o en colonias en la noche   Rodríg e  et 
al  b  incl endo la liberación al final de la noche en la 
colonia más cercana  
 A largo pla o  el principal desafío es cambiar la idea de 
q e “más il minado es mejor”  res t ir el alor del desarro
llo de pro ectos de il minación  q e incorporen la s stenta
bilidad dentro de s s principios  Es posible q e las ca sas  el 
manejo de los efectos de la contaminación l mínica sobre las 
dimensiones de la obser ación astronómica  la sal d h mana 

 la biodi ersidad sean com nes  en consec encia  será be
neficiosa la ar c lación de esf er os  la colaboración entre 
los diferentes actores con interés en la dismin ción del im

pacto en dichas áreas  así como también entre organismos 
p blicos  pri ados  
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a  b  s t  r a  c t

Light  pollution is  a major  emerging issue in biodiversity  conservation,  and has important implications  for
policy  development and  strategic planning.  Although  research  is  now addressing  the  negative impacts
of anthropogenic  noise on biota,  less attention  has been  paid to the  effects  of  light  pollution. Changes  in
lighting technology  have led  to  a  diverse  range  of  emerging  low  energy light  types  and a trend  towards
the  increased use of white  light.  Light  pollution  affects  ecological  interactions  across  a range  of taxa  and
has  adverse effects on  behaviours such  as  foraging,  reproduction  and  communication. Almost a quar-
ter  of bat  species  globally  are  threatened  and  the  key  underlying threat to populations  is pressure  on
resources  from  increasing human  populations.  Being nocturnal,  bats are  among the  taxa  most  likely to
be  affected by  light  pollution.  In  this  paper we provide  an overview of the  current  trends in artificial
lighting followed by  a review  of the  current  evidence of  the  impacts  of lighting  on  bat  behaviour, partic-
ularly  foraging,  commuting,  emergence,  roosting and  hibernation.  We discuss  taxon-specific  effects  and
potential cumulative  ecosystem level  impacts.  We conclude by  summarising  some  potential  strategies
to minimise  the  impacts of lighting  on bats and  identify  key gaps  in knowledge  and  priority  areas  for
future  research.

©  2015 Deutsche  Gesellschaft  für  Säugetierkunde.  Published by  Elsevier  GmbH. All  rights  reserved.

Shedding light on  the challenges –  how important is light
pollution?

Global increases in  urbanisation (Grimm et al., 2008) and human
development have led to a dramatic rise in  both the extent and
intensity of artificial lighting throughout the 20th and 21st cen-
turies (Cinzano, 2000, 2003; Cinzano et al., 2001; Hölker et al.,
2010a). Light pollution affects every inhabited continent; electric
lighting has increased nocturnal sky brightness by  20% (Hendry,
1984). Worldwide, artificial lighting is  increasing by around 6% per
annum (Hölker et al., 2010b), and there was a  24% increase in light
pollution in the UK between 1993 and 2000 (CPRE, 2003). Tradi-
tionally street lights consisted of sodium discharge lamps which
generate light via electric discharges through a gas or vapour. The
most common lights used were Low Pressure Sodium (LPS) and
High Pressure Sodium (HPS). LPS lights are narrow spectrum, emit-
ting an orange-based light with a  correlated colour temperature
(CCT) of 1807 Kelvin (K), and an absence of ultraviolet (UV) light.
HPS are broad spectrum generating a  pinkish light with a  CCT of
2005–2108 K, with some light emitted in the UV spectrum. Trends

∗ Corresponding author. Tel.: +00 265(0) 993367832.
E-mail address: emma.stone@bristol.ac.uk (E.L. Stone).

in  lighting technology have led  to changes in  the spectral content
of artificial lighting (Davies et al., 2013a; Frank, 1988; Massey and
Foltz, 2000) from predominantly orange sodium-based lighting in
the 1960s and 1970s (Gaston et al., 2013) to broader wavelength
lights such as high-brightness light-emitting diodes (LEDs). Today
a variety of light types are used globally each with differing CCT and
wavelengths (Table 1,  Fig. 1). LEDs produce monochromatic radia-
tion and their colour tone is  defined by the dominant wavelength
(Fig. 2), so LEDs can be a  variety of CCTs from “warm white” simi-
lar to  LPS to “blue white” similar to metal halogen. LEDs had a 31%
growth in market share in 2010 (Steele, 2010) and are expected to
represent 60% of the market share by 2020 (Peters, 2011).

Ecological impacts of lighting

Global levels of light pollution are set to increase as human
populations rise and become more urbanised. There has been
increasing awareness of the ecological impacts of  light pollution
associated with urbanisation (Davies et al., 2013b; Gaston et al.,
2012, 2013; Harder, 2002; Hölker et al., 2010a, 2010b; Longcore and
Rich, 2004; Navara and Nelson, 2007; Smith, 2009). Light pollution
affects ecological interactions across a  range of taxa and negatively
affects critical animal behaviours including foraging, reproduction
and communication (for reviews see Gaston et al., 2013; Longcore

http://dx.doi.org/10.1016/j.mambio.2015.02.004
1616-5047/© 2015 Deutsche Gesellschaft für Säugetierkunde. Published by Elsevier GmbH. All  rights reserved.
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Fig. 1. Spectral composition of common street light types.
Source:  Gaston et al. (2013).

and Rich, 2004; Rich and Longcore, 2006). Light pollution is  now
recognised as a  key biodiversity threat and is an emerging issue in
biodiversity conservation, with important implications for policy
development and strategic planning (Hölker et al., 2010b). Being
nocturnal bats are among those species most likely to  be  affected

Fig. 2. Spectra of coloured and white LEDs.
Source:  Anon (2005).

Table 1
Common light types and colour temperatures.

Light type Colour Correlated
colour
temperature (K)

Low pressure sodium (LPS/SOX) Yellow/orange 1807
High pressure sodium (HPS/SON) Pinkish/off white 2005–2108
Compact fluorescent Warm white 2766–5193
Metal halide (MH) Blue-white 2720–4160
Light emitting diode (LED) White/warm-white 2800–7000

Source:  Gaston et  al. (2012).

by lighting, although artificial light can have an impact on a  wide
range of taxa and behaviours.

Impacts of artificial lighting on bats

As  the second most species-rich mammalian order in  the world
(Wilson and Reeder 2005) bats represent a  significant contribu-
tion to global biodiversity (Altringham, 1996; Racey and Entwistle,
2003). Bats make effective bio-indicators, capturing the responses
of a  range of taxa and reflecting components of biological diver-
sity such as species richness and biodiversity (Jones et al., 2009).
Due to  their high niche diversity bats are  also effective ecologi-
cal indicators reflecting responses over a range of  trophic levels
and highlighting effects of environmental degradation on specific
ecological processes that are key to ecosystem functioning. Bats
are potentially effective bio-indicators for conservation biologists
measuring the human impact on the environment, including the
impacts of light pollution as their relative abundance, species rich-
ness, and vulnerability to  disturbance can be relatively easy to
monitor over successive years (Fenton et al., 1992).

Bats are therefore critical to ecosystem functioning and should
be included in conservation plans aimed at preserving the integrity
of ecosystems (Kalka et al., 2008). Declining bat populations may
compromise important ecosystem services, so understanding their
conservation needs is vital (Williams-Guillén et al., 2008). Urbani-
sation and development affect bat habitats, either through direct
loss or disturbance from light and noise pollution or human
activities. Connectivity of habitat and foraging areas to roosts is
fundamental to the survival of many bat populations (Verboom and
Huitema, 1997). Linear landscape features such as hedgerows, river
banks and canals are important for bats, often being used for forag-
ing and commuting (Limpens and Kapteyn, 1991; Verboom et al.,
1999; Park, 2015). Changes in habitat affect the quantity, qual-
ity and connectivity of foraging, drinking and roosting resources
available to  bats.
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Fig. 3. Commuting route of Rhinolophus hipposideros in England illuminated with
experimental HPS street lamps.
Source: Stone et al. (2009).

The natural light dark cycle (LDC) is  a critical factor entrain-
ing the biological “circadian” rhythms of those organisms exposed
to the daily fluctuation of sunlight (Aschoff, 1960, 1965, 1981).
Daily patterns of activity and behaviour in  bats are influenced by
the LDC (Haeussler and Erkert, 1978). The timing of nightly emer-
gence from roosts is  influenced by  the timing of sunset (Erkert,
1982),  and foraging activity and behaviour is affected by  moonlight
(Morrison, 1978; Saldaña-Vázquez and Munguía-Rosas, 2013) and
night length (Frafjord, 2013). Artificial lighting can have an impact
upon a range of bat behaviours including foraging and commuting,
emergence, roosting, breeding and hibernation. Artificial lighting
can damage bat foraging habitat directly making an area unsuit-
able for foraging, or  indirectly by severing commuting routes from
roosts, through light spillage onto hedgerows and watercourses
(Rasey, 2006).

Impacts on foraging and commuting behaviour

Spatial avoidance and habitat fragmentation
Light that spills onto bat commuting routes or flyways can cause

avoidance behaviour for some species and fragment the network of
commuting routes. Activity of Rhinolophus hipposideros and Myotis
spp. was significantly reduced along commuting routes illuminated
with HPS and LED street lights (Stone, 2011; Stone et al., 2009,
2012) (Fig. 3). Rhinolophus hipposideros and Myotis spp. avoided
commuting routes illuminated with LEDs at light levels of 3.7 lux
(Stone et al., 2012). In Canada and Sweden Myotis spp. were only
recorded away from street lights (Furlonger et al., 1987; Rydell,
1992). Despite the presence of street lit areas within their home
range, lit areas were never used by  Rhinolophus ferrumequinum
(Jones and Morton, 1992; Jones et al., 1995). Disruption of com-
muting routes can force bats to  use alternative routes to  reach their
foraging grounds. The quantity and quality of alternative routes
will vary on a site-by-site basis. Bats may  be forced to use sub-
optimal routes that may  cause them to  fly further to reach their
foraging grounds, resulting in  increased energetic costs due to
increased flight time. Alternative commuting routes may  be subop-
timal in  terms of vegetation cover, resulting in increased predation
risk or exposure to  the elements (wind and rain) with the asso-
ciated increased energetic costs. Where alternative routes are  not
available, bat colonies may  be isolated from their foraging areas,
potentially forcing them to abandon their roost. Such disturbance
disrupts the ecological functionality of the landscape by creating
barriers to  effective animal movement.

