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Abstract: 

The potential impact of human-generated noise on New Zealand wildlife has not 

been well-studied. This draft report tests the following null hypothesis: aircraft stimuli does 

not adversely impact wildlife in New Zealand‘s Hauraki Gulf Marine Park. The test 

methodology involved reviewing peer-reviewed scientific articles describing the effects of 

aircraft stimuli on wildlife, ecosystem components, and ecological processes. The scope of 

this enquiry is limited to behavioural and physiological responses of birds and marine 

mammals to aircraft overflights, colloquially, noise disturbance. Among study highlights: 

 
 Avian behavioural responses to aircraft stimuli include flushing, scanning, agitation, 

escape actions, habituation and facilitation, breeding and productivity, foraging, 

predation risk, energy expenditure, vocal activity, and masking. Cumulative 

responses can influence species viability, abundance and richness, thereby 

impacting population, community and ecosystem structures.  

 The list of avian physiological responses to noise disturbance includes increased 

heart rate, metabolism, blood sugar, respiration rate and depth, brain and heart blood 

flow, and oxygen consumption. Conversely, blood flow to the gut, gut motility and 

digestive secretion parameters have been shown to decrease.  

 Behavioural and physiological responses to noise disturbance on marine mammals 

for this report remains a work in progress. However, similar to avian species, multiple 

references suggest that the impact of aircraft stimuli on marine mammals can 

interfere with communication activities vital to species fitness and survival. 

 

Articles describing positive effects of noise on wildlife have yet to be found. 

Importantly, behavioural and physiological responses to noise disturbance regardless of 

species are not uniform. Factors such as species type, life stage, sex, location, proximity, 

source, and type of noise disturbance can influence the scope and breadth of responses. 

Also important, simply because responses are not observed doesn’t mean they don’t occur.  

 

In conclusion, empirical and qualitative data gathered thus far suggests that the 

impact of human-generated noise on avian and marine mammals appears adverse and 

significantly more than minor. Therefore, the null hypothesis stated above should be rejected 

with a high degree of confidence. 
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1.0 Introduction 

1.1 Project background 

This report assesses the potential impact of aircraft stimuli on wildlife species found 

in New Zealand’s Hauraki Gulf Marine Park, colloquially, the Gulf. Also subject to 

assessment is the potential impact on wildlife to related ecosystem components such as 

species population richness, habitats, biodiversity, and community structure.  

The intended audience for this report includes anyone interested in understanding 

interactions and consequences of human-generated noise on wildlife and associated 

ecosystems in non-scientific language. Whenever possible, definitions for scientific or 

otherwise technical terms are defined. For important background context, introductions to 

key concepts and connections are discussed in Chapter 2.0. All of the information in this 

report is an open source for public consumption. 

The need for this assessment stems from multiple policy mandates by New 

Zealand’s Resource Management Act 2013 (RMA) (Fettermann et al., 2019) and Auckland 

Council regarding environmental information required for resource consents. For example: 

 Sections 6 and 7 of Schedule 4 of the RMA articulates environmental and 

ecological information required in applications for a resource consent. 

 Specifically, Section 7 part (c) describes the need for an assessment for consent 

if there is “any effect on ecosystems, including effects on plants and animals and 

any physical disturbance of habitats in the vicinity.” 

 In addition, Policy 11 from New Zealand’s Coastal Policy Statement 2010 

specifies protections for:  

 Indigenous biological diversity in the coastal environment. Such protections 

must (a) “avoid adverse effects of activities” and (b) “avoid significant 

adverse effects, and avoid, remedy or mitigate other adverse activities” in 

multiple contexts for indigenous biodiversity.  

 “Areas set aside for full or partial protection in indigenous biological 

diversity under other legislation.” (Section (a) vi)  

 “Indigenous ecosystems and habitats that are only found in the coastal 

environment and are particularly vulnerable to modification, including 
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estuaries, lagoons, coastal wetlands, dunelands, intertidal zones, rocky reef 

systems, eelgrass and saltmarsh.” (Section (b) iii.) 

1.2 The Hauraki Gulf – then and now 

The Hauraki Gulf was designated a marine park in 2000. Under the administration of 

New Zealand’s Department of Conservation (DOC), the Gulf covers approximately 12,000 

km2 (4,633 miles2) and surrounds 50 islands, approximately 25 of which are terrestrial nature 

reserves that complement 5 marine reserves (Figure 1). Wildlife inhabitants of the Gulf 

include birds, mammals, invertebrates, reptiles and amphibians, several of which are 

threatened or at risk (Funnell et al., 2023).  

 

Figure 1. 

Map illustrating boundaries and islands of the Hauraki Gulf Marine Park (DOC) 
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New Zealand’s Hauraki Gulf Marine Park Act 2000 (HGMPA, 2021) describes the 

Hauraki Gulf as having “…a quality and diversity of biology and landscape that makes it 

outstanding within New Zealand. The islands of the Gulf are valued as the habitats of plants 

and animals, once common, now rare, and are often the only places in the world where 

these species exist naturally" (HGMPA, 2021). Appendix A provides a partial list of traits, 

classifications and conditions of wildlife endemic to the Hauraki Gulf Marine Park. 

In 2011, New Zealand’s Department of Conservation (DOC) published a literature 

review describing the impact of noise-related disturbance on recreationists and wildlife in the 

country’s natural areas (Harbrow et al., 2011). Authors of the review suggested that “Chronic 

exposure to noise is rare for wildlife because of threat-avoidance mechanisms and because 

high levels of human-made noise are uncommon in natural areas.”  

Since 2011, much has been learned about the relationship between threat-avoidance 

mechanisms of wildlife and human-generated noise (Bejder et al., 2009b; Hoang, 2015). In 

barely over a decade ago, it may have been safe to assume that high levels of human-made 

noise are uncommon in natural areas. In some areas of New Zealand, such an assumption 

may still be safe.  Since 2011, however, there has been an estimated 50- to 60-fold increase 

in helipad permits and an unregulated increase in recreational helicopter overflights to and 

from Waiheke Island, which is located within Gulf boundaries and hosts one of the Gulf’s 

marine reserves and a scenic reserve.  

Given recent advances in our knowledge of wildlife responses to human-generated 

noise and the exponential surge in aircraft overflights, this review examines the potential 

impact of aircraft stimuli on wildlife and related ecosystems found in the Hauraki Gulf Marine 

Park. Details of the methodology used for this review are described in Appendix A. 

 

2.0 Concepts and connections 

2.1 Introduction 

A brief overview of fundamental principles in ecosystems and ecology provides context 

for the remaining topics in this section . Similarly, a basic understanding of non-human 

animal physiology reveals a world of sensory perception barely comprehensible compared to 

human perception. Finally, the concepts of habituation and facilitation are discussed as a 
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possible confounding explanation for similarities or differences in behavioural responses by 

the same species to the same stimuli. (Feel free to skip this section if you are already 

familiar with these topics.) 

2.2 An ecosystem primer 

The next time you visit a beach, pick up a palm-sized mixture of seaweed, seagrass, 

driftwood, and other organic material that has washed ashore, collectively referenced as 

‘wrack’. You will be holding an entire ecosystem. As much as 40% of invertebrates on the 

beach rely on wracks deposited by surf, tides, and storms for nutrition and, if lucky, 

protection from feeding shorebirds. Wracks provide fertilizer to plants already rooted on 

dunes and even help prevent dune erosion. In a way, wracks are an important bridge in the 

transition from marine to terrestrial ecosystems. In other words, wracks are multi-purpose: 

standalone ecosystems unto themselves, yet critical components to multiple surrounding 

ecosystems small and large. 

Equilibrium is probably the single most important driver to healthy functioning 

ecosystems. At least three principles apply to ecosystem equilibrium. The first is scale. For 

example, a single coral colony can have its own ecosystem of fish, algae, eels, nutrients, 

and water currents. That ecosystem can be affected by activities of neighbouring coral 

ecosystems; fish go back and forth, eels chase food from one coral head to another, or an 

unsustainable abundance of species in one ecosystem may spill over to another. In larger 

scales, an entire bay, cove, or sand bar can have an ecosystem comprised of several 

smaller ecosystems. By extension, an entire lagoon can be a single ecosystem made up of 

several smaller systems. In turn, many lagoons make up oceans or seas, which all add up to 

Earth’s biosphere. 

A second principle of ecosystems is that it takes much longer for ecosystems to 

recover or regain equilibrium after a disturbance than the duration of the disturbance itself. 

Much like the human body, an injury (disturbance) can take only seconds to occur, but 

recovery can last much longer and, unfortunately, can sometimes be permanent. While a 

forest can be cut down in a matter of days or weeks, restoration and recovery can take 

hundreds of years. 

The third principle applies to all systems theory. No matter how small or large, we 

can expect that 99.99% of the time that a change to one component of a system will affect 
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other system components. Equilibrium will be disturbed. The time it takes for equilibrium to 

be restored depends on rate of recovery (principle # 2), and the scale to which recovery 

occurs (principle # 1).  

There is far more to understanding ecosystems and the role of ecology on system 

functions and health than the principles summarized above. The take-home message is that 

ecosystems are multi-dimensional and inextricably interdependent to a level of complexity 

we have yet to fully understand…and appreciate.  

2.3 Sensory capacity of animals 

The paragraphs in this section summarize a chapter in Animal Physiology: 

Adaptation and environment, Fifth edition, Chapter 13, Information and senses (Schmidt-

Nielsen, 1997). A key message of the chapter is that mechanisms of sensory perception 

vary among animal species, and that in some cases, sensory sensitivity challenges human 

imagination and understanding. Unless specified otherwise, all of the following can be cited 

as originating in (Schmidt-Nielsen, 1997). 

Obtaining, assessing, and managing information about our surroundings influences 

feeding, breeding, predator avoidance and other behaviours for all animals. Specialized 

sensory organs deliver most of the information about our environment. Although not mutually 

exclusive, the range of stimuli in the animal world includes three main categories and 

associated sensory stimuli: 
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Category Sample stimuli 

Electromagnetic and thermal energy 
 Light 

 Infrared radiation 

 Thermal (heat / cold) 

 Electric 

 Magnetic 

Mechanical energy and force 
 Sound and sonar 

 Touch and vibration 

 Pressure 

 Gravity 

 Inertia 

Chemical agents 
 Taste 

 Smell 

 Humidity 

Table 1. 

General categories and specific physical examples of associated stimuli  

(Schmidt-Nielsen, 1997). 

 

Regardless of the species involved, all sensory neurons translate stimuli into nerve 

impulses that are transmitted to the central nervous system. If the nerve is optic, the central 

nervous system perceives the stimuli as light. If the nerve is auditory, the central nervous 

system perceives the stimuli as sound. Intriguing is the fact that optic nerves and auditory 

nerves carry the same nerve impulses, each carrying action potential. Only the central 

nervous system identifies the original stimuli. 

2.3.1 Electromagnetic 

Electromagnetic sensitivity has been demonstrated in marine species such as 

stingrays, molluscs, salmon, salamanders, turtles, birds, hornets, honeybees and even some 

bacteria. Among birds, the European robin exhibits migration restlessness during Spring and 

Fall seasons. When placed in an indoor circular cage, specimens tend to move toward its 

typical migratory direction for that time of year. It has also been shown that when the 

horizontal component of a magnetic field is artificially deflected, the bird’s orientation 
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changes accordingly (Moore, 1977). This author concluded that magnetic disturbances may 

indirectly influence avian orientation systems, of potential significance because magnets – at 

least according to UK-based IMAMagnets.com – are used for helicopter propellers.  

2.3.2 Mechanical 

Information about the direction and distance of stimuli permits us to move toward or 

away from the source for a given situation, for example toward mating opportunities or away 

from threat of predation. Although vision provides most of the directional information, certain 

auditory mechanisms can be used for extremely precise information about distance and 

direction. Sound consists of regular compression waves transmissible in air, water, and 

solids, and for this reason, ‘hearing’ is not restricted to stimuli through air alone. Examples 

include extreme mechanical sensitivity to mandible vibration in certain reptiles and the lateral 

line of fish.  

Echolocation describes a mechanism for detecting location and direction. Also 

referenced as animal sonar, echolocation has been well-developed in bats, whales, 

dolphins, vols, and birds found in the Hauraki Gulf. The sensitivity of this mechanism speaks 

for itself. For example,  

 Owls can detect prey in total darkness with an error of less than 1° in vertical and 

horizontal planes. 

 Bats, New Zealand’s only native terrestrial mammal, whales, dolphins, shrews 

and a few birds rely on echolocation for directional information whether in dark 

airspaces or deep and murky waters. 

 Dolphins use echolocation to target food. A dolphin can find a dead fish thrown 

into water so murky that the fish is not visible to the trainer within a matter of 

seconds. If a clear plastic panel is used to block its path, the dolphin can 

immediately find an opening and locate the fish (Norris et al., 1961).  

Infrasound describes noise frequencies below human detection, e.g., <~20 Hz – 20 

MHz. Sensitivity to infrasound may be important to bird species. For example: 

 Certain species of pigeon can detect sounds as low as 0.05 Hz.  

 The difference between what humans can hear and what homing pigeons can 

hear is 30-40 decibels, or a 1,000-10,000-fold difference in sound intensity.  
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 For birds, the maths of sound attenuation suggest that infrasound sources are 

detectable at hundreds or even thousands of kilometers from their source.  

