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Abstract  
 

 

Human activities in the marine environment, such as shipping, mineral and petroleum 

exploration, dredging and construction are known to produce underwater noise. Underwater 

anthropogenic noise can cause behavioural changes, injury and mortality in marine 

mammals, fish and marine invertebrates and is likely to have long-term impacts on marine 

animal populations. To reduce environmental effects, spatial planning for underwater noise 

has been proposed but has only rarely occurred. In New Zealand, regional councils are 

responsible for planning for underwater noise in the Coastal Marine Area. However, 

regional coastal plans have been criticised for not considering underwater noise. Therefore, 

this research aimed to: (1) discern the current approaches of regional councils to underwater 

anthropogenic noise and to ascertain the reasons for those approaches, and (2) identify areas 

of both high marine biodiversity and high underwater noise to inform spatial planning for 

underwater noise. Results revealed that 14 of 17 regional coastal plans do not refer to 

underwater noise and that general noise provisions in these plans were intended to manage 

above-water noise, not underwater noise. Only Auckland Council has underwater noise 

provisions with rules and a permitted underwater noise limit. The main factors for the 

absence of provisions appear to be the age of regional coastal plans and a lack of awareness 

of underwater noise as an issue. Results also indicated that without underwater noise 

provisions councils can still manage the effects of underwater noise through unrelated, 

high-level provisions or through the Resource Management Act, however only a small 

number (38%) are doing so. Some councils expressed an interest in developing underwater 

noise provisions including permitted noise limits but a lack of expertise and resources in 

councils were considered obstacles to provision development. It is concluded that central 

government guidance and assistance from external agencies is needed to overcome these 

obstacles. However, a permitted noise limit of 180 dB re 1 µPa is proposed for inclusion in 

provisions. To inform spatial planning for underwater noise, regions with high regional 

biodiversity and with localised biodiversity 'hotspots' for seven marine taxa were identified. 

Eleven regions were also identified as either high or low underwater noise environments. 

Areas with both high underwater noise and high biodiversity for the taxa were then 

identified. Provisions, including rules, for these areas are suggested. It is argued that 

provisions and spatial zones based on these results could be included in regional coastal 

plans to manage underwater anthropogenic noise.  
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1 
Introduction 

 

1.1 Underwater Anthropogenic Noise  

The underwater environment is filled with noise (Slabbekoorn et al., 2010). Abiotic 

sources of noise such as rain, waves and earthquakes as well as biotic sources from 

marine animals are ubiquitous throughout the world's oceans (Wenz, 1962; Urick, 

1984). Human use of the marine environment has introduced new sources of noise. 

These anthropogenic sources include shipping, petroleum exploration and 

extraction, mining, sonar and electricity generation, in addition to a multitude of 

recreational activities (Richardson et al., 1995; McCarthy, 2004; Hildebrand, 2009; 

Erbe, 2013). Human activities have for many years been known to contribute to 

noise in the ocean (Wenz, 1962; Urick, 1984; Richardson et al., 1995). However, 

over recent decades there has also been an increasing awareness that anthropogenic 

underwater noise can have adverse effects on marine organisms (McCarthy, 2004; 

Jasny, 2005; Gotz et al., 2009).  

Due to a lack of temporal data it has been difficult to determine the levels of 

underwater anthropogenic noise and the extent to which they are changing 

(McCarthy, 2004). However, it is clear that various sources of anthropogenic noise, 

especially shipping, have been increasing (McCarthy, 2004; Ross, 2005; 

Hildebrand, 2009; Erbe et al., 2012) and are expected to continue to do so (Frisk, 

2012; Lloyd's Register, 2013). Additionally, small-scale studies have demonstrated 

clear increases in noise levels in both deep (Andrew et al., 2002; McDonald et al., 

2006) and shallow water over recent decades (McDonald et al., 2008). With this 

knowledge has come a growing concern that anthropogenic underwater noise 

“presents a potentially significant threat and warrants a rigorous response” 

(Marine Mammal Commission, 2007, p.43). 
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1.1.1 Underwater Anthropogenic Noise and Marine Life 

Sound propagates more quickly and travels further in water than in air (Richardson 

et al., 1995; Bradley & Stern, 2008) and marine animals have evolved to exploit this 

property (Richardson et al., 1995; Hildebrand, 2009). Marine mammals, fish and 

some invertebrates are known to have a well-developed sense of hearing and rely on 

sound for a variety of important behaviors, such as communication, navigation and 

predator avoidance (Richardson et al., 1995; Slabbekoorn et al., 2010; Solé et al., 

2013b). Consequently marine animals are sensitive to anthropogenic noise. 

Underwater anthropogenic noise is known to cause a variety of behavioural and 

physiological changes, hearing loss, injuries, and mortality in marine mammals 

(Richardson et al., 1995; Gordon et al., 2003; Tyack, 2008) and fish (Popper & 

Hastings, 2009a; Slabbekoorn et al., 2010). There is increasing evidence that 

anthropogenic underwater noise also has similar behavioral and physical effects on 

invertebrates such as cephalopods (Guerra & Gonzales, 2006; Solé et al., 2013a), 

crustaceans (Pine et al., 2012; Wale et al., 2013a) and the larval stages of shellfish 

(De Soto et al., 2013). In addition to acute effects, underwater anthropogenic noise 

is considered to be a long-term stressor that can increase rates of mortality and alter 

age structures in marine animal populations (Wright et al., 2007; Ellison et al., 

2012). 

1.1.2 Underwater Anthropogenic Noise Management  

Noise in the terrestrial environment is recognized as form of pollution that poses a 

threat to both human and animal wellbeing (Hurtley, 2009; Morley et al., 2014). 

Terrestrial anthropogenic noise is managed by various forms of legislation or by 

spatial planning (Hurtley, 2009). Despite the mounting scientific evidence that 

marine life is being harmed by underwater anthropogenic noise, there are few 

examples around the world of legislation or spatial planning that directly manage 

underwater anthropogenic noise (McCarthy, 2004; Scott, 2004; Erbe, 2013).  

In terms of international legislation, the United Nations Convention on the Law of 

the Sea (UNCLOS), which was established, in part to facilitate the protection and 

preservation of the marine environment (United Nations, 1982), makes no direct 

mention of underwater anthropogenic noise. Various trans-national agreements on 
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marine resource management exist (McCarthy, 2004) but Erbe (2013) argues they 

lack consistency in their approach and often lack practical measures to manage 

underwater noise. Domestic legislation for underwater anthropogenic noise has been 

implemented in a few countries but legislation is generally limited to effects on 

marine mammals (Erbe, 2013) or to specific activities such as seismic surveys 

(Compton et al., 2008) 

1.1.3 Spatial Planning and Underwater Noise 

The principals of terrestrial spatial planning have been applied to the marine 

environment in disciplines such as Marine Spatial Planning (MSP) (Paxinos et al., 

2008; Ehler & Douvere, 2009) and in Systematic Conservation Planning (SCP) 

(Ban et al., 2014). MSP has been implemented in various countries around the 

world to varying extents (Paxinos et al., 2008; Dickinson et al., 2010; UNESCO, 

2014) including New Zealand (Hauraki Gulf Forum, 2011a). Erbe et al. (2012) 

however, point out that noise is generally overlooked within spatial planning 

frameworks in the marine environment and posits that the implementation of 

appropriate noise provisions ought to be incorporated into marine spatial plans 

around the world. McCarthy (2004) suggests that two steps are needed in order for 

spatial planning for underwater anthropogenic noise to take place; (1) identification 

of areas of high underwater noise, and (2) the identification of areas of biological 

importance. Areas of biological importance that are exposed to high underwater 

noise can then be managed accordingly. 

1.1.4 Underwater Anthropogenic Noise in New Zealand 

In New Zealand, the primary piece of resource management legislation is the 

Resource Management Act 1991 (RMA). The RMA governs the use of land and the 

Coastal Marine Area (CMA) (Nolan, 2011). Under the RMA, regional councils are 

the statutory bodies responsible for the CMA and are required to produce regional 

coastal plans that set out provisions for the CMA. The RMA provides regional 

councils with the ability for spatial planning (Palmer, 2011) and requires regional 

councils to manage the adverse effects of noise (Nolan, 2011). However, Pine et al. 

(2013) argue that regional councils are taking a "minimalist approach" (p.18) to 

planning for underwater noise and that this approach "will become increasingly 
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untenable" (p.18). Consequently, this research aims to identify the current 

approaches to planning for underwater noise at the regional level in New Zealand 

and to consider the implementation of spatial planning for underwater noise within 

regional coastal plans. 

1.2 Research Aims and Questions     

There are two central mains aims of this research. Firstly, this research aims to 

identify the approaches taken by regional councils to planning for underwater noise 

and the reasons for those approaches. Specifically, this thesis will address the 

following questions. 

1) Which regional councils, if any, currently have provisions for underwater 

anthropogenic noise in regional coastal plans? 

2) How is underwater anthropogenic noise managed through current regional 

coastal plans, if at all?  

3) What are the reasons for this management approach?  

4) What steps could be taken to better manage underwater anthropogenic noise 

through regional coastal plans, if needed? 

Secondly, this research aims to take the two steps proposed by McCarthy (2004) for 

spatial planning for underwater anthropogenic noise; (1) identify areas of high 

underwater anthropogenic noise, and (2) the identify areas of biological importance. 

Areas of biological importance that are exposed to high underwater noise can then 

be considered in regional coastal plans. Specifically, this thesis will address the 

following questions. 

5) Which regions have high levels of underwater anthropogenic noise and which 

have low levels? 

6) Which regions have high levels of marine biodiversity? 

7) How can areas of both high marine biodiversity and high underwater 

anthropogenic noise be incorporated into regional coastal plans? 
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1.3 Report Structure 

This thesis consists of eight chapters: 

• Chapter 1 provides an introduction to the research problem and identifies 

the central research questions. 

• Chapter 2 presents an in-depth review of the relevant literature on 

underwater anthropogenic noise and an overview of international policy on 

underwater noise. 

• Chapter 3 provides the New Zealand context for the research questions. 

• Chapter 4 outlines the methodology employed to answer the research 

questions.  

• Chapter 5 presents the results and findings of the research. 

• Chapter 6 presents a discussion of the results. 

• Chapter 7 presents the conclusions and recommendations of the research. 
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2 
Literature Review  

 

This literature review will provide an introduction to the main concepts related to 

sound in an underwater environment. Secondly, it will provide an overview of the 

main human sources of underwater noise and the nature of noise produced by these 

activities. A thorough review of the effects of underwater noise on marine 

mammals, fish and invertebrates is then presented. Acute effects such as 

behavioural changes, physiological responses, hearing loss, injury and mortality, as 

well as long-term consequences are discussed. A brief summary of international 

legislation related to underwater noise is then presented. Lastly, an introduction to 

spatial planning in the marine environment and its application to planning for 

underwater noise is provided.  

2.1 A Definition of Sound and Noise 

At a fundamental level, sound occurs when a force displaces particles in a medium 

such as air or water. Displaced particles oscillate around their original position and 

in doing so, cause neighbouring particles to be displaced (Bradley & Stern, 2008). 

The oscillation of particles causes fluctuations in pressure within the medium 

(Bradley & Stern, 2008). A sine wave is usually used to describe these pressure 

fluctuations (Figure 1). Those fluctuations, if detected by the eardrum of an animal, 

cause the eardrum to vibrate (Bradley & Stern, 2008). This is perceived as sound by 

the brain. Sound frequency is the rate at which the particles oscillate. Humans hear 

frequencies from 20 Hertz (Hz) up to 20 kHz while other animals, including some 

marine mammals, have ranges that extend outside that of humans (Bradley & Stern, 

2008). 
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Figure 1. A sine wave describing the change in acoustic pressure at a single point as a 
function of distance. (Bradley & Stern, 2008). 

There is an important distinction to be made between sound and noise. The term 

'sound' refers to the physical process outlined above but does not consider its 

function or effects (Van der Graaf et al., 2012). The term 'noise' does refer to its 

function or effects. Acoustically speaking, sound that contains information is 

considered a signal (Gotz et al., 2009). A random waveform that has energy across 

a broad range of frequencies and contains no useful information is considered noise 

(Bradley & Stern, 2008; Gotz et al., 2009). More colloquially, 'noise' is used to refer 

to any background sound (ambient noise) or to sound that is either unwanted or is 

potentially having some adverse effect (Gotz et al., 2009; Van der Graaf et al., 

2012). In this research, the colloquial use is employed. 

2.2 Measurements of Sound in the Ocean 

Sound is measured in decibels (dB), which is a logarithmic scale (Bradley & Stern, 

2008). Sound levels are calculated with respect to reference levels (Gotz et al., 

2009). For purely historical reasons, the reference levels used for air and water are 

different (Bradley and Stern, 2008).  Measurements in air use a reference value of 

20 micro-Pascals (µPa). Measurements in water however, use a reference value of 

1µPa (Bradley and Stern, 2008). Measurements for sound in water usually include 

the reference value and are stated as dB re 1µPa. Measurements for sound in air 

may include the reference value and are stated as dB re 20µPa or simply dB 

(Bradley & Stern, 2008).  

The difference in reference value means that sounds measured in water are not 

directly comparable to those measured in air. There is a discrepancy of 
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approximately 26 dB between the pressure of the same sound when measured in air 

and in water (Bradley & Stern, 2008; Gotz et al., 2009). That is, a sound 

measurement of 0 dB re 20µPa in air corresponds to a value of 26 dB re 1µPa 

underwater. Additionally, because of the greater density of water, 60 times less 

energy is required to produce the same pressure in water (International Association 

of Oil and Gas producers [IAOGP], 2008). This corresponds to an additional 

correction factor of 36 dB. In total, there is an approximately 62 dB discrepancy that 

must be corrected for before comparisons can be made between sound 

measurements in air and in water (Table 1) (Finfer et al., 2008). This conversion is 

generally robust and widely applied, although it is simplistic and therefore only 

approximate (Finfer et al., 2008).  

Table 1. Comparison of sounds at the different reference levels for air and water (IAOGP, 
2008; Safe Work Australia, 2011).  

dB re 20µPa (air)  dB re 1µPa (water) Human Perception 

0 62 auditory threshold 

40 102 listening quietly to the radio 

60 122 a normal conversation 

120 182 pain threshold 

160 222 damage threshold 

2.3 Sound Pressure Levels and Sound Exposure Levels 

A common measurement of sound in both air and water is the Sound Pressure Level 

(SPL) and is expressed in decibels (Gotz et al., 2009). The units for SPL in water 

are stated as dB re 1µPa. The SPL of a sound is calculated as follows: 

SPL (dB) = 20log10 (sound pressure/reference pressure) 

(Gotz et al., 2009). 

Because the pressure in a sound wave fluctuates, the SPL fluctuates. Consequently, 

SPL can be measured in a variety of ways to reflect this fluctuation (Figure 2) 

(Sutton et al., 2014). For more continuous sounds, where an averaging of the sound 

is more appropriate, the SPL is usually calculated from the root-mean-square (rms) 

pressure of the wave (Gotz et al., 2009). For shorter, high-intensity sounds, peak-to-

peak SPL (SPLpeak) is used as it is a measure of the difference in sound pressure 
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from the highest point of the wave to the lowest point (Gotz et al., 2009).  

  

Figure 2. A sine wave describing change in acoustic pressure with peak-to-peak pressure 
and root mean square pressure indicated (Gotz et al., 2009). 

SPL do not consider the duration of a sound. Sound exposure levels (SEL) are an 

average measure of a sound over 1 second and are more useful that SPL when 

considering the effects of a sound on the hearing or physiology of an animal (Gotz 

et al., 2009). The units for SPL in water are stated as dB re 1µPa2/s. The SEL of a 

sound is calculated as follows: 

SEL (dB) = SPL(rms) + 10log(duration) 

(Gotz et al., 2009). 

2.4 Received Levels and Source Levels 

Sound can be measured at the point at which the sound is experienced and is called 

the received level (Hildebrand, 2009). Sound can also be measured at the point of 

origin and is call the source level (Hildebrand, 2009). The source level of a sound is 

defined as the level of the sound at a nominal reference distance of 1 metre (Gotz et 

al., 2009; Hildebrand, 2009).  

Received levels and source levels are likely to be different because of attenuation 

(Gotz et al., 2009). Sound as it propagates away from its source will be attenuated 

by various factors until it is no longer discernable from background noise (Bradley 

& Stern, 2008).  Factors include the loss of energy through geometric spreading, 

absorption and reflection of sound by the sea floor and the sea surface, absorption 

by the surrounding water and scattering due to physical and chemical 
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inconsistencies of the surrounding water (Bradley & Stern, 2008; Gotz et al., 2009; 

Hildebrand, 2009). 

The source level is primarily determined by the characteristics of the source as the 

sound has not been affected greatly by attenuation factors (Hildebrand, 2009). In 

reality, it may not be possible to identify a single point source for a sound to 

measure 1 metre from. Additionally the sound may be quite complex and variable, 

e.g., noise from a ship's propeller (Hildebrand, 2009).  The area around a source 

where these factors are problematic is called the ‘near field’. Therefore sound is 

often measured in the ‘far field’ and the source level is back-calculated (Tougaard et 

al., 2009). 

2.5 Ambient Noise in the Ocean  

Ambient noise is background noise that cannot be attributed to a specific source. It 

is the result of both non-anthropogenic and anthropogenic noise (Hildebrand, 2009). 

Non-anthropogenic ambient noise in the ocean can have either physical or 

biological origins. Physical sources of underwater noise include hydrodynamic 

sources, such as wind-driven wave action on the ocean surface (Wenz, 1962). Noise 

from hydrodynamic processes is present at all times and locations (Wenz, 1962; 

Urick, 1984). Other sources of noise occur intermittently or locally. These include 

rain, the movement of sea-ice and volcanic or tectonic action (Wenz, 1962; Urick, 

1984; Hildebrand, 2009). Many sources of noise in the ocean are of biological 

origin. The contribution of biological sources to ambient noise varies with the 

seasonal and geographical variation in the movements of the animals that produce 

the noise (Wenz, 1962; Urick, 1984; Hildebrand, 2009).  

In addition, many sources of sound are of anthropogenic origin. Shipping traffic is 

the most significant contributor to general ambient noise measured throughout the 

ocean (Wenz, 1962; Urick, 1984; Richardson et al., 1995). Increased levels of 

shipping over recent decades have resulted in increases in ambient noise, especially 

at lower frequencies (Andrew et al., 2002; McDonald et al., 2006; Frisk, 2012). 

Frisk (2012) concludes that there has been an increase of 3.3 dB re 1µPa per year 

since 1950 at frequencies of 25-50 Hz. It is predicted that ambient underwater noise 
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levels will continue to increase as the number and size of ships continues to increase 

(Jasny, 2005; Frisk, 2012). In addition to shipping, a wide range of human activities, 

such as construction, dredging, offshore oil and gas industry related activities and 

naval operations involving sonar, all contribute to ambient noise throughout the 

world's oceans to some extent (Urick, 1984; Richardson et al., 1995; Hildebrand, 

2009).  

Ambient noise is generally divided into low (10 to 500 Hz), medium (500 Hz to 25 

kHz) and high (> 25 kHz) frequency bands (Hildebrand, 2009). Low frequencies 

(10 to 500 Hz) experience little attenuation and propagate over very long distances, 

potentially across entire ocean basins (Hildebrand, 2009). A variety of physical and 

biological processes contribute noise at these frequencies. Shipping is the major 

anthropogenic contributor (Hildebrand, 2009; Merchant et al., 2014). Additionally, 

oil drilling, hydrokinetic turbines, construction and seismic air guns produce noise 

at these frequencies (Wilcock et al., 2014). These frequencies are also used by 

whales (Tyack, 2008) and at certain times of year, calls from both blue whales and 

some species of fin whale can dominate these frequencies on a regional scale 

(McDonald et al., 2008; Wilcock et al., 2014). Wave action, sea ice, volcanoes and 

earthquakes also contribute to low frequency ambient noise (Urick, 1984; McCreery 

et al., 1993; Wilcock et al., 2014). 

In contrast to the ocean-wide presence of low frequency noise, medium frequencies 

(500 Hz to 25 kHz) have only a local or regional effect as they attenuate more 

rapidly (Hildebrand, 2009). Wind noise dominates these frequencies, however 

military sonar and sonar for sea-floor mapping contribute as well (Urick, 1984; 

Hildebrand, 2009). At high frequencies (> 25 kHz), most noise attenuates rapidly 

(Hildebrand, 2009). As a result, the main high frequency contribution to ambient 

noise is thermal noise caused by Brownian motion of water molecules (Urick, 

1984). 

2.6 Human Sources of Noise   

Human activities produce sound across a wide range of frequencies and vary in the 

volumes and frequencies that they produce. Table 2 provides an overview of the 

major sources of anthropogenic noise in the marine environment and the main 
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characteristics of each one. Each activity will be discussed in detail in the following 

section. 

Table 2. Major sources of anthropogenic underwater noise and their characteristics 
(Adapted from Gotz et al. (2009)). 

Source Source Level Bandwidth 
Major 

Frequencies 
Duration Directionality 

Pile Driving 243-257 dB 20-20,000 Hz 100-500 Hz 50 ms omnidirectional 

Dredging 168-186 dB 30-30,000 Hz 100-500 Hz continuous omnidirectional 

Drilling 145-190 dB 10-10,000 Hz <100 Hz continuous omnidirectional 

Small Ships 160-180 dB 20-1,0000 Hz >1000 Hz continuous omnidirectional 

Large Ships 180-190 dB 6-30,000 Hz >200 Hz continuous omnidirectional 

Sonar (low 
frequency) 

215 dB 100-500 Hz - 600-1,000 ms 
horizontally 

focused 
Sonar (mid 
frequency) 

223-225 dB 2,800-8,200 Hz 3,500 Hz 500-2,000 ms horizontally 
focused 

Airgun Arrays 260-262 dB 10-10,000 Hz 10-120 Hz 30-60 ms 
vertically 
focused 

	  

2.6.1 Pile Driving   

Pile driving produces noise levels that are amongst the highest for construction 

activities (Government of South Australia, 2012).  Pile driving is used for a wide 

range of construction projects and its impacts are increasingly being considered, 

especially in marine wind farm construction (Madsen et al., 2006; Thomsen et al., 

2006; Mueller-Blenkle et al., 2010). 

The most common pile driving methods are impact pile-driving, in which a 

hydraulic ram is used to hammer a pile into the sea-floor, and vibro-driving, which 

involves the use of rotating weights to vibrate a pile into the sea-floor (Government 

of South Australia, 2012). Noise levels are typically in the vicinity of 200 dB re 

1µPa (Tougaard et al., 2009; Bailey et al., 2010; Government of South Australia, 

2012). 

The primary source of noise in impact pile-driving is compression of the pile 

(Reinhall & Dahl, 2011). Noise levels vary with the physical properties of the pile, 

the weight and drop-height of the hammer and with the nature of the seabed 



	   13	  

(Madsen et al., 2006; Government of South Australia, 2012). The resultant noise 

occurs in pulses of between 50 and 100 milliseconds (ms) with approximately 30 - 

60 pulses per minute (Thomsen et al., 2006). Frequencies usually range from 100 

Hz to 1 kHz (Government of South Australia, 2012). Noise produced by vibro-

driving is continuous rather than pulsed, is generally lower that impact pile-driving 

and has frequencies between 100 Hz and 200 kHz (Table 3) (Government of South 

Australia, 2012).  

Table 3. Typical range of noise levels for impact and vibro-driving (Government of South 
Australia, 2012). 

	  

The levels of noise produced by impact pile-driving are recognised as having 

detrimental, even lethal, acute impacts on surrounding marine life (Reyff, 2009). As 

a result, air bubble curtains (Figure 3) are used to reduce the level of noise. Various 

design variations exist, but all involve the generation of air bubbles around the pile 

as it is driven into the seafloor (ICF Jones and Stokes & Illingworth and Rodkin Inc, 

2009). Because of the different densities of air and water, the air bubbles increase 

attenuation of the sound (Reyff, 2009). This results in reductions in overall noise 

that range from 3 dB up to 30 dB (Figure 4) (Würsig et al., 2000; Reyff, 2009). 

	  
Figure 3. Air bubble curtain in operation during construction of the Humboldt Bay Bridge 
(ICF Jones and Stokes & Illingworth and Rodkin Inc, 2009). 
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Figure 4. SPL comparison between impact pile-driving with and without an air bubble 
curtain during construction of the Benicia-Martinez Bridge (ICF Jones and Stokes & 
Illingworth and Rodkin Inc, 2009). 

2.6.2 Dredging  

Dredging in the ocean is conducted for a wide variety of purposes. These include 

the maintenance and deepening of shipping channels and harbours, mining 

operations such as sand and gravel mining, beach nourishment and the construction 

of infrastructure such as undersea pipelines (Richardson et al., 1995; Gotz et al., 

2009; Central Dredging Association [CEDA], 2011).  

There are four basic types of dredger used; Cutter Suction Dredgers, Trailing 

Suction Hopper Dredgers, Grab Dredgers and Backhoe Dredgers (Figure 5) (World 

Organisation of Dredging Associations [WODA], 2013). Overall sound levels are 

generally less than 200 dB re 1µPa (Richardson et al., 1995; Robinson et al., 2011; 

CEDA, 2011). Dredge type is not an important factor in the level of noise produced, 

as similar vessels vary widely in the levels they produce (Richardson et al., 1995). 

Activity status is a more important factor (Richardson et al., 1995; Robinson et al., 

2011).  

Underwater noise levels are highest during transit to and from the site and during 

extraction of the aggregate (CEDA, 2011). During transit, engine and propeller 

noise is considered to be comparable with any other commercial vessel (Robinson et 

al., 2011). At other times, engine and propeller noise is lower but is constant 

throughout a dredging operation (Richardson et al., 1995; CEDA, 2011). Extraction, 

pumping and collection of the aggregate, are considered the primary causes of noise 

at frequencies above 1 kHz. During extraction, noise levels also vary according to 
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the nature of the aggregate. Extraction of course aggregates, such as gravel, creates 

more noise than fine aggregates, such as sand (Robinson et al., 2011). Winches, 

pumps, generators and hydraulic equipment create additional noise that radiates 

through the hull into the surrounding ocean (Richardson et al., 1995;  CEDA, 2011; 

Robinson et al., 2011). 

 
Figure 5.  Dredge types with main sources of underwater noise indicated. (WODA, 2013). 

2.6.3 Rigs and Drilling  

Drilling occurs during oil and gas extraction. It involves the excavation of deep 

wells using a rotary drill that creates noise by scraping and crushing the substrate 

being drilled through (Richardson et al., 1995; McCauley, 1998; Tanaka et al., 

2005). In addition to drilling, general operation of the rig and activity of the various 

support vessels creates underwater noise (Richardson et al., 1995; McCauley, 1998; 

Blackwell & Greene, 2006). Offshore drilling is conducted from three fundamental 

types of facility; man-made and caisson islands, drilling platforms, and drilling 

vessels (Richardson et al., 1995).  

Man-made islands absorb most of the noise produced by drilling and only low 

frequencies at low levels are transmitted into the sea (Richardson et al., 1995). At a 

man-made drilling island Blackwell and Greene (2006) measured noise levels from 

about 90 dB re 1µPa in the absence of ships, up to 147 dB re 1µPa with ships 
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present. Frequencies were consistently low and noise was found to become 

indistinguishable from ambient noise between 2-4 km from the island. Noise from 

caissons is also predominantly at low frequencies but caissons are generally louder, 

with sound levels of over 100 dB re 1µPa generally reported in the absence of ships 

(Richardson et al., 1995).  

There are two main categories of offshore drilling platforms; (1) stationary rigs and, 

(2) floating or mobile, bottom-supported rigs (Tanaka et al., 2005). Within each 

category there are additional varieties of rig that are used in varying situations 

depending upon the water depth and the prevailing sea and wind conditions (Tanaka 

et al., 2005). There is variability in the levels of noise produced by the different 

kinds of platform. Stationary rigs produce noise levels around 120 dB re 1µPa with 

frequencies less than 1.2 kHz (Richardson et al., 1995). Noise from floating or 

mobile rigs varies. McCauley (1998) found that, while the drill and support vessels 

were not operating, a floating rig produced noise up to 117 dB  re 1µPa at 125 m 

and remained audible at 1 km from the rig. Noise was primarily from mechanical 

and pumping systems. When drilling, noise levels were unchanged but frequencies 

persisted for up to 11 km from the rig. When support vessels were active and the 

drill was operational, noise levels of 137 dB re 1µPa at 405 m were recorded and 

noise was distinguishable from ambient levels up to 20 km from the rig.  

Semisubmersible rigs are suspended with most of the structure out of the water and 

therefore produce less underwater noise (Richardson et al., 1995). Drillships are 

generally noisiest as the hull of the vessel is surrounded by water (Richardson et al., 

1995). Noise levels are generally between 179-191 dB re 1µPa at 1 m. Support 

vessels are an additional source of underwater noise (Richardson et al., 1995). 