Increased foraging opportunities
Some bat species are attracted to  lights because of the higher

numbers of insects (particularly moths) attracted to  street lights,
especially lights emitting short wavelengths (Eisenbeis, 2006; van
Langevelde et al., 2011). For such light-tolerant bat species artificial
lights create an illuminated night niche that acts as an artifi-
cial feeding resource. Bats of the genera Chalinolobus, Cormura,
Cynomops, Diclidurus,  Eumops, Eptesicus,  Lasiurus, Mormopterus,
Molossus,  Myotis, Nyctalus, Nyctinomops,  Pipistrellus, Tadarida, Sac-
copteryx and Vespertilio have been recorded foraging at street
lights (Avila-Flores and Fenton, 2005; Barak and Yom-Tov, 1989;
Bartonička et al., 2008; Bell, 1980; Belwood and Fullard, 1984;
Blake et al., 1994; Catto, 1993; de Jong and Ahlén, 1991; Fenton
and Morris, 1976; Fullard, 2001; Furlonger et al., 1987; Geggie
and Fenton, 1985; Haffner and Stutz, 1985/86; Hickey et al., 1996;
Hickey and Fenton, 1990; Jung and Kalko, 2010; Kronwitter, 1988;
Rydell, 1991, 1992, 2006; Rydell and Racey, 1995; Scanlon and
Petit, 2008; Schnitzler et al., 1987; Shields and Bildstein, 1979).
Higher densities of bats have been recorded in areas illuminated
with Mercury Vapour Lamps (MVL) compared to unlit areas e.g.
densities of Pipistrellus spp. were 10 times higher in lit versus dark
areas in  England (Rydell and Racey, 1995), and densities of Eptesi-
cus nilssoni were 5–20 times higher in  areas lit with MVL compared
to dark areas in  Sweden (Rydell, 1991). Activity levels of Pipistrel-
lus pipistrellus,  P. pygmaeus and Nyctalus/Eptesicus spp. were higher
at white ceramic metal halide (MH) compared to  LPS street lights
(Stone et al., 2015). The highest levels of bat activity in lit  areas
have been recorded at white lights (Avila-Flores and Fenton, 2005;
Blake et al., 1994; Rydell and Racey, 1995). This is  reflected in the
higher numbers of insects attracted to white MVL  than HPS  (Rydell,
1992). LPS (orange) lights do  not appear to  attract insects, with
insect numbers as low as those recorded on unlit streets (Rydell,
1992). HPS lights attracted 57% fewer insects than white MVL in
Germany (Eisenbeis, 2010). MVL  lights are energy-inefficient and
are now being phased out.

Fast-flying species adapted to  forage in  open areas, particularly
bats of the genera Eptesicus, Nyctalus and Pipistrellus,  may  benefit
from the increased foraging opportunities provided at lamps, which
attract high densities of insects. However, while providing a  feeding
resource for some bats, artificial lights can potentially increase mor-
tality risk due to  collision with vehicles: juveniles may be at higher
risk of predation due to  their slower and less agile flight (Racey
and Swift, 1985). Whether mortality risk increases in lit  situations
deserves further research.

Reduced foraging opportunities
Illumination of foraging areas can potentially prevent or reduce

foraging activity, causing bats to  pass quickly through the lit  area
or avoid it completely (Polak et al., 2011). Lighting can disrupt the
composition and abundance of insect prey (Davies et al., 2012).
Acoustic tracking demonstrated that Eptesicus bottae failed to  for-
age under lit  conditions (Polak et al., 2011). Artificial illumination
in foraging habitats can effectively cause a  loss of foraging areas for
some bat species. Experiments with both captive and free-flying
bats showed reduced foraging success of frugivorous bats (Carollia
sowelli) under lit conditions. Bats harvested fewer fruits, which
could have negative impacts on seed dispersal (Lewanzik and
Voigt, 2014). Currently there is  a  lack of  empirical evidence on
the impact of lighting on foraging success of  insectivorous bat
species.

Impacts on emergence, roosting and breeding

Delayed emergence
Disturbance by external lights during emergence can delay the

timing and prolong the duration of emergence for some species.
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Extending twilight caused delayed emergence in  Rhinolophus hip-
posideros (McAney and Fairley, 1988) and light intensity was an
important factor determining the onset of emergence. This species
leaves exposed roost exits later than exits close to extensive vege-
tation (Duvergé et al., 2000). External lighting reduced the number
of Pipistrellus pygmaeus emerging from roosts (Downs et al., 2003),
and delayed emergence in  R.  ferrumequinum, Myotis emargina-
tus and M.  oxygnathus (Boldogh et al., 2007). Myotis myotis failed
to emerge from their roost under experimental illumination of
their flight path (Decoursey and Decoursey, 1964). Lighting and
noise during a  music festival caused delayed emergence of Myotis
daubentonii in England (Shirley et al., 2001). Delayed emergence
caused by light disturbance will result in reduced foraging time
and bats may  be forced to compensate. Delayed emergence also
increases the risk that bats will miss the peak in abundance of
insects that occurs at dusk, thereby reducing the quality of forag-
ing time (Rydell et al., 1996). Delayed emergence could therefore
negatively affect the fitness of individuals and the roost as whole.

Spatial avoidance or roost abandonment
Long-term exposure to light during emergence may  cause

bats to use alternative exit/entrances if available and in the
worst case scenario may  cause bats to  abandon the roost or
become entombed. A maternity roost of 1000–1200 female Myotis
emarginatus was  abandoned after lighting spilled directly onto the
entrance (Boldogh et al., 2007). Full illumination of roosts has been
shown to  cause sudden declines in bat numbers. Numbers of Myotis
lucifugus and Eptesicus fuscus declined by between 53–89% and
41–96% respectively upon installation of incandescent lamps (40
and 60 watts), cool fluorescent lamps (40 watts) and spotlights
(150 watts) inside nursery roosts (n =  3 Myotis lucifugus roosts; n =  6
Eptesicus fuscus roosts) (Laidlaw and Fenton, 1971).

Lighting that spills directly into a roost can cause roost aban-
donment or death and can have consequences for predation and
connectivity. Bats may  be forced to use alternative exits that may
be suboptimal in  terms of predation risk. Alternative exits may
increase mortality risk due to their location in relation to  the sur-
rounding landscape e.g. bats may  be forced to  fly across roads once
leaving the exit, or  due to their situation e.g. located low to the
ground or near a  window sill enabling easy access for predators
such as domestic cats (Ancillotto et al., 2013).

Reduced reproductive success
Internal and external lighting around a  bat roost can have an

impact on the fitness of the colony through reduced juvenile growth
rates. Colonies of Myotis emarginatus and Myotis oxygnathus in
buildings which were illuminated from the outside had lower
juvenile growth rates than colonies in  non-illuminated buildings
(Boldogh et al., 2007). Reduced individual fitness can have impli-
cations for the long-term survival of a colony, making them more
susceptible to other threats such as predation. Bats are long-lived
and slow to reproduce, meaning they take time to recover from
population declines.

Impacts on hibernating bats

Hibernation is an extended form of torpor (a period when a  bat
allows it body temperature to  fall below its active homoeother-
mic  level to conserve energy), and can occur on a  seasonal basis in
response to changes in  temperature and food supply (Altringham,
1996). Hibernation is  an integral component of the life history of
both temperate and even some tropical bats (Altringham, 1996).
The nature and extent of the impacts of lighting on hibernation
will depend on many factors, including the thermoregulatory flex-
ibility of the species in question, with more flexible species able
to adapt to  artificial stressors such as lighting, and therefore less

likely to be affected negatively (Boyles et al., 2011). Overwinter
survival of bats is largely dependent on their ability to  find a hiber-
nation site with suitable microclimatic conditions to allow efficient
energy budgeting. Increased arousal from torpor caused by  disturb-
ance such as lighting can potentially cause energy losses, and may
disrupt circadian rhythms, which may  reduce overwinter survival.

Spatial avoidance or roost abandonment
The illumination of hibernation sites may cause spatial avoid-

ance so that bats have to find alternative hibernation sites. There
is currently no published evidence of the impacts of  lighting on
hibernating bats, but evidence from summer roosts (see above)
suggests that bats would avoid roosting at illuminated hibernation
sites. Further research is required to understand the conservation
and energetic consequences of illuminating hibernation sites. If
bats were deterred from using preferred hibernacula, this could
have significant conservation consequences, potentially affecting
overwinter survival.

Increased arousal from hibernation
It is possible that light disturbance within a  hibernation site

would cause bats to arouse from torpor. At present there is no
empirical evidence that light stimulates arousal in hibernating bats.
Laboratory studies found that bats do not arouse when exposed
to  slight variations in light (Speakman et al., 1991), although this
study only tested the effect of the light emitted from a 14 watt head
torch for a very brief time. This may  not therefore be representative
of the impacts of other light types on bat hibernation. If hibernat-
ing bats were disturbed regularly, this would result in  significant
energetic costs, perhaps reducing their overall fitness and ability
to survive the winter and subsequent spring. In addition, artificial
lighting may  disrupt circadian rhythms during hibernation. In mar-
itime Britain, hibernating bats are most likely to arouse close to
dusk so they can exploit the peak in insect abundance (Hope and
Jones, 2013; Park et al., 2000). As light can act as a  zeitgeber to
entrain circadian rhythms, it has the potential to  disrupt them also.

Species-specific effects

Responses to light pollution are species-specific (Rydell, 1991),
and so care must be taken in making generalizations about poten-
tial impacts across bat species. Species-specific responses to light
may  be a  function of flight morphology and echolocation: rela-
tively fast-flying bats which typically forage in the open using long
range echolocation pulses such as Eptesicus,  Nyctalus and Pipistrel-
lus species are attracted to  street lights (Blake et al., 1994; Rydell,
1991, 1992), whereas slow-flying bats with echolocation adapted
for cluttered environments appear to avoid street lights due to
light-dependent predation risk (Furlonger et al., 1987; Rydell, 1992;
Stone et al., 2009, 2012). Species that are light-averse often possess
wing morphologies associated with higher extinction risk (Jones
et al., 2003) and so may  be of conservation priority. In addition
there have been very few studies assessing the impacts of lighting
on frugivorous and nectarivorous bats (although see Lewanzik and
Voigt (2014)) and a diversity of responses are likely to occur.

How big are the impacts: community and ecosystem effects?

To date there is no specific evidence of community or  ecosys-
tem level effects of artificial lighting on bats. However, evidence
suggests that the effects of lighting on bats are likely to cascade
to the community level. Lighting may  alter the balance of  com-
munities through competitive exclusion of less tolerant species, as
more light-tolerant species may  out-compete them for aerial insect
prey. A  possible cause of the population decline in Rhinolophus
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hipposideros in  Switzerland was competitive exclusion by Pipistrel-
lus pipistrellus,  which was able to take advantage of the increased
foraging opportunities provided by  street lights (Arlettaz et al.,
2000). However as R. hipposideros avoids lit  areas, this conclusion
is perhaps unlikely.

Insects may  be attracted away from dark areas creating a  “vac-
uum effect” (Eisenbeis, 2006). This is  supported by experiments
with aquatic insects in Germany in  which higher numbers of insects
were recorded under HPS lamps away from waterways than at unlit
waterways (Perkin et al., 2014). The “vacuum effect” may  nega-
tively affect bats by reducing prey availability for species that do
not forage in  lit areas. Artificial lighting may  also act as a  barrier
for dispersing insects, disrupting movement and gene flow among
populations, which could contribute to insect population declines
(Fox, 2013).

Lighting also alters the community composition of the insect
prey of bats. Higher abundances of predatory and scavenging
ground-dwelling arthropods occur under HPS lights than at sites
between lamps (Davies et al., 2012), including carabid beetles,
which are eaten by  gleaning bats such as Myotis myotis (Arlettaz,
1996). Macromoths exhibit species-specific differences in attrac-
tion to MH  and HPS lamps (Somers-Yeates et al., 2013). As insects
are important in ecosystem functioning (Fox, 2013), such changes
in community composition can have cascading effects at higher
tropic levels and consequential effects for ecosystem service pro-
vision.

The increased densities of insects at street lights may  have
ecosystem-level impacts. Moths attracted to street lights have
increased mortality rates (Frank, 1988; Longcore and Rich, 2004)
and larger moths are more attracted to lights than smaller moths
(van Langevelde et al., 2011). This size-dependent mortality risk
can have cascading effects for trophic interactions and ecosystem
services. There is some evidence that artificial lighting may  affect
ecosystem service provision by reducing bat-mediated seed dis-
persal. Experiments with fruit bats (Carollia sowelli) in Costa Rica,
recorded reduced harvesting success of wild Piper infructescences
when plants were illuminated with HPS lights, suggesting a  reduc-
tion in seed dispersal (Lewanzik and Voigt, 2014).