 An advantage of infrasound is that low frequencies suffer little attenuation in 

still air. To compound matters, it has been reported that nightly temperature 

inversions coupled with still air facilitates communications between some 

animals at ranges greater than 10 km (Garstang et al., 1995). 

Senses other than hearing provide organisms with additional information. Typically 

referenced as mechanoreceptors, humans can sense texture, surface qualities and 

temperature. Other animals have developed mechanoreceptors to detect minute vibrations 

by insects and fish. For example: 

 Spiders can detect vibrations from prey snared in a web. 

 Schools of fish in the tens of thousands can perfectly coordinate changes in 

speed and direction based on vibrations sensed by mechanoreceptors in their 

lateral lines.  

Another mechanical sense is hydrostatic pressure, which is relevant to animals 

carrying a volume of gas, such as the swim bladder of fish. However, even planktonic 

organisms with no bodies of air have demonstrated sensitivity to small changes in pressure 

(Enright, 1963). Pressure is significant to aircraft flight: For example: 

 It is broadly accepted that airfoils generate lift when pressure decreases above 

the airfoil while pressure increases below the airflow.  

 Given the airfoil nature of helicopter blades, lift is likely generated in proportion to 

increased air pressure. The extent to which increased pressure could potentially 

impact pressure-sensitive organisms requires additional study.  

2.3.3 Chemical 

Chemical stimuli are most commonly associated with foraging, reproduction and 

locating enemies, and is best developed in vertebrates and arthropods. Similar to humans, 

smell and taste stimuli in aquatic animals is closely related and, in some cases, 

indistinguishable. The sensitivity to chemo receptors in certain marine species is numbing.  

The sensitivity to amino acids is demonstrated by the spiny lobster Panulirus argus, 

relatively familiar to New Zealand shorelines. Spiny lobsters have been shown to exhibit 
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sensitivity to the amino acid taurine, important to metabolic processes (Fuzerry et al., 1978). 

This species also exhibits a sensitivity threshold for taurine of about 10-10 molar, a metric 

requiring 33 mg of this amino acid in an Olympic-sized swimming pool. To put numbers in 

perspective, an Olympic-size swimming pool holds ~2600 cubic meters of seawater. It is 

barely comprehensible that spiny lobsters can detect the addition of approximately 1/70th of 

a teaspoon of taurine in about 92 tons of sodium chloride and other salts in our hypothetical 

seawater swimming pool. 

2.3.4 Summary 

Animals cited in the chapter by Schmidt- Nielson ranged from insects, birds, reptiles, 

and mammals in primarily terrestrial environments, to lobsters, fish, and mammals in marine 

environments. Understanding the sensory capacity of animals is significant for several 

reasons. For example: 

 Increased sensory sensitivity is particularly acute for acoustic dependencies on 

communication behaviours. 

 Above all is a heightened awareness of differences in the scale and sensitivity to 

informational stimuli between humans and other life forms.  

 Human frames of reference for terms like “noise” or “sound” are relatively limiting 

compared to the suite of sensory mechanisms that provide wildlife with 

information critical to survival.  

 Sources of disturbance to wildlife need to include a broad range of sensory 

mechanisms well beyond simply “noise” or “sound”.   

2.4 Habituation and facilitation 

2.4.1 Introduction 

Habituation and facilitation are terms applicable to just about every living 

organism. human and non-human species alike. In general, terms, habituation 

describes a process whereby organisms are believed to develop a greater tolerance to 

various stimuli over time.  

Facilitation describes behaviours influenced by multiple (cumulative) stimuli 

that facilitate habituation. For example, any given species may exhibit a lingering 

restlessness to the presence of humans following a singular sonic boom or helicopter 
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landing, or gradual tolerance over compounding incidents or episodes of respective 

booms or landings over time. Importantly, habituation and facilitation are not 

necessarily mutually exclusive. It is also important to accept that just because a 

behaviour is not observed does not mean an absence of effects(Hoang, 2015). 

The subjective nature of habituation has fueled considerable debate in 

academic circles, primarily in terms of whether it is perceived as a positive, neutral, or 

negative condition regardless of species involved. The debate is further complicated 

by the number and type of factors involved such as species type, timing, and 

frequency of stimuli, availability of optional habitats, and life-stage.  

2.4.2 Habituation and birds 

 A literature review by New Zealand’s Department of Conservation (DOC) on 

the impact of noise on recreationists and wildlife in New Zealand’s natural areas 

suggests that wildlife responses to noise-related disturbances reflect either tolerance 

or aversion/flight behaviours. The review offers a definition of habituation as “….the 

strength of a response to a stimulus over time after repeated exposure, where the 

consequences of the stimulus are neither adverse or beneficial” (Bejder et al., 2009a).  

However, a closer read of the article by Bejder, Samuels et al. (2009) reveals a 

significant context for applying the term ‘habituation.” They suggest that terms such as 

‘habituation’, ‘sensitization’, and ‘tolerance’ can represent a rather simplistic view of 

complex processes. They cite a description of such complexities by Gill et al. (2001 p. 

226), which amounts to a decision tree (bullets added): 

 “The decision of whether or not to move away from 

disturbed areas will be determined by factors such as: 

 the quality of the site currently being occupied,  

 the distance to and quality of the site currently 

being occupied,  

 the distance to and quality of other suitable 

habitats,  

 the relative risk of predation or density of 

competitors in different sites, and  
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 the investment that an individual has to make 

in a site (for example, in establishing a territory, 

gaining dominance status or acquiring 

information) (Gill & Sutherland, 2000).” 

A major problem with labeling animal behaviour as ‘habituated’ is the general 

perception that it indicates that a particular disturbance has little or no affect, thereby 

concluding that animals are not adversely impacted. Or, perhaps more detrimental, 

‘habituation’ can be interpreted as a desirable outcome, as when tourism operators 

strive to habituate certain animals so that they can be closely approached or handled 

(Nisbet, 2000). 

Bejder, Samuels et al. (2000) urge caution for wildlife managers to conclude 

that animal habituation in response to human activities have neutral or benign 

consequences for wildlife when, in fact, the effects are detrimental. They point to 

research suggesting that existing harmful effects may go unrecognized, leading 

management strategies to call for no corrective measures, an easing of conservation, 

or even an increase in the [detrimental] activity (Griffin et al., 2007).  

In much of the literature, the terms habituation and tolerance are often used 

interchangeably.  

 In a section on tolerance in the DOC review (Harbrow et al., 2011), the authors 

conclude that human attempts to drive wildlife away from attractive sites (e.g., 

crops), do not succeed in the long run due to habituation (Bomford & O'brien, 

1990; Marsh et al., 1991).  

 

 Conceptually similar, other research attempts to discourage fur seals away 

from fishing nets using acoustical explosives have fallen short, in part 

attributable to habituation (Shaughnessy et al., 1981). 

The extent to which birds are disturbed by aircraft may depend on their ability 

to habituate to aircraft noise(Hoang, 2015). Bird species and frequency of aircraft 

overflights also contributes to perceived habituation. For example:  

 Herring Gulls nesting near an airport did not react to subsonic aircraft noise near an 

airport (Burger, 1981). 
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 Other researchers observed no effect of helicopters and fixed-wing aircraft on 

kittiwakes and guillemots (Dunnet, 1977).  

 

 In these instances, frequency of overflights appears closely related to habituation.  

 

 The Herring gulls in Burger’s study were exposed to planes landing every 2-3 

minutes at a nearby airport, while the Guillemots in Dunnet’s study were nesting on 

cliffs under the regular route of helicopters flying from an airport to offshore oil rigs 

and platforms.  

 

 Birds that are not subject to frequent aircraft overflights are known to exhibit stronger 

reactions to an aircraft disturbance (Hoang, 2015).  

 

 The effect of helicopter and fixed-wing overflights on a remote colony of Brunnich’s 

guillemots has been studied (Olsson & Gabrielsen, 1990). The authors compared 

their results with those of Fjeld et al. (1988), who studied a less remote colony of 

Brunnich’s guillemots at the same archipelago as those observed in the Olsson study 

(Fjeld P. E. et al., 1988).  

 

 Olsson et al. reported that birds took 20 minutes to return to their nests following the 

disturbance compared to 5-10 minutes it took birds to return after a disturbance in the 

Fjeld (1988) study. They further observed no evidence of habituation over the course 

of the study and hypothesized that the difference in responses was attributable to 

greater habituation to birds in the Fjeld et al. study. 

As previously mentioned, the appearance of habituation and tolerance may not 

necessarily reflect the absence of adverse effects (Hoang, 2015). For example:  

 No strong effects were observed during frequent helicopter overflights on foraging 

and roosting waders, suggesting that birds may be forced to move to different areas, 

or at least depart temporarily (Smit C. J. & Visser, 1993).  

 

 Other research suggests that birds not exhibiting stress may be experiencing 

physiological stress such as elevated heart rate, and that consequences of 
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physiological impacts are not understood well enough to dismiss their potential 

effects (Hoang, 2015). 

 

 In addressing tolerance as a behavioural response in birds, a DOC literature review 

(2011) suggests that the absence of obvious behavioural responses by birds to 

disturbances does not necessarily mean there is no impact on an individual or 

population. For example,  

 

o Penguins are known to cease activity (at least initially), freeze or feign death 

in response to disturbance. 

 

o Other species have shown a dramatic spike in heart rates and other 

physiological responses without showing any outward changes in behaviour 

(Nimon & Stonehouse, 1995). 

2.4.3 Facilitation 

In contrast to habituation, the term facilitation refers to increased sensitivity of 

birds to low levels of overflight disturbance following other anthropogenic disturbances 

(Smit C. J. & Visser, 1993). For example:  

 Red Knots were found to be more restless and less approachable by humans 

following jet overflights (Koolhaas et al., 1993).  

 

 Jet overflights appeared to have a stronger effect on shorebirds when wind surfers 

were previously in the area (Smit C. J. & Visser, 1993). 

2.4.4 Habituation and marine mammals (cetaceans and pinnipeds) 

Additional research is required regarding habituation of marine mammals in response 

to aircraft overflights. A starting point for such enquiry will begin with a synthesis of a 238-

page workshop publication by the International Society for Comparative Psychology titled 

Considerations of the effects of noise on marine mammals and other animals (Wright & 

Highfill, 2007).  

Articles by Wright and Kucazaj (2007) titled Noise related stress and marine mammals: 

An Introduction, and by Wright et al. (2007) titled Anthropogenic noise as stressor in 
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animals: a multidisciplinary perspective, provide a detailed review of the definition, 

application and alternative concepts surrounding the issue of habituation regardless of 

species. 

2.4.5 Habituation and facilitation for wildlife (other than avian) 

TBD 

3.0 Factors capable of influencing wildlife responses to aircraft 

3.1 Introduction 

Several literature reviews have been published regarding the effect of noise on wildlife, 

some more applicable to New Zealand and the Hauraki Gulf Marine Park than others. 

However, each of the following literature review provided useful information for this report. In 

chronological order: 

1. Effects of aircraft noise and sonic booms on domestic animals and wildlife: a 

literature review synthesis, by Manci et al., (2003) 

2. The Effect of Noise on Wildlife: A Literature Review, by Autumn Lyn Radle, 

(2007) 

3. The effects of aircraft on cetaceans: implications for aerial whalewatching, by 

Luksenburg and Parsons, (2009)1  

4. The Impact of Noise on Recreationists and Wildlife in New Zealand’s Natural 

Areas: A Literature Review, published by New Zealand’s Department of 

Conservation (DOC), (2011) 

5. A Literature Reviews of Aircraft Disturbances on Seabirds, Shorebirds and 

Marine Mammals, by Tinya Hoang, (2013) 

6. A Synthesis of two decades of research documenting the effects of noise on 

Wildlife, by Shannon, et al., (2016) 

 

1 Although not titled as a literature review, this article reviews articles on the effects of noise on 

cetaceans from 1995 to 2008. 
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Importantly, all reviews cited challenges inherent to conducting and interpreting 

research results on the impact of noise on wildlife (Harbrow et al., 2011; Hoang, 2015; 

Luksenburg & Parsons, 2009; Manci et al., 1988; Radle, 2007; Shannon et al., 2016). For 

example: 

 Variables affecting observed results include differing sensitivities across taxa 

(Slabbekoorn, 2013), context, sex, and life history (Ellison et al., 2012) (Francis & 

Barber, 2013).  

 

 Similar to other forms of environmental stimuli, noise has been shown to elicit 

compound behavioural and physiological responses, making pinpoint cause and 

effect relationships difficult (McLaughlin & Kunc, 2013).  

 

 The impact of noise on wildlife is confounded by other environmental conditions or 

disturbances such as modified habitat, and visual disturbance in conjunction with 

audio stimuli, which can make interpretation of experimental reports difficult 

(Summers et al., 2011).  

 

 Response variables are known to differ by time of day and year, an animal’s physical 

condition, whether an animal is restrained or not, the animal’s experience (exposure), 

or whether confounding physical conditions are in place, e.g., drought (Manci et al., 

1988). 

 

 Finally, the scale and extent of wildlife responses to noise is subject to variance in 

noise characteristics such as source, duration, frequency content and intensity 

(Francis & Barber, 2013), and short- versus long-term exposure on breeding 

success, mortality, population dynamics or overall fitness (Harbrow et al., 2011). 