2.6.4 Shipping  

Vessels, as well as being the major anthropogenic contributors to ambient noise 

throughout the world's oceans, also produce a great deal of noise individually 

(Richardson et al., 1995). While sources of noise vary a great deal with vessel type 

and vessel speed, underwater noise from vessels is generally caused by propeller 

cavitation, propeller singing, on-board machinery and turbulence around the hull 

(Richardson et al., 1995; Gotz et al., 2009).  
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Cavitation is the result of propeller movement and is the main source of noise 

(Richardson et al., 1995). Propeller movement causes a drop in pressure behind the 

propeller blades which vaporizes the water and creates bubbles (Erbe, 2010). Sound 

is created as the bubbles become unstable and burst (Erbe, 2010; International 

Maritime Organization, 2014). A wide range of frequencies is produced. The 

specific frequencies produced are affected by ship size, design and speed 

(Richardson et al., 1995). 

Small vessels (<50 m) are capable of producing noise levels that are around 160-

175 dB re 1µPa at 1 m, are generally higher in frequency than larger vessels (>1 

kHz) and attenuate quite rapidly (Gotz et al., 2009). Noise produced from small 

vessels varies with speed and vessel type (Erbe, 2002; Jensen et al., 2009). 

Buckstaff (2004) reported volumes up to 116 dB re 1µPa at 125 m from idling 

boats, and 138 dB re 1µPa at 125 m from moving boats, while Erbe (2002) reported 

noise levels of 162 dB re 1µPa at 1 m from zodiacs with outboard motors. Jensen et 

al. (2009) also found that gear-shifts in very small vessels also contribute transient 

bursts of noise of up to 200 dB re 1µPa at 1 m. 

Medium-sized vessels (50-100 m) are capable of producing noise levels around 

165-180 dB re 1µPa at 1 m (Gotz et al., 2009). Medium-sized vessels have larger 

and slower propellers than small vessels and therefore produce frequencies similar 

to large vessels. They therefore contribute to ambient noise levels (Gotz et al., 

2009). Support vessels for marine industrial operations are a source of considerable 

noise (Richardson et al., 1995; McCauley, 1998).    

Large vessels (>100 m) are capable of producing noise levels that are around 180-

190 dB re 1µPa at 1 m (Richardson et al., 1995; Gotz et al., 2009) although noise 

levels are dependent upon speed (Table 4) (Arveson & Vendittis, 2000). Low 

frequencies (50-100 Hz) caused primarily by cavitation dominate sound profiles at 

most speeds. Although at low speeds, noise from the engine and other machinery is 

a large contributor to noise (Arveson & Vendittis, 2000).  High frequencies up to 

100 kHz from a variety of sources also occur close to the ship but attenuate quickly 

(Gotz et al., 2009). 
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Table 4. Underwater sound (dB re 1µPa at 1 m) produced by a 172 m, 255,515 ton bulk 
cargo ship at different speeds (Arveson & Vendittis, 2000). 

	  

2.6.5 Seismic Surveys 

Seismic surveys are conducted by the oil and gas industry to identify new 

hydrocarbon sources and to monitor depletion of existing reservoirs. They are also 

used by scientific and governmental organizations for seafloor mapping 

(Richardson et al., 1995; Gotz et al., 2009).  In principle, seismic surveys involve 

the projection of a high energy pulse of sound into the water and measurement of 

the sound as it reflects from the seafloor (Gotz et al., 2009). Airguns are most 

commonly used in the oil and gas industry to produce sound pulses for this purpose 

(Jasny, 2005; Gotz et al., 2009). Airguns are usually arranged in arrays that extend 

about 200 metres behind a vessel (National Reseach Council, 2003). A vessel will 

normally tow 1 to 2 arrays with between 12 and 48 individual airguns per array 

(National Reseach Council, 2003). These fire bursts of compressed air into the 

water column every 10 -12 seconds. Cables containing hydrophones, which stretch 

out behind the vessel for up to 12 km, record the reflected sound (National Reseach 

Council, 2003; Gotz et al., 2009). Airguns are not continuously fired because of 

various operational constraints and are generally in operation 40% of the time the 

vessel is at sea (National Reseach Council, 2003). 

Airguns generate noise that is predominantly below 250 Hz with the strongest 

frequencies in the 10-120 Hz range (Gotz et al., 2009). Typical noise levels are 

around 240-250 dB re 1µPa at 1 m but can be up to 259 dB re 1µPa at 1 m 

(Richardson et al., 1995; Jasny, 2005). Pulses are focused vertically but some noise, 

including higher frequency noise, radiates horizontally and can be detected many 

kilometres from the source (Richardson et al., 1995; Jasny, 2005; Gotz et al., 2009). 

Noise from the arrays can be detected thousands of kilometres away in some 



	   19	  

instances (Nieukirk et al., 2004; Nieukirk et al., 2012). Noise radiated horizontally 

tends to be quieter than that propagating vertically (Richardson et al., 1995). 

Horizontally radiated noise is reduced if higher numbers of small airguns are used 

instead of lower numbers of larger airguns (National Reseach Council, 2003).  

Although airguns are the industry standard (Jasny, 2005), a variety of other methods 

are sometimes employed, such as explosives, gas guns and water guns (Richardson 

et al., 1995). Explosives are still commonly used in water that is less than 5 metres 

deep (National Reseach Council, 2003). Explosives produce noise levels that are 

higher than airguns, but other methods are generally similar in terms of noise levels 

(Richardson et al., 1995).  

2.6.6 Sonar  

Sonar involves the release of either continuous sound or bursts of sound into the 

water and the recapture of the returning signal in order to locate objects or to survey 

the sea floor. There is a great variety of sonars in use recreationally, commercially 

and militarily and the frequencies they omit depend upon what they are being used 

for (Richardson et al., 1995).  

Military sonar usually produces sound in the 100 Hz to 500 kHz range while non-

military sonar is usually over 10 kHz (National Reseach Council, 2003; Gotz et al., 

2009). Low frequency sonar is used for surveillance and can persist over hundreds 

of kilometres (National Reseach Council, 2003). Higher frequency military sonar is 

generally used in mine or torpedo countermeasures and persists over only a few 

hundred metres (Gotz et al., 2009). In all cases, sound levels are generally over 200 

dB re 1µPa at 1 m and can be over 230 dB re 1µPa at 1 m in some instances 

(Richardson et al., 1995; National Reseach Council, 2003). 

Commercial and recreational sonar, such as depth finders and fish finders, are less 

powerful and operate at higher frequencies. They therefore attenuate more quickly 

than military sonar (Gotz et al., 2009). However sound levels are still generally over 

200 dB re 1µPa at 1 m (National Reseach Council, 2003; Gotz et al., 2009).  
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2.7 Marine Species Hearing and Use of Sound  

Marine mammals, fish and some invertebrates have been found to have the ability to 

emit and detect sound across a wide range of frequencies and to use sound for a 

wide array of purposes. This section will discuss the hearing capabilities of marine 

animals and the way they use sound in their natural environment.  

2.7.1 Cetaceans  

More of the cetacean (whale) brain is devoted to hearing than any other mammal 

(Ketten, 2004). They use a huge variety of vocalisations for communication with 

conspecifics and use echolocation to detect their environment, their prey and other 

whales (Richardson et al., 1995).  

Mysticete's (baleen whales) vocalisations tend to be associated with maintaining 

contact with conspecifics, mating and social or agonistic interactions (Edds-Walton, 

1997). Vocalisations can reach up to 190 dB re 1µPa at 1 m. They vary from low 

frequency moans around 25-100 Hz to mid-range pulses and whistles around 5-10 

kHz with a few species able to produce occasional high frequency clicks 

(Richardson et al., 1995). For example, The blue whale can produce noises as low 

as 12.5 Hz (Cummings & Thompson, 1971) and as high as 31 kHz (Beamish & 

Mitchell, 1971). Unlike odontocetes (toothed whales), there is no evidence that 

mysticetes are able to echolocate to locate prey or navigate (Richardson et al., 

1995).  

For odontocetes, vocalisations seem to relate to group communication and group 

cohesion (Janik & Slater, 1998), especially when hunting (Ford, 1989). Some 

species, such as beluga whales can be extremely vocal (Chmelnitsky & Ferguson, 

2012) while others, such as Maui's dolphin barely vocalise (Dawson, 1991). 

Vocalisations vary from around 500 Hz up to 20 kHz depending on the species and 

although generally not as loud as mysticetes, some species can produce 

vocalizations up to 180 dB re 1µPa at 1 m (Richardson et al., 1995). When 

echolocating however, some species are capable of producing sounds over 200 dB 

re 1µPa at 1 m (Richardson et al., 1995). 
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Cetacean ears are fundamentally the same as the ears of land mammals except that 

sound moves to the middle and inner ear through the jaw (Bradley & Stern, 2008). 

Broadly speaking, odontocetes have good functional hearing between 200 Hz and 

100 kHz (Richardson et al., 1995; Ketten, 2004), although smaller species can 

detect frequencies up to 160 kHz (Schlundt et al., 2011). Odontocete hearing 

profiles (audiograms) typically show a U-shaped profile with the highest sensitivity 

at frequencies between 10-50 kHz (Richardson et al., 1995; Erbe, 2010), although 

there is variability between species (Figure 6).  

 
Figure 6. Audiograms for 9 odontocetes. Threshold is the lowest level of sound detectable 
by an animal at any given frequency. The lower the threshold, the higher the sensitivity to 
sound at that frequency (Bradley & Stern, 2008).  

Because of the difficulty of performing studies on mysticetes, no audiograms exist 

for these whales (Reichmuth, 2011; Tubelli et al., 2012). However, modelling 

indicates that some species can hear frequencies as low as 10-15 Hz and as high as 

20-30 kHz (Ketten, 2004; Tubelli et al., 2012). 

2.7.2 Pinnipeds 

Pinnipeds (seals) have no ability to echo-locate, but rely on their hearing to detect 

the vocalizations or movements of both predators and prey (Schusterman et al., 

2000). They also rely on hearing for interactions with conspecifics. Pinnipeds are 

able to produce a wide variety of noises underwater such as grunts, snorts, clicks, 

buzzing noises and so on (Thomas & Kuechle, 1982; Richardson et al., 1995; 

Serrano, 2001). These noises have a role in attracting a mate (Rogers et al., 1996), 

displaying dominance and competing for mates (Hanggi & Schusterman, 1994; 
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Serrano, 2001), locating and coordinating with conspecifics (Terhune & Ronald, 

1986), mother-pup interaction (Perry & Renouf, 1988) and general intra-specific 

communication (Thomas & Kuechle, 1982). These vocalizations vary from around 

100 Hz up to 30 or 40 kHz. They are commonly over 100 dB re 1µPa at 1 m and 

can be as loud as 190 dB re 1µPa (Richardson et al., 1995). In some instances, calls 

can remain detectable for several kilometres (Terhune & Ronald, 1986; Cleator et 

al., 1989). 

Pinnipeds have ears that are essentially identical to those of land mammals (Bradley 

& Stern, 2008). Audiograms for pinnipeds feature the same U-shaped profile seen in 

other mammals with peak sensitivities at frequencies between 1 kHz and 20 kHz 

(Ketten, 2004; Nedwell et al., 2004; Mulsow et al., 2012). Pinnipeds generally have 

better hearing in air than in water (Mulsow et al., 2012). In water, phocids (true 

seals) are able to detect frequencies over 100 kHz but otariids (eared seals) are 

unable to detect frequencies much over 60 kHz (Richardson et al., 1995). Lower 

limits for pinnipeds in water appear to be between 100 and 1000 Hz (Richardson et 

al., 1995).  

2.7.3 Fish 

Fish use sound for predator avoidance and for interaction with conspecifics 

(Slabbekoorn et al., 2010). Over 800 species of fish are known to produce some 

kind of sound (Slabbekoorn et al., 2010). The sounds have been variously described 

as cackles, coos, croaks, growls, drumbeats, wheezes and many others (Kasumyan, 

2008). Generally fish vocalisations are simple pulses that consist of frequencies no 

higher than 1 kHz. However variation is added by varying the frequency of pulses, 

the duration between pulses, the pattern of the pulses and the frequencies used. 

(Kasumyan, 2008). Vocalizations are associated with numerous activities such as 

courtship (Gerald, 1971), spawning (Brantley & Bass, 1994), feeding (Amorim et 

al., 2004), defending territory (Ladich, 1997) and are also produced when fish feel 

threatened or frightened (Ladich, 1997). Even embryonic fish respond to sound 

(Simpson et al., 2005) and it is likely that fish larvae use auditory cues, amongst 

others, to identify suitable settlement habitat (Montgomery et al., 2006; Arvedlund 

& Kavanagh, 2009). 
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Fish possess two sensory mechanisms to detect sound; an inner ear that detects 

pressure and a lateral line system that detects particle motion (Slabbekoorn et al., 

2010), although there is a huge degree of variability in these structures between 

species (Popper & Fay, 2011). The inner ear detects high frequencies that originate 

at some distance from the fish while the lateral line system detects low frequencies 

that originate close to the fish (Slabbekoorn et al., 2010). In addition to these 

structures, some species have a connection between the swim bladder or other gas 

filled structure and the inner ear, that allows them to hear a greater range of 

frequencies (Nedwell et al., 2004).  

Generally speaking fish hear well between 30 - 1000 Hz (Slabbekoorn et al., 2010) 

although there is a great variety in the range of detectable frequencies (Nedwell et 

al., 2004; Popper & Fay, 2011). Some species, such as the tautog (Tautoga onitis) 

are able to detect frequencies as low as 10 Hz (National Reseach Council, 2003; 

Nedwell et al., 2004), while herring can detect sounds up to 3 - 5 kHz (Slabbekoorn 

et al., 2010). A few species, such as American Shad (National Reseach Council, 

2003) or Mexican Blind Cave Fish (Nedwell et al., 2004) can hear frequencies well 

beyond this range.   

2.7.4 Invertebrates 

Sound waves consist of both changes in pressure and of particle movement (Bradley 

& Stern, 2008). Mammals and fish can detect both but marine invertebrates have 

biological structures that only allow them to detect particle movement (Budelmann, 

1992a; Budelmann, 1992b; Breithaupt, 2002). So, while marine invertebrates may 

not hear in the same way as vertebrates do, it is clear that some can detect sound and 

respond to auditory cues (Budelmann, 1992b; Mooney et al., 2012).  

Hearing has been investigated in only a limited number of marine invertebrate 

species but cephalopods (squid, octopus, cuttlefish and nautilus) have been well 

studied (National Reseach Council, 2003). The biological significance of hearing in 

cephalopods is unclear but may be important for avoiding predators, navigation and 

locating conspecifics (Mooney et al., 2012). 
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Cephalopods possess ciliated receptor cells on their heads and tentacles that are 

analogous to the lateral line of fish (Packard et al., 1990). They also possess 

structures called statocysts that are involved in orientation and balance, and detect 

particle motion caused by sound (Kaifu et al., 2008). It has been suggested that 

these structures can also detect sound pressure waves (McCauley & Fewtrell, 2008; 

Hu et al., 2009). It has been recognised for some time that cephalopods are able to 

detect low frequency sound (Hanlon & Budelmann, 1987; Budelmann & 

Bleckmann, 1988; Kaifu et al., 2007). However, it was recently confirmed that they 

can detect frequencies as high as 1400 Hz (Hu et al., 2009).  

Some crustaceans are known to both produce sound and to respond behaviourally to 

sound (Budelmann, 1992a; Popper et al., 2001; Wale et al., 2013a). Snapping 

shrimp for example, are able to produce loud snaps with their claws that have a role 

in intraspecific communication, defending territory and also in stunning prey 

(Versluis et al., 2000). Sound is an important cue in the larval stages of various 

species such as spiny lobster (Jeffs et al., 2005), and crabs (Stanley et al., 2012).  

Crustaceans have external sensory hairs and internal statocysts that allow them to 

detect sound (Popper et al., 2001). Audiograms have been measured for a prawn 

species (Palaemon cerratus), which revealed their ability to detect frequencies of 

100 Hz - 3 kHz (Lovell et al., 2005), and for the American Lobster (Homarus 

americanus), which can detect frequencies from 20 Hz to 5 kHz (Pye & Watson, 

2004). 

Other invertebrates have external structures that can detect particle movement, but it 

has not been determined whether behavioural reactions are a response to sound, to 

vibration from other sources or in response to water movements unrelated to sound 

(Budelmann, 1992b). However, sound has also been suggested to be a cue for larval 

corals to find a suitable site to settle (Vermeij et al., 2010) 

2.8 Effects of Noise on Marine Life 

The acute adverse effects of anthropogenic noise on marine life include a diverse 

range of effects. Some effects can be behavioural or physiological (Richardson et 

al., 1995). Other effects can be more serious and include hearing loss, injury or 
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mortality (Richardson et al., 1995). This section will summarize the effects on 

marine mammals, fish and invertebrates. 

2.8.1 Behavioural and Physiological Responses  

Cetaceans 
In some instances, cetaceans are known to show considerable tolerance to boats and 

ships while at other times they alter their behaviour markedly (Richardson et al., 

1995). In response to the presence of small motor craft, odontocetes spend less time 

resting (Constantine et al., 2004), increase avoidance behaviour and increase 

swimming speed (Bejder et al., 1999; Nowacek et al., 2001; Williams et al., 2002) 

or avoid an area altogether while small boats are present (Lusseau, 2005). Long 

term avoidance of an area also occurs (Bejder et al., 2006). Mysticetes have also 

been shown to avoid small boats (Schaffar et al., 2009), alter swimming behaviour, 

dive frequency and swimming speed (Corkeron, 1995; Au & Green, 2000) and to 

sometimes act aggressively towards the boats (Richardson et al., 1995).  

In response to large vessels, cetaceans will sometimes swim away, increase their 

swimming speed (Richardson et al., 1995) or alter their dive times (Aguilar Soto et 

al., 2006). Cetaceans also tend to avoid areas where large ships are present (Bryant 

et al., 1984; Richardson et al., 1995). However, in some instances, cetaceans don't 

display any obvious avoidance behaviour and seemingly ignore large vessels 

(Nowacek et al., 2004). This could be explained by factors such as habituation, 

sensitization, and the time of encounter e.g., while feeding (Richardson et al., 

1995).  

Noise from both small motor craft and large ships has the potential to mask the calls 

of cetaceans (Richardson et al., 1995; Erbe, 2002; Gotz et al., 2009). In response, 

animals will increase the volume of their calls (Holt et al., 2009), alter the duration 

and frequency of their calls (Norris, 1995; Lesage et al., 1999; Buckstaff, 2004; 

Aguilar Soto et al., 2006) and change the frequencies at which they vocalise 

(Lesage et al., 1999; Parks et al., 2007).  

Cetaceans will sometimes avoid operating oil platforms or drill ships and alter call 

rates and call structure (Moore & Clarke, 2002). However, they often show little 

behavioural change even in relatively close proximity to operating oil platforms and 



	   26	  

support vessels (Richardson et al., 1985; Richardson et al., 1995). Cetaceans seem 

to react badly to the introduction of a new noise from a rig but are not disturbed by 

continuous noise of the same nature (Awbrey & Stewart, 1983; Thomas et al., 

1990).  

Noise associated with underwater industrial activity can also induce a decrease in 

call rates, cessation of feeding, changes in surfacing and diving patterns 

(Richardson et al., 1987b) temporary displacement (Teilmann et al., 2008; Pirotta et 

al., 2013) and long term avoidance of areas (Bryant et al., 1984; Richardson et al., 

1987a). Pile driving in particular, has been shown to cause avoidance behaviour and 

temporary displacement in small odontocetes (Würsig et al., 2000; David, 2006; 

Brandt et al., 2011) and reductions in vocalisations (Brandt et al., 2011). 

Cetaceans tend to avoid seismic surveys (Brandt et al., 2011) but behavioural 

responses and avoidance radii vary with species and in some instances there is no 

obvious behavioural reaction (Richardson et al., 1995). Mysticetes appear to be 

quite tolerant of seismic surveys and display only minor avoidance behaviour 

(McCauley et al., 2000) or sometimes no observable behavioural changes at all 

(Richardson et al., 1995). However, in some instances seismic surveys can induce 

quite strong behavioural responses, such as shorter surfacing and dive times 

(Richardson & Würsig, 1997), partial avoidance or complete avoidance of the area 

in which the surveys occur (Ljungblad et al., 1988; Stone & Tasker, 2006) as well 

as alteration in rates of vocalisation (Di Iorio & Clark, 2010; Blackwell et al., 

2013). In odonocetes there are also conflicting results. Small odontocetes strongly 

avoid siesmic surveys (Goold & Fish, 1998; Stone & Tasker, 2006) while larger 

species show less avoidance (Stone & Tasker, 2006). Sperm whales avoid seismic 

surveys in some instances (Mate et al., 1994) but on other occasions don't display 

any behavioural changes (Madsen et al., 2002; Morton & Symonds, 2002; Miller et 

al., 2009) or alter their vocalisations (Madsen et al., 2002). 

Sonar has a range of different behavioural impacts on a range of different cetaceans, 

although, as with other sources of noise, there is considerable variation between and 

within species (Richardson et al., 1995). Behavioural changes reported for 

odontocetes include altered dive times and dive patterns (Tyack et al., 2011; Sivle et 

al., 2012), cessation of resting and feeding (Miller et al., 2012), temporary 
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avoidance of an area (McCarthy et al., 2011; Tyack et al., 2011; Miller et al., 2012) 

and a reduction or cessation of echolocation (McCarthy et al., 2011; Tyack et al., 

2011). Mysticetes have been observed changing their vocalisation patterns in 

response to military sonar (Miller et al., 2000), changing swimming patterns and 

swimming speed, avoiding an area (Maybaum, 1993; Richardson & Würsig, 1997) 

and changing diving patterns (Richardson & Würsig, 1997). 

Few studies have been conducted into the physiological reactions of cetaceans to 

underwater anthropogenic noise. However, available studies indicate that noise can 

affect stress-related hormones levels and the immune system (Romano et al., 2004; 

Wright et al., 2007; Richardson & Moulton, 2012).  

Pinnipeds 

Evidence suggests that pinnipeds generally are quite tolerant of anthropogenic 

underwater noise (Richardson et al., 1995; Richardson & Moulton, 2012). In 

response to seismic testing, pinnipeds generally don't alter their behaviour greatly 

and some individuals show no behavioural change at all (Richardson et al., 1995; 

Richardson & Moulton, 2012). Typically, pinnipeds display temporary avoidance 

reactions, especially when airguns are active, but generally they only move a short 

distance away (Harris et al., 2001; Richardson & Lawson, 2002; Funk et al., 2010). 

Avoidance rates typically increase with increased loudness of the array (Funk et al., 

2010).    

In response to pile driving, drilling and other construction activities, pinnipeds again 

seem quite tolerant (Richardson et al., 1995; Madsen et al., 2006; Gotz et al., 2009).  

Haul out sites have been shown to be unaffected by construction noise (Moulton et 

al., 2003; Teilmann et al., 2004). In water, seals apparently become habituated to 

the noise and approach construction sites even when the sites are producing 

considerable amounts of noise (Blackwell et al., 2004).  

Pinnipeds will move into the water if approached by small vessels (Henry & 

Hammill, 2001; Young, 2009) but in general, display little behavioural change to 

vessels unless particularly noisy and close approaches are made (Richardson et al., 

1995).  
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In response to sonar, sea lions have been found to haul out more frequently, re-enter 

the water less and feed less frequently (Houser et al., 2013). This response was age 

dependant with older sea lions less likely to display these behaviours (Houser et al., 

2013). 

There appears to be very little peer reviewed literature describing the effects of 

anthropogenic noise on the physiological responses of seals from anthropogenic 

underwater noise (Gordon et al., 2003).  

Fish  

Behavioural responses of fish to underwater anthropogenic noise are varied. 

Behavioural responses to pile driving are generally reported to be non-existant 

(Hastings & Popper, 2005) as are responses to sonar, although literature is scare 

(Popper & Hastings, 2009b). However, in response to noise from airguns there are 

numerous examples of a behavioural response. Fish have been reported to display a 

startle response (Pearson et al., 1992; Santulli et al., 1999; Hassel et al., 2004), 

swim in tighter groups (Pearson et al., 1992) and alter their position in the water 

column (Pearson et al., 1992; Skalski et al., 1992; Slotte et al., 2004). Temporary 

reductions in abundance (Hassel et al., 2004; Slotte et al., 2004) and in total 

commercial catch were also indicated in some instances (Skalski et al., 1992; Hassel 

et al., 2004). Fish reactions were also found to reduce over time indicating that fish 

habituate to noise from airguns. (Boeger et al., 2006) 

In response to ships, fish display an avoidance reaction and change their position in 

the water column (Engås et al., 1995; Handegard et al., 2003; Jørgensen et al., 

2004), alter their feeding behaviour (Bracciali et al., 2012) and may move 

temporarily away from an area (Becker et al., 2013). However, it is not known if the 

reaction is due solely to noise or if it involves other factors (Ona et al., 2007; 

Becker et al., 2013). 

The impact of stress from noise has not been greatly studied (Hastings & Popper, 

2005). However, physiological responses associated with stress have been 

demonstrated experimentally in fish after exposure to ship noise over 150 dB re 

1µPa (Wysocki et al., 2006) and broadband noise over 160 dB re 1µPa (Smith et al., 
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2003). Also, fish eggs and juveniles of some species have been found 

experimentally to show a physiological response to sound (Simpson et al., 2005). 

Invertebrates  

As with other animals, there is inconsistency between and among arthropods. For 

example, Parry and Gason (2006) report no observable behavioural effect in lobster 

after exposure to seismic surveys, while Payne et al. (2007) report a decrease in 

lobster feeding behaviour after exposure to airgun noise. Feeding behaviour in crabs 

is affected by noise, as is anti-predator behaviour (Wale et al., 2013a). Noise has 

also been shown to inhibit larval settlement in barnacles (Branscomb & Rittschof, 

1984) and crabs (Pine et al., 2012). 

Cephalopods have been shown to exhibit behavioural responses to underwater 

noise. Squid show a strong behavioural response by firing their ink sacs (McCauley 

et al., 2000; Fewtrell & McCauley, 2012) or by moving rapidly towards the surface 

of the water (McCauley et al., 2000; McCauley & Fewtrell, 2008). Cuttlefish swim, 

burrow and change body pattern in response to noise (Komak et al., 2005) and the 

respiratory activity of octopus has been shown to change in response to low 

frequency noise (Kaifu et al., 2007).  

Physiological responses in some invertebrate species have been observed 

experimentally in response to underwater noise. Noise has been shown to trigger a 

stress response in lobster (Payne et al., 2007),  increase the metabolic rate of shrimp  

(Regnault & Lagardere, 1983) and crabs (Wale et al., 2013b) and slow the 

development of scallop and crab larvae (Pine et al., 2012; De Soto et al., 2013).  

2.8.2 Auditory Responses  

One of the most obvious potential effects of exposure to high levels of noise is 

hearing loss. Hearing loss is a shift in the threshold between sound frequencies that 

can be detected and those that cannot (Richardson et al., 1995). This shift in 

threshold can be either temporary (Temporary Threshold Shift / TTS) or it can be 

permanent (Permanent Threshold Shift / PTS) (Richardson et al., 1995).  
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Cetaceans  

TTS as a result of exposure to underwater noise has been shown experimentally 

with odontocetes at different levels and frequencies. Generally noise levels over 190 

dB re 1µPa were needed to induce TTS (Ridgway et al., 1997; Finneran et al., 2000; 

Schlundt et al., 2000; Nachtigall et al., 2004; Finneran et al., 2005; Popov et al., 

2011). However, noise levels as low as 150 dB re 1µPa (Popov et al., 2011) and 164 

dB re 1µPa (Lucke et al., 2009) have also been reported. PTS has been inferred 

from necropsies of dead cetaceans. Ketten et al. (1993) found evidence of PTS in 2 

deceased humpback whales following an underwater explosion. 

Pinnipeds  

TTS has also been experimentally demonstrated in pinnipeds at frequencies as low 

as 80 dB re 1µPa (Kastak et al., 2005) and at levels over 160 dB re 1µPa  (Kastelein 

et al., 2012; Kastelein et al., 2013). PTS has also been inferred in necropsied 

pinnipeds following underwater explosions (Bohne et al., 1986). 

Fish 

TTS has been experimentally demonstrated in numerous species of fish at noise 

levels over 140 dB re 1µPa (Hastings et al., 1996; Scholik & Yan, 2002; Hastings & 

Popper, 2005; Popper & Hastings, 2009a). Permanent damage to the otoliths of fish 

have also been demonstrated experimentally suggesting permanent hearing loss 

over 150 dB re 1µPa (McCauley et al., 2003; Popper, 2003; Popper et al., 2003).  

Invertebrates 

Changes to the statocysts of cephalopods have been observed as a result of 

underwater anthropogenic noise (André et al., 2011; Solé et al., 2013a; Solé et al., 

2013b). Although the role of statocysts in hearing has not been completely 

demonstrated in invertebrates other than the prawn (Lovell et al., 2005), if 

cephalopods hear in the same manner, this damage would be consistent with hearing 

loss.  
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2.8.3 Physical Trauma and Mortality 

Cetaceans 

Hidden mortality is a problem in estimating the rates of animal mortality from any 

anthropogenic activity, especially in the marine environment (Parsons et al., 2008). 