Solutions and future challenges

Strategies to minimise effects

Avoidance
The simplest and most effective way to  minimise the effects of

lighting on bats is to  avoid illuminating the areas being used by bats.
Where the area used by  bats, such as foraging or  commuting habi-
tat, is already illuminated, lights can be switched off or removed, or
light can be excluded using physical barriers such as hedgerows and
walls. In many cases existing lamps are  outdated, poorly installed
and/or maintained, resulting in light trespass into unwanted areas.
For example, 31% of UK street light columns had exceeded their
lifespan by  2010 and were due for replacement (Anon., 2009). Tres-
pass from existing lights can be reduced by  simple maintenance
such as altering the beam angle of the lamp, installation of hoods
and reflectors to  direct/restrict light to  where it is  needed, com-
plete replacement with new directional lamps, or the construction
of physical barriers (Gaston et al., 2012).

Where new developments are planned, it is possible to  avoid
illuminating areas used by  light-averse bats through careful
planning. Where possible, light exclusion zones (dark areas) should
be created which are interconnected to  allow such bats to move
freely from their roosts along commuting routes to their foraging
grounds without being subject to artificial illumination. In many
cases however, it is  not feasible to  have light exclusion zones in all

the parts of a  site occupied by bats and removal of lights may  not
be practical or  desirable from the human perspective.

Variable lighting regimes
In some cases the impacts of lighting on bats may be minimised

by changing the duration and timing of lighting regimes, to  suit both
human and wildlife use of the site. Such strategies are termed vari-
able lighting regimes (VLRs) and involve switching off or dimming
lights for part or  all of the night and could be an effective strategy
to minimise effects on bats. The majority of  UK local authorities
and councils have commenced lighting reduction strategies and are
adopting VLRs with Central Monitoring Systems (CMS) which allow
for remote switching off/dimming lights when human activity is
low e.g. between 00.30 and 05.30 am. Lights are being switched
off between midnight and 05.00 am,  using remote dimming tech-
nology, on several sections of the motorway network in England,
resulting in 30% reductions of carbon and electricity consumption
in  each section and lower numbers of road traffic accidents after
VLRs were installed (Highways Agency, 2011).

CMS  technology can be  used to switch lights off  during periods
of high bat activity, such as commuting or emergence to  minimise
impacts, though the peak times of bat activity may occur in  the
early evening when lighting is necessary because traffic and human
activity levels are  also high then. Lights can also be dimmed e.g.
to 30% power, for periods of the night to reduce illumination and
spill. CMS LED lamps have been installed along a  canal used by bats
in London as part of the Arcadia Project. The CMS  allow bespoke
dimming regimes to reduce the light levels to 1 lux at times of  low
human activity (Fure, 2012). The appropriate lighting regime for an
area will be site-specific and dependent on the nature of public use
and type and amount of bat activity.

Lights can also be  fitted with movement sensors that switch
lights on as people approach and switch them off after people pass.
Movement sensors can reduce the overall lit time for the environ-
ment, allowing for longer periods of darkness than lamps that are
lit all night, potentially reducing the impact on bats and insects.
However, the effectiveness of VLRs is  reliant upon a good under-
standing of the timing and nature of bat activity in an area. Currently
the impacts of VLRs on bats, both in terms of  dimming and timing
of lighting, are not known and further research is required.

Reducing the intensity of light
Reducing light intensity will reduce the overall amount and

spread of illumination (Gaston et al., 2012). For some bat and insect
species this may  be sufficient to minimise disturbance or the mag-
nitude of any negative impacts and disruption to circadian rhythms.
However, some species may  require very low light levels to have
little/no impact on behaviour and circadian rhythms. Stone et al.
(2012) tested the effect of LED lights on bats along commuting
routes at three light intensities: mean 3.6 lux, mean 6.6 lux, and
mean 49.8 lux. Activity of Rhinolophus hipposideros and Myotis spp.
was reduced at all light intensities, even at 3.6 lux. Average light
levels recorded along preferred commuting routes of Rhinolophus
hipposideros under natural unlit conditions were 0.04 lux across
eight sites (Stone, 2011). When mitigating the impacts of lighting
for such species, very low lux  levels may  not be suitable for human
requirements. In such cases reducing intensity may  not be appro-
priate and alternative strategies, such as dark corridors or physical
barriers, may  be preferable. Currently there is a lack of  evidence
regarding the light intensities below which there are no/reduced
impacts on bats, and responses are likely to  vary between species
and behaviours. A  “light threshold” below which there is  little
impact on bats may  not  exist for those species that may  be light
averse regardless of light intensity e.g. possibly Rhinolophus hip-
posideros.
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Light intensity can be reduced by  dimming lights (e.g. using CMS
technology), changing the light source (e.g. new technologies such
as ceramic MH  often have a lower wattage compared to old lamp
types such as HPS) or creating physical barriers such as walls, or
hedgerows to reduce the total amount of light reaching an area.
HPS lights have been fitted with louvres to  reduce light spill on the
Grand Canal in Dublin, reducing light intensity on the river, allow-
ing bats to fly in  darkness (Fure, 2012). However, there is a trade-off
between reduced intensity and the pattern of light distribution.
Some older light types such as HPS, produce a heterogeneous light
environment whereby light intensity declines steeply away from
the light source. However, some new technologies such as LEDs pro-
duce a uniform light distribution resulting in a  loss of dark refuges
between the lamps (Gaston et al., 2012). In  such cases it may  be
preferable to  increase the spacing between the units to create dark
refuges to  facilitate the movement of light-averse bats.

Changing the light type
Light technology is  developing rapidly and there is  a  general

trend towards white light due to the increased colour render-
ing and perceived brightness for the human eye compared to
HPS or LPS lights (Knight, 2010; Lockwood, 2011). Emerging light
types increasing in popularity include white LED, warm-white
LED, and MH.  Warm white (600 nm)  LED street lights are  being
tested in the Netherlands for their potential to reduce nega-
tive impacts on bats (Fure, 2012). There is increasing concern
that the shift to  broad spectrum lighting could alter the bal-
ance of species interactions (Davies et al., 2013a). Few studies
have compared the effects of impacts of different light types on
bats across species and behaviours, although there was no dif-
ference in  the nature and magnitude of the effect of LED and
HPS lights on commuting Rhinolophus hipposideros (Stone et al.,
2012). Lights emitting blue, green or UV wavelengths, such as
MH or mercury light sources, attract large numbers of insects
and increase insect mortality (Bruce-White and Shardlow, 2011;
Frank, 2006; Somers-Yeates et al., 2013). Some LED lamps attract
fewer insects than MH and MV (Eisenbeis and Eick, 2011). Dif-
ferent light types are likely to  have different effects on bats, and
these effects will be species- and behaviour-specific. Choice of
light type, and hence its spectral distribution will inevitably be a
compromise between wildlife and public requirements. However,
potential negative impacts on light-averse bats and insects can be
minimised by avoiding short wavelength “blue” lights (Falchi et al.,
2011).

Are we in the dark: setting priorities and key questions?

The effects of lighting on bat hibernation are currently not
known. Given the importance of hibernation for the survival of
many temperate species, this is  an area that requires urgent atten-
tion. Key questions include the impacts of lighting on arousal and
overwinter survival.

A key topic requiring further research is the fitness costs of arti-
ficial lighting on bats. This is  critical in understanding the long-term
implications for bat populations. We  need to better understand
how lighting affects critical population parameters such as sex
ratios, dispersal, productivity and survival to  understand and pre-
dict population level effects. Important questions include: what are
the fitness costs of lighting on individual bats and across species?
What are the population level effects of lighting on bats?

To date most research has assessed the impacts of light-
ing on specific behaviours such as commuting and roosting.
Future research should aim to elucidate the impacts of artificial
lighting across trophic levels. Such answers require a multi-
disciplinary approach to assess the ecosystem level impacts of

lighting, using bats as indicators of wider ecosystem health and
functioning.
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INTRODUCTION

Artificial light is becoming a prevalent nocturnal
feature of our planet (Cinzano et al. 2001), and docu-
mented cases of its effects on the natural activities of
organisms are on the rise (Longcore & Rich 2004).
Fledglings of certain seabird species, particularly in
the families Procellariidae (shearwaters and petrels)
and Hydrobatidae (storm-petrels), are attracted to
artificial light on their maiden flights to the ocean
(Harrow 1965, Imber 1975, Reed et al. 1985, Telfer et

al. 1987, Le Corre et al. 2002, Salamolard et al. 2007,
Rodriguez & Rodriguez 2009, Miles et al. 2010),
although the cause of this attraction remains
unknown. As these birds approach light sources,
they can become disoriented and fall to the ground
following physical exhaustion or collision with man-
made structures and vegetation, a phenomenon
known as ‘fallout.’ While many of these downed
birds are found alive and are released each year
through public rescue efforts, recent studies suggest
that light-induced mortality may still significantly
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decrease long-term population recruitment (Ainley
et al. 2001, Le Corre et al. 2002, Rodriguez & Rod -
riguez 2009, Fontaine et al. 2011, Griesemer &
Holmes 2011, Rodriguez et al. 2012b).

Perhaps the most well known example of fallout oc-
curs each autumn on the island of Kauai in the
Hawaiian Archipelago, USA (Reed et al. 1985, Telfer
et al. 1987, Ainley et al. 2001), during the fledging
season of Newell’s shearwater Puffinus newelli, a
species listed as ‘threatened’ under the US Endan-
gered Species Act and ‘Endangered’ on the IUCN
Red List (IUCN 2012). More than 30 000 Newell’s
shearwater fledglings have been found as victims of
fallout on Kauai during the past few decades (Griese-
mer & Holmes 2011), and thousands of other young
shearwaters, petrels, and storm-petrels from different
islands around the world are downed as a result of
light annually (e.g. Le Corre et al. 2002, Miles et al.
2010, Fontaine et al. 2011, Rodrigues et al. 2012, Ro-
driguez et al. 2012b). Despite this large number of
fallout observations, certain elements of this phenom-
enon remain unknown, including the locations along
the path from nest to the ocean from which fledglings
are consistently drawn off course and downed by arti-
ficial light (i.e. it is not known whether light viewable
from natal colonies and/or light viewed along flight
routes to the ocean is regularly involved in fallout).
Some seabirds (including procellariids and hydro-
batids) are attracted to gas flares and lights on off-
shore oil platforms (Wiese et al. 2001), and some (in-
cluding fledgling procellariids; State of Hawaii unpubl.
data) are attracted to light sources on ships at sea
(Dick & Donaldson 1978, Montevecchi 2006), demon-
strating that some birds are still attracted to light after
reaching the ocean. In addition, an extremely small
number of fledgling procellariids (compared to the
tens of thousands of birds that have been rescued
worldwide) have returned as repeat victims of fallout
a short time after having been rescued, banded, and
re leased at coastal sites (Podolsky et al. 1998,
Fontaine et al. 2011). This suggests that a few individ-
uals can indeed be drawn back to land from the
ocean, but it remains unknown whether many birds
can be attracted back to land after first reaching the
sea (without human intervention) such that they con-
tribute significantly to total island-wide fallout (as
suggested by Podolsky et al. 1998).