Note that additional reviews have been conducted for specific wildlife species, families 

or classes, and are cited herein separately. The point is that regardless of taxa, scientifically 

quantifying behaviour is difficult. However: 

 Recent improvements in measurement technology, experimental design and 

cumulative complementary results have converged to overcome earlier experimental 

obstacles.  
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 The convergence of advanced methodologies is delivering results upon which 

scientists, resource management and policy can more safely and accurately assess 

the effects of noise exposure on wildlife (Shannon et al., 2016). 

3.2 What are aircraft stimuli? 

Types of aircraft, noise levels, distance from noise source, species and flock size 

represent factors capable of effecting behavioural and physiological responses of wildlife. 

Degree of species habituation is a major factor of influence to wildlife responses to stimuli. 

However, the complexities of habituation are examined separately at the end of Section 2.3. 

3.3 Types of aircraft 

Several types of aircraft elicit different responses in birds. However, helicopters have 

been widely viewed as the most disturbing (Drewitt, 1999):  

 Among California Common Murre colonies (order charadriiforms), the proportion of 

helicopter overflights that caused disturbance (83%) was greater than fixed wing 

aircraft (57%) (Rokek et al., 2007). These authors suggest that such metrics are 

partially attributable to the low-altitude capabilities of helicopters, and that, on 

average, helicopters tend to disturb at higher altitudes than fixed-wing aircraft, 

perhaps due to louder engines and rotor vibration. 

 

 In the Dutch Wadden Sea, helicopter noise disturbed roosting oystercatchers, Bar-

tailed Godwits and curlews more frequently and over longer distances than military 

jets (Smit C.J. & Visser, 1985). Helicopters at <1500 m (4,920 feet) caused greater 

proportions of stocks to take flight than a jet at <1200 m (3,940 feet) (Visser, 1986).  

 

 In the German Wadden Sea, roosting shorebirds were disturbed in 100% of 

potentially disturbing helicopter overflights, followed by jets (84%), small civil aircraft 

(56%) and motor-gliders (50%) as cited in Smit and Visser, 1993. In addition, the 

incubating behavior of Glaucous Gulls and Arctic Terns were more affected by 

helicopters versus fixed-wing aircraft, but even more so by human presence (Gunn & 

Livingston, 1974). 
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 A 1980s study of  the impact military aircraft on animal disturbance revealed that 

humans at avian roosting sites and helicopters impacted seabirds more than sonic 

booms “(Jehl & Cooper, 1980).  

 

 Brown (2001) reported that responses of bird colonies “to balloon overflights 

suggests that visual stimulus is likely to be an important component of aircraft noise 

disturbance” (Brown, 1990).  

 

 Similarly, the literature review prepared by DOC appears to corroborate this 

assertion: “…wildlife may respond to the size, speed or sudden appearance of 

aircraft rather than only to the noise it creates” (Harbrow et al., 2011). 

3.3.1 Noise levels 

The topic of noise levels in the literature sometimes overlaps with behavioural 

responses.  

 Aircraft noise can be measured based on sound pressure and frequencies (Hoang, 

2015). Most studies measure noise levels using the decibel scale weighted with an 

A-weighting filter (dBA). This methodology is based on the noise sensitivity of the 

human ear, which, as we learned earlier, significantly differs from the noise sensitivity 

of wildlife (NPS, 1994). 

 

 Brown (1990) measured the effect of acoustic stimuli of a float plane on Crested 

Terns in Australia at simulated altitudes from 75-300 m (250-980 feet). Peak noise 

levels ranged from 65-95 dBA. Background noise levels for ocean wave action was 

55-65 dBA, and noise from bird call activity was 60-75 dBA. Dependent variables 

included: 

o Scanning 

o Alertness 

o Avoidance, and 

o Escape behaviors. 

 

 Most birds exhibited scanning behavior at all treatment levels, even when above 

background noise levels. Alert behavior had a strong positive relationship with 
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increasing noise levels. Avoidance and escape behaviours were observed at 

elevated noise levels (>85 dBA).  

 

 The experimental methodology was repeated nearly a decade later, but this time with 

simulated helicopter noise during landing, pausing, and taking off. Although peak 

noise levels of sound treatments were the same, noise from the helicopter caused 

greater avoidance and escape behaviors than simulated noise from the fixed wing 

aircraft in the earlier experiment. Differences in bird behavior may be attributable to 

differences in frequency and temporal aspects of helicopter noise (Brown, 2001) 

3.3.2 Distance from stimuli source 

A table listing studies on sea birds and shore birds in terms of aircraft disturbance 

and distance  is in Appendix C (Hoang, 2015). Results suggest that there is no consistent 

distance at which birds will react to overflights. Multiple factors may contribute to such 

findings. For example, disturbance differences indicate that birds may be more sensitive in 

undisturbed regions, when they are in high concentrations, or when they are molting or 

breeding (Komenda-Zehnder et al., 2003). 

There appears to be a relationship between distance and disturbance that overlaps 

with habituation, described in Section 2.4, Habituation and facilitation. In addition to studies 

cited in Appendix C, there is anecdotal evidence that exemplifies variability in the impact of 

disturbance and distance. For example: 

 In the Great Barrier Reef (GBR). Crested and Bridled Terns and Common Noddies 

breeding within tens of meters from an airstrip did not appear negatively impacted by 

aircraft despite occasional bird strikes.  

 

 Also, in the GBR, helicopters landing meters of breeding noddies and shearwaters 

did not appear affected.  

 

 Helicopters in the Netherlands at altitudes of 100-300 m (330-980 feet) at a 

frequency of 2-3 per hour did not appear to have a strong impact on foraging and 

roosting waders (Smit C.J. & Visser, 1985).  
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 Conversely, and to complicate matters, in more remote areas of the GBR, breeding 

seabirds flew from their nests before approaching aircraft could be detected by 

humans (GBRMPA, 1997).   

3.3.3 Species and flock size 

Avian response variables to noise have been shown to differ by species and 

flock size. For example: 

 Curlews and Redshanks in the German Wadden Sea were found to be more reactive 

than Bar-tailed Godwits to aircraft disturbances (Heinen, 1986).  

 

 In another study, oystercatchers were more tolerant of aircraft disturbance compared 

to Bar-tailed Godwits and curlews (Visser, 1986).  

 

 Yet another study found that it took longer for oystercatchers to resume normal 

behavior than it did for curlews (Glimmerveen & Went, 1984) following an aircraft 

disturbance. Flock size may influence avian responses to aircraft overflights, but the 

literature reviewed thus far appears inconclusive. Smit and Visser (1993)2 mentioned 

that several studies indicated that larger flocks are easily disturbed, perhaps because 

larger flocks have a greater chance of having particularly sensitive individuals.  

 

 Conversely, Olsson and Gabrielsen (1990) did not find that stress responses 

increased in a larger colony. 

3.4 Behavioural responses of birds 

3.4.1 Introduction 

Approximately two thirds of the scientific literature studying the impact of 

human-generated noise on wildlife between 1990 and 2013 focused on songbirds and 

 

2 This is a comprehensive study involving multiple species and birds found in New Zealand subjected 

to multiple independent variables. Additional study of this paper is required and, as applicable, 

findings will be incorporated into this report. 
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marine mammals (Shannon et al., 2016). Their review of the literature suggests that 

responses of terrestrial wildlife to noise begins at noise levels of ~40 dBA. As a frame 

of reference, 40 dBA is comparable to noise levels in a library or other bird calls 

(Appendix D). Many peer-reviewed papers suggest a range or scope of behavioural 

responses to various stimuli regardless of species. For example: 

 Frid and Dill, (2001) propose including vigilance, fleeing, habitat selection, mating 

displays and parental investment as potential behavioural areas of interest.  

 

 A sampling of behavioural responses in a 1998-2002 review of noise effects on 

animals (and birds in particular) includes vigilance, head-turning, demographic and 

nesting success, ledge attendance, and levels of intensity for each (Kull & McGarrity, 

2003).  

 

 Still other researchers suggest that habituation(Ditmer et al., 2019), reproduction, 

and overall fitness are behavioural reponses(Kleist et al., 2018; Schroeder et al., 

2012; Zwart et al., 2015).  

 

 Still other authors suggest that behavioural responses include scanning and alert 

behaviors, such head turning, neck extension, body re-orientation and tension, 

agitated behavior, such as increased calling, head bobbing, restless pacing and 

wing-flapping, protective or escape behaviors, such as crouching, and flying, running, 

diving, or swimming away (Brown 1990; Kempf and Hüppop 1998) as cited by Hoang 

2015. 

Note: Given the scope of potential behavioural responses in current and future research, this 

section may be a nearly continual work in progress. The following section outlines key 

avian responses, which, unfortunately, is not all inclusive at time of writing. 

3.4.2 Breeding and productivity 

Aircraft noise has been shown to impact activities associated with a variety of 

species propagation activities across multiple bird species, including:  

 Embryonic and post-natal development 

 Courtship 
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 Fertility 

 Nesting activities 

 Prey delivery 

 Population recovery, and 

 Parental attendance (Hoang, 2015). 

 

 Research findings reveal significant impacts of human-generated noise on avian 

embryonic development regardless of noise source or species involved. Recent 

research helps illustrate this point:  

 

 Bird eggs and nesting babies exposed to moderate levels of anthropogenic 

traffic noise exhibit large and direct adverse impacts in terms of long-term 

development and fitness. Impacts include impaired nesting growth, shorter 

telomere length and reduced fitness as adults (Meillère et al., 2024). 

 

 So pervasive is the potential impact of anthropogenic noise on breeding 

birds that other researchers suggest reviewing the impacts of acoustic 

comfort for pregnant [human] mothers in hospital environments 

(Slabbekoorn, 2004). 

 

 Another research group found that exposing fertilized eggs to a 110 dB 

noise source resulted in a decrease in body weight, brain weight and size 

(Kesar, 2014). 

 

 Two studies by Mariette, et al., 2024, revealed that birds exposed to noise 

in pre- and postnatally conditions produced only half as many offspring 

compared to those not exposed to traffic noise. Note: “One month after the 

end of exposure, we measured the juveniles again and found that noise-

exposed chicks were no longer smaller that their song-exposed siblings, 

but the impact on their physiology had worsened. And even a year later, 

once the birds were adults, the cellular impact of noise was still clearly 

visible” (Mariette, 2024). 

 

 Still other research on avian embryonic development showed that adult 

nesting attempts were reduced by traffic noise as a result of reduced  
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embryo mortality in traffic noise treatment groups. The conclusion of this 

research was that “traffic noise may disproportionately affect chronically 

stressed [bird] individuals during reproduction” (Potvin & MacDougall-

Shackleton, 2015). 

 

 Disturbance from helicopters and fixed-winged aircraft is thought to be slowing the 

recovery of breeding populations and breeding success of Common murres (Uria 

aalge) at three locations in California (Rokek et al., 2007).  

 

 The same authors found that helicopters tended to cause more disturbance than 

fixed-winged aircraft and at altitudes higher than those of planes.  

 

 Prey delivery rates of Mexican Spotted Owls has been shown to decrease in 

response to disturbance stimuli from helicopters and chainsaws (Delaney et al., 

1999).  

 

 Far less invasive disturbance stimuli have been shown to impact breeding of 

European Oystercatchers. For example: 

 

 Parental European Oystercatchers decreased time incubating eggs, self-

feeding and provisioning their young in response to people on foot 

(Verhulst et al., 2001). 

The following summary abstract is from an article by Halfwerk, Bot et al. (2011) 

titled: Low-frequency songs lose their potency in noisy urban conditions (Halfwerk et 

al., 2011) 

Avian fertility, mate selection and reproduction are of genetic and ecological 

importance. Interpersonal communication by acoustical signals is the mechanism 

critical to reproductive process. According to the authors, “Several bird species have 

been reported to increase song frequency by which they reduce the masking impact 

of spectrally overlapping noise”. Halfwerk, et al. suggest that increasing song 

frequency may be insufficient or whether there are hidden costs to reducing song 

frequency. For example, “Species may rely on low frequencies to attract and impress 
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females, and the use of high frequencies may, therefore, come at the cost of reduced 

attractiveness.”  

The authors further studied the potential tradeoff between signal strength and 

signal detection of the great tit (Parus major). Results indicate “that the use of low-

frequency songs by males is related to female fertility as well as sexual fidelity. The 

authors showed that urban noise conditions impair male-female communication, and 

that signal efficiency depends on song frequency in the presence of noise. The data 

further revealed a response advantage for high-frequency songs during sexual 

signaling in noisy conditions, whereas low-frequency songs are likely to be preferred.  

These data are critical for our understanding of the impact of anthropogenic 

noise on wild-ranging birds because they provide evidence for low-frequency songs 

being linked to reduced reproductive success and adversely impacted noise-

dependent signal efficiency. 

 

3.4.3 Foraging 

Behavioural ecologists have recently been applying economic models of 

antipredator behaviour to disturbance studies to better predict and understand 

observed responses. An article by Frid and Dill (2001) suggests that regardless of 

species investigated, predation and non-lethal disturbance stimuli create similar 

tradeoffs between avoiding perceived risk and other fitness-enhancing activities such 

as feeding, parental care, or mating.  

 Prey have evolved antipredator responses to generalized threatening stimuli such as 

loud noises and rapidly approaching objects. “Thus, when encountering disturbance 

stimuli ranging from the dramatic low-flying helicopter to the quiet wildlife 

photographer, animal responses are likely to follow the same economic principles 

used by prey response to predators” (Frid & Dill, 2001). 