However, there have been some reports of anthropogenic noise directly resulting in 

the deaths of cetaceans. Underwater explosions used during the demolition of 

underwater structures such as oil rigs are capable of killing cetaceans and have done 

so on several occasions (Ketten et al., 1993; Richardson et al., 1995). Airguns have 

also been observed to have potentially fatal effects on nearby dolphins (Gray & Van 

Waerebeek, 2011). 

Many mass strandings of various species of odonocete have coincided with military 

exercises involving sonar (Frantzis, 1998; Fernández et al., 2005; Cox et al., 2006; 

D'Spain et al., 2006; Parsons et al., 2008). Consequently sonar has been implicated 

as a cause of whale strandings (Parsons et al., 2008). Some necropsied animals have 

shown no obvious sign of trauma (Frantzis, 1998), while others had extensive 

damage to internal organs, gas bubble associated legions, intercranial and inner ear 

trauma, and organ damage (Fernández et al., 2005; Cox et al., 2006; Parsons et al., 

2008). Decompression sickness caused by rapid ascent to evade underwater noise 

has been suggested as a cause of the injuries and strandings (Cox et al., 2006; 

Parsons et al., 2008).  

Pinnipeds 

Richardson et al., (1995) reports pinniped deaths from explosions. However, there 

appears to be no peer reviewed literature on injuries and mortality from 

anthropogenic underwater noise (Gordon et al., 2003).  

Fish  

Fish may also be injured or killed by underwater noise. Fish kills associated with 

construction and pile driving are common (Reyff, 2009; Stadler & Woodsbury, 

2009) and noise has been experimentally found to kill fish (Hastings & Popper, 

2005; Popper & Hastings, 2009a). Various injuries have been reported. Underwater 

explosions and pile driving have been shown to rupture the swim bladder of fish 
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(Yelverton et al., 1975; Popper & Hastings, 2009a) and damage the liver, pancreas 

and other organs (Yelverton et al., 1975; Govoni et al., 2003). Eye hemorrhage, 

internal bleeding and superficial bleeding have been observed in response to 

underwater noise (Hastings & Popper, 2005; Popper & Hastings, 2009a) and may be 

related to the creation of bubbles in blood vessels and other tissues at sound levels 

over 210 dB (Crum & Mao, 1996). Increased mortality of embryos and reduced 

rates of survival in hatched fry has also been observed (Banner & Hyatt, 1973; 

Govoni et al., 2008). Sonar has not been demonstrated to have an effect however 

(Popper & Hastings, 2009a; Kane et al., 2010). 

Invertebrates 

Noise has been shown to result in deformities in scallop larvae (De Soto et al., 

2013). Also, Guerra and Gonzales (2006) report an increase in strandings of giant 

squid (Architetuhis dux) following seismic testing with airgun arrays. Necropsies 

revealed sub-lethal tissue damage to various organs. It was concluded that the 

injuries caused the animals to become dazed and unable to orient themselves 

following exposure to airgun noise.  

2.8.4 Long Term Effects 

The previous section demonstrated that underwater anthropogenic noise can cause 

acute behavioural and physiological effects as well as injury or death in numerous 

marine animals. However, cumulative effects of long-term exposure to underwater 

noise can also have impacts (Gordon et al., 2003; Wright et al., 2007; Tyack, 2008; 

Gotz et al., 2009; Kight & Swaddle, 2011).  Even a minor, acute impact that 

detrimentally affects the immune system, metabolism, mental cognition or 

reproductive potential of an animal has the potential to reduce the survivability of 

the animal or the population to which it belongs (Kight & Swaddle, 2011).  

The Population Consequence of Acoustic Disturbance Modal (PCAD) (Figure 7) 

lays out a conceptual framework that leads from the sound source through to 

behavioural and physiological changes that ultimately have negative impacts at the 

population level (National Research Council, 2005).  
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Figure 7. The Population Consequence of Acoustic Disturbance Modal (PCAD). Adapted 
from National Research Council (2005).  

Underwater anthropogenic noise can have acute adverse effects on marine 

mammals, fish and invertebrates, but here are clearly also potential long-term 

adverse effects on population from sub-lethal acute effects. The following section 

considers the legislative response to the adverse effects of underwater 

anthropogenic noise on marine wildlife. 

2.9 International Regulation of Underwater Noise  

This section provides a brief summary of the management of underwater 

anthropogenic noise in an international context. International, multi-national and 

national level legislation, agreements and initiatives are presented. 

2.9.1 International Policy 

United Nations    

The United Nations Convention on the Law of the Sea (UNCLOS) provides a legal 

framework for the use of the world's oceans (Dotinga & Elferink, 2010). Within 

UNCLOS, pollution of the marine environment is defined as: 

the introduction by man, directly or indirectly, of substances or energy into the 

marine environment, including estuaries, which results or is likely to result in 

such deleterious effects as harm to living resources and marine life, hazards to 

human health, hindrance to marine activities, including fishing and other 

legitimate uses of the sea, impairment of quality for use of sea water and 

reduction of amenities  

(United Nations, 1982) 
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Under UNCLOS, states have the right to impose laws and regulations on any vessel 

within its territorial sea to limit marine pollution (Dotinga & Elferink, 2010). 

Although noise was never intended to be included within this definition (Dotinga & 

Elferink, 2010), it has been argued that noise could legitimately be considered 

energy within the above definition and that consequently underwater noise could be 

managed by states through UNCLOS (McCarthy, 2004; Scott, 2004; Dotinga & 

Elferink, 2010). 

International Maritime Organisation  

The International Maritime Organisation (IMO) was established to encourage 

cooperative regulation of international shipping (McCarthy, 2004). The IMO's 

definition of pollution from shipping vessels does not include underwater noise 

(McCarthy, 2004). However, IMO member states can designate areas as 

'Particularly Sensitive Sea Areas' (PSSAs), if they are considered vulnerable to 

international shipping. Through these areas, ships from IMO member states must 

follow measures that protect the environment. Within the context of the PSSAs, the 

IMO recognises that noise can be a pollutant and can adversely effect the marine 

environment (International Maritime Organization, 2001).  

Additionally, in 2014 the IMO produced guidelines for commercial ships on ways 

to reduce underwater noise because of concerns about the short and long-term 

negative impacts on marine life, especially marine mammals (International 

Maritime Organization, 2014). Guidelines relate to features of ship design such as 

hull and propeller design, on-board machinery and various operational and 

maintenance recommendations such as hull cleaning (International Maritime 

Organization, 2014). 

International Whaling Commission  

The International Whaling Commission (IWC) has recognised that underwater noise 

has adverse effects on whales (McCarthy, 2004). The IWC has made specific 

recommendations on the management of underwater noise from whale watching 

vessels and several IWC committees have called for further research into the 

impacts of underwater noise (McCarthy, 2004). 
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Other International Initiatives 

Other initiatives on underwater noise related to ship noise have been undertaken. 

For example, the International Council for the Exploration of the Sea (ICES) 

released a report in 1995 on managing the effects of research vessel and fishing 

vessel noise due to concern that vessels were disturbing fish (Mitson, 1995).  

Additionally, the International Organization for Standardization (ISO) has released 

ISO 17208-1:2012 Acoustics - Quantities and procedures for description and 

measurement of underwater noise from ships - Part 1: General requirements for 

measurements in deep water. This sets out standards for the measurement of 

underwater noise from commercial ships (International Organization for 

Standardization, 2014).    

2.9.2 Multi-National Policy 

Maritime Strategic Framework Directive  

The Maritime Strategic Framework Directive (MSFD) was formally adopted by the 

European Union in 2008 (Joint Nature Conservation Committee, 2010a). The 

MSFD is part of the Integrated European Maritime Policy, which is intended to be a 

framework for integrated governance of the marine environment in the European 

Union (Joint Nature Conservation Committee, 2010a). The purpose of the MSFD is 

to achieve Good Environmental Status (GES) for the marine environment in Europe 

by 2020 (Erbe, 2013). The MSFD sets out 11 descriptors to determine GES. The 

eleventh descriptor includes underwater noise. To achieve GES: 

(11) Introduction of energy, including underwater noise, is at levels that do 

not adversely affect the marine environment.  

     (European Parliament, 2008) 

Additionally, under Article 3 the MSFD includes underwater anthropogenic noise 

within its definition of pollution.  

(8) 'Pollution' means the direct or indirect introduction into the marine 

environment, as a result of human activity, of substances or energy, including 

human-induced marine underwater noise, which results or is likely to result in 
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deleterious effects such as harm to living resources and marine ecosystems, 

including loss of biodiversity, hazards to human health, the hindering of 

marine activities, including fishing, tourism and recreation and other 

legitimate uses of the sea, impairment of the quality for use of sea water and 

reduction of amenities or, in general, impairment of the sustainable use of 

marine goods and services; 

 (European Parliament, 2008) 

Other Multi-National Agreements 

Various regional agreements, mostly between northern European countries, are in 

place to manage anthropogenic impacts on the marine environment. These include 

The Helsinki Commission (HELCOM), the OSPAR Convention, The Agreement on 

the Conservation of Cetaceans of the Black Sea, Mediterranean Sea and Contiguous 

Atlantic Area (ACCOBAMS), Agreement on the Conservation of Small Cetaceans 

of the Baltic and North Seas (ASCOBANS) and The Artic Council (McCarthy, 

2004; Erbe, 2013). These agreements have, to some extent, recognised that 

underwater noise in an issue (McCarthy, 2004; Erbe, 2013). However, only 

ASCOBANS requires member states to specifically address underwater noise 

pollution (McCarthy, 2004). 

2.9.3 National Level Legislation  

The United Kingdom 

The United Kingdom, as a part of the European Union, has a responsibility to 

achieve GES as defined by the MSFD. The UK Marine Policy Statement recognises 

that underwater noise can have adverse effects on the marine environment. The 

policy states: 

"Man-made sound emitted within the marine environment can potentially affect 

marine organisms in various ways. It has the potential to mask biologically 

relevant signals; it can lead to a variety of behavioural reactions, affect 

hearing and injure or even kill marine life". 

       (UK Government, 2011) 
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Human activities that are of particular concern are also identified in the UK Marine 

Policy Statement. The policy states: 

"of primary concern with regard to disturbance of marine life are explosions, 

shipping, seismic surveys, offshore construction and offshore activities, for 

example dredging, drilling and piling, sonar of various types and acoustic 

deterrent devices". 

       (UK Government, 2011) 

The Joint Nature Conservation Committee, a statutory body that advises the UK 

government (Joint Nature Conservation Committee, 2010a), has released best-

practice guidelines for seismic surveys (Joint Nature Conservation Committee, 

2010b), the use of explosives (Joint Nature Conservation Committee, 2010c) and 

pile driving (Joint Nature Conservation Committee, 2010d). Mitigation measures 

are designed to avoid injury to marine mammals, not to avoid disturbance. Entities 

carrying out the above activities are still required to carry out an impact assessment 

to determine if disturbance will occur (Joint Nature Conservation Committee, 

2010a).  

The United States 

The effects of noise are considered under several different pieces of legislation in 

the United States (Erbe, 2013). The National Environmental Policy Act requires 

entities to provide an impact assessment for any activity significantly affecting the 

quality of the human environment (United States Government, 1969). Guidance on 

underwater noise limits is provided by the National Oceanic and Atmospheric 

Administration (NOAA) (National Oceanic and Atmospheric Administration, 

2013). Effects on marine mammals and effects on endangered species are 

considered under the Marine Mammals Protection Act and the Endangered Species 

Act (Erbe, 2013).  

Other Countries 

Domestic legislation in several other countries has been developed for seismic 

surveys. Countries include the UK, U.S.A., Canada, Australia, Brazil, Russia and 

New Zealand (Compton et al., 2008). Germany, as a part of the European Union, 
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has a responsibility to achieve GES as defined by the MSFD. Guidelines for 

minimising the adverse effects of pile driving on marine mammals have been put in 

place (Erbe, 2013). 

This section has identified international and domestic legislation that addresses 

underwater anthropogenic noise. The following section addresses spatial planning in 

the marine environment and how spatial planning has been applied to the 

management of underwater anthropogenic noise.  

2.10 Spatial Planning and the Marine Environment 

Spatial planning is usually conceived of as a terrestrial process. However Taussik 

(2007) argues that spatial planning "can be used to apply to any activity with a 

spatial, or geographical, dimension, be it on land or in the marine environment" 

(p.612). Several approaches have been taken to spatial planning in the marine 

environment. Various countries, including New Zealand, employ marine reserves or 

marine protected areas (MPA) to protect areas of particular ecological significance 

(Halpern & Warner, 2002; California Department of Fish and Game, 2008; New 

Zealand Government, 2008). Systematic Conservation Planning (SCP), is concerned 

with systematic spatial planning of protected areas (Margules & Pressey, 2000) and 

its application to the marine environment has been proposed (Ban et al., 2014). 

Another approach is Marine Spatial Planning (MSP). MSP is also concerned with 

the protection of the marine environment but has a broader scope. 

2.10.1 Marine Spatial Planning  

The Intergovernmental Oceanographic Commission defines MSP in the following 

way:  

Marine Spatial Planning (MSP) is a public process of analyzing and allocating 

the spatial and temporal distribution of human activities in marine areas to 

achieve ecological, economic, and social objectives that are usually specified 

through a political process" 

       (Ehler & Douvere, 2009, p.18) 
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MSP therefore provides for the protection of marine ecosystems while also allowing 

for the sustainable economic use of oceans. (Ehler & Douvere, 2009).  

Protection of biodiversity is an important feature of MSP. For example, Foley et al. 

(2010) propose four main ecological principles to guide MSP. These principles are 

the maintenance or restoration of; (1) biological diversity, (2) habitat diversity, (3) 

key species, and (4) connectivity. Priorities proposed by the Intergovernmental 

Oceanographic Commission for MSP also include biodiversity (Ehler & Douvere, 

2009). Additionally the European Union, which requires member states to 

implement MSP through the Marine Strategy Framework Directive, declared that 

the marine environment should be: 

 "protected, preserved and, where practicable, restored with the ultimate aim of 

maintaining biodiversity and providing diverse and dynamic oceans and seas 

which are clean, healthy and productive"  

(European Parliament, 2008) 

Reflecting this policy, an objective in England's MSP policy is for MSP to 

"contribute to conserving and enhancing the value of the marine environment, 

including its biodiversity" (Department of Environment Food and Rural Affairs, 

2011, p.9).  

As with spatial planning on land, MSP is achieved through zoning (Taussik, 2007). 

A key output of MSP is a management plan that is implemented through regulation 

and zoning maps. The main purpose of zoning according to the Intergovernmental 

Oceanographic Commission is to: 

• Provide protection for biologically and ecologically important habitats, 

ecosystems, and ecological processes; 

• Separate conflicting human activities or to combine compatible human 

activities;  

• To protect the natural values of the marine management area while 

allowing reasonable human uses of the area;  

• To allocate areas for reasonable human uses while minimizing the effects of 

these human uses on each other and nature; and  

• To preserve some areas of the marine managed area in their natural state 
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undisturbed by humans except for scientific or educational purposes.  

       (Ehler & Douvere, 2009, p.78) 

Zones	  can	  be	  created for specific human activities, such as port activities, shipping 

or mineral extraction, and also for the ecological values of an area (Ehler & 

Douvere, 2009).  

MSP was initially applied to the marine environment in the Great Barrier Reef 

marine Park in Australia (Ehler & Douvere, 2009). Since then MSP has been 

applied in countries such as the U.S.A., Canada, Belgium, Norway (Ehler & 

Douvere, 2009; Hauraki Gulf Forum, 2011a) and the The United Kingdom 

(Department of Environment Food and Rural Affairs, 2011). A marine spatial plan 

is also currently being implemented in New Zealand's Hauraki Gulf. (Hauraki Gulf 

Forum, 2011a; Auckland Council, 2014). 

2.10.2 Spatial Planning and Underwater Noise  

Erbe et al. (2012) argue that underwater anthropogenic noise should be considered 

in spatial plans around the world. They assert that zoning provides "powerful ways 

to separate valued and vulnerable biodiversity elements from anthropogenic 

stressors" (p.3) including underwater anthropogenic noise, but point out that most 

attempts at MSP have not considered it.  

McCarthy (2004) suggested that the first step toward spatial planning for 

underwater noise was to identify where the marine environment is already exposed 

to high levels of anthropogenic noise. Because of a general lack of underwater noise 

data around the world, McCarthy (2004) suggested mapping anthropogenic activity 

instead. Erbe et al. (2012) took such an approach and produced a cumulative 

underwater noise map for British Columbia (Figure 8) based on commercial 

shipping data. 

Noise hotspots were identified close to the main ports with modelled sound 

exposure levels reaching a maximum of 215 dB re 1µPa2/s. Erbe et al. (2014) also 

identified noise hotspots for certain species of marine mammal by mapping 

shipping noise within each species' hearing range.   
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Figure 8. Cumulative underwater noise map for British Columbia based on commercial 
shipping traffic (Erbe et al., 2012). 

The second step suggested by McCarthy (2004) toward spatial planning for 

underwater noise is to identify areas of "abundant marine life" (p.62) and determine 

where those areas coincide with areas of high anthropogenic underwater noise. 

Sutton et al. (2014) took this approach to create cumulative underwater noise maps 

for the entire Irish coast from commercial shipping data. Peak noise and ambient 

noise levels were estimated. These maps were then overlain with marine mammal 

abundance maps to identify where noise hotspots and marine mammal hotspots 

overlapped.  

2.11 Summary 

This literature review has identified the main sources of underwater anthropogenic 

noise and the main characteristics of noise produced by these activities. The 

literature review has clearly established that anthropogenic underwater noise can 

have adverse effects on marine mammals, fish and invertebrates including 

behavioural changes, physiological responses, hearing loss, injury and mortality as 

well as long-term effects.  

The literature review has also demonstrated that, although underwater noise does 

feature within international legislation, implementation has generally been recent, 

sporadic and the focus is often on particular activities, such as seismic testing. 

Additionally, it has been demonstrated that, while spatial planning is applicable to 

the marine environment, underwater anthropogenic noise has generally not been 

considered in relation to spatial planning. However, a limited number of studies 
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indicate that spatial planning for underwater noise is achievable and that in 

particular, the suggested approach of McCarthy (2004) to spatial planning for 

underwater noise is appropriate.	    
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3 
New Zealand Context 

 

This section provides a summary of the key issues relevant to an understanding of 

the management of underwater anthropogenic noise in a New Zealand context. 

Firstly, a brief overview of the New Zealand's marine environment in terms of 

geography and biodiversity is provided. Secondly, the main noise-producing 

activities that occur in New Zealand's CMA are briefly summarized. The legislative 

framework relevant to the management of underwater noise is then outlined. 

Administrative divisions under the RMA and the statutory role of regional councils 

in relation to noise in the CMA are explained. Finally, legislation and policy 

relevant to the management of noise, marine biodiversity and spatial planning in the 

CMA is summarized.  

3.1 Geography 

New Zealand is an archipelago consisting of two main islands and over 700 

offshore islands with a coastline that is estimated to be between 15,000 km and 

18,000 km in length (Gordon et al., 2010). Extending seaward from the shore, the 

seafloor slopes downward to a shallow shelf of 100 - 200 metres in depth. This shelf 

has an area of approximately 300,000 km2. It extends for several hundred kilometres 

off the coast in some parts of the country but only a few hundred metres in others 

(Gordon et al., 2010). New Zealand's extended continental shelf has an area of 

approximately 1.7 million km2.  The continental mass upon which New Zealand sits 

is even larger and is estimated to be in the order of 6 million km2 and extends from 

near New Caledonia in the north to New Zealand's subantarctic islands in the south 

(Gordon et al., 2010).  
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3.2 Biodiversity 

New Zealand's Exclusive Economic Zone (EEZ), which has an area of 4.2 million 

km2 and extends across 30 degrees of latitude, is one of the largest in the world 

(Gordon et al., 2010). New Zealand's waters have high levels of marine biodiversity 

compared to many parts of the world (Gordon et al., 2010). There have been 17,135 

species recorded to be living within the EEZ and territorial sea (Gordon et al., 

2010). The majority of these are invertebrates. The most well-represented phyla 

being mollusca (mollusks) with over 3,500 recorded species, arthropoda 

(arthropods) with over 2,700, porifera (sponges) with over 1,400 species and 

cnidaria (jellyfish, corals and sea anemones) with over 1,100 (Gordon et al., 2010).  

There are over 1,300 recorded species of fish, 19% of which occur nowhere else in 

the world. The vast majority are teleosts (bony fish) but there are also 148 species of 

elasmobranch (cartilaginous fish e.g., sharks, skates and rays) (Gordon et al., 2010).  

There are also numerous marine mammal species found throughout the New 

Zealand's waters (Appendix 1). Nearly half of the world's cetaceans (whales and 

dolphins) have been recorded (Gordon et al., 2010). Thirty species of odontocete 

(toothed whales and dolphins) and nine species of mysticete (baleen whales) occur 

around New Zealand (Suisted & Neale, 2004; Hutching, 2012 ). Many of these 

cetacean species are classified as threatened under the New Zealand Threatened 

Species Classification System (Suisted & Neale, 2004). This includes New 

Zealand's only endemic dolphin, Hector's dolphin (Cephalorhyncus hectori) and its 

northern subspecies, Maui's dolphin (C. hectori. maui), which is classified as 

nationally critical (Suisted & Neale, 2004). Three species of pinniped (seals), the 

New Zealand fur seal (Arctocephalus forsteri), the New Zealand sea lion 

(Phocarctus hookeri) and the southern elephant seal (Mirounga leonina), occur 

commonly and another 5 seal species occur occasionally around New Zealand's 

coastline (Suisted & Neale, 2004).  

3.3 Underwater Noise Producing Activities 

3.3.1 Ships and Vessels 

Approximately 99% of New Zealand's import and exports move by sea (Maritime 
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New Zealand, 2013) and New Zealand has 13 ports that have facilities for 

international and domestic bulk or containerised cargo (Table 5) (Ministry of 

Transport, 2014). During the 2012-2013 financial year 850 international cargo 

vessels made 4,978 visits to New Zealand's ports (Maritime New Zealand, 2013). 

Overall, Ports of Auckland and Port of Tauranga deal with the highest cargo 

volumes while Lyttelton Port deals with the largest cargo volumes in the South 

Island (Ministry of Transport, 2014).  

Table 5. New Zealand cargo ports (Ministry of Transport, 2014). 

North Island South Island 
Region Port Region Port 

Northland Northport Nelson Port Nelson 
Auckland Ports of Auckland Marlborough Port Marlborough 

Bay of Plenty Port of Tauranga Canterbury Lyttelton Port 
Gisborne Eastland Port Canterbury Primeport Timaru 
Taranaki Port Taranaki Otago Port of Otago 

Hawkes Bay Port of Napier Southland Southport 
Wellington Centreport  

The cargo capacity of over half of the international container vessels that visited 

New Zealand ports in 2013 was 2,500 - 4,000 Twenty-Foot Equivalents (TEU) 

(Ministry of Transport, 2014) and it is likely that the both the number and size of 

ships visiting New Zealand will increase (Steed et al., 2010). Domestic shipping is 

also important. Approximately 13% of all containerized shipping is domestic 

(Ministry of Transport, 2014) and 90 oil tankers operated around the coast in 2012-

2013 (Maritime New Zealand, 2013).  

In addition to cargo-vessels, many other kinds of vessels operate around New 

Zealand. During the 2012-2013 financial year over 1,500 certified commercial 

fishing vessels were operating in New Zealand, Cook Strait Ferries made 7000 

journeys, other harbour ferries made 1,154 ferry trips and 40 cruise liners made 687 

visits to New Zealand ports (Maritime New Zealand, 2013). Additionally, 

approximately 900,000 recreational vessels operated around New Zealand's coast 

(Maritime New Zealand, 2013). Dredges also regularly operate in most major ports 

(Layton, 2010).  

3.3.2 Oil and Gas  

Over 400 onshore and offshore exploration and production wells have been drilled 
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since 1950 (New Zealand Petroleum and Minerals, 2013). Currently, all of New 

Zealand’s 19 onshore and offshore oil and gas fields are in the Taranaki region on 

the west coast of the North Island (Figure 9). Mean production from these fields 

was 40,300 barrels a day in 2012 (Ministry of Business Innovation and 

Employment, 2013). The Maari and Pohokura oil fields, both of which are offshore, 

produced 53% of New Zealand's oil in 2012. The Tui and Kupe fields, also both 

offshore were also significant contributors (Ministry of Business Innovation and 

Employment, 2013). 

 

Figure 9. Oil and Gas Fields in the Taranaki Basin (Ministry of Business Innovation and 
Employment, 2013). 

However, in addition to the Taranaki Basin, there are seventeen other basins around 

New Zealand (New Zealand Petroleum and Minerals, 2013). Some of these have 

been the focus of recent exploration and are considered to have significant potential 

for commercial oil and gas production (Ministry of Business Innovation and 

Employment, 2013). Several international companies hold licenses to other basins 

around both the North and South Islands and both onshore and offshore wells 

continue to be drilled around the country (Figure 10) (Ministry of Business 

Innovation and Employment, 2013; New Zealand Petroleum and Minerals, 2013). 
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Figure 10. Onshore and offshore wells drilled between 2002 and 2011 in New Zealand 
(Ministry of Business Innovation and Employment, 2013). 

3.3.3 Minerals and Seabed Mining 

New Zealand has offshore mineral resources, including iron-sands off the North 

Island's west coast. Offshore iron-sand deposits have been known since the early 

1960's (MacDiarmid et al., 2012a). Permits for iron-sand extraction from the seabed 

are currently operational in the Hauraki Gulf, Little Barrier Island and in the 

Kaipara Harbour (MacDiarmid et al., 2012a). The following mining activities have 

been proposed for New Zealand's EEZ however none are occurring at present 

(MacDiarmid et al., 2012a).  

• Carbon sequestration  

• Placer gold mining  

• Phosphorite nodule mining 

• Massive sulphide deposit mining 

• Polymetalic crust mining 

• Polymetalic nodule mining 

3.4 New Zealand Statutory Context 

Under international law, the ocean and seafloor over which New Zealand has 

jurisdiction is divided into three zones; the territorial sea, the exclusive economic 

zone (EEZ), and the continental shelf  (Table 6 and Figure 11) (Ministry for the 

Environment, 2013a). The important landward boundary used to delineate these 

zones is the Mean Low Water Springs (MLWS). MLWS is defined as the average 
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of the heights of each pair of successive low waters during that period of about 24 

hours in a 2 week period, when the range of the tide is greatest (Baker & Watkins, 

1991).  

Table 6. Jurisdictional zones in the marine environment under international law (Ministry 
for the Environment, 2013a). 

Zone  Limits  
Territorial Sea Seaward of the mean low water springs out to 12 nautical 

miles 
Exclusive Economic Zone Seaward of the 12 nautical mile limit of the territorial sea to 

an outer limit of 200 nautical miles from the mean low 
water springs  

Continental shelf The seabed and subsoil of submarine areas from the edge 
of the territorial sea (12 nautical miles) to the outer edge of 
the continental shelf or to 200 nautical miles from mean 
low water springs (whichever is greatest). 

 

 
Figure 11. Map of New Zealand showing the territorial sea (green), the EEZ (blue) and the 
limits of the continental shelf (Ministry for the Environment, 2007).  
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3.4.1 Exclusive Economic Zone and Continental Shelf Act 2012 

The main statutory document that is used to manage the effects of activities in the 

EEZ and on the continental shelf is the Exclusive Economic Zone and Continental 

Shelf (Environmental Effects) Act 2012 (EEZ Act) (New Zealand Government, 

2012). The main purpose of the EEZ Act is to promote the sustainable management 

of natural resources. The regulatory authority that is responsible for the EEZ and 

continental shelf is the Environmental Protection Authority (EPA) which was 

established under the Environmental Protection Authority Act 2011 (New Zealand 

Government, 2011b). The EPA has the authority to grant marine consents for 

activities in the EEZ (Environmental Protection Authority, 2014a).  

The EEZ Act makes no specific mention of underwater noise. However, the EPA 

has considered the adverse effects of anthropogenic underwater noise in recent 

applications for marine consents for iron-sand mining, petroleum extraction and 

rock phosphate mining (Environmental Protection Authority, 2014b; Environmental 

Protection Authority, 2014c; Environmental Protection Authority, 2014e).  

Department of Conservation Code of Conduct 2013 

Under the EEZ Act, activities in the EEZ are classified as either permitted, 

discretionary or prohibited (New Zealand Government, 2012). Discretionary 

activities require a marine consent from the EPA. Permitted activities, on the other 

hand, do not require a marine consent (New Zealand Government, 2012).  

Although there is no specific mention of underwater noise under the EEZ Act, 

seismic testing is regulated. Under Section 7 of the Exclusive Economic Zone and 

Continental Shelf (Environmental Effects-Permitted Activities) Regulations, 

seismic surveys are a permitted activity if; 

the person undertaking the seismic survey complies with the 
Department of Conservation's 2013 Code of Conduct for Minimising 
Acoustic Disturbance to Marine Mammals from Seismic Survey 
Operations. 