An improved understanding of how attraction to
artificial light results in the pattern of observed fall-
out exhibited by young seabirds is important for
future seabird conservation efforts worldwide be -
cause it would aid in further assessing the severity of
the threat that artificial light poses to these birds. The

information necessary to directly measure patterns of
fledgling movement in relation to the distribution of
artificial light could potentially be acquired by fitting
a large number of nestlings at breeding colonies with
radio or satellite transmitters and  monitoring flight
paths leading to fallout locations. However, many sea -
bird species whose fledglings are negatively affected
by artificial light only breed in isolated and moun-
tainous terrain of oceanic is lands; thus, the locations
of very few nests are usually known, often rendering
such a large-scale effort unrealistic. This is especially
true of Newell’s shearwater, as the exact locations of
only ~40 active natural burrows are currently docu-
mented (Kauai Endangered Seabird Re covery Pro-
ject unpubl. data).

An indirect method, however, offers a more feasi-
ble and less invasive approach to estimate the pattern
of fledgling fallout caused by attraction to artificial
light. In this study, we compared observed numbers
of Newell’s shearwater fallout victims within estab-
lished regions (known as ‘fallout sectors’) on Kauai to
fallout expected from a series of hypothetical models
containing basic assumptions concerning flight paths
and attraction to light. These comparisons included
models incorporating bird movement and the ability
of birds to view light once at sea, allowing us to test
where along presumed flight paths (from natal site to
the sea) that attraction can occur and, importantly,
whether these young birds could potentially be
attracted back to land after reaching the ocean in
numbers large enough to contribute significantly to
island-wide fallout. We discuss the likely causes
behind observed fallout on Kauai in the context of
our hypothetical models; this is followed by a discus-
sion of future research objectives to support the pro-
tection of these seabirds from the detrimental effects
of artificial light.

METHODS

Fallout records

Residents of Kauai are encouraged to deliver sea-
birds found as victims of fallout to one of a number of
aid stations on the island (Reed et al. 1985, Telfer et
al. 1987, Rauzon 1991), and the pick-up location for
many of these birds is recorded. We obtained a shape -
file of ‘fallout sectors’ (regions with defined bound-
aries, ranging in size from 1236.68 to 96 925.81 km2,
in which fledglings found as victims of fallout are tal-
lied each year) and Newell’s shearwater fallout re -
cords on Kauai from 1998 to 2009 from the Save Our
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Shearwaters program (Hawaii Division of Forestry and
Wildlife). For a visual display of these fallout sectors,
see Fig. 6 in Troy et al. (2011).

Fallout records were summed by fallout sector such
that all observations of birds without information on
pick-up location or fallout sector were not included in
total sums (this initially resulted in 1372 fledglings
that were excluded from the analyses). Peak fledging
season is from October to November, but some fledg-
lings also depart in September and December (Telfer
et al. 1987); therefore, we included only birds found
from September to December because birds identi-
fied as fledglings during other times of the year are
expected to be misidentified adults. For the 2009
data, information on Newell’s shearwater age (i.e.
hatch-year versus adult) was not available. Because
the vast majority (~98%) of Newell’s shearwater re -
coveries from 1998 to 2008 collected from September
through December were identified as fledglings (State
of Hawaii unpubl. data), all birds from 2009 were
considered fledglings for the purposes of this study.
In addition, a small number of fledglings (n = 35)
meeting the above requirements were not included
in this study because they were associated with fall-
out sectors 33, 34, and 35. Fallout sector 33 is divided
into 2 segments on opposite ends of the island (a vast
expanse of the western portion of Kauai, in which
there is no artificial light output, as well as a small
section of the southeastern coast) and was not avail-
able in the shapefile used in this study. Sector 34 con-
tains birds found at sea (i.e. on ships), and birds in
which the fallout sector is unknown are sometimes
placed into sector 35; therefore, sectors 34 and 35 do
not exist spatially on the island of Kauai. Thus, 3175
birds (i.e. fallout records) and 32 sectors were avail-
able for analysis.

Some variation was observed in the annual number
of fledglings found within fallout sectors. This varia-
tion was quantified by calculating a mean proportion
of island-wide total fallout over all study years for
each sector, subtracting this mean from the maxi-
mum proportion for that sector over this same time
period, and calculating an overall mean, minimum,
and maximum value for these dif ferences over all
sectors. This resulted in a mean difference in maxi-
mum and mean proportion over all sectors of 0.045
(minimum = 0.004; maximum = 0.241). This large
maximum difference was found only within 1 sector
(fallout sector 2), and this particular sector was re -
moved from a second set of analyses in this study.
Thus, the overall pattern was generally consistent
from year to year, and only the total fallout from 1998
to 2009 was used in our modeling procedures.

Artificial light layers

A geographic information system (GIS) layer of
artificial light intensity for the earth, excluding light
originating from the sun, moon, and aurora, was
obtained for both 1998 and 2009 from the National
Geophysical Data Center (www. ngdc. noaa. gov/ eog/
dmsp/ download V4 composites. html). Stable average
light layers were used for both years, meaning that
light from ephemeral sources (such as wildfires) was
identified and replaced with values of 0. Pixel values
for both layers ranged from 0 to 63 relative units. The
1998 and 2009 layers were developed from satellite
images with 913.47 × 913.47 m resolution and 911.25
× 911.25 m resolution, respectively. All contributing
light originated from artificial light sources on cloud-
free nights, including persistent sources such as gas
flares. Pixels of this satellite layer also contain some
artificial sky glow (i.e. illumination caused by the
refraction and scattering of light by water, dust, and
other molecules suspended in the air); this sky glow
is most apparent close to cities (Elvidge et al. 2007,
Kyba et al. 2011) and may somewhat inflate light
intensity pixel values in the vicinity of urban sites
and incorrectly depict dark areas very near urban
light sources with lighted pixels. These light intensi-
ties represent an average over an entire year; there-
fore, any reduction in light output during the fledg-
ing season of Newell’s shearwater is not completely
accounted for, meaning that using this layer required
the assumption that yearly average light intensities
are a suitable approximation of light conditions dur-
ing the fledging period of the species.

Both the 1998 and 2009 light layers were clipped
by a shapefile of Kauai extended to 10 km past the
shoreline of the island. Mean light intensity from 1998
and 2009 was obtained for each fallout sector, as well
as the proportion of cover of light pixels within each
sector. Mean light values were only calculated using
fallout sector pixels representing light (i.e. pixels
with light intensity values of 1 to 63 relative units);
dark pixels (i.e. pixels with light intensity values of 0
relative units) were not included in the calculation.
Because summary statistics within polygons are only
performed on pixels whose centroids (i.e. pixel cen-
ters) fall within the polygon boundary, the pixel size
for each light layer was resampled to 10 × 10 m so
that calculations of mean values were more repre-
sentative of pixel cover within the irregular shapes of
the fallout sectors.

We tested the relationship between 1998 and 2009
artificial light using Pearson’s correlation coefficient
to demonstrate that the relative intensity and physi-
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cal coverage of light (among fallout sectors) over time
did not change on Kauai. For these analyses, fallout
sector was the unit of observation and p-values were
calculated using randomization tests; see the ‘Analy-
ses’ subsection for further discussion on randomiza-
tion tests. Mean light intensity in 1998 and 2009 was
highly correlated (r = 0.95, p <0.001), as was propor-
tional cover of light pixels (r = 0.89, p <0.001); there-
fore, 2009 light was used to weight estimates of
expected fallout within sectors calculated from our
hypothetical models. The slight differences in pixel
sizes between the original 1998 and 2009 layers
(mentioned above) were considered negligible for
these analyses. In addition, slight differences in light
intensity values in certain locations between 1998
and 2009, as well as minor differences in the propor-
tion of fallout sectors covered by light between these
years, were considered unimportant because of the
large scale of this study and the fact that mean light
intensity values were used as relative weights in cal-
culations of expected numbers of downed fledglings
within fallout sectors.

Suitability of light layer pixel size for
fallout research

In this study, the satellite layer pixels from 2009
were 911.25 × 911.25 m in size, and these pixels dis-
played light intensity as a yearlong average output.
Because each pixel represents an average value over
such a large area, pixel values likely reflect a combi-
nation of different light intensities (some of which
may be greater than the actual pixel value) and num-
bers of light sources. Despite whether pixel values
represent the actual light intensity being emitted by
lights or the numbers of lights within the pixel area
(or both), this satellite layer is suitable for research
investigating the threat that light may pose to fledg-
ling seabirds (e.g. Troy et al. 2011), as well as the
relationship between light and seabird fallout (e.g.
Rodrigues et al. 2012, Rodriguez et al. 2012b), on a
large scale. Even if one considers the extreme
assumption that all light sources on the island emit a
light intensity equal to 63 relative units (the highest
pixel value for the planet), meaning that differences
in pixel values were only due to the number of lights
within the pixel area, it is highly likely that pixel-
sized areas with more light sources can attract more
fledglings than areas with fewer lights. Such a large
pixel size, however, precludes use of this light layer
for investigating how light intensity emitted from
individual light sources affects fledgling fallout.

Model overview

Expected fallout numbers in this study were calcu-
lated for 8 hypothetical models. Concise model de -
scriptions are provided in Table 1, and expanded
descriptions of the models and their assumptions
are provided in Supplement 1 at www. int-res. com/
articles/ n022 p225_ supp. pdf. For all models, fallout
sectors were the unit of observation, and an overall
weight was calculated for each fallout sector in order
to derive expected fallout numbers for each sector.
Calculation of weights for the light intensity, station-
ary, island movement, and ocean movement models
assumed a linear relationship between light intensity
and seabird fallout; calculation of weights for the sta-
tionary, island movement, and ocean movement
models were based on more complex factors than the
other models. These weights were converted to pro-
portions (of the island-wide total for all fallout sector
weights) that were then used to calculate the
expected number of fallout birds for each sector. To
generate expected numbers for each fallout sector,
the calculated proportion for each sector was multi-
plied by the total island-wide observed fallout (n =
3175 fledglings). Fallout sector 2 (located on the
northern shore of Kauai) contained a large number of
fledglings relative to the other fallout sectors (n =
1045; approximately one-third of the island-wide
total; Fig. 1), and the vast majority of these birds were
found in a single location. Because of the disparity
between observed fallout in sector 2 and the other
sectors, expected numbers from all models were
 calculated a second time without input from fallout
sector 2 and based on a reduced observed fallout
number (n = 2130) available for expected number
calculation (i.e. neither the spatial analyses related to
fallout sector 2 nor fledglings found within this sector
were used in this second modeling scenario).

To quantify the effect of removing fallout sector 2
(and its fledglings) in the second modeling scenario,
we subtracted the proportions of the island-wide total
fallout expected for each fallout sector under the mod-
eling scenario with sector 2 from those calculated
without sector 2. A mean of this difference in propor-
tion was calculated over all sectors for each model,
and a grand mean was then calculated for these 8
model means (because there was no proportion for
sector 2 in the second modeling scenario, sector 2 was
not included in the calculation of mean difference in
proportion for models). Removing sector 2 from the
analyses only increased expected fallout within sec-
tors by an average proportion of 0.0009 (grand mean =
0.0009; minimum mean = 0.0004; maximum mean =
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0.0011). This only converts to an approximate increase
of between 1 and 2 birds for all fallout sectors. There-
fore, because expected fallout increases by an almost
identical amount across all fallout sectors for all mod-
els, and because the increase is so small compared to
the island-wide fallout totals under both scenarios,
this increase is considered negligible. Thus, compar-
ing observed fallout with expected fallout calculated
under the second modeling scenario (i.e. without fall-
out sector 2) is a valid comparison.

Development of GIS layers for pixel summaries and
calculation of expected numbers from the hypotheti-
cal models are described in Supplement 2 at www.
int-res. com/ articles/ suppl/ n022 p225_ supp. pdf, and
the treatment of viewable light in certain models,
model limitations, and analyses are described below.
All spatial analyses were conducted using ArcGIS
9.3.1 (ESRI).