 

 The New Zealand dotterel typically forages on molluscs, small crustaceans, 

crickets, and other insects present on the beach. When people were present, 

dotterel chicks spent less time foraging in littoral zones and more time in the 
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supralittoral zones3, and in general, less time feeding. Littoral zones are preferable 

foraging destinations compared to supralittoral zones, and that high levels of human 

disturbance may infer energetic constraints on dotterel chicks.  

 

 The authors conclude that “fledgling success of chicks may be enhanced if human 

access to feeding areas adjacent to breeding sites is reduced during the chick-

rearing phase of the breeding season (Lord et al., 1997).” (Of potential relevance, the 

Biodiversity Section of the Taranaki Regional Council estimates that the total 

population of New Zealand dotterels is currently about 1400, and are listed as 

‘nationally vulnerable’).  

 

 Although not specific to aircraft, two experiments were conducted to quantify the 

effects of human disturbance on foraging and parental care in European 

oystercatchers (Haematopus ostralegus).  

 

o In experiment one, oystercatcher pairs incubating a clutch were disturbed on 

their feeding territory on the mudflat. Disturbance significantly reduced the 

proportion of time that the clutch was incubated, but also the proportion of 

time that the pair spent foraging on the mud flat.  

 

o In experiment two, foraging oystercatcher pairs with chicks were disturbed by 

two observers at different distances from the edge of the salt marsh where 

the chicks resided. Total food collected was independent of disturbance, but a 

smaller proportion of the food collected was allocated to the chicks with 

increasing disturbance levels.  

 

o Both experiments demonstrate that human disturbance of foraging in 

breeding oystercatchers reduced the amount of parental care, and thus 

presumably reproductive success (Verhulst et al., 2001).  

 

3 Also known as the splash zone or white zone. This is the area above the high-tide water level, 

typically the result of storm surges (https://biophysics.sbg.ac.at/rovigno/rovigno3.htm). 
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3.4.4 Predation risk 

The concept of predation risk influences a broad spectrum of potential impacts 

at individual, population, and community levels. It has long been recognized that noise 

disturbance produces physiological responses that help animals survive in threatening 

or otherwise emergency conditions (Cannon, 1929).4  

Physiological responses once labeled “fight or flight” are more recently cited as 

“active defense response”, a process further delineated as either “active” or “passive” 

(Gabrielson & Smith, 1995). More recent research on disturbance has adopted the 

principle that human-induced non-lethal disturbance is equivalent to an animal’s prey 

risk assessment (Frid & Dill, 2001).  

Behavioural ecologists have applied economic models of animal antipredator 

behaviours to disturbance studies to better predict disturbance responses. Frid and 

Dill, 2002, define “disturbance” as “a deviation in an animal’s behavior from patterns 

occurring without human influences.” These authors have elaborated on the argument 

that disturbance stimuli ranging from low-flying helicopters to nature photographers 

can influence fitness and population dynamics via energetic and lost opportunities 

inherent to avoiding risk. Disturbance effects on behaviours such as vigilance, fleeing, 

habitat selection, mating displays, and parental investment affect animal populations 

and communities.  

The result of disturbance stimuli has been shown to divert time and energy 

from feeding, parental care or mating displays, and activities related to fitness-

enhancement (Steidl & Anthony, 2000) . In such instances, habituation or relocation 

may be options. However, animals may be unable to shift from disturbance stimuli 

habitats depending on the costs and benefits involved. The capacity for animals to 

relocate from disturbance stimuli habitats is constrained when alternative habitats are 

too far away or of lower quality for maintaining life sustaining activities. In such 

instances, the benefits of relocating do not outweigh the costs of remaining at sites 

high in disturbance stimuli (Gill et al., 2001). Assessing predation risk against resource 

 

4 Physiological responses of animals to noise are detailed in Section 4.0 of this assessment. 
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availability initially appears to be an individual decision. However, variation in the 

scope and scale of responses can spill over to population dynamics and habitat quality 

expressed increased energetic costs associated with antipredator behaviour (Frid & 

Dill, 2001). 

3.4.5 Energy expenditure 

The previous section on predation risk overlaps with examples of energy 

expenditure in response to disturbance stimuli is compounded by other contextual 

factors. For example, in response to disturbances, woodchucks have been shown to 

decrease flight initiation distance the closer they are to their refuge burrow (Bonenfant 

& Kramer, 1996).  

3.4.6 Vocal activity 

Lines separating vocal activity, reproduction and breeding, masking and 

habituation can blur. However, if not for avian vocal activity, the other life sustaining 

behaviours would be moot. As such, avian vocalization plays a significant role in 

establishing territory, mate attraction, predation alarm, announcement and exchange 

of food, and maintaining social integration (Slabbekoorn, 2004). The impact of noise 

on birds spans the spectrum from the molecular level through behavioural, population 

and community levels of biological organization as a result of degraded sensory 

environments (Injaian et al., 2018) (Kleist et al., 2018). For example: 

 Birds have been known to alter the frequency and timing of vocalizations to avoid 

masking, alter time spent singing, change the amplitude and structure of 

vocalizations, or increase song duration and rate to enhance vocal projection in noisy 

environments (Díaz et al., 2011; Lohr et al., 2003) (Mockford & Marshall, 2009).  

 

 Changes in the rate and type of vocalization may affect energy budgets, while 

masking may hinder or hamper parent-offspring communication and male territory 

defense, thereby negatively impacting reproductive opportunities with consequences 

for species fitness (Schroeder et al., 2012; Zwart et al., 2015).  

 

 Noise has been shown to affect avian community levels of biological organization 

(Clinton D. Francis et al., 2009). For example, species with high-frequency 
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vocalizations tend to adjust vocalization frequency in response to low frequency 

noise, while species with low-frequency vocalizations tend to adjust the timing of 

vocalizations or depart the area to avoid interferences inherent to masking (Hu & 

Cardoso, 2010; Proppe et al., 2013). In particular, Proppe et al. 2013 demonstrated 

that human-generated noise decreases songbird diversity that may contribute to 

community homogenization and diversity.  

 

 Additional research suggests that some avian species (Eurasian wrens) appear less 

impacted by noise exposure (Yang & Slabbekoorn, 2014), but the degree to which 

habituation influences such responses is unknown. However, similar species-specific 

[non]-responses may lead to indirect benefits that include decreased predator 

abundance in loud habitats (Clinton D. Francis et al., 2009). The cumulative 

responses can change community composition, diversity, and ultimately ecosystem 

functioning (C. Francis et al., 2012). 

 

 A leading source of chronic anthropogenic noise pollution in relatively remote 

landscapes is air traffic (Buxton et al., 2017). Such conditions can have negative 

consequences for wildlife and respective habitats (Shannon et al., 2016). Protecting 

and managing avian acoustic sensory conditions is relevant to maintaining natural 

environments, particularly habitat availability and associated ecological functions 

(Dumyahn & Pijanowski, 2011). 

 

 A recent paper by Vincelette et al. (2020) provides insight on the effect of aircraft 

traffic on avian vocal activity. The study attempted to demonstrate differences in 

vocal activity before, during and after aircraft overflights in areas with high and low 

rates of aircraft noise. This research team sought to understand the impact of aircraft 

traffic noise on the richness of avian vocal activity at two remote sites in Denali 

National Park (Alaska), where aircraft (jet, helicopter, and prop) were the only audible 

anthropogenic sources of noise. Both experimental sites had similar rates of jet 

noise, but one site had approximately 10 times the rate of propeller noise.  

 

o The bird community in the lower aircraft activity site showed increased 

vocalization richness after the aircraft had passed, while birds at the site with 

higher rates of aircraft activity did not demonstrate a response.  



 

33 
8/20/2025 

 

o Birds in the lower aircraft audibility were audible in 72.6% of samples, aircraft 

in 2.5% of samples, and birds in 2.2% of samples when aircraft noise was 

present. Birds in the high aircraft audibility site were audible in 71.2% of 

samples, aircraft in 19.9% of samples, and 14.4% of samples when aircraft 

noise was present.  

 

o The authors suggest that elevated avian vocalization at the site with lower 

aircraft activity perceive aircraft noise as a threat or contributes to masking. 

Conversely, the authors suggest that lack of response at the lower noise site 

may be attributable to habituation, species tolerance, or site-specific features 

capable of influencing aircraft noise propagation and perception (Vincelette et 

al., 2021).In short, stronger behavioural responses at sites with infrequent 

disturbance stimuli reduce the potential for habituation (Ditmer et al., 2019).  

Importantly, interested readers should consult the Discussion section of the 

paper by Vincelette et al. (2020) for alternative explanations for the results. In addition 

to differences in aircraft overflight type and frequency, other differences include 

elevation, different temporal conditions, and habitat features capable of influencing 

sound spreading loss. In addition, the amplitude of sound signals may be attenuated, 

refracted, or scattered in response to interactions involving climate, topography, and 

land cover (Attenborough, 2002) (Forrest, 1994). Further, wind-induced vegetation 

noise may reduce vocalization during an aircraft event as a masking response. Finally, 

sound levels associated with aircraft overflights have been shown to vary in response 

to atmospheric conditions (Zaporozhets et al., 2011). 

Although community bird vocalization responses can be influenced by factors 

cited by the above authors, Vincelette, Bixton et al. (2021) concluded that “the simplest 

explanation for the documented increase in bird vocalization richness [at the site with 

lower aircraft audibility] is the presence of the aircraft itself, regardless of modulation 

by site-specific effects” (Vincelette et al., 2021). In their concluding remarks, the 

authors reinforce the idea that protected areas are more vulnerable to long-term 

ecological impact (Lynch et al., 2011), and loss of biodiversity (Vincelette et al., 2021). 

In terms of a systems approach, such factors are believed to “impose selection 

pressure on the avian community and alter species composition, drive evolutionary 

change and ultimately impact ecosystem functioning” (Swaddle et al., 2015) .  
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3.4.7 Masking 

Acoustic masking describes a process whereby sensory perception is 

adversely affected by a competing source of auditory stimuli. Specifically, masking has 

been described as noise that “interferes with the perception of a sound of interest” 

(Bowles, 1995) or “the inability of an animal to hear important environmental signals” 

(Manci et al., 1988). In day-to-day terms, an example of masking is when someone is 

trying to count change for a customer while someone in the background is reciting a 

series of home addresses out loud. 

In the context of sensory interference, masking is likely far more prevalent and 

consequential for animals with higher sensitivities compared to humans. In short, the 

impact of auditory masking probably increases in some proportion to increases in 

auditory stimuli, particularly if the competing stimuli is aircraft traffic (Vincelette et al., 

2021).  

3.4.8 Population structure 

Note: This section and the next are the least developed of this report thus far. 

Although noise sources are not specified – and they need to be for inclusion in this 

report – the results hint and reinforce the ecological scale and ripple effect of noise on 

broader ecosystems.  

Population structure represents a major biological component that bridges the 

gap between species and community structure. The following paragraphs appear as 

largely verbatim abstracts from several articles I have yet to study and synthesize for 

purposes of this report. They are, however, potentially useful to readers of this report. 

Impacts of chronic noise anthropogenic noise from energy-sector activity on 

abundance in the boreal forest (Bayne et al., 2008) 

This article suggests that anthropogenic noise adversely impacts habitat 

quality. In particular, such noise interferes with acoustic signals necessary for 

communication among birds, in this case passerines. Study results showed 

significantly reduced species richness as proximity to the noise source increased. 

Anthropogenic noise was shown to impact avian abundance in one third of the species 

tracked. In addition, seven of another cohort of 23 species exhibited lower conditional 
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and unconditional rates of occupancy as proximity to noise generating facilities 

increased. 

Noise pollution changes avian communities and species interactions (C. D. Francis et 

al., 2009; HGMPA, 2021) 

The authors conclude that noise alone reduces nesting species richness and leads to 

modified avian communities. Noise was also found to indirectly facilitate reproductive 

success of individuals nesting in noisy areas in response to disrupted predator-prey 

interactions. An unexpected result was that reproductive success for birds in noisy habitats 

may contribute to the success of urban-adapted species (habituation) and the loss of birds 

less tolerant of noise. 

 

Avian reliance on acoustical communication makes them particularly vulnerable to 

the novel acoustics of noise, which is capable of disrupting “acoustic communication, 

interfering with detection of warning signals, and elevating stress levels” (Slabbekoorn & 

Ripmeester, 2008). 

Noise pollution filters bird communities based on vocal frequency (Francis et al., 

2011) 

“Human-generated noise pollution now permeates natural habitats worldwide, 

presenting evolutionarily novel acoustic conditions [that]…not only harm humans, but 

threaten wildlife, and especially birds, via changes to species densities, foraging behavior, 

reproductive success, and predator-prey interactions. Explanations for negative effects of 

noise on birds include disruption of acoustic communication through energetic masking, 

potentially forcing species that rely upon acoustic communication to abandon otherwise 

suitable areas”. 

3.4.9  Community structure 

The costs of chronic noise exposure for terrestrial organisms (Barber et al., 2010) 

In terms of acoustical ecology, the authors suggest that acoustic masking interferes 

with intentional communication between avian males and females during mate selection by 

reducing the number of message recipients in the communication network. Then authors 
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further address the threat of noise to multiple taxa regarding species diversity and richness, 

foraging, antipredator behaviours, reproductive success and community structure. 