(New Zealand Government, 2012) 
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The latest version of the Department of Conservation’s Code of Conduct for 

Minimising Acoustic Disturbance to Marine Mammals from Seismic Survey 

Operations (Code of Conduct) was published in 2013 and supercedes versions of 

the document published in 2006 and 2012 (Department of Conservation, 2012b; 

Department of Conservation, 2013).   

The purpose of the Code of Conduct is to minimise disturbance to marine mammals 

from seismic surveys and to minimise the noise from seismic surveys entering the 

marine environment (Department of Conservation, 2012b). The  Code of Conduct 

sets out statutory requirements and operating standards relating to soft start 

procedures, line turns, passive acoustic monitoring, marine mammal observers and 

mitigation zones for different types of seismic survey (Department of Conservation, 

2013).  

3.4.2 Resource Management Act 1991 

The main statutory document that manages the effects of activities on land and out 

to the 12 nautical mile limit of the territorial sea is the Resource Management Act 

1991 (RMA). Pursuant to Section 5 of the RMA, its main purpose is to promote the 

sustainable management of natural and physical resources (New Zealand 

Government, 1991).  

Regulatory authority under the RMA is divided between different regulatory 

agencies. At a regional level, regional councils are the relevant agency. At a local 

level, territorial authorities are the regulatory agency (New Zealand Government, 

1991). Some councils are unitary authorities, which have the powers of both 

regional councils and territorial authorities. There are 17 councils with regional 

responsibilities around New Zealand (see maps in Appendix 2). Of these, 11 are 

regional councils and 6 are unitary councils (Table 7) (Local Government New 

Zealand, 2013). For simplicity, in this research all councils with regional authority 

are refered to as regional councils.  

The RMA and the Coastal marine Area 

Under the RMA, both regional councils and territorial authorities have authority on 

land to the Mean High Water Springs (MHWS). However, under Section 12 of the 
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RMA, regional councils also have authority over the Coastal Marine Area (CMA) 

(New Zealand Government, 1991). The CMA is defined in Section 2 of the RMA as 

"the foreshore, seabed and coastal water, and the air space above the water" from 

the MHWS to the 12 nautical mile limit of the territorial sea (New Zealand 

Government, 1991).  

Table 7. List of councils with regional authority (Local Government New Zealand, 2013). 

Region Council Council Type  
Northland Northland Regional Council Regional 
Auckland Auckland Council Unitary 
Waikato Waikato Regional Council Regional 

Bay of Plenty Bay of Plenty Regional Council Regional 
Gisborne Gisborne District Council Unitary 
Taranaki Taranaki Regional Council Regional 

Hawkes Bay Hawkes Bay Regional Council Regional 
Manawatu-Wanganui Horizons Regional Council Regional 

Wellington Greater Wellington Regional Council Regional 
Tasman Tasman District Council Unitary 
Nelson Nelson City Council Unitary 

Marlborough Marlborough District Council Unitary 
West Coast West Coast Regional Council Regional 
Canterbury Environment Canterbury Regional 
Chatham Chatham Islands Council Unitary 

Otago Otago Regional Council Regional 
Southland Environment Southland Regional 

MHWS is defined as the average of the heights of each pair of successive high tides 

in a 24 hour period when the range of the tide is greatest in a 2 week period (Baker 

& Watkins, 1991). However, because of the difficulties in assessing the MHWS 

according to this definition, a practical boundary such as the foot of a cliff or the 

highest line of driftwood, is generally used to demarcate the landward boundary of 

the CMA (Baker & Watkins, 1991). 

Noise in the Coastal Marine Area 

The RMA is the principal statutory source of control over noise and Part 3 of the 

RMA is the source of that control (Nolan, 2011). Under Section 16, activities 

controlled by Part 3, may have noise emmission standards applied to them by a plan 

or a resource consent. Furthermore, pursuant to Section 16(1) all occupiers of land, 

including the CMA, have a duty to avoid unreasonable noise. This section includes 

reference to underwater anthropogenic activity. Section 16(1) states that;  
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every person carrying out an activity in, on, or under a water body or the 
coastal marine area, shall adopt the best practicable option to ensure that 
the emission of noise from that land or water does not exceed a reasonable 
level. 

(New Zealand Government, 1991) 

Best practicable option is defined in Section 2, as: 

 the best method for preventing or minimising the adverse effects on the 
environment having regard, among other things, to - 

(a) the nature of the discharge or emission and the sensitivity of the  
   receiving environment to adverse effects; and 

(b) the financial implications, and the effects on the environment, of  
   that option when compared with other options; and 

(c) the current state of technical knowledge and the likelihood that the 
   option can be successfully applied 

(New Zealand Government, 1991) 

Regional Council Powers  

Pursuant to Section 6(a), all persons exercising functions and powers under the 

RMA are required to recognise and provide for the preservation of the natural 

character of the coastal environment, including the coastal marine area (New 

Zealand Government, 1991). Functions specific to regional councils are set out is 

Section 30 of the RMA. Pursuant to Section 30(1)(d)(vi), regional councils are 

required to control "the emission of noise and to mitigate the effects of noise" in 

the CMA. Under Section 12, regional councils are able to control activities in the 

CMA through regional plans or by resource consent (New Zealand Government, 

1991).  

3.4.3 New Zealand Standards on Noise  

The New Zealand Standards Association (NZSA) develops and publishes quality, 

safety and best practice standards for organisations operating in New Zealand 

(Standards New Zealand, 2014). Noise standards are frequently incorporated into 

provisions in regional planning documents or used as conditions on resource 
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consents (Nolan, 2011). The NZSA has 8 current standards on noise. The standards 

are: 

1. NZS 6801:2008 Measurements of Environmental Sound 

2. NZS 6802:2008 Acoustics – Environmental Noise 

3. NZS 6803:1999 Construction Noise 

4. NZS 6805:1992 Airport Noise Management and Land Use Planning 

5. NZS 6806:2010 Acoustics Road Traffic Noise – New and altered roads 

6. NZS 6807:1994 Noise from Helicopter Landing Areas 

7. NZS 6808:2010 Assessment and Measurement of Sound from Wind Turbine 

Generators. 

8. NZS 6809:1999 Port Noise Management and Land Use Planning 

3.4.4 New Zealand Coastal Policy Statement  

The New Zealand Coastal Policy Statement (NZCPS) contains several policies that 

could be used to inform spatial planning in the CMA. Policy 7(1) specifically 

requires regional councils to consider "where, how and when" to provide for future 

activities in regional coastal plans and to identify areas of the coastal environment 

where particular activities are either inappropriate or inappropriate without the 

consideration of their effects through the resource consent process (New Zealand 

Government, 2010).  

Policy 7(2) of the NZCPS specifically allows for the creation of zones. It requires 

regional councils to identify in regional coastal plans values that are under risk from 

adverse cumulative effects. Where practicable, regional coastal plans are to include 

zones, standards or targets to specify acceptable limits for activities causing adverse 

cumulative effects (New Zealand Government, 2010). 

3.4.5 The Marine Protected Areas Policy  

The Marine Protected Areas Policy is concerned with spatial planning for marine 

protected areas (MPAs). It sets out guidance on the development of "a 

comprehensive and representative network" of MPAs (New Zealand Government, 

2005, p.8). MPAs are can be created under various legislation, not just the RMA 

(New Zealand Government, 2008). However the Marine Protected Areas Policy 

recognises that, through the RMA, regional councils have both a responsibility to 
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protect biodiversity and the means to do so. The Marine Protected Areas Policy 

states that regional councils:  

"through the use of a zoning tool, can identify areas of high marine 
biodiversity, and develop methods, including rules, to ensure that these areas 
are protected  from adverse environmental effects"  

(New Zealand Government, 2005, p.13) 

The Marine Protected Areas Policy defines an MPA as:  

"an area of the marine environment especially dedicated to, or achieving, 
through adequate protection, the maintenance and/or recovery of biological 
diversity at the habitat and ecosystem level in a healthy and functioning state"       

(New Zealand Government, 2005, p.10) 

Some extractive use is anticipated in MPAs. However, the management 

approach must provide for the maintenance and recovery of: 

• physical features and biogenic structures that support biodiversity; 
• ecological systems, natural species composition (including all life-history 

stages), and trophic linkages; 
• potential for the biodiversity to adapt and recover in response to perturbation         

(New Zealand Government, 2005, p.18) 

Additionally, maintenance and recovery is considered to include the avoidance of 

change due to activities that include human induced pollution or undersea and 

seafloor activities. Noise is not mentioned however, and pollution is not defined. 

3.4.6 New Zealand Biodiversity Strategy 

The New Zealand Biodiversity Strategy (NZBS) is also relevant to spatial planning 

for biodiversity. In order to reflect New Zealand's commitment under the 

Convention on Biological Diversity, the NZBS was produced (New Zealand 

Government, 2000).  The NZBS sets out a framework for the conservation and 

sustainable use of New Zealand's biodiversity including coastal and marine 

biodiversity (New Zealand Government, 2000). The NZBS sets out seven objectives 

for coastal marine biodiversity. Objective 3.3, 3.4 and 3.6 are of particular relevance 

to spatial planning and biodiversity. 
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3.3 Protect biodiversity in coastal waters from the adverse effects of human 
activities on land and in the coastal zone.  

3.4 Protect biodiversity in coastal and marine waters from the adverse effects 
of fishing and other coastal and marine resource uses. 

3.6 Protect a full range of natural marine habitats and ecosystems to effectively 
conserve marine biodiversity, using a range of appropriate mechanisms, 
including legal protection. 

(New Zealand Government, 2000) 

3.4.7 Spatial Planning in New Zealand’s Marine Environment  

To achieve the objectives of the Marine Protected Areas Policy and NZBS, a variety 

of marine protected areas, including 44 marine reserves, have been established 

within the territorial sea. These are managed by the Department of Conservation 

(New Zealand Government, 2011a).   

Many regional coastal plans in New Zealand include specific zones for certain 

activities, such as aquaculture and port activities. For example, Tasman District 

Council has created Aquaculture Management Areas that provide for aquaculture 

related activities (Tasman District Council, 2011) and Hawke's Bay Regional 

Council has a Port Management Zone that has separate rules from the rest of the 

CMA (Hawke's Bay Regional Council, 2012).  

Currently the only example of MSP within New Zealand is the as-yet incomplete 

Hauraki Gulf Marine Spatial Plan. This is being implemented by various 

stakeholders including Auckland Council and Waikato Regional Council (Hauraki 

Gulf Forum, 2011a), pursuant to Section 79 of the Local Government (Auckland 

Council) Act 2009, which requires a spatial plan for the Auckland region (New 

Zealand Government, 2009). A wide variety of anthropogenic effects are recognised 

as having an adverse effect on biodiversity within the Haruaki Gulf (Hauraki Gulf 

Forum, 2011b). These include increased shipping traffic and the impacts of shipping 

on marine mammals (Seachange, 2014). However, underwater anthropogenic noise 

is not specifically identified as a threat to be considered in the Hauraki Gulf Marine 

Spatial Plan.  
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4 
Methodology        

 

This chapter describes the methodology that was employed in the research to 

address the research questions stated in Chapter 1. It outlines the rationale for the 

research approach, which made use of triangulation of both qualitative and 

quantitative research methods. The chapter then outlines the methodology used to 

collect and analyse primary and secondary data. Primary data was obtained from 

key informant interviews. Secondary data analysis involved a literature review, a 

review of regional coastal plans from each regional council in New Zealand and an 

analysis of marine biodiversity and shipping data.  

4.1 Research Approach 

4.1.1 Triangulation 

Triangulation involves the use of different research methods within one research 

design to add certainty to key themes and findings (Denzin, 2010). This approach is 

considered to improve the certainty of research outcomes by relying on multiple 

sources of evidence, rather than one (Kitchin & Tate, 2000; Yin, 2003). 

Triangulation can make use of both qualitative and quantitative methods (Hesse-

Biber & Leavy, 2010). Quantitative results can be used to provide support to the 

validity of the qualitative claims and qualitative data can add a context and deeper 

meaning to the quantitative data (Hesse-Biber & Leavy, 2010). Consequently both 

qualitative and quantitative approaches were employed for this project. 

4.1.2 Qualitative Research 

Qualitative research is considered to be valuable because it allows more contextual 

material to be uncovered than would be uncovered by quantitative methods (Flick, 

2009). However, it is highly dependent on opinion and personal perspective and as 
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such, the validity of the research can always be questioned (Walliman, 2011). The 

research outcomes are also dependent on the researcher's interpretation of the 

answer (Walliman, 2011). Qualitative methods employed in this research were: 

• a literature review of peer-reviewed and grey literature. 

• a qualitative review of regional coastal plans throughout New Zealand. 

• semi-structured interviews with policy planners employed by regional 

councils. 

4.1.3 Quantitative Research 

Quantitative research provides empirical data from which patterns or trends can be 

identified (England, 2006). Quantitative data is considered to be less subjective than 

qualitative research, however it is argued that quantitative data is unable to provide 

deeper meaning or insight (Rubin & Babbie, 2009). Quantitative methods employed 

in this research were: 

• a quantitative review of all regional coastal plans throughout New Zealand 

• an analysis of port data for cargo ports around New Zealand 

• an analysis of marine biodiversity data provided by the Ministry of Primary 

Industries 

4.2 Data Collection  

4.2.1 Literature Review  

According to Boote and Beile (2005), a literature review is the foundation to useful 

research. A thorough literature review was carried out to identify the current state of 

knowledge on the impacts of underwater noise on marine animals, to inform the 

research methodology and to help answer the research questions (Onwuegbuzie et 

al., 2012). A variety of peer-reviewed scientific journals were used. Grey literature, 

such as consultant reports and corporate documents, were also used to gain an 

understanding of current industry standards and practices in relevant industries.  
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4.2.2 Coastal Plan Review 

A separate review of regional coastal plans was undertaken in order to identify 

regional council approaches to the management of underwater anthropogenic noise. 

There were two components to this stage of the research 

1. A quantitative review for specific, predetermined criteria. 

2. A qualitative review to identify the planning approach of each council in 

relation to underwater anthropogenic noise. 

Quantitative Criteria  

The regional coastal plan of each council was reviewed and for the following 

information:  

1. Operative status and operative date of the regional coastal plan 

2. Presence or absence of general noise provisions, including rules. 

3. Presence or absence of underwater noise provisions, including rules. 

4. Presence or absence of references to marine life within noise-related 

provisions. 

5. Presence or absence of reference to the Department of Conservation's Code 

of Conduct for Minimising Acoustic Disturbance to Marine Mammals from 

Seismic Survey Operations. 

Qualitative Review 

Following the collection of the above data, a broader review of each regional coastal 

plan was conducted. Each plan was reviewed for provisions that either specifically 

referenced underwater noise or potentially had relevance to the management of 

underwater anthropogenic noise.  

4.2.3 Semi-structured Interviews  

Semi-structured interviews are the most commonly used interview technique in 

qualitative research (DiCicco-Bloom & Crabtree, 2006; Svend, 2013). Interviews 

are conducted with 'key informants' who are selected for their knowledge or role in 

a particular setting (DiCicco-Bloom & Crabtree, 2006). Interviews involve a set of 

predetermined, open-ended questions with follow-up questions emerging from the 
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discussion between interviewer and interviewee (DiCicco-Bloom & Crabtree, 

2006). The scope for follow-up questions and further discussion is considered the 

strength of this approach as it has greater potential to produce knowledge than 

structured interviews (Svend, 2013). Consequently semi-structured interviews were 

used in this research. The semi-structured approach meant a question framework 

was prepared in advance. All interviews started with questions from the framework. 

Further questions expanded upon the initial comments of the key informant.  

Key informants were recruited based on their knowledge of policy within their 

respective council's regional coastal plan. An introductory phone call was made to 

potential key informants requesting their participation in the research. If they 

agreed, potential key informants were given a copy of the question framework 

(Appendix 3), an information sheet explaining the aims and methodology of the 

research and a consent form explaining their participation rights (Appendix 4). 

Participants were asked to sign and return the consent form to indicate their 

agreement to participate and to indicate that they understood their rights as 

interview participants.  

Key informants were asked to participate in a 20 to 40 minute semi-structured 

interview by phone or, where practical, in person. With the key informant’s 

permission, interviews were recorded using a digital voice recorder. There was a 

concern that only a few potential key informants would consent to taking part in a 

phone interview. Consequently, the option to provide a written response to the 

research questions was also given. 

Analysis of Interview Data  

Once collected, the interview data was transcribed. Following this, the interview 

data was coded according to the research questions or research themes. Once coded, 

the information was organised according to the research question that it related to, 

making interpretation easier. The interview data was stored securely and was 

available only to those involved in the undertaking or supervising of this research. 

The University of Otago’s ethical guidelines were adhered to during the data 

gathering stage.  
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4.2.4 Shipping Data and Underwater Noise  

McCarthy (2004) suggested that the first step toward planning for underwater noise 

was to identify where the marine environment is already exposed to high levels of 

anthropogenic underwater noise. This research aimed to identify regions around 

New Zealand that have high levels of underwater anthropogenic noise. Underwater 

noise data is not available for New Zealand's coastal marine environment. In the 

absence of underater noise data, McCarthy (2004) suggested using human activities 

that produce the noise as a substitute for underwater noise data.  

Commercial shipping was chosen as a substitute for four reasons; (1) large 

commercial vessels are the single greatest contributor to underwater anthropogenic 

noise throughout the world's oceans (Wenz, 1962; Urick, 1984; Richardson et al., 

1995; Hildebrand, 2009; Frisk, 2012), (2) low frequency noise from commercial 

vessels attenuates more slowly than other sources of noise and persists for great 

distances (Hildebrand, 2009; Merchant et al., 2014). It therefore serves as a better 

model for regional noise levels than an activity with only localized effects, (3) 

commercial shipping is prevalent throughout New Zealand's coastal seas (Maritime 

New Zealand, 2013), and (4) both Erbe et al. (2012), Frisk (2012) and Sutton et al. 

(2014) have used commercial shipping data to estimate underwater noise levels. 

Erbe et al. (2012) and Sutton et al. (2014) both used vessel movements to estimate 

noise. However, this type of data was unavailable for this research. Frisk (2012) 

estimated global ambient underwater noise levels using total gross tonnage of the 

world shipping fleet. Following this approach, total gross tonnage of commercial 

shipping was used as a substitute for underwater noise data in this research. Total 

gross tonnage figures for commercial ships for each regional port around New 

Zealand was obtained for a 1-year period. Results will indicate relative levels of 

cumulative noise and will make comparison between regions possible. 

Shipping data was obtained for all of New Zealand's commercial cargo ports, except 

Marlborough Port. Of the 17 regions throughout New Zealand, 12 have ports that 

have the facilities to deal with large commercial vessels. Of the 12 regions, 11 have 

a single port while Canterbury has 2 commercial cargo ports, Lyttelton Port and 

Primeport Timaru. Gross tonnage values for these two ports were combined to give 

a single gross tonnage value for Canterbury. Data was collected from either 
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published annual reports or ports were contacted directly and requested to provide 

the data (referred to as ‘port data’ in the following table) (Table 8). Regions without 

commercial cargo ports were not considered in the research. 

Table 8. Gross tonnage values for cargo ports throughout New Zealand. 

Region Port Gross Tonnage Source Period 
Northland Northport 12,020,432 Port data 03/2013 - 02/2014 
Auckland Ports of Auckland 38,848,882 Port data 01/2013 - 12/2013 

Bay of Plenty Port of Tauranga 37,676,089 Port Website 10/2012 - 09/2013 
Gisborne Eastland Port 2,065,860 Port data 01/2013 - 12/2013 

Taranaki Port Taranaki 5,840,000 Annual Report 07/2011 - 06/2012 
Hawkes Bay Port of Napier 18,579,040 Port data 01/2013 - 12/2013 
Wellington Centreport 18,672,462 Port data 07/2011 - 06/2012 

Nelson Port Nelson 7,800,000 Annual Report 07/2011 - 06/2012 
Marlborough Port Marlborough Not Provided / / 

Canterbury Lyttelton Port 20,786,005 Port data 01/2013 - 12/2013 

 
Primeport Timaru 4,100,000 Annual Report 07/2011 - 06/2012 

Otago Port of Otago 16,055,889 Port data 01/2013 - 12/2013 

Southland Southport 5,024,000 Annual Report 07/2011 - 06/2012 

The decibel scale is logarithmic (Bradley & Stern, 2008). In order for the gross 

tonnage values to be comparable to noise values, the following log10 conversion was 

applied to the values. Outputs are presented in Table 9.  

Underwater Noise = log10(Gross Tonnage) 

Table 9. Gross tonnage and underwater noise values derived from a log10 conversion. 

Region Gross Tonnage Noise Values (log10 GT) 

Northland 12,020,432 7.1 
Auckland 38,848,882 7.6 

Bay of Plenty 37,676,089 7.6 
Gisborne 2,065,860 6.3 
Taranaki 5,840,000 6.8 

Hawke's Bay 18,579,040 7.3 
Wellington 18,672,462 7.3 

Nelson 7,800,000 6.9 
Canterbury 2,488,605 7.4 

Otago  16,055,889 7.2 
Southland 5,024,000 6.7 
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4.2.5 Marine Biodiversity Data 

McCarthy (2004) suggested that the second step toward planning for underwater 

noise was to identify areas of "abundant marine life" (p.62) and then determine 

where they coincide with high levels of anthropogenic noise. An aim of this 

research is to identify areas of abundant marine life within the CMA and determine 

which areas coincide with regions of high underwater noise. 

In the NZBS and the Marine Protected Areas Policy, the maintenance of 

biodiversity is a priority. Consequently, areas of 'abundant marine life' in a New 

Zealand context are considered to be areas of high marine biodiversity.  

Marine biodiversity for the entire length and breadth of the CMA was mapped by 

Beaumont et al. (2009) and their data was made available by the Ministry for 

Primary Industries for this research. The outer limit of the study was the 12 nautical 

mile limit of the CMA or a depth of 250 m, whichever was closest. Several 

measures of biodiversity were considered in Beaumont et al. (2009). The following 

two measures of biodiversity from that report were used in this research:  

1. Marine mammal distribution 

2. Taxon-specific diversity 

Marine mammal distribution was mapped in Beaumont et al. (2009) for the 

following three taxa; 

a. Whales 

b. Dolphins 

c. Seals 

The literature review demonstrated that underwater anthropogenic noise can have 

adverse effects on these marine mammals. Consequently, data from Beaumont et al. 

(2009) for these three taxa was used in this research.  

Beaumont et al. (2009) mapped taxon-specific diversity for eight fish and marine 

invertebrate taxa. The literature review demonstrated that underwater anthropogenic 
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noise can have adverse effects on the following four fish and invertebrate taxa from 

Beaumont et al. (2009); 

a. Diadromous fish 

b. Rocky Reef Fish 

c. Molluscs 

d. Arthropods 

Consequently, taxon-specific diversity from Beaumont et al. (2009) for these groups 

was used in this research.  

Therefore, the measures of biodiversity from Beaumont et al., (2009) used in this 

research were whale, dolphin and seal distribution and taxon-specific diversity for 

rocky reef fish, diadromous fish, molluscs and arthropods. For brevity, the term 

'biodiversity' will be used for each of these individual measures of biodiversity 

throughout this thesis. 

Biodiversity Scores  

To map biodiversity Beaumont et al., (2009) divided the New Zealand coastline up 

into 'coastal cells'. Each coastal cell was scored for each measure of biodiversity. 

Biodiversity scores ranged from zero to ten. A score of zero represents the lowest 

possible score for biodiversity and a score of 10 represents the highest possible 

biodiversity score (Figure 12).  

Regional Biodiversity and Biodiversity Hotspots 

Biodiversity scores were used in two ways. Firstly, for each taxon, the mean 

biodiversity score for a region, hereafter referred to as 'regional biodiversity', was 

calculated from the biodiversity scores of each coastal cell in the region. Secondly, 

individual coastal cells with high biodiversity scores, hereafter referred to as 

'biodiversity hotspots', were identified for each region. These results were then 

plotted against underwater noise values. Consequently, this part of the research was 

limited to the 11 regions for which shipping data was available. 
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Figure 12. Dolphin distribution map as presented in Beaumont et al. (2009) showing 
coastal cells coloured according to their biodiversity score for dolphins. 

• Regional Biodiversity 

In Beaumont et al. (2009) each coastal cell has a biodiversity score of 0-10 for each 

taxon. The mean of the biodiversity scores for all coastal cells within a region was 

calculated. In many cases, coastal cells did not align with regional council 

boundaries and therefore occurred in the CMA of two regions. Coastal cells that 

occurred within 2 regions were included in the calculation for the mean of both 

regions.  

The aim of this part of the research is to identify regions with both high biodiversity 

and high underwater noise. High regional biodiversity was defined as a regional 
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biodiversity score of 5 or higher. This score was chosen as it is the mid-point 

between the lowest possible score of 0 and the highest possible score of 10. High 

underwater noise was defined as a value of 7 or higher. This value was chosen as it 

is the mid-point between the lowest underwater noise value of 6.3 (Gisbourne) and 

the highest of 7.6 (Auckland and Bay of Plenty) (Table 9, p.61).  

In order to organise and display the results, regional biodiversity for each taxon was 

plotted against underwater noise values. Four 'sections' occur within each graph 

(Figure 13). Of central interest is 'section 3' which identifies regions that have high 

biodiversity for a taxon and have high underwater noise.  

 
Figure 13. Example graph of regional biodiversity scores plotted against underwater noise 
values with 'sections' indicated. Each region will fall into one of the four sections 
depending on noise values and regional biodiversity scores. 

• Biodiversity Hotspots 

This research also aimed to identify 'biodiversity hotspots'. Coastal cells with a 

biodiversity score of 6 or higher on the 0-10 scale of Beaumont et al., (2009) were 

considered a hotspot. A score of 5 was considered too low a threshold for hotspots 

as too many coastal cells would be included. A score of 7 would have excluded the 

invertebrate taxa. Consequently, a score of 6 was considered the appropriate 

threshold for a hotspot. The number of biodiversity hotspots within a region was 

totalled for each taxon. When counting cells, coastal cells did not align with 
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regional council boundaries. Cells that occurred within 2 regions were included in 

the total for both regions.  

In order to organise and display the results, the number of hotspots per region for 

each taxon was plotted against underwater noise values. As above, high noise was 

again defined as a value of 7 or higher. As these graphs only show biodiversity 

hotspots i.e., areas of high biodiversity, unlike Figure 13, there are no low 

biodiversity sections (sections 1 and 2). Graphs only contain a biodiversity hotspot / 

high underwater noise section (section 3) and a biodiversity hotspot / low 

underwater noise (section 4).  

4.3 Summary Tables  

For each region, a summary table (Figure 14) was created. The table identifies taxa 

with high levels of regional biodiversity, taxa with biodiversity hotspots within the 

region and whether the region has high or low underwater noise. 

Region 
Noise 

Low High  

Regional Biodiversity 

High 
  

whales 
dolphins 

Low 

  

seals 
rocky reef fish 
diadromous fish 
arthropods 
molluscs 

  Low High  

 Biodiversity Hotspots 

Hotspots 
  

seals 
arthropods 

No Hotspots 

  

whales 
dolphins 
rocky reef fish 
diadromous fish 
molluscs 

Figure 14. Example summary table for a high underwater noise region with high regional 
biodiversity for whales and dolphins and biodiversity hotspots for seals and arthropods. 
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5 
Results 

 

This chapter presents both qualitative and quantitative results and addresses the 

research questions stated in Chapter 1. The chapter is divided into 4 main sections. 

Section 5.1 presents the results from the reviews of the regional coastal plans. It 

identifies councils with specific provisions for underwater noise and identifies the 

planning approaches to underwater noise as presented in each regional coastal plan. 

Section 5.2 then presents the results from the semi-structured interviews. This 

section identifies the current planning approach taken by each regional council to 

underwater noise, the reasons for the approach and identifies ways for underwater 

noise to potentially be better managed through regional coastal plans. Section 5.3 

identifies regions with high levels of underwater noise and regions with low levels 

of underwater noise. Lastly Section 5.4 identifies regions and hotspots of high 

biodiversity for individual taxa and identifies whether they are exposed to high or 

low levels of underwater noise.  