Treatment of viewable light in particular models

Weights for the stationary, island movement, and
ocean movement models were based in part on lighted
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Model                        Hypotheses/assumptions                  Calculation of expected fallout for each sector

Sector area                Fallout is greater in larger sectors   Based on surface area of the sector
Light area                  Fallout is greater in sectors con-      Based on surface area of the lighted portion of the sector (surface
                                  taining a greater coverage of         area excludes pixels representing no light)
                                  lighted terrain
Light intensity           Fallout is greater in sectors with      Based on the mean intensity of light for the sector (excluding
                                  a greater mean intensity of             pixels representing no light)
                                  light, regardless of the
                                  location of natal sites
Stationary                  Fledglings are only attracted           Based on: (1) surface area of known shearwater activity sites
                                  by light from their natal sites         viewable from the lighted portion of the sector (a proxy for the

number of fledglings that can view light from their natal sites),
(2) distance from each activity site to the lighted portion of the
sector, and (3) mean intensity of light for the sector (excluding
pixels representing no light)

Island movement      Fledglings are attracted to light       Extension of stationary model for watersheds containing known
                                  viewable along their flight             shearwater activity sites to also include: (1) surface area of the
                                  paths from their natal sites to         portion of watershed viewable from the lighted portion of the
                                  the coastline                                     sector (a proxy for the number of fledglings that can view light

along flight paths from natal sites to the coastline) and (2) dis -
tance from the viewable portion of the watershed to the lighted
portion of the sector

Ocean movement     Fledglings are attracted to light       Extension of island movement model for ocean regions con-
(to 1, 5, and 10 km  viewed from their natal sites out    nected to watersheds containing known shearwater activity
beyond coastline)   to 1 of 3 cutoff distances beyond   sites to also include: (1) surface area of the ocean region(s)

                                  the coastline (1, 5, and 10 km)       viewable from the lighted portion of the sector and (2) the dis -
tance from the viewable portion of the watershed and ocean
region(s) to the lighted portion of the sector

Table 1. Descriptions of hypothetical models used to calculate expected Newell’s shearwater Puffinus newelli fallout for
comparison with observed fallout within fallout sectors on Kauai, Hawaii, USA

Fig. 1. Fledging Newell’s shearwaters Puffinus newelli
found as victims of fallout plotted by mean artificial light in-
tensity from 2009 within fallout sectors (n = 32) on the island
of Kauai, Hawaii, USA. Fledglings were summed by fallout
sector from 1998 to 2009. Because artificial light attracts
and/or disorients fledglings, mean light calculations ex-
cluded dark areas. Fledglings were observed in all fallout
sectors, although <5 ind. were found in some sectors. Fallout
sector 2 is labeled to highlight the exceptionally large num-
ber of fledglings observed there during the study period
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portions of fallout sectors that could be viewed from
locations on the island that the birds may encounter
(locations depending on particular model assump-
tions). To accomplish this, viewsheds, i.e. analyses
that highlight the landscape viewable from a feature,
would ideally be conducted from each location that a
fledgling could potentially visit (raised to a biologi-
cally relevant flight height). However, fledglings
could potentially visit millions of locations (10 × 10 m
pixels of a digital elevation model [DEM] of this
island). Thus, we used a surrogate measure that is
much less analytically intensive, yet very appropriate
for such a landscape-scale analysis. This measure
involved generating viewshed layers from the
perimeter of the lighted portion of each fallout sector
(i.e. from the perspective of the fallout sector) to
highlight the areas of the island that could be viewed
from the lighted portion of the fallout sector; see Sup-
plement 2 for details of viewshed layer  development.

A limitation of this method is that at each pixel of
our DEM (used as an input layer for viewshed analy-
ses), fledglings were forced to view light from ground
level. Therefore, when birds are at the same eleva-
tion as light sources, raising the height of light
sources above the ground is equivalent to raising
birds the same height while keeping light sources on
the ground. However, this relationship is not always
identical when birds and/or light sources are on
sloped terrain with rugged topography. For example,
a bird flying (and viewing light from above ground
level) near a ridgeline that separates the bird and a
particular light source could potentially view that
light source. However, because the light source is
positioned above ground level and the bird is posi-
tioned at ground level, the viewshed analysis from
the perspective of the light source may not necessar-
ily indicate that a bird at this location could view that
light source. Despite this limitation, we consider this
measure a very suitable approximation of the area
from which birds could view light sources existing in
particular fallout sectors.

Model limitations

Because our stationary and movement models con-
tain only basic assumptions, we anticipated that sev-
eral factors unaccounted for in our models would
generate expected numbers for various fallout sec-
tors that differed somewhat from observed numbers.
First, although 2-dimensional Newell’s shearwater
site area is likely to be more or less positively corre-
lated with the number of breeding adults, and thus

the number of fledglings (see Table 1 and Supple-
ment 1), some variation in the numbers of fledglings
produced at activity sites was expected. In addition,
our models did not account for the locations of multi-
ple unknown breeding sites. Nor did they account for
the possibility that fledglings could be attracted
toward a particular lighted region and subsequently
be drawn away from that trajectory toward a differ-
ent lighted region. In addition, the light layer used in
this study contains artificial sky glow (mentioned
previously), and this additional glow (which may
attract fledglings) was not separately accounted for
by our models. Finally, factors such as weather condi-
tions may influence the direction of fledgling move-
ment or contribute to sky glow (Kyba et al. 2011), but
were not factored into our calculations.

Analyses

Observed fallout numbers were compared to fall-
out numbers expected from each of our 8 hypotheti-
cal models using 2 measures of relationship. Pear-
son’s correlation coefficient (Pearson’s r) was used to
measure the linear relationship between the observed
and expected numbers. In addition, the mean fallout
sector ratio (MFSR) was calculated for each model to
further assess how well the pattern of fallout ex -
pected from our models matched the observed pat-
tern. To calculate MFSR for a particular model, a fall-
out sector ratio was first calculated for the observed
and expected fallout pairs for each fallout sector as
the minimum (i.e. the smaller of the observed and
expected fallout values for the fallout sector) divided
by the maximum (i.e. the larger of the observed and
expected fallout values for that fallout sector). This
ratio indicated the difference between the observed
and expected numbers for each fallout sector without
being affected by the direction of the difference (i.e.
observed and expected values of 50 and 100, respec-
tively, give the same fallout sector ratio as do values
of 100 and 50). A mean overall fallout sector ratio was
then calculated for the model. Because fallout sectors
are arbitrary sampling units, we devised a random-
ization test to assess the significance of r and MFSR.

We used a series of randomization tests, in which
there are no distributional assumptions (Manly 2007),
to calculate the probability that measures for these
observed and expected comparisons (Pearson’s r and
MFSR) could have been produced solely by random
pairing of observed and expected fallout values. We
randomly assigned, without replacement, each ob -
served fallout value to one of the expected values
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and compared those fallout numbers using r and
MFSR as before. We repeated this process 1000 times
for each model. This yielded a sampling distribution
of 1000 values for each measure (r and MFSR).
Essentially, the randomization test created the distri-
butions of r and MFSR values that would be obtained
if observed fallout numbers were randomly distrib-
uted to any sector and then compared to the ex -
pected numbers for that sector. For each of our hypo-
thetical models, we compared the actual values of
Pearson’s r and MFSR to the 2 respective sampling
distributions. For both measures, p-values were de -
termined as the proportion of the sampling distribu-
tion that was greater than or equal to the actual val-
ues. These tests were conducted for both modeling
scenarios (i.e. with and without fallout sector 2) using
Program R version 2.15.1 (R Development Core Team
2012).

RESULTS

Based on the 2 measures of relationship considered
in this study, several of our hypothetical models gen-
erated expected numbers consistent with the ob -
served pattern of Newell’s shearwater fallout. Under

both modeling scenarios (i.e. with and without fallout
sector 2), expected numbers from both the sector
area and light area models exhibited very low, non-
significant correlations with the observed data, as
well as the lowest MFSRs (Table 2). When all fallout
sectors were included in analyses, only the ocean
movement models and the light intensity model ex -
hibited MFSRs that differed significantly from  random;
these same models also ex hibited positive correlation
coefficients with the observed fallout data, although
these coefficients were somewhat low and not signif-
icant (Table 2).

However, when fallout sector 2 was removed from
the analyses, stronger positive (and significant) cor-
relations between observed and expected numbers
were achieved for all models except for the sector
area and light area models, and all models yielded
improved MFSRs, although only the ocean move-
ment models and the light intensity model exhibited
MFSRs that differed significantly from random
(Table 2). The ocean movement and light intensity
models yielded the highest correlation coefficients
and MFSRs, with numbers from the light intensity
model exhibiting the strongest positive linear rela-
tionship with the observed data (Table 2). Although
expected numbers generated from the stationary and

island movement models were mod-
erately and significantly correlated
with observed fallout, when consider-
ing both measures of the relationship
simultaneously, the ocean movement
models and the light intensity model
generated expected numbers that
were more consistent with observed
fallout.

DISCUSSION

Fledgling movement and 
viewable light

Overall, our results suggest that the
spatial pattern of observed seabird
fallout is consistent with the amount
of light that fledglings may view
along their first flights to and beyond
the coastline. Moreover, it appears
that the observed pattern of fallout
cannot be explained merely by fallout
sector area or the physical area cov-
ered by light sources within sectors.
Good support was shown for the
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Model r p (r) MFSR p (MFSR)

All fallout sectors
Ocean movement to 10 km 0.276 0.091 0.428 0.005
Ocean movement to 5 km 0.244 0.113 0.426 0.004
Light intensity 0.241 0.096 0.432 0.011
Ocean movement to 1 km 0.180 0.166 0.423 0.003
Island movement 0.098 0.299 0.341 0.249
Stationary 0.066 0.280 0.343 0.242
Light area 0.011 0.475 0.313 0.886
Sector area −0.078 0.608 0.296 0.916
Without fallout sector 2
Light intensity 0.762 <0.001 0.451 0.002
Ocean movement to 10 km 0.628 <0.001 0.440 0.008
Ocean movement to 5 km 0.597 0.002 0.442 0.011
Ocean movement to 1 km 0.542 0.005 0.440 0.003
Island movement 0.475 0.008 0.373 0.198
Stationary 0.436 0.012 0.379 0.148
Light area −0.075 0.610 0.321 0.878
Sector area −0.197 0.855 0.329 0.742

Table 2. Results of comparisons of expected fallout numbers from 8 hypotheti-
cal models to total Newell’s shearwater Puffinus newelli fallout observed on
Kauai, Hawaii, from 1998 to 2009. Shown are Pearson's correlation coefficient
(r), the mean fallout sector ratio (MFSR) of expected and observed numbers
within each sector (see 'Methods' for explanation of MFSR), and p-values for
these measures of relationship determined using randomization tests. Com-
parisons are shown for 2 modeling scenarios (one with all fallout sectors in-
cluded and one without fallout sector 2). Models are arranged by decreasing 

values of r
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ocean movement models and the light intensity
model when fallout sector 2 was removed from the
analyses. As distance from the coastline increased for
the ocean movement models (allowing birds to view
light from increasingly more area), we found stronger
positive correlations between observed and expected
numbers (with values of r ranging from 0.542 to
0.628), progressively approaching the value obtained
for the light intensity model (r = 0.762). Although
there was some deviance from this pattern in values
of MFSR among the ocean movement models, the
light intensity model again exhibited the highest
value.