 

Songbird community structure changes with noise in an urban reserve (Mena & 

Garcia, 2018). 

Urban noise has the potential to interfere with avian communication associated with 

predator detection or breeding activity, thereby potentially adversely impacting bird 

communities and local distribution patterns. This article reiterates that not all bird species are 

negatively impacted, and that the mechanisms affecting tolerance or disturbance are under-

studied. This study assessed the “association between (i) anthropogenic noise and bird 

richness, (ii) noise level and song modification and (iii) species noise tolerance and detection 

frequency”. 

This research team concluded that “increase[s] in noise may lead to urban bird 

communities dominated by a limited number of noise-tolerant species”, and that “species  

richness is negatively affected by increasing anthropogenic noise, but also by the increase of 

shrub cover. Nevertheless, over 90% of our species did not display significant song 

modifications”. Further, the authors “…expect that by limiting anthropogenic noise and 

providing diversity of vegetation cover, cities could be made attractive to bird species with 

different degrees of noise tolerance, promoting urban bird diversity. and parent–offspring.”  

 

3.5 Ecological Community 

Noise pollution alters ecological services: enhanced pollination and disrupted seed 

dispersal (C. D. Francis et al., 2012) 

The bird species in this article are not found in New Zealand. However, the potential 

value of this article exemplifies ecological services birds can provide, how noise disturbance 

can adversely impact such services, and how service interruption can ripple through broader 

ecological systyems. The impact under study revealed community-level consequences in 

response to limited passionfruit (Pinusa edulis) seed pollination and dispersal. The following 

is verbatim from the article Abstract: 

“Specifically, noise pollution indirectly increased artificial flower pollination by 

hummingbirds, but altered the community of animals that prey upon and disperse Pinus 
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edulis seeds, potentially explaining reduced P. edulis seedling recruitment in noisy areas. 

Despite evidence that some ecological services, such as pollination, may benefit indirectly 

owing to noise, declines in seedling recruitment for key-dominant species such as P. edulis 

may have dramatic long-term effects on ecosystem structure and diversity.” 

 

Seed dispersal is an important ecological function influenced by species biodiversity. 

This article examines the relationship between biodiversity of frugivores (fruit-eating animals, 

particularly birds) and seed dispersal.  

 Results suggest that the abundance and richness of dispersed seeds were positively 

related to frugivore abundance and richness.  

 

 A conclusion of the authors is that frugivore richness was “the only attribute of the 

frugivore assemblage affecting the probability of seed dispersal into deforested areas 

of the landscape”.  

 

 This is relevant because evidence suggests a connection between noise pollution 

and species biodiversity (Sordello et al., 2020). 

 

Ecological research now deals increasingly with the effects of noise pollution on 

biodiversity. Indeed, many studies have shown the impacts of anthropogenic noise and 

concluded that it is potentially a threat to the persistence of many species. 

 

4.0 Physiological responses of birds 

Hoang, 2015, suggests that impacts from aircraft overflights on birds can be 

behavioural and physiological. Suggested behavioural responses include: 

 Reduced reproductive success 

 Increased predation 

 Increased energy expenditure 

 Reduced habitat use, and 

 Reduced food intake. 

Other researchers have suggested that colony size, and continued use of the 

colony over time can reflect the impact of aircraft overflights (Rokek et al., 2007). 
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Excessive arousal, alertness or chronic stress, and physiological energy budgets of 

birds have also been cited as adverse impacts (NPS, 1994). In more general terms, 

noise has been shown to impact bird acoustic sensory conditions at the molecular, 

behavioural, population and community levels of organization (Vincelette et al., 2021).  

The sensitivity of organism response to auditory stimuli should not be 

underestimated. In The Niche Hypothesis (Krause, 1993), suggests that every 

organism has an ‘aural niche” for its particularly unique voice and position in a habitat 

based on the relative frequency, amplitude, timbre, and duration of the sound it 

produces. If noise disturbance crosses individual tolerance thresholds, the organism 

may be forced into different areas with consequently different aural zones in which 

they lack an established niche. A conclusion of this hypothesis is that aural zones may 

be so unique and important for successful communication and other uses of auditory 

senses, “that disturbance to this soundscape could be detrimental to the future of the 

individuals, populations or entire species” (Krause, 1993). 

It has also been reported that birds display a spectrum of responses from being 

alert to mild disturbances to an intention to fly, pecking at each other, broken-wing 

displays, and walking, swimming or flying short distances (Bowles, 1995). In addition, 

panic induced by particularly noisy disturbances is known to cause egg loss in some 

colonial birds (Bunnell et al., 1981), or frightening some birds into colliding with human-

made structures such as power lines (Blokpoel & Hatch, 1976). Importantly, studies 

show that animals rarely display uncontrolled flight, and that species normally known 

to run or fly away in fright do not usually injure themselves (Bowles, 1995). Equally as 

important, although panic responses may not be as serious for wildlife as they might 

appear, cumulative effects such as habitat displacement from sustained disturbances 

“may cause longer term problems for individuals and overall populations (Harbrow et 

al., 2011).  

Aircraft disturbance is defined as “aircraft activity that changes the behavior or 

physiology of a bird,” (Hoang, 2015). Behavioral changes include: 

 Scanning and alert behaviors (head turning, neck extension or body 

reorientation) 

 



 

39 
8/20/2025 

 

 Agitation (increased calling, head bobbing, restlessness, and wing-flapping), 

and 

 

 Protective or escape behaviors (crouching, flushing, running, diving or 

swimming away) (Brown, 1990; Kempf & Huppop, 1998). 

In addition, wildlife refuge managers have suspected that chronic stress from 

overflights increase waterfowl susceptibility to disease (Gladwin et al., 1987).  

An example of physiological changes in birds include changes in heart rate 

(Wilson et al., 1991). If not specifically for helicopter noise, ‘disturbance’ as stimuli is 

thought to initiate some level of  a ’fight or flight’ response, also referenced as an 

“active defense response” (Gabrielson & Smith, 1995).  

Gabrielson and Smith (1995) prefer the terms ‘active defense response’ in 

place of the more common ‘fight or flight response’ terminology used by earlier 

researchers. Physiological changes associated with active defense responses include 

increased: 

 Behavioural activity 

 Heart rate 

 Metabolism 

 Blood sugar 

 Body temperature 

 Skeletal muscle blood flow 

 Respiration rate 

 Respiration depth 

 Oxygen consumption 

 Brain blood flow 

 Heart blood flow 

While the following parameters decrease: 

 Blood flow to the gut 

 Gut motility 

 Digestive secretions 

 And perhaps blood flow to the skin 
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Most of the responses outlined above “are controlled by the sympathetic 

portion of the autotomic nervous system and involves release of adrenalin” (Gabrielson 

& Smith, 1995).  

 Each physiological response contributes to chances of survival to a given 

stimulus. The antithesis of an active defense response is the freezing / playing 

dead response. An example cited by Gabrielson and Smith (1995) is a 

motionless response by a Ptarmigan hen; her chance of losing her eggs to 

predators if she is flushed are much greater when she remains motionless.  

 

 Citing studies of the impact of human disturbance on wildlife, Gabrielson and 

Smith (1995) suggest that the most critical periods of response in mammals is 

the immediate postnatal period and breeding period in some birds. For 

example,  

 

o Common eiders do not eat for 25 days during incubation, instead 

relying on stored energy reserves.  

 

o Human disturbances cause repeated heating of the eggs upon return 

from repeated flushing incidents. In time, the weight loss due to energy 

demand may cause the bird to abandon incubation or surrender the 

chicks at hatching in order to save itself. Although eiders are not 

endemic to News Zealand, passive defense processes whereby 

repeated disturbances during breeding periods are terminated may not 

be unique to this species. 

5.0 Impact of aircraft stimuli on cetaceans and pinnipeds 

Note: Chapter 5.0 remains a work in progress. Three main resources will be examined in 

further detail for this Chapter: 

1. A synthesis of The effects of aircraft on cetaceans: implications for whalewatching 

(Luksenburg & Parsons, 2009), a review of literature on cetaceans from 1995 to 

2008. 

2. Select articles regarding the impact of human-generated noise on cetaceans and 

pinnipeds from International Society for Comparative Psychology (Kuczaj, 2007). 
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3. Articles addressing the potential impact of anthropogenic noise on marine mammals 

published after 2008 or otherwise relevant and informative to previously published 

articles. 

5.1 Introduction 

The following verbatim Abstract has yet to be synthesized for this report. It is 

included here as an overview of traits and characteristics of marine mammals that provides a 

conceptual framework for understanding the potential impacts of anthropogenic noise on 

marine mammals. Note: Although verbatim, the Abstract has been set in bullet points by this 

author to aid in readability and accessibility to content:  

 “Marine mammals, especially cetaceans, are highly vocal and dependent on 

sound for almost all aspects of their lives, e.g. food-finding, reproduction, 

communication, detection of predators/hazards, and navigation. They are 

thus likely sensitive to anthropogenic noise.  

 

 Sound has a large potential area of impact, sometimes covering millions of 

square kilometres of ocean with levels high enough to cause possible 

disturbance in marine mammals.  

 

 There can be great variation in the reaction of marine mammals to noise, 

depending on such factors as species, individual, age, sex, prior experience 

with noise, and behavioral state. Species with similar hearing capabilities can 

respond differently to the same noise.  

 

 Observed effects of noise on marine mammals include: changes in 

vocalizations, respiration, swim speed, diving, and foraging behaviour; 

displacement, avoidance, shifts in migration path, stress, hearing damage, 

and strandings.  

 

 Responses of marine mammals to noise can often be subtle and barely 

detectable, and there are many documented cases of apparent tolerance of 

noise. However, marine mammals showing no obvious avoidance or changes 

in activities may still suffer important, even lethal, consequences. 
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 Acoustically induced strandings may displace a local beaked whale 

(Ziphiidae) population (for an extended period if not permanently) or even 

possibly eliminate most of its members. As beaked whales seem to be found 

in small, possibly genetically isolated, resident populations, even a transient 

and localized acoustic impact could have prolonged population 

consequences.  

 

 Observed reactions to noise in marine mammals could theoretically result in 

impacts such as decreased foraging efficiency, higher energetic demands, 

less group cohesion, higher predation, decreased reproduction, and thus 

seriously impact the population. 

  

 Alternatively, they may be harmless. However, noise is thought to contribute 

to at least some species’ declines or lack of recovery (Southern resident killer 

whales (Orcinus orca), western gray whales (Eschrichtius robustus) off 

Sakhalin)” (Weilgart, 2007) . 

Recall that acoustic masking is the effect of man-made sounds interfering with an 

animal’s ability to detect, recognize or understand sounds of interest (e.g., mating, 

navigation, feeding and others) (Frankel & Gabriele, 2017). At the same time, cetaceans are 

known to rely on sound for communication, navigation, and detection of predators and prey 

(Würsig & Richardson, 2009), life activities closely associated with cetacean biology and 

survival (Luksenburg & Parsons, 2009).  

 Besides transportation, military training, off-shore oil and gas activities, recreational 

flights involving helicopters and fixed-wing aircraft are used for cetacean research 

and whale watching (Patenaude et al., 2002; Smultea et al., 2008). 

 

 Seminal work by Richardson et al. (1995) revealed that the impact of aircraft noise on 

marine mammals is complicated by virtue of the fact that aircraft noise frequencies 

are easily within range of cetacean calls while also producing visual differences such 

as the aircraft itself (Richardson, 1995).  
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 Richardson et al. (1995) also proposed that one difference between aircraft and boat 

noise is that the former is present for shorter periods and moves at greater speeds.  

 

 However, sound pressure levels of even small aircraft may be very high (exceeding 

120 dB re 20 20 µPa at 1m) and could therefore have profound impacts on cetacean 

populations. 

 

 Cetacean responses to aircraft noise has been show to be highly variable, ranging 

from no visual reaction to active avoidance (Richardson, 1995). 

 

Ed. Note: The following are verbatim abstracts of articles that have yet to be fully 

synthesized for final inclusion in this report: 

An unusual reaction and other observations of Sperm Whales near fixed-wing aircraft 

(Smultea et al., 2008) 

Reported behavioral reactions by sperm whales to aircraft are sparse, highly 

variable, and largely anecdotal as summarized below. Observers since the whaling era 

began have noted that sperm whales tend to be skittish (Whitehead 2003). When 

documented, sperm whale reactions to both planes and helicopters range from no 

reaction (Clarke 1956, Gambell 1968, Green et al. 1992) to reactions such as 

increased surface intervals and dramatic behavioral changes (Clarke 1956, Fritts et al. 

1983, Mullin et al. 1991, Würsig et al. 1998, Richter et al. 2003, 2006).  

Given the lack of supporting data for either case, it is important that these types 

of data are collected and consolidated into a cohesive document. Therefore, the 

specific objectives of our paper are to report our visual observations of sperm whale 

reactions to straight-line aircraft fly-bys (i.e., passes), to report a unique observation of 

a recognized “stress behavioral reaction” exhibited by sperm whales during an 

overhead circling by small fixed-wing aircraft, and to provide a summary review of 

published related studies. 
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Influences of man-made noise and other human action on cetacean behaviour 

(Richardson & Würsig, 1997) 

Behavioral reactions of cetaceans to man‐made noises are highly variable, 

ranging from attraction (e.g. bow riding by dolphins) or no response through short‐term 

changes in behaviour to short‐ or long‐term displacement. Noise can also mask 

important natural sounds or (if strong enough) cause hearing impairment or perhaps 

stress. This review summarizes the observed behavioral reactions of cetaceans to 

noise and other stimuli from aircraft, boats, tourism, marine industrial activities, seismic 

exploration, sonars, explosions, and ocean acoustics studies.  