5.1 Plan Provisions  

Currently twelve regional coastal plans are operative and five are proposed (Table 

10). All regions have provisions for general noise with the exception of the 

Chatham Islands. Three additional councils have no rules associated with their 

general noise provisions. Eight councils had noise-related provisions that made 

reference to marine wildlife of some kind. Of these, two councils make general 

references to marine animals or marine life, four councils specifically mention 

marine mammals, two councils mention fish and only Waikato refers to marine 

invertebrates.   
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Table 10. Quantitative review results showing the presence of absence of provisions related 
to underwater noise. 
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Northland Regional operative 2004 Yes Yes No No No No 
Auckland Unitary proposed 2013 Yes Yes Yes Yes Yes Yes 
Waikato Regional operative 2005 Yes No Yes No No No 
Bay of Plenty Regional operative 20003 Yes Yes No No No No 
Gisbourne Unitary proposed (date unknown) Yes Yes Yes No No No 
Taranaki Regional operative 1997 Yes Yes Yes No No No 
Hawkes Bay Regional proposed 2006 Yes Yes Yes No No No 
Horizons Regional proposed 2007 Yes Yes Yes Yes Yes Yes 
Wellington Regional operative 2000 Yes Yes No No No No 
Tasman Unitary operative 2011 Yes Yes Yes No No No 
Nelson Unitary operative 2004 Yes Yes No No No No 
Marlborough Unitary operative 2003/2009 Yes Yes No No No No 
West Coast Regional operative 2000 Yes No No No Yes No 
Canterbury Regional operative 2005 Yes Yes No No No No 
Chatham Unitary proposed 2014 No No No No No No 
Otago Regional operative 2001 Yes No No No No No 
Southland Regional operative 2013 Yes Yes Yes No No No 

Two councils, Auckland Council and West Coast Regional Council have included 

provisions that specifically mention underwater noise. Additionally, although the 

Horizons One Plan does not explicitly mention underwater noise, it does refer to the 

Department of Conservation's Code of Conduct, which is explicitly concerned with 

the management of underwater noise. Both Auckland Council and Horizons 

Regional Council have rules associated with their underwater noise provisions. 

West Coast Council have neither higher level provisions or rules. Instead, 

underwater noise is listed within the Information Requirements for resource consent 

applications. No other regional coastal plans make direct reference to underwater 

noise. Underwater noise provisions will be presented in more detail in the following 

section. The general noise provisions as they relate to underwater noise within all 

regional coastal plans will also be presented. 
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5.1.1 Regional Coastal Plan for Northland  

The Regional Coastal Plan for Northland (RCPN) (Northland Regional Council, 

2004) became operative on the 30th of June 2004. The RCPN has no provisions that 

specifically mention underwater anthropogenic noise. The RCPN has provisions, 

including rules, related to noise but no separate section on noise. Instead, noise 

provisions are included within the different sections of the RCNP.  

In Policy 10.4.4, noise is recognised as being an adverse environmental effect in 

relation to vehicle access to the coast and it is recognised that vehicles can disturb 

or damage flora and fauna. Under Section 16.1 it is stated that effective 

management includes the control of excessive noise from recreational activities. 

Policy 16.4.1(b) states the council will take a permissive approach to recreational 

activities unless those activities create adverse effects resulting from excessive 

noise. The council recognises that noise from these activities can effect both people 

and the environment. In section 18 the Council recognises that reclamation of the 

seabed can cause noise. However, there are no specific provisions related to noise in 

this section.  

Under Policy 29.4.4(a) the Council aims to limit noise from the loading and 

unloading of ships. The council has noise standards for the various port activities. 

The noise standards require that: 

(a) Noise generated as a result of activity within the coastal marine area shall 
comply with the following standards:  

(i) the activity shall not cause excessive noise as defined in section 326 of the 
Resource Management Act; and  

(ii) any construction or maintenance activity near coastal subdivisions or 
other urban areas shall comply with the noise standards of the district council 
which is responsible for the use of the adjoining land. 

For several restricted discretionary activities within the rules in Chapter 31, the 

matters over which the Council has discretion include noise. Those activities are 

construction and use of structures and the use and occupation of space for 

refuelling facilities. 
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On the basis of the above provisions, there is no indication that underwater noise is 

considered within the RCPN.  

5.1.2 Auckland Unitary Plan 

The Auckland Unitary Plan (AUP) (Auckland Council, 2013) is not yet operative. 

The AUP has noise provisions, including rules, that specifically mention marine 

animals and underwater anthropogenic noise. It also refers to the Department of 

Conservation's Code of Conduct. 

The AUP recognises the potential effects of underwater anthropogenic noise on 

marine fauna. In Section 5.1.17 of Part 2-Chapter D, it states that: 

"Underwater noise can have an adverse effect on a range of marine animals 
that rely on sound to communicate, navigate, hunt and mate. Chronic noise 
can cause threshold shifts in sensitivity to sound, and higher levels of sound 
can permanently damage or even kill some species". 

Within Section 5.1.17, there is a single objective and three policies. Objective 

5.1.17.1 states: 

Underwater noise from construction, dredging, mineral exploration and 
extraction activities is managed to maintain the health and well-being of 
marine fauna, and the health and amenity value of users of the coastal 
environment. 

Shipping noise and sonar are not included in this Objective as activities to be 

managed. Policies 5.1.17.1, 5.1.17.2 and 5.1.17.3, which relate to the Objective are 

as follows: 

5.1.17.1. Require underwater activities in the CMA to: 

a) comply with the underwater noise controls specified in the Unitary Plan. 

b) adopt the best practicable option where noise standards are not specified. 

c) manage noise from underwater activities so they do not exceed a reasonable 

level. 

5.1.17.2. Assess the following matters for activities that require a resource consent: 

a) the health and well-being of marine fauna and people from the noise 

associated with the proposal 
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b) the practicality of being able to control the noise levels 

c) the extent to which any social and economic benefits to the community offset 

the impact of noise associated with the proposal 

d) the extent to which the effects of the noise will be mitigated. 

5.1.17.3. Require activities in the CMA to be undertaken in a manner that avoids or 

mitigates the adverse effects of noise as far as practicable 

Rules are set out in Part 3, Chapter I, Section 6.2.1. Rule 6.2.1.1 deals with general 

noise. Rule 6.2.1.2 deals with underwater noise.  

6.2.1.2. Underwater noise from construction, dredging, mineral exploration and extraction 

(including seismic surveying): 

a) underwater activity must not exceed a noise level of 200 dB re 1µPa 

measured at 1m from the noise source. 

b) the noise limit above does not apply to: 

i. the operational requirements of vessels (including cargo vessels, tugs, 

passenger liners, naval vessels and commercial fishing vessels) 

ii. use of sonar 

iii. temporary activities other than construction works (refer to the 

Auckland-wide - Temporary activities rules). 

Activities that comply with the above rules are permitted in the AUP. Activities that 

fail to comply with these rules are restricted discretionary. 

Underwater noise is clearly considered within the AUP. The AUP provisions 

include specific rules with permitted noise limits for underwater anthropogenic 

noise. These rules do not apply to shipping or sonar however. 

5.1.3 Bay of Plenty Regional Coastal Environment Plan  

The Bay of Plenty Regional Coastal Environment Plan (BPRCEP) (Bay of Plenty 

Regional Council, 2003) became operative on the 1st of July 2003. In the BPRCEP 

there are no provisions that specifically mention underwater anthropogenic noise.  

Chapter 14 deals with dredging and mineral extraction. Consideration is given to 

marine life in this section but noise is not mentioned in relation to these activities. 

Noise provisions are only included within Section 13 - Structures and Section 20 - 
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Noise. In Section 13, Policy 13.2.3(j) recognises noise as a nuisance to occupiers of 

the CMA that is to be avoided, remedied or mitigated.   

Section 20 recognises that the Council has a responsibility to manage the effects of 

noise under the Resource Management Act. It identifies several areas that are 

particularly sensitive to noise and others that are noisy. It also highlights 

recreational and port activities that produce high levels of noise in the CMA. It is 

stated that the Council considers permitted noise limits to be the most appropriate 

way to control the effects of noise. It is also pointed out that, pursuant to Section 16 

of the RMA, "persons undertaking activities in the CMA are to adopt the best 

practicable option to ensure emission of noise does not exceed a reasonable level" 

(p.119). 

Issue 20.2.1 and Objective 20.2.2 are very general. They indicate that noise in the 

CMA can have adverse effects and these are to be avoided, remedied or mitigated. 

Policy 20.2.3(a) relates only to recreational activities and Policy 20.2.3(b) relates to 

the protection of the coastal environment from the adverse effect of noise. Tauranga 

Harbour and Ohiwa Harbour are specifically mentioned. The BPRCEP states that in 

all other areas Section 16 of the Resource management Act is to be applied "where 

necessary" (p.120).  

Rules state permitted noise limits for activities such as port activities. Any activity 

that exceeds these limits is discretionary. All noise levels are for above-water 

measurement of noise and measurements are to be made in accordance with New 

Zealand Standards. 

On the basis of the above provisions, there is no indication that underwater noise is 

considered under the BPRCEP.  

5.1.4 Gisborne Coastal Environment Plan 

The Gisborne Coastal Environment Plan (GCEP) (Gisbourne District Council, 

2013) is not yet operative. The GCEP has no provisions that specifically mention 

underwater anthropogenic noise. However, marine mammals and seals are 

specifically mentioned within the provisions related to noise and there are rules 

related to the effects of noise on marine mammals.  
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The GCEP has separate noise-related provisions in Section 3.6. Noise is not 

discussed elsewhere in the plan. It is recognised in the GCEP that noise can have 

adverse effects on people and wildlife in the CMA. The GCEP makes reference to 

Section 16 of the RMA as the justification for the provisions. Policies in the section 

generally refer to the management of noise in relation to its effects on humans. 

However, Policy 3.6.3C is to avoid the effects of noise on sensitive ecosystems, 

which is stated to include birds and mammals, in order to preserve natural character. 

Additionally, Policy 3.6.4D requires "adequate measures" to be taken to avoid the 

adverse effects of noise on significant fauna.  It is stated that birds and the haul out 

areas of seals are to be protected, assuming the meet the criteria for significance. 

The GCEP includes monitoring methods and indicators on wildlife. A register of 

threatened animal sites is to be kept and the stability of those populations is to be 

used as an indicator of the effects.  

The rules are divided into 3 areas; (1) Protection Management Area, (2) Port 

Management Area, and (3) General Management Area. Activities within these areas 

are permitted if they comply with their respective above-water noise limits and with 

the rule 4.3.11A(B) regarding marine mammals, which states:  

Noise shall not reach a level or be of such a nature that it results in the long-

term modification of the behaviour of aggregations of marine mammals or 

birds. Long-term, for the purpose of this standard, means any change in 

behaviour which is not corrected in 30 minutes and repetitive modifications to 

behaviour which culminate in more than 60 minutes of response to noise. 

Modification of behaviour includes any visible fight or flee response to noise-

especially movement from a nesting or rearing site but does not include 

accommodation responses such as re-orientation to the source of noise; 

Any activity that does not comply with this rule is non-complying in the Protection 

Management Area and discretionary in the other 2 Management Areas. 

Underwater noise is not specifically mentioned within the GCEP. However, 

reference to the effects of noise on marine mammals indicates that it may be 

intended for underwater noise to be considered under the GCEP.  
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5.1.5 Waikato Regional Coastal Plan  

The Waikato Regional Coastal Plan (WRCP) (Waikato Regional Council, 2005) 

became operative on the 27th of October 2005. The WRCP contains no provisions 

that specifically mention underwater anthropogenic noise.  

Noise provisions are set out in Section 17.9. In this section, it is stated that noise 

thresholds are dependent upon the area in which they occur and that the Council 

intends to do research to determine suitable noise criteria. Consequently, excessive 

noise is determined on a case-by-case basis. The Council consults with territorial 

authorities and other relevant agencies to determine appropriate noise levels for the 

CMA. No rules are set out in relation to noise.  

Provisions related to activities that produce underwater noise, such as dredging, 

exist in the WRCP. These don't specifically mention noise or underwater noise. 

Also, within the Information Requirements in Appendix 1 of the WRCP there is no 

mention of noise, although fish and shellfish are specifically mentioned: 

h. Any flow-on effects (as defined in s3 of the RMA) of the activity on other 
parts of the coastal ecology, including any effects on habitats of fish and 
shellfish. 

Within the decision-making criteria in Appendix 2 of the WRCP, there is no 

mention of noise either. Although, criterion B specifically mentions coastal flora 

and fauna:  

b. The extent to which the activity will have flow-on adverse effects to 
neighbouring and distant coastal flora, fauna (including fish and 
shellfish), habitats and features. 

On the basis of the above provisions, there is no indication that underwater noise is 

considered under the WRCP.  

5.1.6 Taranaki Regional Coastal Plan 

The Taranaki Regional Coastal Plan (TRCP) (Taranaki Regional Council, 1997) 

became operative on the 1st of October 1997. The TRCP contains no provisions that 

specifically mention underwater anthropogenic noise. There are provisions that 
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specifically mention noise in relation to marine mammals but not other marine flora 

or fauna.  

Noise provisions, except rules are set out in Section 11. Rules related to noise are 

spread throughout different sections of the TRCP according to activity and region. 

The TRCP recognises that noise can disturb wildlife. The only specific reference to 

marine species is in Policy 11.1, which mentions marine mammals.  

Policy 11.1 

Noise levels in the coastal marine area shall be managed to prevent significant adverse 

effects on any one or more of the following: 

• the health and social wellbeing of people; or 

• amenity values; or 

• livestock; or 

• significant populations of either migratory, breeding or threatened birds; or 

• significant populations of either migratory, breeding, threatened or residential 

marine mammals. 

Noise is to be measured in accordance with New Zealand Standards. Permitted 

noise limits are set in the General Standards section and are for above-water noise.  

For several controlled activities and discretionary activities, the matters over which 

the Council has discretion include noise or noise emissions. These activities include 

placement of navigational aids, the construction, use, maintenance and removal of 

structures, the depositing of sand for beach replenishment, dredging and drilling. No 

specific criteria, limits or other guidance are provided. In addition to noise, some 

rules include reference to "effects on ecosystems". The rule on beach replenishment 

(Rule C3.6) also includes reference to "effects on marine life", which other rules do 

not include. In the Information Requirements section for applications for coastal 

permits, noise is mentioned once: 

Any person preparing an assessment of the effects on the environment should consider the 

following matters:  

(e) Any discharge of contaminants into the environment, including any unreasonable 

emission of noise and options for the treatment and disposal of contaminants; 
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Underwater noise is not specifically mentioned within the TRCP. However, 

reference to the effects of noise on marine mammals and marine life indicate that it 

may be intended for underwater noise to be considered under the TRCP.  

5.1.7 Hawkes Bay Regional Coastal Environment Plan  

The Hawke's Bay Regional Coastal Environment Plan (HBRCEP) (Hawke's Bay 

Regional Council, 2012) was proposed in June 2006 and is not yet fully not 

operative. In the HBRCEP there are no provisions that specifically mention 

underwater anthropogenic noise. Reference is made to marine mammals in relation 

to noisy activities but not other marine flora or fauna.  

Noise provisions, excluding rules, exist in Section 25. Objective 25.1 is to avoid, 

remedy or mitigate effects on wildlife within the CMA. However no other mention 

of wildlife is made and no mention is made of marine mammals or marine species 

within this section.  

Noise rules are set out in Section 27.15. In Rule 170, permitted noise limits are set 

out for the Port Management Area. Noise levels are above-water levels and are to be 

measured in accordance with New Zealand Standards on noise. Rule 169 sets 

specific permitted noise limits for the rest of the CMA. These noise levels are also 

above-water levels and are to be measured in accordance with New Zealand 

Standards on noise. Rule 168 states that any activity that does not meet the criteria 

for Rule 170 and 169 is a restricted discretionary activity. The areas to which the 

council restricts its control/discretion include marine mammals.  

Rule 168 - Matters for control/discretion 

a) The sound levels likely to be generated  

b) The nature and frequency of the noise including any special audible characteristics  

c) The compatibility with the surrounding environment  

d) The effects on amenity values and people’s health and safety  

e) The effects on marine mammals  

f) The length of time for which specified noise levels is exceeded, especially at night  

g) The mitigation measures to reduce noise generation  

h) Matters in Chapter 26.4. 
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Section 17 - Disturbances, Depositions and Extractions in CMA also has provisions 

regarding seismic surveys. Policy 17.5 states: 

Regard shall be had to adverse effects on marine mammals and other marine 
life and ecosystems when assessing an application for a resource consent for 
seismic surveys and activities involving explosives in the coastal marine 
area. 

The rules associated with Section 17 provisions include rules for drilling and 

various kinds of dredging activities. Noise or the effects of the activity on marine 

fauna are not stated as criteria for the permitted activities or controlled activities.  

Underwater noise is not specifically mentioned within the HBRCEP. However, 

reference to the effects of seismic surveys on marine mammals and other marine life 

indicates that underwater noise is likely to be considered under the HBRCEP in 

relation to seismic surveys and possibly in relation to other activities. 

5.1.8 Horizons Proposed One Plan  

The Horizons Proposed One Plan (HPOP) (Horizons Regional Council, 2013) is not 

yet operative. Although the HPOP contains no provisions that specifically mention 

underwater anthropogenic noise, it does have rules that specifically mention seismic 

surveys and refers to the Department of Conservation's Code of Conduct.  

There is no separate section for noise in the HPOP. Rule 17-37 states that any noise 

in the CMA, pursuant to Section 12(3) of the RMA, from the normal operation of 

boats, ships, offshore installations or seismic exploration is permitted. The only 

conditions are that seismic testing must not take place within 1 km of certain 

management areas and that they be undertaken in accordance with the 2006 version 

of the Department of Conservation's Code of Conduct. Activities that do not 

conform to this rule or are not considered by this rule are discretionary.  

Provisions make reference to the Department of Conservation's Code of Conduct. 

This indicates that underwater noise is to be considered under the HPOP in relation 

seismic surveys. 
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5.1.9 Wellington Regional Coastal Plan 

The Wellington Regional Coastal Plan (WRCP) (Wellington Regional Council, 

2000) became operative on the 19th of June 2000. In the WRCP there are no 

provisions that specifically mention underwater anthropogenic noise.  

The WRCP recognises that some activities in the CMA can produce noise, however 

there is no section specifically for noise. Several sections mention the adverse 

effects of noise but these are mostly in relation to amenity or effects on humans. 

Only Section 13 - Surface Water and Foreshore Activities recognises that noise can 

have adverse effects on fauna and flora.  

Policy 13.2.4: To ensure that any adverse effects from surface water and foreshore 

activities on fauna and flora:  

• are avoided in any Area of Significant Conservation Value or any Area of 

Important Conservation Value which is significant or important because of fauna 

or flora; and  

• are avoided, remedied or mitigated in other areas; and  

• to avoid, remedy or mitigate adverse effects on people within or adjacent to the 

coastal marine area 

The general standards section contains permitted noise limits for various areas. All 

the limits are for above-water levels of noise. Noise levels are to be assessed in 

accordance with New Zealand Standards.  

On the basis of the above provisions, there is no indication that underwater noise is 

considered under the WRCP.  

5.1.10 Tasman Resource Management Plan 

Part III (Coastal Marine Area) of the Tasman Resource Management Plan (TRMP) 

became operative on the 1st of October 2011 (Tasman District Council, 2011). In 

the TRMP there are no provisions that specifically mention underwater 

anthropogenic noise. However, noise in the CMA in relation to marine mammals 

and other marine fauna is recognised as an issue in the TRMP.  
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The TRMP recognises that activities in the CMA can be a source of noise. These 

activities are stated to include vessels, port activities, machinery involved in beach 

replenishment and drilling or mining. The TRMP further recognises that the "main 

adverse effects of marine noise are disturbance to birdlife and marine mammals, 

whether at sea or ashore" (p.24/1) and this is reflected in Policy 24.1.3.2 which is: 

To avoid, remedy or mitigate adverse effects of noise from activities in the 
coastal marine area on wildlife, including seabirds and marine mammals, and 
especially effects on their continued occupation of their usual habitat, 
including feeding and roosting areas and their ability to breed successfully. 

However, only the rules for aquaculture include reference to noise. The rules state 

that noise effects are a consideration when determining whether to grant resource 

consent. No specific noise limits are provided. Noise is not mentioned in relation to 

other activities in the rules. Although, in the Information Requirements, it is stated 

that applications for coastal permits for disturbances, structures or occupation need 

to include an assessment of noise likely to be generated by the activity.  

Underwater noise is not specifically mentioned within the TRMP. However, 

reference to the adverse effects of noise on marine mammals indicates that 

underwater noise may be considered under the TRMP. 

5.1.11 Nelson Resource Management Plan  

The Nelson Resource Management Plan (NRMP) (Nelson City Council, 2004) 

became operative on the 1st of September 2004. The NRMP has no provisions that 

specifically mention underwater anthropogenic noise.  

There is one provision on noise in the CMA. This provision recognises that noise 

can have an adverse effect on wildlife. Construction, port noise and recreational 

vessels are indicated as being potential sources of noise. CM 4.6 states: 

Activities should not produce unreasonable noise or noise sufficient to have a 

significant adverse effect on amenity values, human health, animals or wildlife. 

The NRMP contains two rules related to noise. The first is a general rule for any 

activity other than construction. The second is for construction noise. Permitted 

noise limits are set but are above-water measurements. Noise is to be measured in 
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accordance with New Zealand Standards. Activities that conform to these limits are 

permitted and those that do not are discretionary. A separate Port Noise 

Management Plan exists but contains no reference to underwater noise, marine 

mammals or other fauna. 

On the basis of the above provisions, there is no indication that underwater noise is 

considered under the NRMP.  

5.1.12 Marlborough Resource Management Plans 

The Marlborough District Council has separate Resource Management Plans for the 

Marlborough Sounds and for the Wairau-Awatere region. 

The Marlborough Sounds Resource Management Plan (MSRMP) (Marlborough 

District Council, 2003) became operative on the 28th of February 2003. In the 

MSRMP there are no provisions that specifically mention underwater anthropogenic 

noise. Noise provisions are set out in Section 22 of the MSRMP. No reference is 

made to the adverse effects of noise on wildlife or ecosystems. General rules for the 

CMA set permitted noise limits but these are above-water limits and are measured 

in accordance with New Zealand Standards on noise.  

The Wairau-Awatere Resource Management Plan (WARMP) (Marlborough District 

Council, 2009) became operative on the 9th of March 2009. The WARMP contains 

no provisions that specifically mention underwater anthropogenic noise. Noise 

provisions are set out in Section 22 of the WARMP. No reference is made to the 

adverse effects of noise on wildlife or ecosystems. General rules for the CMA set 

permitted noise limits but these are above-water limits.  

On the basis of the above provisions, there is no indication that underwater noise is 

considered under either the MSRMP or the WARMP.  

5.1.13 Regional Coastal Plan for the West Coast 

The Regional Coastal Plan for the West Coast (RCPWC) (West Coast Regional 

Council, 2000) became operative in 2000. In the RCPWC there are no provisions 

that specifically mention underwater anthropogenic noise. However, assessments of 

underwater noise are required in the Information Requirements.  
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The RCPWC recognises that noise can have adverse effects on ecosystems and this 

is reflected in Objective 12.3.1 which is: 

To manage and control noise levels within the coastal marine area in order to 

avoid, remedy or mitigate any adverse effect on amenity values, ecosystems, use 

of the coastal marine area, adjacent land and public health. 

It is stated that in determining whether noise levels are reasonable or unreasonable, 

particular regard will be had to ecosystems. Reference is made to the New Zealand 

Standards on noise but no permitted noise limits are set. There are no rules 

associated with this section. However, in the Information Requirements section, 

there is a specific requirement for applications for resource consent to provide an 

analysis of underwater noise levels for any activity that produces noise in the CMA. 

15.7 Noise 

In addition to the general information required by section 15.2 above, where the proposed 

activity involves the generation or emission of noise within the coastal marine area, the 

following information will be required:  

1. An analysis of the anticipated level of noise above and below the water surface as 

applicable.  

2. An analysis of background noise levels.  

3. A description of the timing and duration of any noise emission 

The Information Requirements section specifically indicates that underwater noise 

is to be considered under the RCPWC.  

5.1.14 Environment Canterbury Regional Coastal Plan 

The Environment Canterbury Regional Coastal Plan (ECRCP) (Environment 

Canterbury Regional Council, 2005) became operative on the 30th of November 

2005. In the ECRCP there are no provisions that specifically mention underwater 

anthropogenic noise. 

References to noise are made throughout the ECRCP. Policy 8.2 states that 

Environment Canterbury will regulate activities in the CMA that have adverse 

effects. One of the adverse effects mentioned is the emission of noise. It is stated 

that activities that produce noise have an effect on natural values. Policies 8.8 and 
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8.9 refer to above-water noise standards for port activities. Under Rule 8.21 

permitted noise limits are set out for various activities. All noise limits are above-

water limits. Reference is also made to the New Zealand Standards on noise. 

Anything not conforming to these limits is discretionary.  

On the basis of the above provisions, there is no indication that underwater noise is 

considered under the ECRCP.  

5.1.15 Chatham Islands Resource Management Document  

The Chatham Islands Resource Management Document (CIRMD) (Chatham Islands 

Council, 2014) is not operative. In the CIRMD there are no provisions that 

specifically mention underwater anthropogenic noise.  

Policy 5.6.3.1(d) is for any activity to avoid remedy or mitigate the effects on 

spawning, nursery or feeding areas for marine life. However, there is no separate 

section on noise and provisions for the CMA, excluding rules, make no reference to 

noise. Within the rules for the CMA, assessment criteria for some activities related 

to structures, disturbance of the foreshore, and seabed and deposition of material, 

include reference to "noise and glare".  

On the basis of the above provisions, there is no indication that underwater noise is 

considered under the CIRMD.  

5.1.16 Otago Regional Plan: Coast  

The Otago Regional Plan: Coast (ORPC) (Otago Regional Council, 2001) became 

operative on the 1st of September 2001. In the ORPC there are no provisions that 

specifically mention underwater anthropogenic noise. 

Section 12 sets out provisions related to noise. The ORPC recognises that noise can 

have adverse effects on conservation values and wildlife in the CMA. This is 

reflected in the issue and objective in the section. Permitted noise limits are not set 

and noise measurements are to be made in accordance with New Zealand Standards. 

There are no rules for this section. The Information Requirements section requires 

that an application for a coastal permit for an activity producing noise provide the 

following:  
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15.7 Noise  

1. An analysis of the anticipated level of noise.  

2. An analysis of background noise levels.  

3. A description of the timing and duration of any noise emission.  

 On the basis of the above provisions, there is no indication that underwater noise is 

considered under the ORPC.  

5.1.17 Environment Southland Coastal Plan 

The Environment Southland Coastal Plan (ESCP) (Environment Southland 

Regional Council, 2013) became operative on the 14th of December 2013. There 

are no noise provisions that specifically mention underwater anthropogenic noise.  

There is no specific section for noise. The General Matters section contains several 

provisions concerned with noise. Reference is made several times to amenity and 

natural character, however none of these provisions recognise any adverse effects 

on wildlife. There are permitted noise limits for different areas including ports. 

Measurements are to be in accordance with the New Zealand Standards on noise.  

Section 10 of the ESCP recognises that noise from activities that disturb the 

foreshore and seabed, such as drilling and dredging, can have adverse effects on 

marine life. Issue 10.1.8 states: 

Marine vegetation and fauna can be affected from the heat, noise and vibration 
caused by oil exploration and activities such as excavation and drilling 

This is reflected in Policy 10.1.3 which is to: 

Avoid, remedy or mitigate the impact of drilling, tunnelling, excavation, 
dredging and drainage activities on the environment in which they are 
undertaken. 

Rules 10.1.2 states that the matters that the council will exercise its control over 

include noise when making a decision on capital dredging. Noise limits are not set. 

Although it is not explicitly stated, policies indicate that underwater noise is 

probably considered in relation to certain activities under the SCRP.  
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5.1.18 Summary 

Only three councils were found to have provisions explicitly concerned with 

underwater noise. Auckland council was found to have specific underwater 

provisions with rules and permitted noise limits for activities in the CMA. West 

Coast Regional Council has a single reference to underwater noise in the 

Information Requirements section of the WCRCP. Although it does not explicitly 

mention underwater noise, Horizons Regional Council’s plan has a rule for seismic 

testing that requires compliance with the Department of Conservation's Code of 

Conduct, which is explicitly concerned with underwater noise management.  

Although underwater noise is not specifically mentioned, two other councils appear 

likely to have given consideration to underwater noise in their plans. Hawke's Bay 

Regional Council has provisions related to the effects of seismic surveys and 

explosives on marine life. Additionally, Southland Regional Council has a policy on 

the effects of noise from some activities, such oil exploration, drilling and dredging, 

on marine life. However, in neither case, are underwater noise provisions or noise 

limits stated. 

Another three councils (Taranaki, Gisbourne and Tasman) have provisions related 

to marine life and the impacts of noise. However, it is not clear if they are intended 

to consider underwater noise. There is no indication that the remaining nine 

councils give consideration to underwater anthropogenic noise or to the effects of 

underwater anthropogenic noise on marine life. 

5.2 Planning Approaches 

The following section presents findings from the semi-structured interviews with 

key informants from regional councils. Of the 17 regional councils, policy planners 

from 11 councils agreed to take part in the research (Table 11). Key informants' 

responses are set out according to the interview question that they answer. They 

have been further separated into themes that were identified through the research 

process.  
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Table 11. Councils participating in the semi-structured interviews and the presence of 
absence of underwater noise provisions in their regional coastal plan. 