The findings of our study support and build upon
those of a recent study, in which light intensity was
positively correlated with the number of downed
fledgling shearwaters (Rodrigues et al. 2012). Ex -
pected numbers from the light intensity model were
based only on the mean intensity of light within fall-
out sectors; however, given known information re -
lated to mechanics of light attraction and the biology
of the species, this model carries assumptions of bird
movement that were not previously discussed. First,
fledglings likely follow river valleys and other topo-
graphical depressions from their high-elevation natal
sites to the ocean (Telfer et al. 1987, Podolsky et al.
1998) and, therefore, should generally continue to do
so prior to viewing light (which may draw them off
course from their initial trajectory). In addition, from
a stationary perspective (i.e. without considering bird
movement), it was recently shown that light could
not be viewed from approximately 30% of the island
of Kauai (Troy et al. 2011), and these dark locations
mostly included regions in the interior and north-
western portion of the island where many known
Newell’s shearwater activity sites are located. Given
this additional information concerning viewable light
on Kauai, the expected behavior of the species in the
absence of light, and the results of this study, it
appears likely that many birds could successfully
reach the coastline and ocean, where they are then
exposed to a range of light intensities emanating
from multiple fallout sectors (spanning a large por-
tion of the island) and are more likely to be attracted
to sectors with greater light intensities and/or greater
densities of light sources. Therefore, these results
provide support for the idea that fledglings could
indeed be attracted back to land after reaching the
ocean in numbers large enough to contribute signifi-
cantly to island-wide fallout. Consequently, these
findings are disconcerting because they suggest that
birds fledging from ‘dark’ breeding sites (i.e. those
from which no light can be viewed) could be drawn

off course by light along their journey to the sea, and
even those flying through ‘dark’ watersheds may still
not be safe once they reach the ocean.

Susceptibility to light attraction and 
future research

Fallout caused by attraction to artificial light is
thought to be a contributing factor to the decline of
several procellariid and hydrobatid species (Ainley et
al. 2001, Le Corre et al. 2002, Rodriguez & Rodriguez
2009, Fontaine et al. 2011, Rodriguez et al. 2012b),
and our findings further underscore the severity of
the threat that anthropogenic light poses to these
birds. Annual public participation in the rescue of
fledglings downed by lights has resulted in thou-
sands of birds reaching the ocean that would other-
wise not have arrived there, and reduction in light
use through awareness campaigns has undoubtedly
prevented many instances of light-induced mortality
(e.g. Ainley et al. 2001, Le Corre et al. 2002, Rod -
riguez & Rodriguez 2009, Fontaine et al. 2011, Rod -
riguez et al. 2012b). Methods to reduce overall light
output, including attaching shields to bright light
sources (which prevents direct upward radiation;
Reed et al. 1985) and simply decreasing total light
output (King & Gould 1967, Miles et al. 2010), have
been shown to reduce total fledgling fallout in local
areas. However, in these instances, young Newell’s
shearwaters were still attracted to areas in which
many of the brighter lights were shielded (Reed et al.
1985), and fledgling Manx shearwaters Puffinus
puffinus were still attracted when most lights were
turned off or shielded during a period of very dimin-
ished moonlight, suggesting that certain species are
still attracted to very weak lighting (Miles et al.
2010). Although rescue efforts for downed fledglings
appear to save many birds annually, it is estimated
that some birds still perish due to fallout because
they are never found (Ainley et al. 2001). Further-
more, it is unknown whether the experience of fall-
out leaves rescued fledglings unscathed enough to
survive their first few weeks of pelagic life (Ainley et
al. 2001, Le Corre et al. 2002, Rodriguez & Rodriguez
2009, Rodriguez et al. 2012a). Thus, while the contin-
uation of these rescue and light reduction efforts is
crucial, populations could still be declining due to the
effects of anthropogenic light despite these meas-
ures, albeit at a slower rate.

Rescue of downed seabirds accompanied by reduc-
tion in artificial light output, though clearly impor-
tant, may not be the ultimate solution to this problem
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because long-term recruitment of new breeders to
the population could still be hindered by light-
induced mortality. Therefore, additional research on
light types and intensities that may be associated
with decreased fallout may be necessary (Rodriguez
& Rodriguez 2009). For example, although some spe-
cies are apparently attracted to weak lighting (Miles
et al. 2010), a threshold of light intensity (below
which fledglings may disregard light and safely
reach the ocean) could potentially be required for
attraction to light to occur, although the possible exis-
tence of such a threshold has not been investigated.
Perhaps more importantly, manipulating the wave-
length of light (i.e. altering its color) could be a prom-
ising area of further research. Tropical shearwaters
(also known as Baillon’s shearwaters Puffinus lher-
minieri bailloni) were less attracted to lights with
longer wavelengths (i.e. red and yellow) than to
green or blue lights (see Salamolard et al. 2007). King
& Gould (1967) also reported that no Newell’s shear-
water fledglings were downed after bright white
ground lights were replaced by subdued colored
lights at a particular location on Kauai in the 1960s.
Furthermore, altering the wavelength of light signif-
icantly reduced the impact of light on the behavior of
other avian groups (i.e. fewer nocturnally migrating
passerines were affected by shorter wavelengths, i.e.
green and blue light, relative to white light or light
with longer wavelengths; Poot et al. 2008). Given the
results of our study and previous fallout research,
studies further investigating the effects of light wave-
length and/or intensity on fallout may be an impor-
tant next step in the conservation of these birds.

CONCLUSION

In Hawaii, watersheds of the northern and north-
western portions of Kauai hold the majority of known
Newell’s shearwater breeding sites, and the northern
shore of Kauai receives the highest volume of flight
activity (Day & Cooper 1995), as further demon-
strated by the disproportionately high numbers of
fledglings recovered in fallout sector 2 relative to
other sectors and to our model predictions. Thus, our
results have important conservation value in the
Hawaiian Islands because focusing light mitigation
strategies on the northern shore of Kauai will likely
have the greatest benefit for the highest number of
fledglings. Although only 1 species was examined in
this study, the general similarity of the fallout phe-
nomenon in other locations and the close relatedness
of many species affected by fallout both suggest that

our findings are likely relevant to many of the shear-
waters, petrels, and storm-petrels that are attracted
to artificial light in other parts of the world. There-
fore, the results of this study are also important for
shearwater and petrel conservation worldwide
because they provide evidence for the locations of
fledgling attraction to light and further highlight the
severity of this phenomenon by demonstrating that
fledglings may indeed be attracted to land from the
ocean on an island-wide scale versus only a few iso-
lated occurrences of previously rescued individuals
being recaptured. It seems doubtful that nocturnal
light use will ever be fully eliminated on islands dur-
ing the fledging seasons of these long-lived seabirds,
and without additional research, a comprehensive
understanding of the relationship between the vari-
ous forms of visible light and seabird attraction may
elude us. Therefore, in addition to shielding light
sources, reducing total light use, and increasing pub-
lic involvement in assisting downed fledglings (all of
which are necessary at this time), studies investigat-
ing the intensities and types of light that are poten-
tially useful for human purposes and safe for fledg-
ling seabirds may be crucial. The more that is known
about the mechanics of seabird attraction to light, the
greater the likelihood that conservation biologists
can influence government officials and citizens to ini-
tiate measures that will further reduce or eliminate
the detrimental effects of anthropogenic light on
these charismatic animals.
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Billions of nocturnally migrating birds move through increasingly
photopolluted skies, relying on cues for navigation and orientation
that artificial light at night (ALAN) can impair. However, no studies
have quantified avian responses to powerful ground-based light
sources in urban areas. We studied effects of ALAN on migrating
birds by monitoring the beams of the National September 11
Memorial & Museum’s “Tribute in Light” in New York, quantifying
behavioral responses with radar and acoustic sensors and modeling
disorientation and attraction with simulations. This single light source
induced significant behavioral alterations in birds, even in good vis-
ibility conditions, in this heavily photopolluted environment, and to
altitudes up to 4 km. We estimate that the installation influenced
≈1.1 million birds during our study period of 7 d over 7 y. When
the installation was illuminated, birds aggregated in high densities,
decreased flight speeds, followed circular flight paths, and vocalized
frequently. Simulations revealed a high probability of disorientation
and subsequent attraction for nearby birds, and bird densities near
the installation exceededmagnitudes 20 times greater than surround-
ing baseline densities during each year’s observations. However, be-
havioral disruptions disappeared when lights were extinguished,
suggesting that selective removal of light during nights with substan-
tial bird migration is a viable strategy for minimizing potentially fatal
interactions among ALAN, structures, and birds. Our results also high-
light the value of additional studies describing behavioral patterns of
nocturnally migrating birds in powerful lights in urban areas as well
as conservation implications for such lighting installations.

artificial light | nocturnal migration | remote sensing | radar ornithology |
flight calls

The extent of artificial light at night (ALAN) at regional and
global scales has increased 5–10% annually in portions of

North America and Europe and exponentially in some other re-
gions (1), resulting in sky glow that is often significantly brighter
than luminance of the natural sky. ALAN may affect a diverse
array of nocturnally active animals, and recent studies have high-
lighted the need for primary research into these potential impacts
(2, 3). The biological effects of anthropogenic light pollution may
be especially significant for nocturnally migrating birds (2–6).
Birds engage in seasonal migrations that are often global in

distribution and span a broad range of spatial and temporal
scales (7, 8). Avian migratory movements are often thought of as
feats of endurance; some species undertake days-long, nonstop,
transhemispheric flights, while others embark on complex,
months-long journeys (9). Failed migration may have detrimen-
tal effects at individual and population scales (10, 11). Despite
birds’ primarily diurnal activity for the majority of the annual
cycle, most migratory movements are nocturnal (7, 8), and the
numbers of birds that migrate at night are enormous (12, 13).
Numerous studies have offered perspectives on factors that
govern nocturnal movements (14–18) and insights into adapta-
tions necessary to orient and navigate at night (19, 20).
Visual cues are essential for navigation during migration (21),

and ALAN may alter birds’ abilities to orient and navigate (22,
23). The avian geomagnetic sense, which provides songbirds with

a compass to inform their spatial maps (19, 20, 24), may function
with a dependency on frequencies of light, and ALAN may in-
terfere with this dependency (25–28). Impediments to orienta-
tion and navigation senses may prove costly for avian migrants,
creating new hazards during an already challenging and dynamic
period of the annual cycle (29). Additionally, ALAN can alter
the ways birds communicate (30) and avoid predation (31).
Accounts of birds’ responses to light are numerous in literary and

historical anecdotes, peer-reviewed journal articles, and popular
media. Mortality at lighted structures has been documented across
a wide geographic area and a broad range of species (4, 6, 32–44).
It is likely that hundreds of millions of birds die annually from
nocturnal collisions with buildings (29), representing a diverse array
of migrant species (32, 33). Understanding the causes of these
events is paramount; proposed explanations include that birds ex-
hibit phototaxis and experience light-induced disorientation.
Generally, negative impacts of ALAN for birds in flight have

been associated with conditions that are already poor for naviga-
tion and orientation, such as low cloud ceiling, fog, and stalled or
weak frontal boundaries between air masses (34–39, 43, 45–48).
Experimental field studies are generally rare (22, 26, 49–51) and
offer limited evidence of the extent and intensity of ALAN’s ef-
fects on nocturnally migrating birds, particularly with respect to
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Artificial light at night is a novel stimulus in the evolutionary
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behaviors in clear sky conditions (but see ref. 48) and urbanized
(e.g., heavily photopolluted) environments. Understanding the
disruptive effects of short-term ALAN (e.g., lighting installations,
sporting events) on nocturnal bird migration in urbanized and
photopolluted areas and identifying the extents of these effects in
clear sky conditions are important conservation priorities.
We took advantage of a unique opportunity to quantify birds’

responses to ALAN by monitoring numbers, flight patterns, and
vocalizations of birds aloft during alternating periods of illumi-
nation and darkness in the powerful light beams of the National
September 11 Memorial & Museum’s (NSMM’s) “Tribute in
Light” (TiL) in New York, NY (Fig. 1A). First, we quantified
densities and flight speeds of aerial migrants near the light in-
stallation using data from the KOKX Brookhaven, NY WSR-88D
radar station, revealing how numbers of birds and their rates of
passage changed in the presence or absence of illumination.
Second, we measured birds’ vocal activity by recording their in-
flight vocalizations, or flight calls, from the base of the installation.
Increased flight calling activity in nocturnally migrating birds may
indicate disorienting or confusing conditions (30, 52). If noctur-
nally migrating birds were attracted to and disoriented by the
lights, we expected to observe higher densities of birds flying at
slower flight speeds and vocalizing more frequently during periods
of illumination. Finally, we used a flow model to simulate bird
behaviors in ALAN conditions for comparison with observed
radar data. These spatiotemporal distribution simulations in-
vestigated three important behavioral parameters to explain bird
concentrations at the installation: the probability that the lights
affected nearby birds, the distance over which the lights affected
birds, and whether disoriented birds showed preferred flight di-
rections toward the display. Together, these parameters de-
termined how long birds remained in the illuminated area.