Specific response thresholds have been determined for only a few 

combinations of species and noise type, and they tend to be quite variable even within 

species. In general, response thresholds are often low for variable or increasing 

sounds, e.g. approaching boat; intermediate for steady sounds, e.g. offshore drilling 
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noise; and high for pulsed sounds, e.g. seismic survey pulses. With repeated 

exposure, many cetaceans habituate at least partially. However, cases of increased 

sensitivity following harassment are known. Long‐term effects on individuals and 

populations are little known. 

Aircraft sound and disturbance to Bowhead and Beluga whales during Spring 

migration in the Alaskan Beaufort Sea (Richardson & Würsig, 1997) 

Short-term behavioral responses of bowhead whales (Balaena mysticetus) 

and beluga whales (Delphinapterus leucas) to a Bell 212 helicopter and Twin Otter 

fixed-wing aircraft were observed opportunistically during four spring seasons (1989–

1991 and 1994). Behaviors classified as reactions consisted of short surfacings, 

immediate dives or turns, changes in behavior state, vigorous swimming, and 

breaching. 

The helicopter elicited fewer detectable responses by bowheads (14% of 63 

groups) than by belugas (38% of 40). Most observed reactions by bowheads (63%) 

and belugas (86%) occurred when the helicopter was at altitudes ≤150 m and lateral 

distances ≤250 m. Belugas reacted significantly more frequently during overflights at 

lateral distances ≤250 m than at longer lateral distances (P= 0.004). When the 

helicopter was on the ice with engines running, 7 of 14 groups of belugas reacted, up 

to 320 m away, sometimes with small-scale (≤100 m) diversion; only 1 of 8 groups of 

bowheads reacted. 

For the fixed-wing aircraft, few bowheads (2.2%) or belugas (3.2%) were 

observed to react to overflights at altitudes 60–460 m. Most observed reactions by 

bowheads (73%) and belugas (70%) occurred when the fixed-wing aircraft was at 

altitudes ≤182 m and lateral distances ≤250 m. However, the proportions reacting, 

especially to low-altitude flights (e. g., ≤182 m), were underestimated for both species 

because observation opportunities were brief. Even so, reactions were more 

common when the aircraft was low (≤182 m): P= 0.009 for belugas, P= 0.06 for 

bowheads. There was little if any reaction by bowheads when the aircraft circled at 

altitude 460 m and radius 1 km. 

Aircraft sounds measured underwater at depths 3 m and 18 m showed that a 

Bell 212 helicopter was 7–17.5 dB noisier than a Twin Otter (10–500 Hz band). Bell 
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212 sound consisted mainly of main rotor tones ahead of the helicopter and tail rotor 

tones behind it. Twin Otter sound contained fewer prominent tones. Peak sound level 

as received underwater was inversely related to aircraft altitude, and received levels 

at 3 m depth averaged 2.5 dB higher than at 18 m depth. The dominant low-

frequency components of aircraft sound are presumed to be readily audible to 

bowheads. For belugas, these components may be inaudible, or at most only weakly 

audible. Mid-frequency sound components, visual cues, or both, are probably 

important in eliciting beluga reactions to aircraft. 

An Unusual Reaction and Other Observations of Sperm Whales Near Fixed-Wing 

Aircraft (Smultea et al., 2008) 

Reported behavioral reactions by sperm whales to aircraft are sparse, highly 

variable, and largely anecdotal as summarized below. Observers since the whaling era 

began have noted that sperm whales tend to be skittish (Whitehead 2003). When 

documented, sperm whale reactions to both planes and helicopters range from no 

reaction (Clarke 1956, Gambell 1968, Green et al. 1992) to reactions such as 

increased surface intervals and dramatic behavioral changes (Clarke 1956, Fritts et al. 

1983, Mullin et al. 1991, Würsig et al. 1998, Richter et al. 2003, 2006). Given the lack 

of supporting data for either case, it is important that these types of data are collected 

and consolidated into a cohesive document. Therefore, the specific objectives of our 

paper are to report our visual observations of sperm whale reactions to straight-line 

aircraft fly-bys (i.e., passes), to report a unique observation of a recognized “stress 

behavioral reaction” exhibited by sperm whales during an overhead circling by small 

fixed-wing aircraft, and to provide a summary review of published related studies. 

Behaviour reactions of bottlenose dolphins (Tursiops truncatus) to multirotor 

Unmanned Aerial Vehicles (UAVs) (Fettermann et al., 2019) . 

Unmanned aerial vehicles (UAVs) represent a novel and cost effective 

research tool to investigate cetacean behaviour, as conventional aircraft are 

expensive, limited in the altitude they can fly at and potentially disturb sensitive wildlife. 

In addition, the aerial observation from the UAVs allows assessment of cetacean 

behaviour from an advantageous perspective and can collect high spatial and temporal 

resolution data, providing the opportunity to gather accurate data about group size, 

age class and subsurface behaviour. However, concerns have been raised about the 
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potential risks of disturbance to animals caused by the UAV’s visual and acoustic 

stimuli. Boat-based surveys were conducted to assess the short-term behavioural 

responses of resting bottlenose dolphins (Tursiops truncatus) to a lightweight Vertical 

take-off and landing (VTOL) UAV flown at 10, 25, and 40 m altitude. Changes in group 

swim direction and frequencies of surface and aerial behavioural events were recorded 

from an anchored research vessel before (control) and during the aerial survey. The 

number of reorientation and tail slap events increased significantly between controls 

and flights when the UAV was flown at 10 m over the animals. In contrast, no 

significant differences were detected when the aircraft was flown at 25 and 40 m 

altitude. However, a precautionary approach is recommended for research 

applications requiring lower flight altitudes, with further research recommended to 

assess how different cetacean species and age class may respond to the UAV 

presence. 

The effects of aircraft on cetaceans: implications for aerial whalewatching 

(Luksenburg & Parsons, 2009) 

The effects of anthropogenic noise on marine mammals are a rich subject for 

study and have attracted considerable attention in the past two decades. Aircraft noise 

may not only affect the biology of cetaceans but may also skew aerial survey data. 

Since 1995 few studies have been published, but these have documented behavioral 

responses of cetaceans to aircraft in much greater detail.. This paper reviews and 

discusses progress in the study of aircraft noise effects on marine mammals since the 

landmark review of Richardson et al. (1995). In each of the studies reviewed here, 

cetaceans responded to aircraft to some extent, in most cases by diving. Several 

major gaps in knowledge on the effects of noise on marine mammals also apply to 

aircraft noise, e.g. quantification of received sound level, the role of vision, knowledge 

of baseline behavior, the effect on vocalizations. The possible implications for whale 

watching by aircraft are discussed. 
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Aircraft sound and disturbance to Bowhead and Beluga whales during Spring 

migration in the Alaska Beaufort Sea (Patenaude et al., 2002). 

Short-term behavioral responses of bowhead whales (Balaena mysticetus) and 

beluga whales (Delphinapterus leucas) to a Bell 212 helicopter and Twin Otter fixed-

wing aircraft were observed opportunistically during four spring seasons (1989–1991 

and 1994). Behaviors classified as reactions consisted of short surfacings, immediate 

dives or turns, changes in behavior state, vigorous swimming, and breaching.The 

helicopter elicited fewer detectable responses by bowheads (14% of 63 groups) than 

by belugas (38% of 40). Most observed reactions by bowheads (63%) and belugas 

(86%) occurred when the helicopter was at altitudes ≤150 m and lateral distances 

≤250 m. Belugas reacted significantly more frequently during overflights at lateral 

distances ≤250 m than at longer lateral distances (P= 0.004). When the helicopter was 

on the ice with engines running, 7 of 14 groups of belugas reacted, up to 320 m away, 

sometimes with small-scale (≤100 m) diversion; only 1 of 8 groups of bowheads 

reacted.For the fixed-wing aircraft, few bowheads (2.2%) or belugas (3.2%) were 

observed to react to overflights at altitudes 60–460 m. Most observed reactions by 

bowheads (73%) and belugas (70%) occurred when the fixed-wing aircraft was at 

altitudes ≤182 m and lateral distances ≤250 m. However, the proportions reacting, 

especially to low-altitude flights (e. g., ≤182 m), were underestimated for both species 

because observation opportunities were brief. Even so, reactions were more common 

when the aircraft was low (≤182 m): P= 0.009 for belugas, P= 0.06 for bowheads. 

There was little if any reaction by bowheads when the aircraft circled at altitude 460 m 

and radius 1 km.Aircraft sounds measured underwater at depths 3 m and 18 m 

showed that a Bell 212 helicopter was 7–17.5 dB noisier than a Twin Otter (10–500 Hz 

band). Bell 212 sound consisted mainly of main rotor tones ahead of the helicopter and 

tail rotor tones behind it. Twin Otter sound contained fewer prominent tones. Peak 

sound level as received underwater was inversely related to aircraft altitude, and 

received levels at 3 m depth averaged 2.5 dB higher than at 18 m depth. The dominant 

low-frequency components of aircraft sound are presumed to be readily audible to 

bowheads. For belugas, these components may be inaudible, or at most only weakly 

audible. Mid-frequency sound components, visual cues, or both, are probably 

important in eliciting beluga reactions to aircraft. 
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6.0 Impact of noise on amphibians, arthropods, fish, mollusks, and reptiles 

TBD 

7.0 General Discussion 

TBD 
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Appendix A: Study methodology 

For the purpose of this report, aircraft stimuli is the primary independent variable that 

includes noise, vibration, visual presence, wind (prop or rotor wash) and operating 

necessities such as oil and petrol. Primary response variables are extensive but broadly 

include behavioural and physiological impacts on individual wildlife species, ecosystem 

equilibrium, population dynamics, and community structures that qualify the Hauraki Gulf 

Marine Park as “outstanding within New Zealand.” 

Scientific journal databases were accessed for peer reviewed articles containing 

combinations of relevant search items. the following search terms: Aircraft, Behaviour, Birds, 

Disturbance, Ecology, Ecosystem, Hauraki Gulf, Human-generated, Impact, Mammals, 

Marine, Noise, Physiological, Review, Sea Birds, Shorebirds, Stimuli, and Wildlife. Article 

abstracts were analysed for response variables expressed in empirical terms, and whether 

conclusions supported or challenged the following hypothesis: aircraft stimuli do not 

adversely impact wildlife and associated ecosystems in the Hauraki Gulf Marine Park. 

The criteria for reference and study citations for this report include: 

 Papers describing controlled experiments. 

 Compelling private and government generated commentaries based on rigorous 

qualitative evidence. 

 Peer-reviewed book sections or lecture presentations 

 Natural science textbook authorities 

 Legislative, regulatory and administrative documents cited in Section 1.0 

Introduction, above. Note that these resources are thoroughly referenced and 

cited herein, but not always repeated in their entirety.  

A review of every article regarding the potential impact of aircraft on wildlife is beyond 

the scope of this report. Instead, information contained herein represents peer-reviewed 

scientific papers and publications that specify the impact of aircraft stimuli on wildlife. 

However, in cases of particular interest and relevance, original research was further 

investigated and cited. All of the information in this report is publicly available and open 

access. Discussion sections in this report reflect my interpretations or comments regarding 

scientific rigour and potential significance and caveats to presented data.  
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Every effort has been made to include wildlife found in the Hauraki Gulf Marine Park. 

However, wildlife found elsewhere in the world share similarities to species found in the Gulf 

have been included. An example of inclusion would be birds or marine mammals of the 

same order or family. Examples of exclusion include wolves, bison, big horn sheep or desert 

iguana.  
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Appendix B: Summary of Haruaki Gulf Marine Park seabird and 
shorebird traits, classifications, and conditions 

 

 New Zealand dotterel 

o Nest along the shell spit opposite the Te Matuku Scenic Reserve 

o Nationally vulnerable 

o Weight: ~60 g (2.1 oz.) 

o Two-three eggs incubated for 28 days (Time of year?) 

o Breeding sites: sandspits, sandy beaches, shell banks, dunes, tidal 

estuaries, and river mouths. 

o Diet: Mollusks, small crustaceans, crickets, and other insects. 

o Known to make a 4500km winter getaway to New Caledonia, but typically 

migrate within New Zealand. 

 Banded dotterel 

o Nationally vulnerable 

 Bar-tailed godwit 

o Migratory 

o Known to fly at altitudes above 5,000 m during 21% of migratory flights, 

with maximum altitudes of 6,000 m. 

o Known to fly 13,558 km (8,425 miles) non-stop for eleven days. 