Participating Councils Specific Underwater Noise Provisions 

Auckland Council Yes 

Bay of Plenty Regional Council No 

Gisborne Distrct Council No 

Taranaki Regional Council No 

Hawkes Bay Regional Council No 

Horizons Regional Council Yes 

Greater Wellington Regional Council No 

Marlborough District Council No 

West Coast Regional Council Yes 

Otago Regional Council No 

Southland Regional Council No 

5.2.1 Anticipated Environmental Outcomes of Current Noise 
Provisions 

All councils taking part in the interviews have provisions in their respective regional 

coastal plans that manage noise in the CMA. In order to establish whether 

underwater anthropogenic noise was intended to be managed by these provisions, 

key informants were asked to describe the main anticipated environmental outcomes 

of the provisions. 

Responses from some key informants indicated that provisions were "primarily 

aimed at activities above the water surface" (Key Informant 1) and are "all about 

the noise above the water space" (Key Informant 11).  

In particular, responses indicated that provisions were intended to reduce the 

adverse effects of above-water noise on people. Six key informants specifically 

stated that provisions were intended to reduce adverse effects on either amenity or 

public health. Key Informant 7 stated that provisions were "about making sure that 

amenity values are protected for people on land". Key informant 2 also indicated 

that the health of people and amenity values were the focus but added that 

consistent management of noise across boundaries with district councils was also a 

central consideration. Key Informant 8 expressed a similar sentiment. They stated 

that they felt their plan was written to manage "the effect of [port activities] on land 
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based activities, residential areas, commercial, industrial etcetera" but that "I don't 

think it was doing much more than that".  

 

Several key informants felt that provisions were not solely focused on people and 

were intended to manage the adverse effects of noise on the environment as well. 

Five key informants pointed out that the provisions in their respective council's 

plans made reference to the environment or natural character. Key Informant 8 

added an important caveat that, although their council's plan mentions "ecosystems 

and that sort of stuff, ..... I don't think it was really suggesting impacts on whales 

and dolphins". 

On the other hand, key informants from councils that currently have provisions for 

underwater anthropogenic noise, unsurprisingly, indicated that minimising the 

effects of anthropogenic noise on marine mammals was an anticipated outcome. 

Interestingly, Key Informant 10 also felt that their current provisions were intended 

to allow for the protection of marine fish and invertebrates as well. 

Several key informants indicated provisions in their respective council’s regional 

coastal plans were very broad and not focused towards any particular issue. Key 

Informant 1 indicated simply that the "main outcomes are that adverse effects of 

unreasonable noise are avoided, remedied, or mitigated" and Key Informant 3 

indicated that the intent was for noise to be "managed effectively with no adverse 

effects".  

Overall, responses indicated that, aside from the three councils with specific 

underwater noise provisions, management of underwater anthropogenic noise had 

not been a consideration when provisions were drafted. Instead, they indicated that 

above-water noise and its effects on people were the central consideration of most 

plans. However, ecosystems and natural character were mentioned in several plans 

and there was a feeling amongst some key informants that provisions were broad 

and were to be used to manage a wide variety of environmental issues.  
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5.2.2 Consideration of Marine Life by Council 

Key informants were asked to describe the extent to which marine life was 

considered by their respective council’s in relation to noise. Key informants held 

similar views on the importance of marine mammals but differed in their 

consideration of underwater noise. 

Several key informants explained that marine wildlife was taken into consideration 

by their council during the resource consent process. Eight key informants stated 

specifically that marine mammals or marine wildlife were taken into consideration 

by their respective councils in relation to noisy activities. Key Informant 7 indicated 

that, although there are no noise provisions in their plan that specifically mention 

marine mammals or marine wildlife, "we do cover it through the consenting 

process". Key informant 2 indicated that their council was concerned about the 

effects of excessive noise on marine mammals, in particular surface-of-water 

activities and seismic surveys. Key Informant 5 stated marine mammals were 

"definitely" a consideration, but only for above-water noise, as underwater noise 

was "just not as issue".  

Overall, responses indicated a strong level of consideration for marine life within 

councils. However management seems to be focused on above-water noise. 

5.2.3 Absence of Underwater Noise Provisions  

Key informants were asked to consider why there was an absence of provisions 

within their respective council's regional coastal plans. Several different factors 

were suggested by key informants 

Key informants indicated there is a lack of provisions because there were few 

activities that produce underwater noise in their region. Key informant 6 stated that 

the only significant noise producing activity in their region was shipping. 

Additionally, Key Informant 7 stated one of the reasons they hadn't developed 

provisions was that "we don't have petroleum exploration in our region, ..... We 

don't have turbines or any kind of wave electricity generation happening. We don't 

have many noisy activities that we have control over under our plans". They went 
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on to state "it's not like we are opposed to putting in provisions but at the moment 

we haven't seen the need".	    

Key informants also felt that, as stakeholders had not raised the issue, it had not 

been considered for inclusion in plans. Key Informant 6 point out that "it just hasn't 

been an issue raised by the community [or] raised by interest groups. It just hasn't 

come to the fore at all". Key Informant 7 makes a similar point stating "we've been 

talking with key stakeholders and I don't think anyone has brought up noise to date" 

and consequently "no one has turned their attention to it" (Key Informant 5). 

Key informants also felt that the age of operative plans was a factor. Key Informant 

8 pointed out that most plans are 10 years old and suggested that a lack of 

awareness of underwater noise when plans were written would explain the absence. 

Key Informant 6 also stated "either the [lack of an] issue or an awareness that there 

has been an issue has really resulted in there being a lack of planning explicitly for 

those underwater [noise] sources". Key Informant 1 makes a similar point and 

suggests that activities that produced underwater noise were not anticipated by older 

plans. They stated "when our Regional Coastal Plan became operative ..... we were 

not aware of seismic surveying for mineral or petroleum exploration or other noisy 

underwater activities occurring, or likely to occur".  

Overall, responses indicate that the absence of specific underwater noise provisions 

is due to a current and historic lack of awareness of the issue within councils and in 

the wider community. Additionally, the lack of noisy activities, other than shipping, 

in many regions has resulted in the issue remaining a low profile topic.  

5.2.4 Managing Underwater Noise With Provisions  

Those councils with provisions for underwater anthropogenic noise were asked to 

explain why provisions were included and how they were intended to operate.  

The key informant from Auckland Council explained that recent strandings of 

whales around New Zealand's coast had coincided with seismic surveys and this 

was one of the reasons underwater noise provisions were put into their plan. They 

also indicated that the effects of seismic surveys on seabirds and on people 
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recreating and working underwater was another factor in the introduction of the 

provisions.  

They stated that some activities, such as boating, were not intended to be managed 

by the provisions. However, they felt that the council now had the ability to manage 

or prevent activities in areas that were important to marine mammals. Provisions 

permit activities up to 200 dB re 1µP at 1 metre. The key informant stated that this 

limit was based on a very broad reading of the literature and that 180 dB was "a 

more rational level" but might be too restrictive on activities that were on the edge 

of this limit.  

The key informant from Horizons Regional Council stated that the intent of the 

provisions was to make reference to the 2006 version of the Department of 

Conservation's Code of Conduct as that document represented best practice at the 

time. They explained that a seismic survey that conforms to the Code of Conduct 

would be a permitted activity under their regional coastal plan. A seismic survey or 

any other activity that cannot be carried out as a permitted activity would be 

discretionary. The effects on marine life would then be considered during the 

consent process. The key informant stated that there has been no opportunity to 

reference the 2013 version of the Department of Conservation's Code of Conduct. 

However "should there be a plan change in the future, this is likely to be something 

we would consider". 

 
The key informant from the West Coast Regional Council explained that 

discretionary activities would be assessed for their actual and potential effects, 

including effects of noise on marine species. The Key Informant indicated that as 

their council does not have the expertise to evaluate the effects of underwater noise, 

they rely on assistance from the Department of Conservation. The key informant 

stated that the Department of Conservation "are sent a weekly list of all consent 

applications we receive so they would determine whether underwater noise from a 

proposed activity in the CMA will adversely affect marine species, and advise us if 

or how the effects can be managed".  If effects can be managed, the key informant 

stated that consent can be granted and conditions imposed as appropriate. They also 

indicated that their council's regional coastal plan was up for review and new 

provisions that relate to seismic surveys had been drafted up. They indicated that 
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this was because seismic surveys had occurred in the region in the past and may 

occur again. 

Each council has quite a different approach and only 1 council has set a permitted 

noise limit. Interestingly, seismic testing was a particular concern for all of the three 

councils 

5.2.5 Managing Underwater Noise Without Provisions 

Key Informants were asked to explain how they managed, or would manage, 

underwater noise through their respective coastal plans despite the absence of 

provisions. Various approaches were discussed by the key informants.  

Eight councils participating in this research have no specific underwater noise 

provisions. Key informants from three of those eight (38%) indicated that the 

adverse effects of underwater noise were "something we pick up on even though it 

may not be specifically mentioned in plans" (Key Informant 7). Key Informant 7 felt 

that broad high-level provisions were useful. They stated "we have some very 

general policies about areas of flora and fauna and natural character and we pick 

up the effects of noise on flora and fauna under those provisions even though 

[underwater noise] is not explicitly mentioned". 

Several key informants stated that, although their council had not had to consider 

underwater noise, they also felt that the broad nature of their plan's high-level 

provisions would allow for underwater noise to be considered. Key Informant 5 felt 

that as their provisions included the term ecological effects, "you could draw a long 

bow and could interpret the wording to include underwater noise". Key Informant 8 

shared a similar view. They pointed out that, while the original intent of provisions 

may not have been concerned with the marine environment, the provisions "are 

written very generally, ..... it's so general it could be interpreted to mean almost 

anything".   

However, several key informants believed it would be quite difficult to consider 

underwater anthropogenic noise with broad provisions. Key Informant 3 stated "it 

would be difficult to assess the effects of underwater noise as there are no 

provisions to assess it against".  Key Informant 11 echoed this perspective. They 
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indicated that their council had received applications that raised the issue of 

underwater noise and that it was managed by "linking it back to affecting peoples 

health and well being, natural character and amenity value". However, they felt 

that "it's been something that's been really hard to consider through that consent 

process" without an understanding of the effects, and knowledge of what 

constituted appropriate noise levels.  

Key informants indicated that the activity status of an activity would also determine 

whether consideration could be given to underwater noise. Key Informant 7 

indicated that as most activities in their regional coastal plan are fully discretionary, 

the council has "the scope to consider any adverse effects or positive effects we 

think need consideration and obviously noise would come into those bundle of 

effects". Key Informant 10 also indicated if an activity had discretionary status, a 

council "would have the power to use [its] discretion in deciding whether to grant 

consent or not" and could make reference "to objectives in the coastal plan as well 

as section 12 requirements of the [RMA] to help inform their decision". Key 

Informant 2 also felt that "reasonably broad matters for control [or] discretion, for 

example, the ability to consider the effects on marine mammals" for restricted 

discretionary or controlled activity status would allow the effects of underwater 

noise to be taken into account. 

Key informants felt that permitted activity status would rule out consideration of 

underwater noise. Key Informant 5 felt that despite broad provisions, it would be 

difficult for their council to address underwater noise as "most of the activities that 

produce noise are permitted anyway". Key Informant 8 stated frankly that if an 

activity was permitted, "then the poor old dolphins are on their own". 

Several other strategies were suggested as a means to manage underwater noise 

despite the lack of specific provisions. Several key informants felt their council 

could use Section 16 of the RMA. However, Key Informants 8 and 11 also pointed 

out that Section 16 of the RMA could only be used if it could be demonstrated that 

noise from an activity was unreasonable. Key Informant 11 stressed that it is 

important to show that an animal is "adversely affected by the particular noise level 

that would be generated" by an activity. They indicated that their council had had 

problems in this regard because "we just haven't had that detailed information about 
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what the appropriate level [of noise] is and what impacts [noise] is having". Key 

Informant 6 also indicated that a consideration of the effects was crucial. They also 

felt a key issue in the use of Section 16 was "documented links between the level of 

noise and the adverse effect". 

Key Informant 8 also suggested that, pursuant to section 128 of the RMA, the 

council could review the conditions of an existing consent for an activity that was 

producing underwater noise. They indicated that review clauses were standard on 

their council's consents. Key Informant 8 felt that by including the review clause, 

"we've given ourselves an in to anything we want to think about later on". 	  

Key Informant 8 also felt that if an application for resource consent had not 

considered underwater noise from the activity but had been granted consent because 

a council had been unaware of the issue  "there would be a massive inaccuracy in 

the description of the effects". They felt that this would potentially allow the council 

to review the consent under Section 128(1)(c) of the RMA.  

Innominate provisions under Section 87B(1)(a) were also suggested. Key Informant 

1 indicated the in the absence of underwater noise provisions, the innominate 

provisions had been used by their council to consider the effects of underwater 

noise from a seismic survey.  

Overall, responses indicate that councils either currently do manage or could 

manage underwater anthropogenic noise in the absence of specific provisions. 

Broadly worded provisions and controlled or discretionary activity status allows 

councils to take this approach. Sections 16, 87B and 128 of the Resource 

Management Act were also seen as a potential tool for managing effects. However, 

key informants also recognised that in the absence of specific underwater noise 

provisions, assessing the effects of underwater noise is difficult as there are no 

provisions to assess them against. 

5.2.6 Better Management and Provisions  

Key informants were asked whether there was a need for specific underwater noise 

provisions within coastal plans. Responses indicated differing views and obstacles 

to implementing provisions. 
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Some key informants were positive towards inclusion of provisions related to 

underwater anthropogenic noise. Of the eleven councils interviewed, eight have no 

underwater noise provisions. Of those eight, four indicated that they were not 

looking at introducing underwater noise provisions in the foreseeable future, while 

another three (38%) are currently drafting, considering drafting or saw a need for 

provisions related to underwater anthropogenic noise (Table 12). Results indicated 

that the possibility of oil and gas exploration had prompted this interest in 

provisions.  

Table 12. Regional councils without specific underwater noise provisions and their interest 
in including them in regional coastal plans. 

Region Interest in Developing 
Provisions 

Bay of Plenty  No 
Gisborne  No 
Taranaki  Not stated 
Hawkes Bay  No 
Wellington  Yes 
Marlborough  No 
Otago  Yes 
Southland  Yes 

Key Informant 3 indicated that their regional coastal plan was being reviewed and 

that new provisions related to underwater noise had been drafted up. They stated 

that "the regional plan will have a ten year lifespan, and with the demand for 

mineral resources [such as] gas and oil exploration in the CMA only increasing, it 

is important that we include provisions that will protect the environment from the 

adverse effects of these types of activities". The Key Informant indicated that these 

provisions are only pre-drafts but are based upon the underwater noise provisions 

currently in the proposed Auckland Unitary Plan. Key Informant 8 expressed a 

similar sentiment. They stated that provisions were needed as "there is the block 

offer that is in our coastal marine area for oil and gas exploration and so I think we 

have a responsibility to make sure our plan recognises that this is a major change 

in the context within which our coastal plan sits". As a consequence "I think the 

next version of the coastal plan needs to address that". 

Key Informant 11 also indicated that their council was considering underwater noise 

provisions but that it would be difficult to develop them. They felt that an obstacle 

to developing provisions was a lack of knowledge in council about appropriate 
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underwater noise limits. They stated "council just doesn't know ..... what limits 

should be put in place, let alone how to measure [underwater noise]" and expressed 

concern that underwater noise provisions are "something that will just drop off the 

list if we don't have further information or guidance on what we should be doing".  

Other key informants also expressed a concern that their council would be unable to 

develop provisions because of a lack of sufficient information about assessment 

criteria and mitigation. Key Informant 7 stated "if we had enough information, we 

could include some permitted standards for levels of noise but we are probably way 

off having that information". 

A lack of expertise within councils was considered another obstacle to the 

development of provisions. Key Informant 8 expressed doubt at their council's 

ability to develop suitable provisions independently, despite an interest in doing so. 

They stated "we haven't got the expertise, we are too small, we haven't got the 

experience and I think we would be leaning heavily on other parties to assist us". 

Key Informant 5 shared a similar perspective, stating that within their council "there 

is no expertise" to develop provisions.   

A lack of resources was also a seen as a stumbling block to provisions. Key 

Informant 5 had doubts about their council's ability to develop provisions as they 

are "under-staffed and under-resourced". Key Informant 7 stated "we have a limited 

resource ..... so we have to target it to where we think there is likely to be the most 

effect" and that they did not feel that underwater noise was an issue "where there is 

enough concern to warrant us doing a whole chunk of work". Consequently their 

council had no immediate plans to implement underwater noise provisions. 

Some key informants felt there was no need for additional provisions to manage 

underwater noise as current provisions were adequate. Key Informant 2 stated "it is 

not considered that the activities generating noise that occur or potentially could 

occur in the CMA cannot be managed or mitigated by the current provisions".  

Another sentiment was that there was no need for provisions because underwater 

noise was not an issue for their region. Key Informant 7 stated "I don't think we 

have a pressing need at the moment" as oil and gas exploration "is a fair way off at 
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the moment". Key Informant 6 stated that "we are not aware that there is an issue to 

manage" and that in the absence of an issue, "its difficult to actually plan for 

anything".  

Overall, 38% of key informants expressed interest in introducing specific 

underwater noise provisions, especially in anticipation of increased oil and gas 

exploration. A lack of information, expertise and resources were stated as obstacles 

to the implementation of provisions. Other key informants however, felt that there is 

no foreseeable need for specific provisions because either their councils’ existing 

provisions are adequate or there is no issue to manage in their respective regions. 

5.2.7 Consent Conditions and Monitoring 

Several key informants also indicated that compliance and monitoring of resource 

consent conditions related to underwater noise would be problematic. Key 

informants considered monitoring to be a very important issue but were unsure how 

to monitor underwater noise. Key Informant 5 stated that "monitoring and 

enforcement would be the hard part" and questioned whether it was realistically 

possible to monitor at all. Key Informant 8 felt that attaching conditions to resource 

consents without being able to monitor them would "leave you in a position where 

you are giving permission for someone to do something that you can't actually 

enforce, and that is a very uncomfortable place to be as a regulatory agency".  

Not all key informants were as concerned however. Key Informant 10 accepted that 

monitoring might not always take place as "it’s very difficult to detect and monitor a 

lot of the things in the marine environment for cost and scale and timing". The 

informant considered it to be important and useful to have monitoring as a condition 

of consent even if it wasn't always possible to monitor every activity. They felt that 

the advantage of placing conditions on consent for underwater noise was two-fold. 

Firstly, in their opinion, "it prompts people to think about what effects noise has on 

biodiversity". The other advantage is that, "you don't have to apply it everywhere if 

you don’t have the ability, ..... but at least you have it for a worst case scenario". 

In an instance when a potential condition could not be monitored, a council could 

attach an advisory note to a resource consent. Key Informant 8 stated "if everything 
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else is ok, you might have an advisory note ..... that just says the current practice is 

to do this. We request that you do that as well".  They also suggested that, rather 

than managing noise levels specifically, councils could write "de facto condition(s)" 

such as limits on speed or restrictions on hours of operation to mitigate the effects 

of noise. 

Another option discussed by several key informants was independent monitoring of 

resource consent conditions. Both Key Informant 7 and 11 indicated that this 

approach had been used by their councils and that "it's worked well so far" (Key 

Informant 7). Key Informant 11 stated "a general approach this council seems to 

take is that a lot of the requirements, when possible, are put on the consent holder 

to do". Key Informant 7 stated that the advantage for council was that, as they had 

limited resources, they didn't have to "spend rate-payers money on investigating it". 

Instead "if somebody wants to do an activity that is going to generate noise, the 

onus will be on them to put that time and effort and money into doing the 

assessment work" (Key Informant 7). Key Informant 11 stressed that the practicality 

of imposing testing on the consent holder needed to be considered however. They 

felt it was important that the practicality and cost of testing be weighed against the 

significance of the effect to be managed. 

Overall, the ability to monitor and enforce compliance was seen to be very 

important for councils. Many councils were concerned that monitoring would be 

difficult and costly. However, limiting monitoring and compliance to problematic 

activities and placing the responsibility onto consent holders were seen as ways to 

limit demands on council resources.  

5.2.8 New Zealand Standards on Noise 

There was a general sense from key informants that the New Zealand Standards on 

noise were not useful or relevant for assessing underwater noise. Key Informant 8 

stated "they are not focused or targeted that way at all". Key Informant 1 held the 

same view and stated unequivocally "they set limits for noise above water.  They 

weren’t intended to apply to underwater noise". 
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5.2.9 Department of Conservation's Code of Conduct 

Key informants were asked to discuss the possibility of inclusion of the Department 

of Conservation's Code of Conduct within regional coastal plans. It is currently 

referenced in two coastal plans but some key informants had concerns over its 

inclusion. 

Several key informants were apprehensive about the inclusion of the Department of 

Conservation's Code of Conduct in their council's regional coastal plans. Key 

Informant 5 felt that the inclusion of external documents was not best practice.  

They stated that if an external document is updated, the plan becomes "out of date 

and you have to go through a plan change". Key Informant 7 considered its 

inclusion to be a possibility but stressed the need for a public consultation process 

beforehand.  

In addition to the above concerns, other concerns were raised about the 

appropriateness of the Department of Conservation's Code of Conduct as a tool for 

managing the effects of noise on marine mammals. Key Informant 10 stated that 

they considered the guidelines to be "inadequate as they are based on limited visual 

distance ..... and that the distance was incongruous with the distance of the noise 

effect". The Informant also stated that passive acoustic monitoring of marine 

mammals required in the guidelines "is problematic as some species don't make 

sound and vocalizations are directional", thereby making it ineffective at reliably 

detecting marine mammals.  

However, Key Informant 11 was generally in favour of its use. They expressed a 

concern that referencing external documents was too prescriptive and made plans 

"far too big" but stated that including it may be a "response that we come with up 

through [the] review process". The informant indicated that although it is not 

referenced in their plan, consent planners at their council should be using it to assess 

applications when appropriate and "sometimes they may be able to incorporate that 

into consent conditions". However the key informant admitted that the guidelines 

are "something that potentially falls through the gaps when we have young staff" 

and that referring to it in their plan would avoid that issue. 
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Overall, there were several different concerns expressed about the inclusion of the 

Department of Conservation's Code of Conduct. However, responses also suggested 

that they are useful, at least for reference purposes when considering resource 

consent applications. 

5.3 Underwater Noise 

Gross tonnage data for regional ports was used to produce a simple map of 

cumulative underwater noise for 11 regions around New Zealand (Figure 15). A 

log10 conversion was applied to gross tonnage data and the resulting values were 

divided into 8 equal categories. For the purposes of this research, the four highest 

categories (7.00 - 7.79) were considered to be high noise and the four lowest 

categories (6.20 - 6.99) were considered to be low noise.  

 

Figure 15. Map of underwater noise values for the CMA in 11 regions around New 
Zealand. 

Results indicate that Northland, Auckland, Tauranga, Hawke's Bay, Wellington, 

Canterbury and Otago are high underwater noise regions, with Auckland and 

Tauranga being the noisiest. Low underwater noise regions are Gisbourne, 

Taranaki, Nelson and Southland. 
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5.4 Regional Biodiversity and Biodiversity Hotspots  

Using Ministry of Primary Industries biodiversity data, regions with high regional 

biodiversity and biodiversity hotspots for 7 taxonomic groups were identified. 

Biodiversity scores were then graphed against the underwater noise values mapped 

in Section 5.3. Consequently, only 11 regions are considered in this analysis. This 

was done in order to identify areas of both high biodiversity and high underwater 

noise. Initially, regional biodiversity results for each taxon are presented. Then 

results for biodiversity hotspots for each taxon are presented. 

5.4.1 Regional Biodiversity  

A summary of the regional biodiversity scores for marine mammal, invertebrate and 

fish taxa are presented in Table 13.  

Table 13. Regional biodiversity scores for marine mammal, fish and invertebrate taxa. 
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Whales 2.0 2.0 2.2 2.0 2.7 2.4 2.0 3.5 3.9 4.4 4.1 
Dolphins 5.1 3.8 1.9 9.0 4.7 3.4 4.1 4.1 4.9 5.3 4.3 

Seals 6.8 6.3 4.0 4.0 4.1 4.0 4.0 4.0 4.0 4.0 4.0 
Rocky Reef Fish 4.8 3.9 3.2 5.5 5.9 4.8 5.6 6.1 6.0 4.8 6.3 
Diadromous Fish 4.7 4.6 4.7 4.7 4.6 4.6 4.6 4.6 4.3 4.2 4.3 

Arthropods 3.6 4.1 3.5 4.2 4.5 5.2 3.2 3.9 5.6 3.8 3.6 
Molluscs 4.3 4.2 3.9 4.0 4.3 3.8 4.2 3.4 4.5 4.0 4.4 

Whales  

Regional biodiversity scores for whales are low for most regions, especially in the 

South Island. Southland, Otago and Nelson regions have regional biodiversity 

scores of 2.0 and Canterbury is only marginally higher with a score of 2.2. North 

Island regions are higher but are all below 5. Lower and central North Island 

regions have scores between 2 and 4. Only Auckland and Northland have regional 

biodiversity scores for whales above 4. Regional biodiversity scores for whales 

were plotted against underwater noise values (Figure 16). As none of the regions 

had biodiversity scores above 5, all regions fell into one of the two low biodiversity 

sections of the graph. 



	   100	  

Figure 16. Regional biodiversity scores for whales in 11 regions plotted against underwater 
noise values. Section 3 (top right) is empty as no regions have high regional biodiversity 
scores for whales and high underwater noise.  

Dolphins 

Canterbury has the lowest regional biodiversity score for dolphins at 1.9. A further 

seven regions have regional biodiversity scores between 3 and 5. Only three regions 

have scores higher than 5. Southland and Auckland have scores of 5.1 and 5.3 

respectively while Nelson has a very high score of 9.0. Regional biodiversity scores 

for dolphins were plotted against underwater noise values (Figure 17). Of the three 

regions with biodiversity scores over 5, only Auckland falls into the high 

underwater noise / high biodiversity section (section 3) because the noise values for 

Nelson and Southland are low. The remaining regions fall into one of the two low 

biodiversity sections of the graph. 

Figure 17. Regional biodiversity scores for dolphins in 11 regions plotted against 
underwater noise values. Only Auckland is in section 3 (top right) as it is the only region 
with high regional biodiversity for dolphins and high underwater noise.  
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Seals 

Regional biodiversity scores for seals are very consistent across most regions. Nine 

of the eleven regions examined in this report had scores of approximately 4. Otago 

and Southland were the exceptions with scores of 6.3 and 6.8 respectively. Regional 

biodiversity scores for seals were plotted against underwater noise values (Figure 

18). Of the two regions with biodiversity scores higher than 5, only Otago falls into 

the high underwater noise / high biodiversity section (section 3) because Southland 

has low underwater noise. The remaining regions fell into one of the two low 

biodiversity sections of the graph. 

Figure 18. Regional biodiversity scores for seals in 11 regions plotted against underwater 
noise values. Only Otago is in section 3 (top right) as it is the only region with high 
regional biodiversity for seals and high underwater noise.  

Rocky Reef Fish 

Regional biodiversity scores for rocky reef fish were generally higher than for the 

regional biodiversity scores for marine mammals. Six of 11 regions had scores over 

5.0 and three regions; Gisborne, Bay of Plenty and Northland had scores of 6.1, 6.0 

and 6.3 respectively. Regional biodiversity scores for rocky reef fish were plotted 

against underwater noise values (Figure 19). Of the six regions with biodiversity 

scores higher than 5, Northland, Bay of Plenty and Wellington fall into the high 

underwater noise / high biodiversity section (section 3). The other three; Nelson, 

Taranaki and Gisborne, have low noise and fall into the low underwater noise / high 

biodiversity section. The remaining regions fell into one of the two low biodiversity 

sections of the graph. 
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Figure 19. Regional biodiversity scores for rocky reef fish in 11 regions plotted against 
underwater noise values.  Bay of Plenty, Wellington and Northland are in section 3 (top 
right) as they have high regional biodiversity for rocky reef fish and high underwater noise.  

Diadromous Fish 

Regional biodiversity scores for diadromous fish were generally lower across the 

different regions than the rocky reef fish scores. Scores were very consistent, with 

every region scoring between 4 and 5. Regional biodiversity scores for diadromous 

fish were plotted against underwater noise values (Figure 20). As none of the 

regions had biodiversity scores over 5, all regions fell into one of the two low 

biodiversity sections of the graph. 

 
Figure 20. Regional biodiversity scores for diadromous fish in 11 regions plotted against 
underwater noise values. None of the regions are in section 3 (top right) as none have high 
regional biodiversity for diadromous fish and high underwater noise.  
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Arthropods 

Regional biodiversity scores for arthropods were generally between 3 and 5. 

Taranaki had the lowest score of 3.2. Only two regions had biodiversity scores over 

5. Hawke's Bay had a score of 5.2 and Bay of Plenty had a score of 5.6. Regional 

biodiversity scores were plotted against underwater noise values (Figure 21). 

Hawke's Bay and Bay of Plenty also had high underwater noise values so fell into 

the high underwater noise / high biodiversity section (section 3) of the graph. As 

none of the remaining regions had biodiversity scores over 5, they fell into one of 

the two low biodiversity sections of the graph. 

Figure 21. Regional biodiversity scores for arthropods in 11 regions plotted against 
underwater noise values. Bay of Plenty and Hawke's Bay are in section 3 (top right) as they 
have high regional biodiversity for arthropods and high underwater noise. 