Results
We detected large aggregations of circling birds above the in-
stallation under clear sky conditions during periods of illumination
(Figs. 1 B and C and 2A, Movies S1–S3, and SI Appendix, Fig. S1).
By summing the differences between bird numbers within 5 km of
the installation and the number expected in that area given
baseline densities, we estimate that ≈1.1 million birds (95% CI:
0.6–1.6 million) were affected by this single light source during our
study period of seven nights over 7 y (SI Appendix, Fig. S2). The

numbers of birds affected varied by year, in part due to variation in
the magnitude of migratory passage through the surrounding area
on the study night (SI Appendix, Fig. S3), but all years showed
strong increases in bird density with decreasing distance to the
light source (Fig. 3 and SI Appendix, Fig. S4A). Under illumina-
tion, peak bird densities near the installation reached magnitudes
20 times greater than the surrounding baseline during all 7 y (SI
Appendix, Fig. S5A), where we defined baseline as the mean
density in the area 2–20 km from the site. Peak bird densities
exceeded 60 times baseline in 5 of the 7 y and 150 times baseline
in 3 y (2008, 2012, and 2013), but peak densities never exceeded
13 times baseline in the absence of illumination (SI Appendix, Fig.
S5A). Vocal activity beneath the lights was intense during periods
of aggregation (Fig. 2C and SI Appendix, Fig. S6). Bird densities,
flight speeds, and vocal activities all varied closely with illumina-
tion (Fig. 2). Removal of illumination resulted in rapid changes in
nocturnal migration behaviors, with birds dispersing, increasing
flight speeds, decreasing calling activity, and moving away from
the site in a matter of minutes (Fig. 3 C and D).
We found a strong effect of illumination on the maximum

standardized peak bird density and the maximum number of
birds detected within 500 m of the installation during each pe-
riod of darkness and adjacent periods of illumination. Consid-
ering the 0.5° radar elevation angle, maximum standardized bird
densities were 14 times greater when the light display was illu-
minated (t = 5.70, P < 0.0001). Maximum bird numbers averaged
3.4 times greater during lit periods (t = 3.89, P = 0.0003). Re-
markably, these effects were also present at high altitudes (1.5°
radar elevation angle, sampling altitudes of 2.4–4.1 km): maxi-
mum standardized densities increased on average by 3.9 times
(t = 3.25, P = 0.002) and maximum bird numbers by 3.3 times
(t = 2.34, P = 0.023) during lit periods at high altitudes. We note
that we did not detect many birds congregating in the beams
during 2014; this year was not included in the above analyses
because the lights were not shut down. We observed a strong
effect of light on bird behavior during all other years (SI Ap-
pendix, Fig. S7).
Considering all radar observations, total numbers of birds

within 500 m of the installation averaged 3.4 times higher during
illuminated periods (t = 9.34, P < 0.0001). Standardized peak
densities showed a similar pattern (factor = 6.4 times, t = 3.72,
P = 0.0003), with the effect strengthened to 46 times higher
during illuminated periods in 2015 (t = 2.91, P = 0.004). Again,
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Fig. 1. Tribute in Light site. Observations (in Coordinated Universal Time) from the September 11–12 2015 Tribute in Light depicting altered behaviors of
nocturnally migrating birds. (A) Direct visual observation. (B) Radar observation without TiL illumination and (C) with TiL illumination.
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these effects were also significant in the high altitude 1.5° radar
data (total numbers: factor = 1.9 times, t = 3.49, P = 0.0006;
standardized peak density: factor = 4 times, t = 4.00, P < 0.0001).
Radial velocities were significantly lower during illuminated pe-
riods (main effect = −1.7 ms−1, t = −2.10, P = 0.037), especially
during 2012 (effect with interaction = −5.4 m/s, t = −2.38, P =
0.02) and 2015 (effect with interaction = −4.3 m/s, t = −2.52, P =
0.01). Flight call rates recorded beneath the installation were
significantly higher during illuminated periods (main effect =
1.4 times, t = 4.53, P < 0.0001), especially in 2015 (factor with
interaction = 2.9 times, t = 6.88, P < 0.0001); the effect was re-
duced in 2013 (factor with interaction = 1.1 times, t = −2.30, P =
0.02). Because our model of vocal activity included bird density as
a predictor to account for variation in calling explained by the
sheer quantity of birds, the significant increases in calling with il-
lumination can be attributed primarily to behavioral differences.
Simulation results showed that birds were highly likely to be-

come disoriented as they approached the installation (SI Ap-
pendix, Fig. S8). The model matching radar observations most
closely (model 1; Fig. 4 and SI Appendix, Tables S1 and S2) had
disorientation probability a = 0.95, indicating a very high likeli-
hood of disorientation near ALAN, and the characteristic dis-
orientation distance (σ) was 1,500 m. The concentrations of birds
observed at the installation could only be explained by including
directed flight toward ALAN for disoriented birds (concentra-
tion parameter κ > 0; best model κ = 0.1). In contrast, simulated
birds diffused easily away from ALAN when assuming a non-
directional random walk (κ = 0; model 3 in SI Appendix, Table
S1). These results support our visual observations of birds cir-
cling around the installation and are indicative of light attraction.
The stabilization time to a steady-state increased with disori-

entation probability (a) and flight directionality toward ALAN (κ)
(Fig. 4, Movies S4–S8, and SI Appendix, Table S1). The stabili-
zation time provides information on the residence time of birds in
the beam, as a steady state is only reached over time periods

longer than the average residence time. Our model 1, which is
conservative in this regard, predicts a stabilization time of 34 min.
We note that this is the result of average behavior for all birds
contributing to the density pattern, and individual residence times
may be considerably longer or shorter. Our simulation provides a
theoretical framework for explaining our visual and remotely
sensed observations, underscoring that the light installation
attracted and entrained passage migrants.
Finally, direct visual observations showed that birds frequently

circled the installation during periods of illumination and de-
creased speed on approach to the installation (SI Appendix).
Such observations also highlighted a particular hazard that
nocturnally migrating birds face in urbanized areas with ALAN:
collisions with structures. Observers noted in 2015 and 2016 that
many birds collided with the glass windows of a building under
construction just north of the lights (50 West Street; Fig. 1A).
The full extent of mortality was not clear, primarily because of
challenges surveying nearby sites, scaffolding preventing birds
from falling to ground level, and removal of carcasses by scav-
engers and building staff. We therefore do not have sufficient
data to analyze mortality with respect to illumination and mi-
gration intensity. However, existing data are archived in the New
York City Audubon D-Bird database (https://d-bird.org/).

Discussion
This study quantifies ALAN-induced changes in multiple be-
haviors of nocturnally migrating birds. Our data show that the
light installation strongly concentrates and disorients migrants
flying over a heavily urbanized area, influencing ≈1.1 million
birds during seven nights over 7 y.
Existing published accounts report attraction to lights almost

exclusively under poor-visibility conditions (45, 53), but our results
show alterations to migrants’ behaviors in clear and mostly clear

A B

C D

Fig. 3. Spatial and temporal influence of Tribute in Light on migratory
birds. Migration activity (Left column) and radial velocity (Right column) at
the installation pooled across years by distance from the study site (A and B)
and activity as a function of time since TiL shutdown (C and D). To account
for year-to-year variation, migration activity was normalized across years
using a z-score standardization (values minus the nightly mean, divided by
the nightly SD). Illumination represented by green and periods without il-
lumination by gray. C and D include only measures ≤500 m from the in-
stallation. Data fit with generalized additive models (A and B: bs = “cs,” m =
2, k = 10; C and D: bs = “ds,”m = 2, k = 5) and weighted by migration activity
for radial velocity models. Shading represents 95% confidence intervals.
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Fig. 2. Time series of radar and acoustic measures of Tribute in Light impact
on migratory birds. Observations (in Coordinated Universal Time) from Sep-
tember 11–12, 2015 of (A) migration activity within 500 m of the installation,
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periods of TiL illumination. D–F show corresponding data with and without
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sky conditions (e.g., after ref. 48). Furthermore, to the best of our
knowledge, no previous studies have reported attractive effects of
ground-based lights to extend far above the ground, although
nocturnally migrating birds will attempt to escape from direct il-
lumination by a searchlight (54). In our study, we found behavioral
responses to the installation up to ≈4 km above the ground. The
vertical orientation of the light beams may be partly responsible
for their high-altitude effects, as illuminated atmospheric mois-
ture, dust, insects, or potentially other birds may attract migrants.
We also demonstrated that short-term removal of ALAN elimi-
nated its disruptive effects almost instantaneously. Our ground-
truthed, direct visual observations of decreases in flight speed and
increases in circling behaviors corroborate previous findings that
birds shift direction and fly more slowly and erratically in the
presence of ALAN (22, 23, 32, 33, 39, 44, 48, 49, 55). Further-
more, the increase in vocal activity that we describe agrees with
other studies’ findings, highlighting disorientation due to artificial
lighting (23, 30). Finally, although each year exhibited a unique
array of atmospheric conditions, we documented a strong con-
centrating effect of light in all but one of the 7 study years (SI
Appendix, Fig. S7). We conclude that high intensity lights have the
ability to greatly impact avian migratory behavior under a wide
range of conditions. The fact that we did not document a strong
effect during 1 y (2014) highlights a need for further research on
how differing ambient conditions influence birds’ attraction to
light sources at night.
Light-induced alterations to nocturnal migration behaviors may

represent significant energetic expenditures for migrating birds,
but the effects of such alterations have not been quantified (56).
Our visual observations indicate that bright lights alone can induce
unnecessary ascent and descent, long periods of circling, and other
types of complex and irregular maneuvering in birds close to the
ground (22); these flight patterns are undoubtedly more energet-
ically expensive than typical straight-path migratory flights. Spe-
cific hazards resulting from altered flight behavior may include
susceptibility to predation (31), collisions with man-made struc-
tures (29), and changes to stopover ecology (57). Importantly,
birds entrained for hours (39, 41, 42, 55, 58) by artificial lighting
expend energy to remain airborne but do not make forward
progress. Those that do not die from complications of exhaustion
(59) may be delayed for days, as it takes time for lean migrants to
regain fat stores during migratory stopover (60). Although our
best model’s stabilization time of 34 min suggests that most birds
do not remain at the installation for hours, this model could not
explain the largest concentrations we observed; other methods will