 Caspian tern 

o Nationally vulnerable 

o Te Matuku is breeding location 

 White-fronted tern 

o In decline 

 Reef Heron 

o Nationally vulnerable 

 Pied oystercatcher 

o Migratory 

 Variable oystercatcher 

o In recovery 

 South Island pied oystercatcher (same?) 

o In decline 

 Sandpiper 
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 Turnstone 

o Migratory 

 Wrybill 

o Nationally vulnerable 

o Migratory 

 Brown Teal 

o In recovery 

 Spotless crake 

o Wetlands and islands are primary habitats 

o Relict 

 Banded rail 

o Nationally vulnerable 

 Knot 

o Migratory 

 Australasian Bittern 

o Wetlands and islands are primary habitats 

o Nationally endangered 

 New Zealand pigeon 

 Grey warbler 

 Fantail 

 Silver eyeiles (Zosterops lateralis) 

 Morepork 

 Tui 

 Shining cuckoo 
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Appendix C: Summary of studies on seabirds and shorebirds in 
disturbance and distance contexts (Hoang, 2015) 
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Appendix D: Reference sound levels (FICN 1992) (In Pepper, et al., 
2003) 

 

 

 

 

 

  



 

56 
8/20/2025 

 

Bibliography 

 

Attenborough, K. (2002). Sound propagation close to the ground. Annual Review of Fluid 

Mechanics, 34(1), 51-82. https://doi.org/10.1146/annurev.fluid.34.081701.143541  

Barber, J. R., Crooks, K. R., & Fristrup, K. M. (2010). The costs of chronic noise exposure 

for terrestrial organisms. Trends in Ecology & Evolution, 25(3), 180-189. 

https://doi.org/https://doi.org/10.1016/j.tree.2009.08.002  

Bayne, E. M., Habib, L., & Boutim, S. (2008). Impacts of Chronic Anthropogenic Noise from 

Energy-Sector Activity on Abundance of Songbirds in the Boreal Forest. 

Conservation Biology, 22(5), 1186-1193. 

https://doi.org/https://doi.org/10.1111/j.1523-1739.2008.00973.x  

Bejder, L., Samuels, A., Whitehead, H., Finn, H., & Allen, S. (2009a). Impact assessment 

research: use and misuse of habituation, sensitisation and tolerance in describing 

wildlife responses to anthropogenic stimuli. Marine Ecology Progress Series, 395, 

177-185. https://www.int-res.com/abstracts/meps/v395/p177-185/  

Bejder, L., Samuels, A., Whitehead, H., Finn, H., & Allen, S. J. (2009b). Impact assessment 

research: use and misuse of habituation, sensitisation and tolerance in describing 

wildlife responses to anthropogenic stimuli. Marine Ecology Progress Series, 395, 

177-185.  

Blokpoel, H., & Hatch, D. R. M. (1976). Snow geese, disturbed by aircraft, crash into power 

lines. Canadian Field-Naturalist, 90(2), 95. 

https://eurekamag.com/research/023/608/023608500.php  

Bomford, M., & O'brien, P. H. (1990). SONIC DETERRENTS IN ANIMAL DAMAGE 

CONTROL: A REVIEW OF DEVICE TESTS AND EFFECTIVENESS.  

Bonenfant, M., & Kramer, D. L. (1996). The influence of distance to burrow on flight initiation 

distance in the woodchuck, Marmota monax. Behavioral Ecology, 7(3), 299-303. 

https://doi.org/10.1093/beheco/7.3.299  



 

57 
8/20/2025 

 

Bowles, A. E. (1995). Responses of wildlife to noise. . In R. L. Knight & K. J. Gutzwiller 

(Eds.), Wildlife and recreationalists: Coexistence through management and research 

Island Press.  

Brown, A. L. (1990). Measuring the effect of aircraft noise on sea birds. Environment 

International, 16, 587-592.  

Brown, A. L. (2001). The response of sea birds to simulated acoustic and visual aircraft 

stimuli. In (Vol. 2, pp. 56-59). 

Bunnell, F. L., Dunbar, D., Koza, L., & Ryder, G. (1981). Effects of Disturbance on the 

Productivity and Numbers of White Pelicans in British Columbia: Observations and 

Models.  

Burger, J. (1981). Behavioral responses of Herring Gulls Laurs argentatus to aircraft noise. 

Environmental Pollution Series A(24), 177-184.  

Buxton, R. T., McKenna, M. F., Mennitt, D., Fristrup, K., Crooks, K., Angeloni, L., & 

Wittemyer, G. (2017). Noise pollution is pervasive in U.S. protected areas. Science, 

356(6337), 531-533. https://doi.org/doi:10.1126/science.aah4783  

Cannon, W. B. (1929). Bodily changes in Pain, Hunger, Fear, and Rage. Appleton Press.  

Delaney, D. K., Grubb, T. G., Beier, P., Pater, L. L., & Reiser, M. H. (1999). EFFECTS OF 

HELICOPTER NOISE ON MEXICAN SPOTTED OWLS. Journal of Wildlife 

Management, 63, 60-76.  

Díaz, M., Parra, A., & Gallardo, C. (2011). Serins respond to anthropogenic noise by 

increasing vocal activity. Behavioral Ecology, 22(2), 332-336. 

https://doi.org/10.1093/beheco/arq210  

Ditmer, M. A., Werden, L. K., Tanner, J. C., Vincent, J. B., Callahan, P., Iaizzo, P. A., Laske, 

T. G., & Garshelis, D. L. (2019). Bears habituate to the repeated exposure of a novel 

stimulus, unmanned aircraft systems. Conservation Physiology, 7(1). 

https://doi.org/10.1093/conphys/coy067  

Drewitt, A. (1999). Disturbance effects of aircraft on birds English Nature, pp. 14.  



 

58 
8/20/2025 

 

Dumyahn, S. L., & Pijanowski, B. C. (2011). Soundscape conservation. Landscape Ecology, 

26, 1327-1344.  

Dunnet, G. M. (1977). Observations on the effects of low-flying aircraft on seabird colonies 

on the coast of Aberdeenshire, Scotland. Biological Conservation, 12, 55-63.  

Ellison, W. T., Southall, B. L., Clark, C. W., & Frankel, A. S. (2012). A new context-based 

approach to assess marine mammal behavioral responses to anthropogenic sounds. 

Conserv Biol, 26(1), 21-28. https://doi.org/10.1111/j.1523-1739.2011.01803.x  

Enright, J. T. (1963). ESTIMATES OF THE COMPRESSIBILITY OF SOME MARINE 

CRUSTACEANS. Limnology and Oceanography, 8(4), 382-387. 

https://doi.org/https://doi.org/10.4319/lo.1963.8.4.0382  

Fettermann, T., Fiori, L., Bader, M., Doshi, A., Breen, D., Stockin, K. A., & Bollard, B. (2019). 

Behaviour reactions of bottlenose dolphins (Tursiops truncatus) to multirotor 

Unmanned Aerial Vehicles (UAVs). Scientific Reports, 9(1), 8558. 

https://doi.org/10.1038/s41598-019-44976-9  

Fjeld P. E., Gabrielssen, G. W., & Orbaek, J. B. (1988). Noise from helicopters and its effect 

on a colony of Brunnich's Guillemots (Uria lomvia) on Svalbard. Norsk Polarinstitutt 

Rapportserie, 41, 115-153.  

Forrest, T. (1994). From Sender to Receiver: Propagation and Environmental Effects on 

Acoustic Signals. Integrative and Comparative Biology - INTEGR COMP BIOL, 34, 

644-654. https://doi.org/10.1093/icb/34.6.644  

Francis, C., Kleist, N., Ortega, C., & Cruz, A. (2012). Noise pollution alters ecological 

services: Enhanced pollination and disrupted seed dispersal. Proceedings. Biological 

sciences / The Royal Society, 279, 2727-2735. 

https://doi.org/10.1098/rspb.2012.0230  

Francis, C. D., & Barber, J. R. (2013). A framework for understanding noise impacts on 

wildlife: an urgent conservation priority. Frontiers in Ecology and the Environment, 

11(6), 305-313. https://doi.org/https://doi.org/10.1890/120183  



 

59 
8/20/2025 

 

Francis, C. D., Kleist, N. J., Ortega, C. P., & Cruz, A. (2012). Noise pollution alters ecological 

services: enhanced pollination and disrupted seed dispersal. Proc Biol Sci, 

279(1739), 2727-2735. https://doi.org/10.1098/rspb.2012.0230  

Francis, C. D., Ortega, C. P., & Cruz, A. (2009). Noise Pollution Changes Avian 

Communities and Species Interactions. Current Biology, 19(16), 1415-1419. 

https://doi.org/https://doi.org/10.1016/j.cub.2009.06.052  

Francis, C. D., Ortega, C. P., & Cruz, A. (2009). Noise Pollution Changes Avian 

Communities and Species Interactions. Current Biology, 19, 1415-1419.  

Francis, C. D., Ortega, C. P., & Cruz, A. (2011). Noise pollution filters bird communities 

based on vocal frequency. PloS one, 6(11), e27052. 

https://doi.org/10.1371/journal.pone.0027052  

Frankel, A., & Gabriele, C. (2017). Predicting the acoustic exposure of humpback whales 

from cruise and tour vessel noise in Glacier Bay, Alaska, under different 

management strategies. Endangered Species Research, 34. 

https://doi.org/10.3354/esr00857  

Frid, A., & Dill, L. (2001). Human-Caused Disturbance Stimuli as a Form of Predation Risk. 

Conservation Ecology, 6. https://doi.org/10.5751/ES-00404-060111  

Funnell, G., Gordon, D., Leduc, D., Makan, T., Marshall, B. A., Mills, S., Michel, P., Read, 

G., Schnabel, K., Tracey, D., & Wing, S. (2023). Conservation status of indigenous 

marine invertebrates in Aotearoa New Zealand, 2021.  

Fuzerry, Z. M., Carr, W. E. S., & Ache, B. W. (1978). Antennular chemosensitivity in the 

spinyu lobster Panuilirus argus: Studies of Ttaurine sensitive receptors. The 

Biological Bulletin, 154(2), 226-240. https://doi.org/10.2307/1541124  

Gabrielson, G. W., & Smith, E. N. (1995). Physiological responses of wildlife to disturbance. 

In R. L. Knight & K. J. Gutzwiller (Eds.), Wildlife and recreationists. Coexistence 

through management and research (pp. 95–107  

). Island Press.  



 

60 
8/20/2025 

 

Garstang, M., Larom, D., Raspet, R., & Lindeque, M. (1995). Atmospheric controls on 

elephant communication. Journal of Experimental Biology, 198(4), 939-951. 

https://doi.org/10.1242/jeb.198.4.939  

GBRMPA. (1997). Guidelines for managing visitation to seabird breeding islands.  

Gill, J. A., Norris, K., & Sutherland, W. J. (2001). Why behavioural responses may not reflect 

the population consequences of human disturbance. Biological Conservation, 97(2), 

265-268. https://doi.org/https://doi.org/10.1016/S0006-3207(00)00002-1  

Gill, J. A., & Sutherland, W. J. (2000). The role of behavioural decision-making in predicting 

the consequences of human disturbance. In L. M. a. S. Gosling, W. J., (Ed.), 

Behaviour and Conservation. Cambridge University Press.  

Gladwin, D. N., Asherin, D. A., & Manci, K. M. (1987). Effects of aircraft noise and sonic 

booms on fish and wildlife: Results of a survey of U.S. Fish and Wildlife endangered 

species and ecological services field offices, refuges, hatcheries, an research centers 

(NERC-88-30, Issue.  

Glimmerveen, U., & Went, W. (1984). Dosis-effect relatie bij verstoring van wadvogels 

(Utrecht ). Int. Landschapsoecologie en Naturbeheer R. U. .  

Griffin, S. C., Valois, T., Taper, M. L., & Scott Mills, L. (2007). Effects of Tourists on Behavior 

and Demography of Olympic Marmots. Conservation Biology, 21.  

Gunn, W. W. H., & Livingston, J. A. (1974). Disturbance to birds by gas compressor noise 

stimulators, aircraft, and human activity in the Mackenzie Valley and the North Slope, 

1972. (Arctic Gas Biological Report Series 14. , Issue.  

Halfwerk, W., Bot, S., Buikx, J., van der Velde, M., Komdeur, J., ten Cate, C., & 

Slabbekoorn, H. (2011). Low-frequency songs lose their potency in noisy urban 

conditions. Proc Natl Acad Sci U S A, 108(35), 14549-14554. 

https://doi.org/10.1073/pnas.1109091108  

Harbrow, M., Cessford, G., & Kazmierow, B. (2011). The Impact of Noise on Recreationists 

and Wildlife in New Zealand’s Natural Areas: A Literature Review.  



 

61 
8/20/2025 

 

Heinen, F. (1986). Untersuchung uber den Einfluss des Flugverkehrs auf brutende und 

rastende Kustenogel an ausgewahlten Stellan des nierdersachsischen Watten 

meergebietes  

Hauraki Gulf Marine Park Act 2000, 32 pp. (2021).  

Hoang, T. (2015). A literature review of the effects on aircraft disturbances on seabirds, 

shorebirds and marine mammals. In Presented to NOAA, Greater Farralones 

National Marine Sanctuary and The Seabird Protection Network (pp. 16). 

Hu, Y., & Cardoso, G. (2010). Which birds adjust the frequency of vocalizations in urban 

noise? Animal Behaviour, 863-867. https://doi.org/10.1016/j.anbehav.2009.12.036  

Injaian, A. S., Taff, C. C., & Patricelli, G. L. (2018). Experimental anthropogenic noise 

impacts avian parental behaviour, nestling growth and nestling oxidative stress. 