Molluscs 

Regional biodiversity scores for molluscs were similar to the biodiversity scores of 

arthropods but were more consistent across the different regions. Biodiversity 

scores for all the regions were over 3 but less than 5. Bay of Plenty had the highest 

score of 4.5. The regional biodiversity scores for molluscs were plotted against 

underwater noise values (Figure 22). As none of the regions have biodiversity 

scores above 5, all regions fell into one of the two low biodiversity sections of the 

graph. 
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Figure 22. Regional biodiversity scores for molluscs in 11 regions plotted against 
underwater noise values. None of the regions are in section 3 (top right) as none have high 
regional biodiversity for molluscs and high underwater noise. 

	  

5.4.2 Biodiversity Hotspots 

Biodiversity hotspots for marine mammals, fish and marine invertebrates were 

identified and graphed against underwater noise values. 

Whales 

All biodiversity hotspots for whales occur off the east coast of the North Island in 

the CMA of Northland and Auckland. There are seven hotspots in total. Of these, 

two fall into the highest hotspot category of 9-10, two fall into the 8-9 category and 

the last 3 fall into the 7-8 category (Figure 23).  

Biodiversity hotspots for whales were plotted against underwater noise values 

(Figure 24). Both Northland and Auckland have high underwater noise levels and 

consequently they fall into the high underwater noise / high biodiversity section 

(section 3). All other regions have no hotspots.    

Dolphins  

There are a total of 48 biodiversity hotspots for dolphins around the country. More 

than 30 occur in the South Island with a noticeable concentration of hotspots in the 

vicinity of Cook Straight. Of the 48 hotspots, 42 fall into the 8-9 category and the 

remaining six fall into the 9-10 category (Figure 25).   
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Biodiversity hotspots for dolphins were plotted against underwater noise values 

(Figure 26). Six regions fall into the high underwater noise / high biodiversity 

section (section 3). Of these six regions, Otago has the greatest number of hotspots 

with six. The other regions are Canterbury with five, Auckland and Wellington with 

four, Northland with two and Hawke's Bay with one. All other regions except Bay 

of Plenty, which has no hotspots, fall into the low underwater noise / high 

biodiversity section of the graph.  

Seals  

There are a total of 43 biodiversity hotspots for seals around the country (Figure 

27). These hotspots occurred entirely within in the CMA of the Chatham Islands, 

Otago and Southland. Every coastal cell along Southland's mainland coastline, 

including Fiordland, was a hotspot for seals. Every coastal cell around Stewart 

Island and the Chatham Islands was also a hotspot. All hotspots fell within the 6-7 

category. Offshore islands such as the Snares and the Auckland Islands were also 

seal distribution hotspots, but were not considered in the analysis.  

Biodiversity hotspots for seals were plotted against noise values (Figure 28). Only 

Otago has high underwater noise and consequently, is the only region to fall into the 

high underwater noise / high biodiversity section (section 3). Southland falls within 

the low underwater noise / high biodiversity section of the graph. All other regions 

have no hotspots. 

Rocky Reef Fish 

There are 56 biodiversity hotspots for rocky reef fish throughout the country (Figure 

29). Only six of these are in the Sough Island. The remaining 50 occur in the north 

and north-east of the North Island. Northland in particular, has a high number of 

hotspots and also contains 12 of the 15 hotspots that have scores of 7 or above. Of 

the remaining three, two occur in Auckland's CMA and the other in Waikato's 

CMA. The remaining 35 North Island hotspots fall into the 6-7 category and occur 

mainly within the CMA of Northland, Auckland, Waikato. However a few scattered 

hotspots also occur in the CMA of Bay of Plenty and Gisborne.  
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Biodiversity hotspots for rocky reef fish were plotted against underwater noise 

values (Figure 30). Of those regions with hotspots, four regions fall into the high 

underwater noise / high biodiversity section (section 3). Of these four regions, 

Northland has the greatest number of hotspots with twenty-five. The other regions 

are Auckland with twelve, Bay of Plenty with two and Wellington with one. 

Gisborne also has 3 hotspots but is low noise. All other regions have no hotspots. 

Diadromous Fish 

There are only six biodiversity hotspots for diadromous fish and all fall within the 

lowest (6-7) of the hotspot categories (Figure 31). Two occur in Auckland's CMA, 

two occur at the top of the South Island and the remaining two occur off the south-

east coast of Stewart Island.  

Biodiversity hotspots were plotted against underwater noise (Figure 32). Only 

Auckland also has high underwater noise and consequently is the only region to fall 

into the high underwater noise / high biodiversity section (section 3). Southland has 

2 hotspots but is low noise. All other regions have no hotspots. 

Arthropods and Molluscs 

There are only five biodiversity hotspots for Arthropods (Figure 33). Three of these 

occur in Hawke's Bay and one in Otago. These four hotspots fall within the 6-7 

category. The remaining hotspot falls into the 7-8 category and is located off the 

Coromandel Peninsula in Waikato.  

Biodiversity hotspots were plotted against underwater noise values (Figure 34). Of 

the regions with hotspots, Otago and Hawke's Bay also have high underwater noise 

and fall into the high underwater noise / high biodiversity section (section 3). No 

other regions have hotspots. 

Only two biodiversity hotspots exist for molluscs. Both occur around the Three 

Kings Islands to the north of the North Island and are not included in this analysis. 

These results have identified areas of high regional biodiversity and biodiversity 

hotspots that coincide with high underwater noise. The following section (5.4.3) 

explains how this information was summarized for each region. 
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Figure 23. Biodiversity hotspots for whales.  

	  

	  

Figure 24. Number of biodiversity hotspots for whales in 11 regions plotted against 
underwater noise values. Auckland and Northland are in section 3 (top) as both have 
biodiversity hotspots for whales and high underwater noise 
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Figure 25. Biodiversity hotspots for dolphins. 

	  

	  

Figure 26. Number of biodiversity hotspots for dolphins in 11 regions plotted against 
underwater noise values. Otago, Canterbury, Auckland, Wellington, Northland and 
Hawke's Bay are in section 3 (top) as they have biodiversity hotspots for dolphins and high 
underwater noise. 
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Figure 27. Biodiversity hotspots for Seals.  

	  

	  

 Figure 28. Number of biodiversity hotspots for seals in 11 regions plotted against 
underwater noise values. Otago is in section 3 (top) as it has biodiversity hotspots for seals 
and high underwater noise. 

 

6	  

7	  

8	  

0	   5	   10	   15	   20	   25	   30	   35	  

Es
Lm

at
ed

	  A
m
bi
en

t	  N
oi
se
	  (L
og

10
	  G
T)
	  

	  

Number	  of	  Biodiversity	  Hotspots	  

Seals	  
Southland	  
Otago	  
Canterbury	  
Nelson	  
Wellington	  
Hawke's	  Bay	  
Taranaki	  
Gisborne	  
Bay	  of	  Plenty	  
Auckland	  
Northland	  



	   110	  

 

Figure 29. Biodiversity hotspots for rocky reef fish. 

	  

	  

 
Figure 30. Number of biodiversity hotspots for rocky reef fish in 11 regions plotted against 
underwater noise values. Northland, Auckland, Bay of Plenty and Wellington are in section 
3 (top) as these regions have biodiversity hotspots for rocky reef fish and high underwater 
noise. 
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Figure 31. Biodiversity hotspots for diadromous fish. 

	  

	  

 
Figure 32. Number of biodiversity hotspots for diadromous fish in 11 regions plotted 
against underwater noise values. Auckland is in section 3 (top) as it has biodiversity 
hotspots for diadromous fish and high underwater noise. 
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Figure 33. Biodiversity hotspots for arthropods. 

	  

	  

Figure 34. Number of biodiversity hotspots for arthropods in 11 regions plotted against 
underwater noise values. Hawke's Bay and Otago are in section 3 (top) as both regions 
have biodiversity hotspots for arthropods and high underwater noise. 
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5.4.3 Regional Biodiversity Summaries 

After identifying regions with both high levels of biodiversity and high underwater 

noise, a summary table for each region was created. Each table identifies whether 

the region is high or low noise and whether different taxa have high or low levels of 

biodiversity for that region. Both regional biodiversity and biodiversity hotspots are 

summarized. Summary tables have been placed in Appendix 5. However three 

example tables are presented here to aid interpretation.  

Example 1: Northland  

The summary table for Northland (Table 14) shows that Northland has high regional 

biodiversity for rocky reef fish and has biodiversity hotspots for whales, dolphins 

and rocky reef fish. The region is a high underwater noise environment. Therefore 

areas of high whale, dolphin and rocky reef fish biodiversity coincide with high 

underwater noise in Northland.  

Table 14. Summary table for Northland with taxa identified from section 3 of underwater 
noise/biodiversity graphs indicated in light red. 

Northland	  
Underwater	  Noise	  

Low	   High	  	  

Regional	  Biodiversity	  

High	   	  	   Rocky	  Reef	  Fish	  

Low	   	  	  

Whales	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Dolphins	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Seals	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Diadromous	  Fish	  	  
Molluscs	  	  
Arthropods	  	  

	  	   Low	   High	  	  

Biodiversity	  Hotspots	  

Hotspots	   	  	  
Whales	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Dolphins	  	  	  	  	  	  	  	  	  	  	  	  
Rocky	  Reef	  Fish	  	  	  	  	  	  	  	  	  

No	  
Hotspots	   	  	  

Seals	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Diadramous	  Fish	  
Echinoderms	  
Molluscs	  
Arthropods	  

Example 2: Southland 

The summary table for Southland (Table 15) shows that Southland has high regional 

diversity for dolphins and seals and has biodiversity hotspots for dolphins, seals and 

diadromous fish but is a low noise environment. Therefore areas of high marine 

biodiversity do not coincide with high underwater noise.  
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Table 15. Summary table for Southland with taxa identified from section 3 of underwater 
noise/biodiversity graphs indicated in light red. 

Southland	  
Underwater	  Noise	  

Low	   High	  	  

Regional	  Biodiversity	  

High	   Dolphins	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Seals	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  	  

Low	  

Whales	  	  	  	  	  	  	  	  	  	  	  	  
Rocky	  Reef	  Fish	  
Diadromous	  Fish	  
Molluscs	  
Arthropods	  	  

	  	  

	  	   Low	   High	  	  

Biodiversity	  Hotspots	  

Hotspots	  
Dolphins	  	  	  	  	  	  	  	  	  	  	  	  	  
Seals	  	  	  	  	  	  
Diadramous	  Fish	  	  	  	  

	  	  

No	  Hotspots	  
Whales	  	  	  	  	  	  	  	  	  	  	  
Rocky	  Reef	  Fish	  	  	  	  	  
Molluscs	  	  
Arthropods	  

	  	  

Example 3: Canterbury 

The summary table for Canterbury (Table 16) shows that the region has low 

regional biodiversity for all taxa but has biodiversity hotspots for dolphins. The 

region is a high noise environment. Therefore biodiversity hotspots for dolphins 

coincide with high underwater noise in Canterbury.  

Table 16. Summary table for Canterbury with taxa identified from section 3 of underwater 
noise/biodiversity graphs indicated in light red. 

Canterbury	  
Underwater	  Noise	  

Low	   High	  	  

Regional	  Biodiversity	  

High	   	  	   	  	  

Low	   	  	  

Whales	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Dolphins	  	  	  	  	  	  	  	  	  	  	  	  
Seals	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Rocky	  Reef	  Fish	  
Diadromous	  Fish	  	  
Molluscs	  
Arthropods	  	  

	  	   Low	   High	  	  

Biodiversity	  Hotspots	  

Hotspots	   	  	   Dolphins	  	  

No	  
Hotspots	   	  	  

Seals	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Whales	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Rocky	  Reef	  Fish	  
Diadromous	  Fish	  	  
Molluscs	  	  	  
Arthropods	  	  
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5.5 Summary 

These results have identified that there are only three regional coastal plans with 

specific provisions for underwater noise. Provisions in other plans were not 

intended to be used to manage underwater noise. However, a small number (38%) 

of councils without provisions are considering the effects of underwater noise 

through the resource consent process and some councils have expressed in interest 

in developing underwater noise provisions. A lack of resources and a lack of 

guidance on the development of provisions were stated as obstacles to the 

development of provisions however. These results have also identified areas of high 

underwater noise, high biodiversity and areas where they coincide. The implications 

of these results for planning for underwater noise in New Zealand are discussed in 

the next chapter.  
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6 

Discussion 
 

This chapter discusses the results in relation to the research questions set out in 

Chapter 1. The chapter is divided into 4 main sections. Section 6.1 discusses the 

current planning approaches of regional councils and the reasons for those 

approaches. Section 6.2 discusses obstacles to the implementation of underwater 

noise provisions and suggests possible solutions to those obstacles. Section 6.3 

discusses spatial planning for underwater noise and biodiversity, including 

provisions, for underwater noise within regional coastal plans. Lastly Section 6.4 

considers the limitations of this thesis and identifies further research that will assist 

in the implementation of spatial planning for underwater anthropogenic noise within 

regional coastal plans. 

6.1 Current Regional Coastal Plans 

This section will discuss the current planning approaches within regional coastal 

plans in relation to underwater noise. Firstly, the current policy framework will be 

summarised and the reasons for the limited implementation of underwater noise 

provisions is discussed. Secondly, the broader issue of how councils consider 

underwater noise through the resource consent process is discussed. 

6.1.1 The Current State of Provisions 

Of the 17 regional coastal plans, 16 have noise provisions for the CMA and 13 of 

those 16 have rules related to those provisions. On the other hand, Only 3 councils, 

Auckland, Horizons and West Coast Regional Councils, have provisions that 

specifically relate to underwater anthropogenic noise and only Auckland Council's 

proposed Auckland Unitary Plan has provisions with rules and permitted noise 
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limits. The underwater noise provisions in the Horizons One Plan contain rules but 

are only relevant to seismic testing. The underwater noise provisions in the West 

Coast Regional Coastal Plan only require resource consent applicants to provide an 

analysis of anticipated underwater noise levels. Neither high-level provisions, nor 

rules mention underwater noise and no permitted noise limits are set to provide 

guidance.  

The qualitative review of the regional coastal plan provisions (Section 5.1) 

suggested that five councils had also intended the effects of underwater noise to be 

considered through their planning framework despite an absence of provisions that 

specifically relate to underwater noise. The Environment Southland Coastal Plan 

has high-level provisions on the effects of noise from activities, such as oil 

exploration, drilling and dredging, on marine life and Hawke's Bay Regional 

Council has high-level provisions on seismic testing. Another 3 councils (Taranaki, 

Gisborne and Tasman) have provisions related to marine life and the impacts of 

noise.  

However, results from key informant interviews (Section 5.2) contradicted this. Key 

informants from councils without explicit underwater noise provisions (including 

those from Hawke's Bay, Taranaki, Gisbourne and Southland) indicated that 

management of noise on the environment and on marine mammals were important 

considerations but underwater anthropogenic noise had not been a consideration 

when provisions were written. Instead, they indicated that provisions are focused on 

"the noise above the water space" (Key Informant 11) and are primarily "about 

making sure that amenity values are protected for people on land" (Key Informant 

7).  

Key informant comments and the absence of underwater noise provisions from all 

but 3 regional coastal plans tends to confirm the assertion by Pine et al. (2013) that 

councils have taken a "minimalist approach" (p.18) to the management of 

underwater noise. 
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6.1.2 Explaining the Absence of Underwater Noise Provisions.  

Three issues were raised by key informants (Section 5.2.3) to explain the absence of 

provisions; (1) many regional coastal plans are quite old and underwater noise was 

not anticipated when the plans were written, (2) an absence of noise producing 

activities in the CMA, and (3) the issue was not raised by stakeholders. These three 

issues are discussed below. 

Old Plans  

Results suggested that one factor contributing to the absence of underwater noise 

provisions was "just a lack of awareness of the impact of subsurface noise in the 

CMA" (Key Informant 8) due to the age of many regional coastal plans. As can be 

seen in Table 10 (p.68), of the 17 regional coastal plans, only 5 have become 

operative since the start of 2005 and only 2 since the start of 2010. A total of 7 

current plans become operative in 2004 or earlier. The earliest is Taranaki's 

Regional Coastal Plan, which became operative in 1997. Additionally, it is likely 

that provisions in most plans were written several years before they became 

operative. For example, the Otago Regional Council's Regional Plan:Coast become 

operative in 2001 but was publicly notified in 1994 (Otago Regional Council, 

2001).   

While there has been an awareness of underwater noise within the scientific and 

military communities for many years (Wenz, 1962; Urick, 1984; Richardson et al., 

1995), it is perhaps only in the last 10 to 15 years that compelling scientific 

evidence of harm has raised the issue to prominence among policy makers (Jasny, 

2005; Gotz et al., 2009). This is consistent with the tendency for policy to lag 

behind science, especially when complex biological systems are involved 

(Bradshaw & Borchers, 2000). This science-policy lag can be seen in a variety of 

international and multi-regional policies related to underwater noise. The IMO 

explicitly recognised noise pollution as an issue in 2001 and but did not produce 

noise reduction guidelines until 2014 (International Maritime Organization, 2001; 

International Maritime Organization, 2014), the EU only adopted the MSFD ,which 

recognises noise pollution as an issue, in 2008 (Joint Nature Conservation 

Committee, 2010a) and The International Organization for Standardization released 
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its sole standard on underwater noise in 2014 (International Organization for 

Standardization, 2014). At the national level, many countries still do not have any 

specific policy on underwater noise (Erbe, 2013). Of those countries that do have 

policy, many have implemented the policy within the last 10 years and often only 

for seismic surveys (Compton et al., 2008; Erbe, 2013). 

There is a tendency for policy to lag behind science (Bradshaw & Borchers, 2000) 

and this appears to be true for international policy on underwater anthropogenic 

noise as well. As 7 out of 17 regional coastal plans were written 10 or more years 

ago with only 2 becoming operative in the last 4 years, it is perhaps unsurprising 

that most contain no reference to underwater anthropogenic noise.   

Stakeholders 

Another issue raised by key informants was that underwater noise had not been 

raised by stakeholders. MacDiarmid et al. (2012b) surveyed 105 experts on New 

Zealand's marine environment and asked what they considered to be the most 

significant anthropogenic threats to New Zealand's marine environment. Experts 

were primarily New Zealand based experts working with NIWA. However, there 

were also experts from New Zealand's universities, the Ministry of Fisheries, the 

Department of Conservation and regional councils. The list of threats included noise 

pollution from shipping, noise from ecotourism and acoustic discharges from 

airguns. These noise-related threats were consistently ranked as insignificant across 

all marine habitats by the experts. Although it is not possible to speculate as to why 

stakeholders are not concerned about underwater noise, the results from 

MacDiarmid et al. (2012b) clearly confirm that underwater anthropogenic noise is a 

low priority.  

Absence of Noisy Activities  

Several key informants indicated that a lack of noise-producing activities within the 

CMA led to a lack of provisions for underwater noise. Some key informants also 

stated that, as there were no significant underwater noise-producing activities within 

their region, there was no need for provisions to manage underwater noise. While it 

is not possible to comment on each region individually, noise-producing activities 

have occurred and continue to occur around New Zealand.  
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Commercial shipping has occurred around New Zealand for many decades (Steed et 

al., 2010; Maritime New Zealand, 2013), dredging has regularly occurred in New 

Zealand ports and harbours (Layton, 2010), the construction of numerous port 

facilities, jetties and other structures has taken place throughout New Zealand (NZ 

History, 2013), oil and gas extraction has been conducted by the oil and gas industry 

since the 1950s (New Zealand Petroleum and Minerals, 2013) and mineral 

extraction has also occurred around New Zealand to a limited extent (MacDiarmid 

et al., 2012a).  

Clearly noise-producing activities have occurred historically, although it is likely 

that the occurrence of these activities has been intermittent and has varied from 

region to region. Yet, to date, only three regional coastal plans include specific 

provisions for underwater noise and only the proposed Auckland Unitary Plan 

(2013) has provisions, including rules and a permitted noise limit for underwater 

noise. Therefore, it seems more likely that a lack of awareness of the issue rather 

than an absence of activities has led to the lack of relevant provisions. 

Four key informants (Section 5.2.6) indicated that they did not feel that there was a 

need for specific underwater noise provisions as activities that produced underwater 

noise were unlikely to take place in their respective regions. However, it is likely 

that both the number of ship visits and the size of ships will increase in New 

Zealand waters (Steed et al., 2010; Lloyd's Register, 2013; Ministry of Transport, 

2014). There are indications that mineral extraction will increase around New 

Zealand too, although this is likely to be primarily in the EEZ (MacDiarmid et al., 

2012a). Oil and gas exploration is also anticipated to increase in both the North and 

South Islands (Ministry of Business Innovation and Employment, 2013; New 

Zealand Petroleum and Minerals, 2013).  

In particular, seismic testing seems to be a key factor in the decision to include or 

not include provisions for underwater noise. Key Informants from Auckland 

Council, Horizons Council and West Coast Regional Council (Section 5.2.4) all 

indicated that the occurrence of seismic testing had played a role in the decision to 

include underwater noise provisions while Key informant 1 and 7 stated that 

because of the absence of seismic testing in their region, they felt that there was no 

pressing need for provisions.  
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It seems that a lack of awareness of underwater noise as an issue within councils 

and amongst stakeholders is a more likely explanation for the absence of relevant 

provisions rather than an absence of noisy activities. Given the growing 

international awareness of the effects of underwater noise and the likelihood that 

noise-producing activities are going to increase, especially seismic testing, there 

will be a growing need to include underwater noise provisions in regional coastal 

plans. 

6.1.3 Management Without Provisions  

Of the 17 regional coastal plans, 14 have no specific provisions on underwater 

anthropogenic noise and results from key informant interviews indicated that 

underwater noise was not a consideration when plans were written. However, that 

should not be interpreted to mean that councils without provisions cannot or do not 

currently consider the effects of underwater noise though the resource consent 

process.  

Key informant interview results showed that, despite an absence of underwater 

noise provisions, 3 councils (38%) (Section 5.2.5) are currently considering 

underwater noise through the resource consent process under broad, high-level 

provisions concerning natural character, flora and fauna or ecological effects. Key 

informants from councils not currently considering underwater noise agreed that 

they could do the same if they needed to, as provisions were so broad that they 

"could be interpreted to mean almost anything" (Key Informant 8), although 

consideration was dependent upon activity status. Under the RMA, Section 16, 

innominate provisions under Section 87B and review clauses under Section 128 

were identified as mechanisms that councils could use to manage underwater noise 

without relevant provisions in regional coastal plans. These issues are discussed and 

elaborated upon in the following subsections. 

Broad Provisions 

Broadly worded provisions were considered to be applicable to underwater noise. 

For example, the key informant from the Bay of Plenty Regional Council indicated 

that they had successfully considered underwater noise through reference to 

provisions for 'natural character' and 'flora and fauna'.  The Bay of Plenty Regional 
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Council's Regional Coastal Environment Plan (BPRCEP) defines natural character 

in the explanation section of Chapter 4 as follows: 

The natural character of the coastal environment is pervasive, and embodies both features 
and processes. 

Outstanding natural features and landscapes together with areas of significant indigenous 
vegetation and significant habitats of indigenous fauna are all key components of natural 
character. These are afforded special consideration under section 6(b) and section 6(c) of 
the Act, and in recognition of this they are treated separately within this plan under their 
own specific chapters. 

The natural character of the coastal environment does not comprise particular landscape 
features, or ecologically significant sites only. It also includes the ecological and 
hydrological systems that collectively sustain the natural functioning of the environment. 

A single issue and objective are then stated in the BPRCEP. These are followed by 

policies, some of which are specific to various geographical areas or particular 

topics. However Policy 4.2.3(c) and 4.2.3(d) are very broad in scope.   

4.2.1 Key Issue 

There is ongoing and often incremental loss and degradation of natural character through 
inappropriate subdivision, use, and development in the coastal environment. 

4.2.2 Objective 

The preservation of the natural character of the coastal environment and its protection 
from inappropriate subdivision, use and development. 

4.2.3 Policy 

4.2.3(c) To recognise that all remaining areas of indigenous vegetation and habitats in the 
coastal environment contribute to the overall natural character of the environment. 
Cumulative adverse effects on these areas should be avoided.  

4.2.3 Policy  

4.2.3(d) To recognise the important ecological interconnections that are necessary to 
sustain species and their habitats. Cumulative and irreversible adverse effect on these 
interconnections should be avoided. 

Additionally, within the Chapter 6 - Flora and Fauna, a single broad issue and 

objective are stated. These are followed by some specific policies. However Policy 

6.2.3(d) is broad.  
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6.2.1 Key Issue 

There is ongoing loss and degradation of significant vegetation and significant habitats of 
indigenous fauna within the coastal environment through inappropriate subdivision, use 
and development.  

6.2.2 Objective 

The protection of areas of significant indigenous vegetation and significant habitats of 
indigenous fauna within the coastal environment.  

6.2.3 Policy  

6.2.3(d) To afford an appropriate level of protection to significant indigenous vegetation 
and habitats of indigenous fauna which are not specifically identified in this plan.	  

The key informant from Bay of Plenty Regional Council indicated that these 

provisions were not written with underwater noise in mind but by virtue of their all-

inclusiveness, had been used to manage its adverse effects. 

However, other key informants indicated a problem with relying on broad 

provisions that don't consider underwater noise specifically. Although a council 

could consider the effects, "it would be difficult to assess the effects of underwater 

noise as there are no provisions to assess it against" (Key Informant 3). As a 

consequence councils have found it "really hard to consider through that consent 

process" (Key Informant 11).   

Activity Status  

However, irrespective of the presence or absence of underwater noise provisions, 

activity status for an activity within a regional coastal plan was seen to be crucial. If 

a noise-producing activity is permitted under a regional coastal plan, then "the poor 

old dolphins are on their own" (Key Informant 8). The Bay of Plenty key informant 

indicated that having activities with a discretionary activity status had been 

important as it allowed them to make use of their broad provisions. For example, 

within the Bay of Plenty Regional Coastal Environment Plan (BPRCEP), mineral 

extraction of any kind is fully discretionary (Bay of Plenty Regional Council, 2003). 

Therefore the Council could consider any effect of a mineral extraction operation, 

including underwater noise, through the resource consent process. In contrast, the 

Horizons Proposed One Plan (HPOP) specifically permits noise produced by the 
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normal operation of offshore installations (e.g., oil rigs) and seismic surveys, as 

long as the surveys conform to the Department of Conservation's Code of Conduct 

(Horizons Regional Council, 2013). In this case, the BPRCEP potentially gives 

greater control over the emission of underwater noise from oil and gas related 

activities, than a plan with provisions for underwater noise.  

However, it should be noted that Section 16 of the RMA, places a general duty on 

everyone carrying out an activity to avoid unreasonable noise, even if the activity is 

permitted under the relevant regional coastal plan (Nolan, 2011). This is discussed 

further in the following section. 

Management Under the Resource Management Act  

Results also indicated the various section of the RMA allow councils to manage the 

effects of underwater noise through the resource consent process. The sections 

identified by key informants were the noise provisions under Section 16, innominate 

provisions under Section 87B and review clauses under Section 128. 

• Section 16 

Key informants indicated that Section 16 would allow for underwater noise to be 

addressed through the resource consent process. Section 16 of the RMA states: 

Every occupier of land (including any premises and any coastal marine area), 

and every person carrying out an activity in, on, or under a water body or the 

coastal marine area, shall adopt the best practicable option to ensure that the 

emission of noise from that land or water does not exceed a reasonable level. 

This places a general obligation on every person carrying out an activity to adopt 

the best practicable option to avoid unreasonable noise and is not dependent upon 

activity status or permitted noise limits being specified in a regional coastal plan 

(Nolan, 2011). In Auckland Kart Club Incorporated v Auckland City Council, the 

court determined that, in the absence of guidance in a plan, a 'reasonable' level of 

noise is what is most reasonable to the receiver while considering what is 

achievable as the best practical option (Nolan, 2011).  
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The problem, as indicated by key informants, is that this necessitates councils to 

establish what is reasonable or unreasonable for whichever species of marine animal 

is receiving the noise. This would require "documented links between the level of 

noise and the adverse effect" (Key Informant 3). Unfortunately, councils "haven't 

had detailed information about what the appropriate level [of noise] is and what 

impact [noise] is having" (Key Informant 11). Section 16 clearly allows for the 

management of the issue without provisions but it is currently difficult to determine 

what is reasonable for the receiver. 

Additionally, there is also the requirement to consider the best practicable option. 

However, in New Zealand best practice guidelines only exist for seismic testing 

(Department of Conservation, 2013). This absence of best practice guidance would 

make it difficult to determine the best practical option. Consideration of overseas 

best practice examples for activities such as dredging or pile driving may be 

required. For example, UK government guidelines on pile driving (Joint Nature 

Conservation Committee, 2010d), seismic surveys (Joint Nature Conservation 

Committee, 2010b) and explosives (Joint Nature Conservation Committee, 2010c) 

have been published by the Joint Nature Conservation Committee. German and 

Australian guidelines also exist for pile driving (Government of South Australia, 

2012; Erbe, 2013). 