be necessary to better understand variation in individual birds’
behavior over time in the lights.
Further controlled experiments in field and laboratory settings

would help determine the causes of attraction and disorientation
at local and landscape scales. Studies that varied light intensity
locally found that birds respond more strongly with more intense
light (61–63). Sampling bird migration at and near light installa-
tions of varying intensities may provide additional opportunities to
study attraction and disorientation. There are few vertically
pointing light installations of comparable intensity in the United
States (e.g., Luxor, Las Vegas, NV), but many structures use
similarly powerful horizontal lights (e.g., sports stadia, construc-
tion sites, offshore oil rigs). Studies at such locations have not used
multimodal remote sensing to quantify disruptions but have noted
behavioral changes similar to those that we observed (e.g., ag-
gregation, circling, and increased vocal activity) (57, 64).
Studies of ALAN are revealing large-scale effects on bird

behavior that range from flight alterations to changes in stopover
habitat use. There is mounting evidence that migratory bird
populations are more likely to occur in urban areas during mi-
gration, especially in the autumn (65). Light pollution may ex-
plain this relationship, as recent research suggests that birds
associate with higher levels of ALAN during migration (66).
Given alarming declines in migratory bird populations (67, 68),
these studies highlight a need to understand ALAN’s implica-
tions for migratory bird populations.
Finally, our study highlights a model relationship for collab-

oration among diverse stakeholders. A hallmark of this project
was frequent and public cooperation among the NSMM, the
Municipal Arts Society, New York City Audubon, the Cornell
Lab of Ornithology, and stakeholders with direct interest and
responsibility for this event, all of whom acknowledged its po-
tential to negatively impact birds. All parties agreed to keep the
display illuminated unless potentially hazardous conditions for
birds necessitated a short-term shutdown of the lights. Whereas
discontinuing the display would be best for nocturnally migrating
birds, such a scenario may not be possible at this time. TiL is
arguably one of the world’s most iconic and emotional displays of
light. The fact that the event’s organizers and participants were
willing to periodically shut down the lights for the benefit of
migratory birds is an encouraging acknowledgment of the im-
portance of bird conservation. Moreover, despite occasional
confusion and frustration among the tribute’s viewers, media
coverage often highlighted a unified message from stakeholders
about balancing potential hazards to migrating birds with the
intent and spirit of the display.

Methods
During our 7-y study period, the tribute lights were shut down a total of
22 times, for ≈20 min each. This allowed us to directly contrast birds’ be-
haviors during adjacent dark and illuminated periods. We note that this
study was opportunistic and not a controlled experiment. Furthermore, we
note that such an opportunistic approach results in some inevitable chal-
lenges in interpretation, for example because we were unable to control for
additional factors that could influence the degree to which birds congregate
at light sources. Such factors likely include wind speed, wind direction,
temperature, cloud cover, and ground-based sources of light and sound.
However, because ambient conditions were generally similar within each
night, we can still readily measure the additive effect of illumination on bird
behavior, given each year’s suite of conditions.

Study Site and Scope. TiL is an event held annually since 2002 on September
11th to memorialize lives lost during the terrorist attacks of September 11th,
2001 (www.911memorial.org/tribute-light). NSMM currently operates the
light installation atop a parking garage near the site of the former World
Trade Center in New York City (NYC), NY at the southern end of Manhattan
Island (40.707°, −74.015°).

Massive nocturnal migratory movements of birds regularly occur over our
study area during mid-September (12, 13, 69, 70). However, since the timing
of these movements depends on local and regional weather and wind
conditions (71–74), the magnitude of migratory passage on the single night
of September 11th varies greatly among years. An agreement between New
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Fig. 4. Simulated bird concentrations over time at an ALAN source (solid
lines). Vertical dashed lines indicate time to steady-state stabilization. Model
parameters a and κ are described in SI Appendix, Eqs. S1 and S2, with pa-
rameter σ fixed at 1,500 m (SI Appendix, Table S1). Model 1 represents the
best fit to the observed patterns at the installation, but this model is still
conservative in that higher-than-predicted concentrations of birds occurred
in certain periods. In general, bird concentrations at the installation could
only be explained by including directed flight toward ALAN for disoriented
birds (κ > 0). These results support our observations that birds were dis-
oriented by and attracted to the installation.
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York City Audubon (NYCA) and NSMM governs when to initiate the shut-
down procedures: when numbers of birds circling in the beams exceed
1,000 individuals, based on visual observations, NYCA requests that lights be
extinguished for ≈20 min. These requests originate from observers on site
that are directly monitoring birds and their behaviors in the beams.

We examined September 11th nights from 2008 to 2016. High-resolution
radar imagery did not exist before 2008, which limited our temporal scope.
We excluded 2009 and 2011 because of the presence of precipitation, which
interferes with analysis of radar data containing bird migration information.
Of the remaining 7 y, migration conditions varied from marginal to favor-
able, assessed based on prevailing atmospheric conditions. Of these 7 y, the
lights were shut down at least once during 5 of them; as a result, many of
our analyses are restricted to these 5 y (2010, 2012, 2013, 2015, and 2016). Of
the remaining 2 y, the first (2008) occurred before stakeholders could reach
a consensus on a protocol for shutting down the light installation when birds
were present and in danger. Organizers did not shut down the installation in
2014 because few birds were present in the lights.

Local Weather Conditions.We downloaded hourly local climatic data (LCD) for
September 11 and 12, 2008–2016 (excluding 2009 and 2011 as described
above) from the closest official National Weather Service station to the in-
stallation between evening and morning civil twilight (sun angle 6° below
the horizon): WBAN 94728, Central Park, New York, NY at 40.789°, −73.967°;
and meteorological terminal aviation routine weather reports (METARs)
from Newark Liberty International Airport, the closest such station at
40.690°, −74.174°. Based on a review and summary of these data, we clas-
sified all nights during our study as clear (SI Appendix, Tables S3 and S4).

Weather Surveillance Radar Data. We gathered radar data from the
Brookhaven, NY WSR-88D radar (KOKX; 40.866°, −72.864°) to quantify mi-
grants’ flight behaviors and extracted georeferenced measures of reflectivity
(η; cm2 km−3) and radial velocity (ms−1) from the ≈0.5° and ≈1.5° elevation
scales (12, 13, 70, 75, 76). We measured between civil twilight periods within a
20-km radius surrounding the installation (98.5 km from the radar, azimuth
260°) and consolidated analyses into 500-m height annuli bins. We dealiased
velocities when necessary following refs. 76 and 77. We restricted our analyses
to data points within 90 min of a shutdown period except when described.

We studied the effect of light stimuli on migratory birds using several
metrics. First, we used the radar sweepwith the lowest elevation angle (≈0.5°)
to estimate the number of birds present in a cylinder centered on the in-
stallation with a radius along the ground of 500 m and a height of 1.7 km,
the approximate width of the radar beam above the site (78). We calculated
total effective scattering area per unit volume (cm2 km−3) of birds in this
cylinder using bird density measures from the 0–500-m bin. Then, we con-
verted to numbers of birds using an estimated value of one bird = 8.1 cm2,
which is the measured cross-sectional area on S-band radar of a small pas-
serine songbird (common chiffchaff, Phylloscopus collybita) (79). We chose a
relatively small cross-section value because visual observations indicated that
birds in the lights were predominantly small songbirds. The radar beam set to
the 0.5° elevation angle passes above the installation at an altitude of
≈1.5 km (50% power range, 0.7–2.4 km), which is higher than the altitudes at
which the greatest migratory activity during this season in this region gen-
erally occurs (80). Therefore, we used an analysis of the entire radar scan to
estimate the proportion of migration occurring beneath (or above) the radar
beam at the installation, out of sight of the radar. We then adjusted our
estimates to account for these undetected birds by multiplying by the nec-
essary correction factor (SI Appendix, Fig. S10). This approach assumes that
the light beams did not greatly alter the altitudinal distribution of birds near
the installation. The validity of this assumption is supported by direct visual
observations at the site, where observers noted descent only by the lowest-
flying individuals, which would not be detected by radar. Furthermore, any
unaccounted-for descent at higher altitudes would render our estimates
conservative, because a greater proportion of birds flying below the radar
beam than expected would yield a lower estimate of total bird numbers.

To complement estimates of the total number of birds in proximity to the
installation, we also calculated the extent to which birds were concentrated
at high densities in the airspace near the installation, relative to the baseline

value in the surrounding airspace. To produce this baseline, we calculated the
mean and SD of density values between 2 and 20 km from the installation.We
then found the peak bird density value within 500 m of the installation, and
we subtracted the baseline mean density from this peak density and divided
the difference by the baseline SD (again, 2–20 km from the installation). The
resulting value, referred to as “standardized peak density,” represents the
number of SDs the peak density falls above the baseline density.

Acoustic Data.We collected continuous acoustic data at 32-kHz sampling rates
and 16-bit sample sizes during each year’s event with a pressure zone mi-
crophone (Old Bird 21c; Old Bird, Inc.) specifically designed for monitoring
avian flight calls, connected to (i) a Nagra ARES-BB+ (2010 and 2013) or (ii) a
custom-built passive acoustic recording system (2015 and 2016), comprising a
Raspberry Pi 2 Model B (Raspberry Pi Foundation) with a Cirrus Logic Rasp-
berry Pi audio card (Cirrus Logic). We focused analysis on the 6- to 9-kHz
frequency band to minimize interference from anthropogenic, geophonic,
and nonavian biophonic noise and because many of the migrating birds
in the New York City area emit flight calls in this frequency band (81).
The microphone sensitivity in the relevant frequency band for this study
(6–9 kHz) was −33 dB re 1 V Pa−1 (±2 dB).

Visual Observations.We complemented remote sensing data that characterized
behaviors of nocturnally migrating birds above the installation with visual
observations. Numerous observers, including one of us (A.F.) and volunteers
from NYCA and the local birdwatching community, made visual counts of
nocturnally migrating birds at the installation during the period between civil
twilight dusk and dawn. All visual counts are archived in the eBird reference
database (ref. 82; ebird.org/ebird/hotspot/L1744278).

Statistics. We used generalized additive models (R package mgcv) (83) to
quantify the effects of TiL illumination on birds’ behaviors (SI Appendix). We
tested the categorical factors of light (on/off) and year on four metrics:
standardized peak density, the total number of birds present within 500 m of
the installation, the radial velocities of birds above the installation, and the
number of flight calls recorded beneath the site. For models of time series, we
also included smooth terms that accounted for overall variation in densities
and behavior through the night. We confirmed that there was negligible
temporal autocorrelation of residuals using the acf function in R for all
analyses involving time series (SI Appendix). We log-transformed response
variables when necessary to reduce residual skewness; for models with log-
transformed response variables, we express effect size as a multiplicative
factor, found by exponentiating the coefficient. Finally, to determine whether
the light effects we present in the study are representative of those observed
across years, we compared standardized peak densities across the lighted
periods of all 7 y, including the 2 during which no light shutdowns occurred.

Simulations. To understand the dynamic patterns of bird density at the in-
stallation, we formulated a spatiotemporal flow model to simulate behav-
ioral changes resulting from exposure to light. In our simulation, birds could
transition between two behavioral states: an undisturbed migratory state
and a disoriented state induced by ALAN. Detailed methodology of our
simulations is in SI Appendix.
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