Animal Behaviour, 136, 31-39. 

https://doi.org/https://doi.org/10.1016/j.anbehav.2017.12.003  

Jehl, J. R., & Cooper, C. F. (1980). Potential Effects of Space Shuttle Sonic Booms on the 

Biota and Geology of the California Channel Islands: Research Reports. Center for 

Marine Studies, San Diego State University. 

https://books.google.com/books?id=zB4XAQAAIAAJ  

Kempf, N., & Huppop, O. (1998). What effect do aiplanes have on birds, a summary 

(translation from German). Naturschultz und Landschaftsplanung, 30, 17-28.  

Kesar, A. G. (2014). Effect of prenatal chronic noise exposure on the growth and 

development of body and brain of chick embryo. International Journal of Applied and 

Basic Medical Research, 4(1), 3-6. https://doi.org/10.4103/2229-516x.125666  

Kleist, N. J., Guralnick, R. P., Cruz, A., Lowry, C. A., & Francis, C. D. (2018). Chronic 

anthropogenic noise disrupts glucocorticoid signaling and has multiple effects on 

fitness in an avian community. Proceedings of the National Academy of Sciences, 

115(4), E648-E657. https://doi.org/doi:10.1073/pnas.1709200115  

Komenda-Zehnder, S., Cevallos, M., & Bruderer, B. (2003). Effects of disturbance by aircraft 

overflight on waterbirds: an experimental approach.  



 

62 
8/20/2025 

 

Koolhaas, A., Dekinga, A., & Piersma, T. (1993). Distrubance of foraging Knots by aircraft 

overflights on waterbirds. In Distrubance to waterfowl on estuaries.  

Krause, B. (1993). The niche hypothesis. 6, 6-10.  

Kuczaj, S. (Ed.). (2007). International Society for Comparative Psychology (Vol. 20).  

Kull, R. C., & McGarrity, C. (2003). Noise effects on animals: 1998-2002 review. In 

Proceedings of the 8th International Congress on Noise as a Public Health problem 

(pp. 291-298). 

Lohr, B., Wright, T. F., & Dooling, R. J. (2003). Detection and discrimination of natural calls 

in masking noise by birds: estimating the active space of a signal. Animal Behaviour, 

65(4), 763-777. https://doi.org/https://doi.org/10.1006/anbe.2003.2093  

Lord, A., Waas, J. R., & Innes, J. (1997). Effects of human activity on the behaviour of 

northern New Zealand dotterel Charadrius obscurus aquilonius chicks. Biological 

Conservation, 82(1), 15-20. https://doi.org/https://doi.org/10.1016/S0006-

3207(97)00013-X  

Luksenburg, J., & Parsons, E. C. M. (2009). The effects of aircraft on cetaceans: implications 

for aerial whalewatching. International Whaling Commission.  

Lynch, E., Joyce, D., & Fristrup, K. (2011). An assessment of noise audibility and sound 

levels in U.S. National Parks. Landscape Ecology, 26, 1297-1309. 

https://doi.org/10.1007/s10980-011-9643-x  

Manci, K. M., Gladwin, D. N., Villella, R., & Cavendish, M. G. (1988). In N. E. R. C. U. S. F. 

a. W. Service) (Ed.), Effects of aircraft noise and sonic booms on domestic animals 

and wildlife: a literature synthesis.  

Mariette, M. M. (2024). Developmental programming by prenatal sounds: insights into 

possible mechanisms. Journal of Experimental Biology, 227(Suppl_1). 

https://doi.org/10.1242/jeb.246696  

Marsh, R. E., Erickson, W. A., & Salmon, T. P. (1991). Bird Hazing and Frightening Methods 

and Techniques (with emphasis on containment ponds). In. Linclon, Nebraska: Other 

Publications in Wildlife Management. 



 

63 
8/20/2025 

 

McLaughlin, K. E., & Kunc, H. P. (2013). Experimentally increased noise levels change 

spatial and singing behaviour. Biology Letters, 9.  

Meillère, A., Buchanan, K. L., Eastwood, J. R., & Mariette, M. M. (2024). Pre-and postnatal 

noise directly impairs avian development, with fitness consequences. Science, 

384(6694), 475-480.  

Mena, L. M., & Garcia, C. M. (2018). Songbird community structure changes with noise in an 

urban reserve. Journal of Urban Ecology, 4.  

Mockford, E., & Marshall, R. (2009). Effects of urban noise on song and response behavior 

in Great Tits. Proceedings. Biological sciences / The Royal Society, 276, 2979-2985. 

https://doi.org/10.1098/rspb.2009.0586  

Moore, F. R. (1977). Geomagnetic disturbance and the orientation of nocturnally migrating 

birds. Science, 196(4290), 682-684. https://doi.org/10.1126/science.854743  

Nimon, A. J., & Stonehouse, B. (1995). Penguin responses to humans in Antarctica: some 

issues and problems in determining disturbance caused by visitors. In P. Dann, I. 

Norman, & P. Reilly (Eds.), The penguins: ecology and management (pp. 420–439). 

Surrey Beatty  

Nisbet, I. C. T. (2000). Disturbance, Habituation, and Management of Waterbird Colonies. 

Waterbirds: The International Journal of Waterbird Biology, 23(2), 312-332. 

http://www.jstor.org/stable/4641163  

Norris, K. S., Prescott, J. H., Asaq-dorian, P. V., & Perkings, P. (1961). An experimental 

demonstration of echolocation behavior in the porpoise, Tursiops truncatus 

(Monbtague). The Biological Bulletin, 120(2), 163-176. 

https://doi.org/10.2307/1539374  

NPS. (1994). Report on effect of aircraft overflights on the National Park System.  

Olsson, O., & Gabrielsen, G. W. (1990). Effects of helicopters on a large and remote colony 

of Brunnich's Guillemot (Uria lomovia) in Svalbard. Norsk Polarinsitutt Rapportserie, 

77, 1-36.  



 

64 
8/20/2025 

 

Patenaude, N. J., Richardson, W. J., Smultea, M. A., Koski, W. R., Miller, G. W., Würsig, B., 

& GReene JR., C. R. (2002). Aircraft sound and disturbance to Bowhead and Beluga 

whales during Spring migration in the Alaskan Beaufort Sea. Marine Mammal 

Science, 18(2), 309-335. https://doi.org/https://doi.org/10.1111/j.1748-

7692.2002.tb01040.x  

Potvin, D. A., & MacDougall-Shackleton, S. A. (2015). Traffic noise affects embryo mortality 

and nestling growth rates in captive zebra finches. Journal of Experimental Zoology 

Part A: Ecological Genetics and Physiology, 323(10), 722-730. 

https://doi.org/https://doi.org/10.1002/jez.1965  

Proppe, D. S., Sturdy, C. B., & St. Clair, C. C. (2013). Anthropogenic noise decreases urban 

songbird diversity and may contribute to homogenization. Global Change Biology, 

19(4), 1075-1084. https://doi.org/https://doi.org/10.1111/gcb.12098  

Radle, A. L. (2007). The Effect Of Noise On Wildlife: A Literature Review.  

Richardson, W. J. (1995). Marine Mammals and Noise.  

Richardson, W. J., & Würsig, B. (1997). Influences of man‐made noise and other human 

actions on cetacean behaviour. Marine and Freshwater Behaviour and Physiology, 

29(1-4), 183-209. https://doi.org/10.1080/10236249709379006  

Rokek, N. A., Parker, M. W., Carter, H. R., & McChesney, G. J. (2007). Aircraft and vessel 

disturbances to Common Murres Uria aalgae at breeding colonies in Central 

California, 1997-1999. Marine Ornithology, 35, 61-69.  

Schmidt-Nielsen, K. (1997). Animal Physiology: Adaptation and Environment. Cambridge 

University Press. https://books.google.com/books?id=hcw2AAAAQBAJ  

Schroeder, J., Cleasby, I., & Burke, T. (2012). Passerine Birds Breeding under Chronic 

Noise Experience Reduced Fitness. PloS one, 7, e39200. 

https://doi.org/10.1371/journal.pone.0039200  

Shannon, G., McKenna, M. F., Angeloni, L. M., Crooks, K., R., Fristrup, K. M., Brown, E., 

Warner, K. A., Nelson, M. D., White, C., & Briggs, J. (2016). A synthesis of two 

decades of research documenting the effects of noise on wildlife. Biological Reviews, 

91(4), 982-1005.  



 

65 
8/20/2025 

 

Shaughnessy, P. D., Semmelink, A., Cooper, J., & Frost, P. G. H. (1981). Attempts to 

develop acoustic methods of keeping cape fur seals Arctocephalus pusillus from 

fishing nets. Biological Conservation, 21(2), 141-158. 

https://doi.org/https://doi.org/10.1016/0006-3207(81)90076-8  

Slabbekoorn, H. (2004). Singing in the wild: The ecology of birdsong. Nature's Music: The 

Science of Birdsong, 178-205.  

Slabbekoorn, H. (2013). Songs of the city: noise-dependent spectral plasticity in the acoustic 

phenotype of urban birds. Animal Behaviour, 85, 1089-1099.  

Slabbekoorn, H., & Ripmeester, E. A. P. (2008). Birdsong and anthropogenic noise: 

implications and applications for conservation. Molecular ecology, 17(1), 72-83.  

Smit C. J., & Visser, G. J. M. (1993). Effects of disturbance on shorebirds: a summary of 

existing knowledge from the Dutch Wadden Sea and Delta area (Wader Study Group 

Bulletin, Issue.  

Smit C.J., & Visser, G. J. M. (1985). Studies on the effects of military activities on shorebirds 

in the Wadden Sea. . CCMS-Seminar of flora and fauna in military training areas, 

1984, Soesterberg, The Netherlands,  

Smultea, M., Mobley, J., Fertl, D., & Fulling, G. (2008). An Unusual Reaction and Other 

Observations of Sperm Whales Near Fixed-Wing Aircraft. Gulf and Caribbean 

Research, 20, 75-80. https://doi.org/10.18785/gcr.2001.10  

Sordello, R., Ratel, O., Flamerie De Lachapelle, F., Leger, C., Dambry, A., & Vanpeene, S. 

(2020). Evidence of the impact of noise pollution on biodiversity: a systematic map. 

Environmental Evidence, 9(1), 20. https://doi.org/10.1186/s13750-020-00202-y  

Steidl, R. J., & Anthony, R. G. (2000). Experimental Effects of Human Activity on Breeding 

Bald Eagles. Ecological Applications, 10(1), 258-268. 

https://doi.org/10.2307/2641000  

Summers, P. D., Cunnington, G. M., & Fahrig, L. (2011). Are the negative effects of roads on 

breeding birds caused by traffic noise? Journal of Applied Ecology, 48(6), 1527-1534. 

https://doi.org/https://doi.org/10.1111/j.1365-2664.2011.02041.x  



 

66 
8/20/2025 

 

Swaddle, J. P., Francis, C. D., Barber, J. R., Cooper, C. B., Kyba, C. C. M., Dominoni, D. M., 

Shannon, G., Aschehoug, E., Goodwin, S. E., Kawahara, A. Y., Luther, D., Spoelstra, 

K., Voss, M., & Longcore, T. (2015). A framework to assess evolutionary responses 

to anthropogenic light and sound. Trends in Ecology & Evolution, 30(9), 550-560. 

https://doi.org/https://doi.org/10.1016/j.tree.2015.06.009  

Verhulst, S., Oosterbeek, K., & Ens, B. J. (2001). Experimental evidence for effects of 

human disturbance on foraging and parental care in oystercatchers. Biological 

Conservation, 101(3), 375-380. https://doi.org/https://doi.org/10.1016/S0006-

3207(01)00084-2  

Vincelette, H., Buxton, R., Kleist, N., McKenna, M. F., Betchkal, D., & Wittemyer, G. (2021). 

Insights on the effect of aircraft traffic on avian vocal activity. Ibis, 163(2), 353-365. 

https://doi.org/https://doi.org/10.1111/ibi.12885  

Visser, G. (1986). Verstoring en reacties van overtijende vogels op de Noordvaarder 

(Terchelling) in samenahng met de omgeving. (RIN report 86/17, Texel., Issue.  

Weilgart, L. S. (2007). A brief review of known effects of noise on marine mammals. . In 

International journal of comparative psychology (Vol. 20 (2-3), pp. pp. 159–168.).  

Wilson, R., Culik, B., Danfield, R., & Adelung, D. (1991). People in Antarctica, how much do 

Adelie Penguins Pygoscelis adeliae care? . Polar Biology, 11, 363-370.  

Wright, A., & Highfill, L. (2007). Considerations of the effects of noise on marine mammals 

and other animals. International journal of comparative psychology, 20, 89–316.  

Würsig, B., & Richardson, W. (2009). Noise, Effects of. In (pp. 765-773). 

https://doi.org/10.1016/B978-0-12-373553-9.00180-2  

Yang, X.-J., & Slabbekoorn, H. (2014). Timing vocal behavior: Lack of temporal overlap 

avoidance to fluctuating noise levels in singing Eurasian wrens. Behavioural 

Processes, 108, 131-137. https://doi.org/https://doi.org/10.1016/j.beproc.2014.10.002  

Zaporozhets, O., Tokarev, V., & Attenborough, K. (2011). Aircraft Noise: Assessment, 

Prediction and Control.  



 

67 
8/20/2025 

 

Zwart, M. C., Dunn, J. C., McGowan, P. J. K., & Whittingham, M. J. (2015). Wind farm noise 

suppresses territorial defense behavior in a songbird. Behavioral Ecology, 27(1), 

101-108. https://doi.org/10.1093/beheco/arv128  

 