• Innominate Provisions  

Key informants indicated that Section 87B would allow councils to manage 

underwater noise if the activity was not anticipated in a plan. Section 87B(1) states: 

An application for a resource consent for an activity must, with the necessary 

modifications, be treated as an application for a resource consent for a 

discretionary activity if— 

(a) Part 3 requires a resource consent to be obtained for the activity and 

there is no plan or proposed plan, or no relevant rule in a plan or proposed 

plan; 

As the production of underwater noise is not anticipated by most plans, it would be 

considered discretionary and would therefore require resource consent.  
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• Review Clauses  

Results indicate that Section 128(1) of the RMA may allow retrospective 

consideration of underwater noise for previously granted resource consents. Section 

128(1) states: 

A consent authority may, in accordance with Section 129, serve notice on a 

consent holder of its intention to review the conditions of a resource consent— 

(c) if the information made available to the consent authority by the 

applicant for the consent for the purposes of the application contained 

inaccuracies which materially influenced the decision made on the 

application and the effects of the exercise of the consent are such that it is 

necessary to apply more appropriate conditions.	  

The ability to review depends upon the application not describing the effects of 

underwater noise adequately or not at all, and that the inaccuracy materially 

influenced the decision to grant consent. If that is the case, a council can then, under 

section 132(1) alter the conditions of consent. A council may also cancel resource 

consent if, pursuant to Section 132(3), the activity is having significant adverse 

effects on the environment (Ministry for the Environment, 2000). Again, there is a 

requirement for a council to establish whether the effects are significant, which, as 

mentioned earlier, councils don't feel they have the knowledge to do. 

6.2 Future Regional Coastal Plans  

Of the 8 councils without underwater noise provisions that were spoken to over the 

course of the research, four stated that they had no intention currently of 

implementing underwater noise provisions (Section 5.2.6). The primary reasons 

given were that they considered underwater noise to not be an issue for their 

respective regions or that existing provisions could adequately deal with underwater 

noise. On the other hand, 3 of the 8 (38%) of the councils without provisions that 

were spoken to during this research stated that they saw a need for specific 

underwater noise provisions and two councils were already drafting or were 

considering drafting them.  
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However results indicate that there are several issues or obstacles for councils that 

wish to implement underwater noise provisions. Firstly, there is a lack of staff 

within councils with expertise on underwater noise. Consequently, the 

establishment of suitable noise limits, the assessment of applications, and the setting 

or conditions on resource consents were considered difficult. Additionally, limited 

resources mean that councils "have to target [resources] to where .... there is likely 

to be the most effect" (Key Informant 7). As a result, underwater noise may "just 

drop off the list if [councils] don't have further information or guidance on what we 

should be doing" (Key Informant 11). Under Integrated Resource Management 

legislation, like the RMA, central government plays an important role in addressing 

these kinds of issues (Klein, 2001).  

6.2.1 Central Government Guidance on Underwater Noise 

Under the RMA councils can draw on guidance provided by central government 

(Klein, 2001; Guerin, 2005). Central government can provide guidance, such as 

National Environmental Standards (NES), National Policy Statements (NPS), as 

well as policies or guidelines (Klein, 2001; Guerin, 2005). However, to date there 

has been no national policy guidance on this issue.  

Under Section 43A of the RMA, NES can be implemented. Section 43A(1)(b) 

allows for the creation of an NES for noise. However, none has been prepared as yet 

(Ministry for the Environment, 2013b). Under Section 45 of the RMA, NPS can be 

implemented, however none with relevance to underwater noise has yet been 

prepared (Ministry for the Environment, 2013b). Guidelines have been issued by the 

Ministry for the Environment on managing environmental effects, including noise, 

from onshore petroleum activities (Ministry for the Environment, 2014), but not for 

offshore activities or other underwater noise-related activity.  

Additionally, Standards New Zealand have released standards for noise for a variety 

of activities, including port activities (Nolan, 2011). However, there is no New 

Zealand Standard for underwater noise (Nolan, 2011) and key informants indicated 

that existing noise standards were not of any relevance to underwater noise.  
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Councils appear willing to incorporate external guidance on the issue, if it is 

available. The Department of Conservation's Code of Conduct was not developed 

with the intention of providing guidance to regional councils (Department of 

Conservation, 2012b). Rather, it was intended to provide best practice guidelines for 

the oil and gas industry (Department of Conservation, 2012a). However, it has been 

incorporated into both the Auckland Unitary Plan and the Horizons One Plan. 

Additionally, Key Informants 1 and 11 both indicated that their respective councils 

were considering incorporating it into their regional coastal plans.  

There is no central government guidance on this issue. Given the resource 

limitations faced and lack of expertise in regional councils, it may be some time 

before those councils that are concerned about underwater noise are able to adopt 

underwater noise provisions.  

6.2.2 Permitted Noise Limits 

Permitted noise limits for activities on land are a common feature of regional plans 

and are often based on guidance in New Zealand Standards on noise (Nolan, 2011). 

As discussed above, a lack of knowledge or expertise within councils was 

considered a stumbling block to the implementation of suitable provisions, 

including permitted noise limits. Key Informant 7 for example, stated "if we had 

enough information, we could include some permitted standards for levels of noise 

but we are probably way off having that information". 

International Guidance on Underwater Noise Limits 

As discussed above, no central government guidance or New Zealand Standards 

relevant to underwater noise exists. Internationally however, there has been research 

into underwater noise limits. A brief summary of guidance within the peer-reviewed 

and grey literature on underwater anthropogenic noise limits is presented in Table 

17 and a more comprehensive summary of the papers is presented in Appendix 6. 

Best Practice Underwater Noise Limits 

As can seen from Table 17, there are numerous reports and papers that have 

attempted to set underwater noise limits. Recent Environmental Protection 

Authority (EPA) publications related to applications for marine consents in the EEZ 
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indicate that, out of these numerous limits, those developed by Southall et al., 

(2007) (hereafter referred to as the 'Southall limits'), are considered best practice. 

For example, the Southall limits have been variously described as "industry best 

practice" (URS New Zealand Ltd, 2013, p.12), as "widely accepted and used as a 

basis for management of underwater noise impacts on marine mammals" (Huber et 

al., 2014, p.9) and as being "generally considered to be the definitive work in this 

field and ... widely referred to in the international literature" (Environmental 

Protection Authority, 2014d). On this basis, it seems appropriate for the Southall 

limits be used as a basis for permitted noise limits. 

Table 17. A summary of peer-reviewed and grey literature proposing underwater 
anthropogenic noise limits.  

Author Species / Taxon / Suggested Noise Limit 
National Marine 
Fisheries Service 
(1995) 

Marine Mammals  • 180 dB re 1µPa (SPL) or below unlikely to cause injury 

Parvin et al. (2002.) Humans  • 145 dB re 1µPa  - 155 dB re 1µPa (depending on sound 
frequency). 

NATO Undersea 
Research Centre 
(2006) 

Small 
Odontocetes  

• 178 re 1µPa -186 re 1µPa (depending on sound frequency). 

Large 
Odoncocetes 

• 160 dB re 1µPa  

Humans • 154 dB re 1µPa  
Parvin et al. (2007) Marine Mammals • 220 dB re 1µPa (SPL)  

Carlson et al. (2007) Fish • 205 dB re 1µPa2/s (SEL) for TTS onset 
• 185 dB re 1µPa2/s (cumulative SEL) for TTS onset 

Southall et al., 
(2007) 

Cetaceans and 
Pinnipeds  

A variety for criteria were identified according to sound type, TTS, 
PTS and taxa.  
• 171 dB re 1µPa2/s (SEL) for TTS in seals was the lowest 

threshold identified. 
Tasker et al. (2010) Marine Mammals  • 183 dB re 1µPa2/s (SEL) at 1 metre.  

• 224 dB re 1µPa (SPL) at 1 metre. 

Finneran and 
Jenkins (2012) 

Cetaceans and 
Pinnipeds 

A variety for criteria were identified according to behavioural 
changes, TTS, PTS, internal injury and taxa 
• 141 dB re 1µPa2/s (SEL) for behavioural changes in cetaceans 

was the lowest threshold identified 
National Oceanic 
and Atmospheric 
Administration 
(2013) 

Cetaceans and 
Pinnipeds 

A variety for criteria were identified according to sound type, TTS , 
PTS and taxa. 
• 146 dB re 1µPa2/s (SEL) for TTS in cetaceans from impulsive 

sound from was the lowest threshold identified. 

Southall et al., (2007) Noise Limits 

The intent of the Southall et al., (2007) paper was to attempt to establish noise 

exposure limits for marine mammals based on a review of all the scientific literature 
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on behavioural and physiological responses to underwater anthropogenic noise 

(Southall et al., 2007). Cetaceans were grouped according to their auditory range; 

(1) Low frequency cetaceans, (2) Mid frequency cetaceans, and (3) High frequency 

cetaceans. In-air and in-water limits were derived for pinnipeds. The paper then 

attempted to established noise exposure limits for 2 categories of effects; (1) 

behavioural disturbance, and (2) injury for each group (Southall et al., 2007). 

The inner ear of a mammal was considered to be the most susceptible to injury 

(Southall et al., 2007). Therefore, the minimum exposure limit for injury was 

defined as the level at which a single exposure to noise causes permanent hearing 

loss (PTS) (Southall et al., 2007). Exposure limits for injury were developed for 

pulsed noise such as pile driving and airguns, and for non-pulsed noise such as 

shipping and drilling. Additionally, single and multiple pulsed exposure limits were 

developed (Southall et al., 2007). Noise limits for injury are set out in Table 18 and 

are reported in sound pressure levels and sound exposure levels 

Table 18. Underwater noise limits for injury (PTS) (Southall et al., 2007) 

 

The report defined the minimum exposure limit for behavioural effects as the level 

at which a single exposure to noise causes the onset of temporary hearing loss 

(TTS) (Southall et al., 2007). The authors acknowledge that TTS is not a 

behavioural effect, however the authors considered it to be a suitable proxy for 

behavioural change that has the potential to affect vital rates of the animal (Southall 

et al., 2007). Noise limits for behavioural change are set out in Table 19 and are 
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reported in sound pressure levels and sound exposure levels. The authors felt that 

there was insufficient data to set limits for multiple pulsed noise and non-pulsed 

noise. Consequently limits were only specified for single pulses of noise (Southall 

et al., 2007).  

Table 19. Underwater noise limits for behavioural change (TTS) (Southall et al., 2007). 

 

The authors expressed uncertainty about final limits and pointed out a significant 

lack of data. They indicated that the extrapolation from insufficient data to their 

exposure limits was problematic and that the limits developed were "merely an 

initial step in an iterative process to understand and better predict the effects of 

noise" (Southall et al., 2007, p.474). 

Uncertainty and the Precautionary Principle 

One of the most difficult aspects of developing policy from science is uncertainty 

(Bradshaw & Borchers, 2000). While science accepts uncertainty, especially in 

complex biological systems, policy makers tend to require certainty (Bradshaw & 

Borchers, 2000).  This tends to result in a lag between the development of scientific 

models and their inclusion in public policy (Bradshaw & Borchers, 2000). 

Although, there seems to be widespread acceptance that underwater anthropogenic 

noise can have adverse effects on many forms of marine life, due to insufficient data 

for numerous marine species, there is considerable uncertainty about the point at 

which underwater noise causes harm (Southall et al., 2007; Finneran & Jenkins, 

2012; National Oceanic and Atmospheric Administration, 2013). 
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In the absence of scientific certainty, the Precautionary Principle has become 

increasingly accepted as a suitable tool to inform decision-making and has been 

included within legislation in numerous countries (UNESCO, 2005) including the 

RMA (Cameron, 2006). One interpretation of the Precautionary Principle states that 

"when an activity threatens human health or the environment, precautionary 

measures should be taken, even if some cause and effect relationships are not fully 

established" (Tickner et al., 1999). Two important components of the principle are 

taking preventative action and the shifting of the burden of proof to the proponent of 

the activity (Kriebel et al., 2001).  

On this basis, it is argued that firstly, permitted noise limits based on Southall limits 

should be form the basis of permitted underwater noise limits despite uncertainty 

about the suitability of the limits. Secondly, it is argued that permitted noise limits 

should be set at a suitably precautionary level so the effects of an activity can be 

established by the applicant through the resource consent process. 

Determining Reasonable Noise 

Section 16 of the RMA places a general duty on anyone undertaking an activity to 

make sure noise from that activity does not exceed a reasonable level. In Auckland 

Kart Club Incorporated v Auckland City Council 'reasonable' was determined to be 

noise that is most reasonable to the receiver, set in the context of what the person 

carrying out the activity can achieve as the best practicable option (Nolan, 2011).   

In an urban environment, the 'receivers' are humans. New Zealand Standard 

6802:2008 Acoustics - Environmental Noise provides guidance on noise levels that 

are 'reasonable' for the protection of human 'receivers' in a residentially zoned area 

(Nolan, 2011).  The standard recommends that during the day, an average noise 

level of 55 dB re 20 µPa (over a 15 minute period) and a peak level of 75 dB re 20 

µPa should not be exceeded (Nolan, 2011). TTS in humans is estimated to occur at 

volumes above 76-78 dB re 20 µPa (Melnick, 1991). This indicates that for humans 

in an urban environment, a 'reasonable' average level of noise is approximately 20 

dB lower than the lowest level of noise that induces TTS and that the peak 

allowable level of noise is comparable to a level that induces TTS. This suggests 
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that a 'reasonable' level of noise for marine animals should be no higher than a 

volume that induces TTS.  

Southall et al., (2007) determined TTS for all cetaceans to occur at 183 dB re 1 

µPa2/s (SEL) and 224 dB re 1 µPa (SPLpeak) and that TTS for pinnipeds occurs at 

171 dB re 1 µPa2/s (SEL) and 212 dB re 1 µPa (SPLpeak). It is therefore argued that 

permitted noise limits should be no higher than these limits. 

As discussed above, New Zealand Standard 6802:2008 Acoustics - Environmental 

Noise sets limits that are below TTS for humans. This is because factors such as 

annoyance, communication interference, and sleep disturbance, in addition to 

hearing damage, are considerations in the development of noise limits for humans 

(Porter et al., 1998; Berglund et al., 1999). For example, the World Health 

Organization has applied the concept of 'no observed adverse effect level' (NOAEL) 

for determining suitable night-time noise limits for humans (Hurtley, 2009). Under 

NOAEL 'no adverse effect level' is defined as the greatest level that causes no 

detectable adverse alteration of morphology, functional capacity, growth, 

development or lifespan of the target organism (Hurtley, 2009).  

Because of the difficulty in determining what levels of noise cause such effects 

across numerous marine species (Southall et al., 2007; Gotz et al., 2009; Finneran 

& Jenkins, 2012; National Oceanic and Atmospheric Administration, 2013), it 

would be very difficult to determine a permitted noise limit based on NOAEL. 

However a limit based on NOAEL would certainly be less that a limit based on 

Southall limits. For example, physiological responses in fish are known to occur 

below 170 dB re 1 µPa (Smith et al., 2003; Wysocki et al., 2006) and possibly as 

low as 130 dB re 1µPa (Pine et al., 2013). In order to take a precautionary approach, 

it is argued that acute behavioural impacts and the long-term impacts on marine 

animals should be considered when setting permitted noise limits. In order to do so, 

permitted noise limits should be less than the Southall limits for TTS. 

Auckland Council Permitted Underwater Noise Limits 

The permitted noise limit in the proposed Auckland Unitary Plan is 200 dB re 1 µPa 

at 1 metre (SPL). This threshold is lower than the TTS limit indicated by Southall et 
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al., (2007). It is therefore consistent with the interpretation of 'reasonable' noise 

discussed above.  

The key informant from Auckland Council indicated that a permitted noise limit of 

180 dB re 1 µPa had been considered for inclusion within the proposed Auckland 

Unitary Plan as it was "a more rational level". However the key informant indicated 

that the council felt that there would have been excessive overlap with activities 

upon which Auckland Council did not want to place the requirement to obtain 

resource consent.   

Implications for Activities 

A report by Genesis Oil and Gas Consultants (2011) for the Department of Energy 

and Climate in the UK examined which activities would be captured by a statutory 

threshold based on the Southall limits for TTS in pinnipeds and cetaceans. They 

concluded that airgun arrays, explosives, and pile-driving would be captured by the 

threshold. Drilling from semi-submersibles, platforms and drillships, dredging, and 

commercial shipping however, would fall below the statutory threshold.  

An alternative threshold of 180 dB re 1 µPa (SPLpeak) and 159 dB re 1 µPa2/s (SEL) 

was also considered in Genesis Oil and Gas Consultants (2011). A threshold at 180 

dB would place drillships above the statutory threshold as well (Genesis Oil and 

Gas Consultants, 2011). Dredging and shipping were not considered for the lower 

threshold (Genesis Oil and Gas Consultants, 2011). However, based on noise level 

estimates in other literature, (Richardson et al., 1995; Arveson & Vendittis, 2000; 

Gotz et al., 2009; Robinson et al., 2011) both dredging and shipping would likely be 

captured by this statutory threshold in some instances. 

Suggested Permitted Noise Limit 

The Southall limits are accepted as best practice in New Zealand. It is argued that 

permitted noise limits in regional costal plans be no higher than the TTS thresholds 

proposed by Southal et al., (2007). Hearing damage, physiological and behavioural 

effects are known to occur at levels below these limits. However there is uncertainty 

in the data and inconsistency across species. This makes setting a permitted noise 

limit based on these criteria difficult. However, a precautionary approach should be 
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taken and these issues should be taken into account. Auckland Councils limits of 

200 dB re1 µPa are consistent with this approach. However, this limit will not 

capture some noise-making activities such as drillships or dredges. A permitted 

noise limit of 180 dB re 1 µPa (SPLpeak) and 159 dB re 1 µPa2/s (SEL) at 1m 

however, would allow for the consideration of a greater number of activities. 

6.2.3 Department of Conservation's Code of Conduct 

Results showed that two councils currently reference the Code of Conduct in their 

regional coastal plans, and others are considering it (Section 5.1). The main issue 

identified from key informants with the inclusion of external documents, such as the 

Department of Conservation's Code of Conduct, is increased complexity in plans 

and the possibility that plans will become out of date if the document is updated. It 

is also important to ensure that the document does not make the provision ultra 

vires or provide council with discretion over activities where this is not appropriate 

(Quality Planning, 2014). Alternatively, councils could require consent holder to 

conform to the Code of Conduct or any other best practice guidance as a condition 

of consent.  

6.2.4 Assessment and Mitigation Measures  

Any activity that produces noise above a permitted noise limit would require 

resource consent. This requires the effects to be assessed by a regional council. 

Results suggest that councils may not have sufficient expertise within council to 

adequately assess resource consent applications for activities producing underwater 

noise.  

The key informant from the West Coast Regional Council indicated that the Council 

had resolved this issue by obtaining assistance from the Department of 

Conservation. The Key Informant stated that the Department of Conservation "are 

sent a weekly list of all consent applications we receive so they would determine 

whether underwater noise from a proposed activity in the CMA will adversely affect 

marine species, and advise us if or how the effects can be managed". The nature of 

this arrangement was not elaborated upon by the key informant and the Department 

of Conservation was not contacted to obtain their perspective on the arrangement. 
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However, the West Coast Regional Council's approach suggests that obtaining 

advice on the applications from an external agency could be a suitable approach. 

The EPA, when considering applications for marine consents under the EEZ Act 

also makes use of external agency advice when making decisions related to 

underwater noise. For example, the recent application for marine consent by 

Chatham Rock Phosphate Ltd was reviewed by an external agency in relation to the 

proposal's effects on marine life and considered the effects of underwater noise 

(Huber et al., 2014).  

In terms of consent conditions, best practice guidance can indicate suitable 

mitigation measures for various activities. Within New Zealand, the Department of 

Conservation's Code of Conduct provides an example of best practice for seismic 

surveys. There is no best practice guidance for pile driving or explosives in New 

Zealand, however, in the UK, the Joint Nature Conservation Committee may 

provide information on suitable mitigation measures (Joint Nature Conservation 

Committee, 2010a; Joint Nature Conservation Committee, 2010b; Joint Nature 

Conservation Committee, 2010c).   

6.2.5 Compliance and Monitoring 

Under Section 108 of the RMA conditions can be placed on resource consents and 

under Section 35 of the RMA, councils are required to undertake monitoring to 

ensure compliance with those conditions. Results indicated that compliance and 

monitoring of conditions on resource consents were seen to be important but 

problematic by councils. Monitoring can be difficult for councils for a variety of 

reasons. A report for the Department of Conservation identified several issues faced 

by councils when monitoring consents related to biodiversity. These included 

inadequate resourcing, absence of training or guidelines, lack of technical experitise 

and a lack of understanding of the ecological issues (Tonkin and Taylor Ltd, 2012). 

Results from key informants indicate that councils face similar issues regarding 

underwater noise. 

Although monitoring is a requirement under the RMA, the degree of monitoring can 

be varied with the scale and intensity of the activity and the potential impacts on the 
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environment (Tonkin and Taylor Ltd, 2012). This can help reduce the burden on 

councils. For example, Canterbury Regional Council reported that only 15-19% of 

its terrestrial resource consents were monitored in any given year (Environment 

Canterbury, 2013). Because of limited resources and large numbers of consents, 

Canterbury Regional Council's attention was focused on medium to high-risk 

activities and activities or consent holders that showed patterns of non-compliance 

(Environment Canterbury, 2013). Activities that conform to best practice or 

demonstrate a high level of compliance may require little on-going monitoring. The 

key informant from Auckland Council indicated that they were taking a similar, 

pragmatic approach to monitoring, stating that "you don't have to apply it 

everywhere if you don’t have the ability, ..... but at least you have it for a worst case 

scenario". Additionally, external consultants can also be commissioned to undertake 

monitoring and costs can be placed on the consent holder (Tonkin and Taylor Ltd, 

2012). 

Alternatively, rather than councils taking on the responsibility themselves, councils 

can require resource consent holders to undertake monitoring. Results showed that 

some councils take the view that  "the onus will be on [a consent holder] to put that 

time and effort and money into doing the assessment work" (Key Informant 7) and 

that "it's worked well so far" (Key Informant 7).  

6.3 Noise and Biodiversity 

6.3.1 Informing Regional Coastal Plan Provisions 

McCarthy (2004) suggested planning for underwater noise required the 

identification of areas that have both high levels of underwater noise and are of 

biological importance (McCarthy, 2004). Following McCarthy (2004), this research 

has identified 11 regions as either high or low underwater noise environments and 

has identified regions with high regional biodiversity and with biodiversity hotspots 

for seven taxa.  

These results can inform spatial planning by regional councils in three ways.  

Firstly, by identifying taxa with high levels of biodiversity, councils would be able 

to include this information within provisions in regional coastal plans. Resource 
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consent applicants could be required to specifically consider these taxa in 

applications for activities producing underwater noise. This approach is consistent 

with the New Zealand Biodiversity Statement, in particular Objectives 3.3, 3.4 and 

3.6 which are:  

• Protect biodiversity in coastal waters from the adverse effects of human activities on 
land and in the coastal zone.  

• Protect biodiversity in coastal and marine waters from the adverse effects of fishing 
and other coastal and marine resource uses. 

• Protect a full range of natural marine habitats and ecosystems to effectively 
conserve marine biodiversity, using a range of appropriate mechanisms, including 
legal protection. 

(New Zealand Government, 2000) 

Secondly, by identifying the geographical location of biodiversity hotspots, these 

areas could also be included in regional coastal plans as specific zones with seperate 

provisions and/or rules. Resource consent applicants would be required to 

specifically consider effects on these areas in applications for activities producing 

underwater noise.  This is consistent with Policy 7 of the NZCPS which specifically 

requires regional councils to consider "where, how and when" activities occur 

through the creation of zones (New Zealand Government, 2010). Policy 7 also 

requires regional coastal plans to identify areas of the coastal environment where 

particular activities are either inappropriate or inappropriate without the 

consideration of their effects through the resource consent process (New Zealand 

Government, 2010). Additionally, it is consistent with the Marine Protected Areas 

Policy, which provides direction on the creation of marine areas that are: 

especially dedicated to, or achieving, through adequate protection, the 

maintenance and/or recovery of biological diversity at the habitat and ecosystem 

level in a healthy and functioning state  

(New Zealand Government, 2005, p.10) 

Thirdly, in regions where areas of high biodiversity are already exposed to a high 

level of underwater noise, the statutory threshold for obtaining resource consent 

could be higher relative to an area of low noise or low biodiversity. This approach is 

consistent with Policy 7(2) of the NZCPS which requires regional councils to 
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identify in regional coastal plans 'values' that are under risk from adverse cumulative 

effects (New Zealand Government, 2010). Policy 7 requires regional coastal plans to 

include zones, standards or targets to specify acceptable limits for activities causing 

adverse cumulative effects (New Zealand Government, 2010). 

6.3.2 Proposed Regional Coastal Plan Provisions 

This section proposes provisions for regional coastal plans based on biodiversity 

and underwater noise results from this research. Suggested provisions are set out for 

a high underwater noise environment (Example 1 - Northland) and a low 

underwater noise environment (Example 2 - Southland). 

The underwater noise provisions in the Auckland Unitary Plan have been used as a 

template for these provisions as they are the only example of a full compliment of 

underwater noise provisions in any regional coastal plan at this time. Additionally, 

on the basis of the earlier discussion of permitted noise limits (Section 6.2.2), a 

permitted noise limit of 180 dB re 1µPa (SPLpeak) and 159 dB re 1 µPa2/s (SEL) is 

suggested, rather than the 200 dB re 1µPa in the Auckland provisions.  

The Auckland Unitary Plan provisions apply to construction, dredging, and mineral 

exploration and extraction, including seismic surveying (Section 5.1.2). They do not 

apply to shipping however. As established in the literature review, commercial 

shipping is the most significant anthropogenic contributor to underwater noise 

(Wenz, 1962; Gotz et al., 2009) and can have adverse effects on marine life (Bryant 

et al., 1984; Richardson et al., 1995; Aguilar Soto et al., 2006). Consequently, 

shipping is included within UK policy on underwater noise as an activity of 

particular concern (UK Government, 2011). Shipping activity can be considered 

within the RMA. For example, Marlborough District Council have speed 

restrictions in their regional coastal plan for large vessels in order to control erosion 

in the Marborough Sounds (Marlborough District Council, 2008). It is therefore 

recommended that shipping be considered with respect to underwater noise and that 

suitable provisions, including rules be put in place to manage ship noise. However, 

it is acknowledged that the permitted noise limit of 180 dB re 1µPa at 1m proposed 

in this thesis may be overly restrictive as it would potentially restrict large ships to 

speeds around 10 knots (Arveson & Vendittis, 2000). Further consideration needs to 
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be given to the management of ship noise specifically. Consequently, shipping is 

not included in the provisions proposed here. 

The Auckland Unitary Plan provisions also do not apply to sonar. Sonar, especially 

military sonar, has  the potential to alter marine animal behaviour and cause injury 

(Richardson & Würsig, 1997; Miller et al., 2000; Tyack et al., 2011; Houser et al., 

2013). Consequently, sonar is included within UK policy on underwater noise as an 

activity of particular concern (UK Government, 2011). It is therefore recommended 

that sonar be included within provisions related to underwater noise. It is recognised 

that placing restrictions on recreational or commercial sonar is likely to be 

impractical and contentious. Consequently, only military sonar is included in the 

following provisions.  

Because of the issues raised by key informants (Section 5.2.9) regarding its 

inclusion in regional coastal plans, The Department of Conservation's Code of 

Conduct is not referenced in these provisions. However, as key informants also 

recognised the value of the document,  it is anticipated that it could be used to assist 

decision-making and the development of suitable resource consent conditions, 

where appropriate. 

Example 1: Northland  

Results showed that Northland has high regional biodiversity for rocky reef fish and 

has biodiversity hotspots for whales, dolphins and rocky reef fish (Section 5.4). 

Results also indicated that the region is a high underwater noise environment 

(Section 5.3). Therefore, underwater noise currently coincides with areas of whale, 

dolphin and rocky reef fish biodiversity in Northland. As such, a high statutory 

threshold is proposed for activities that breach the permitted underwater noise limit. 

An activity status of restricted discretionary is proposed for the region as a whole. 

An activity status of non-complying is proposed for biodiversity hotspots. 

As can be seen in Figure 35, the Northland region contains numerous hotspots, 

especially for rocky reef fish. Defining all these areas as biodiversity hotspots, 

contradicts the purpose of identifying hotspots. Northland Regional Council would 

need to identify hotspots of particular value before identifying them in a regional 
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coastal plan. No strategy is proposed here, but options are discussed in the 

following Research Limitations section.  

   
Figure 35. Biodiversity hotspots identified for whales, dolphins and rocky reef fish 
respectively in Northland. 

• Proposed Provisions for Northland 

The Northland Regional Council could identify the high biodiversity taxa in the 

provisions of the NCPN. For example: 

Issue 
1. Underwater noise can have an adverse effect on a range of marine animals that rely 

on sound to communicate, navigate, hunt and mate. Northland is a high underwater 
noise environment. Consequently, activities that create additional underwater noise 
pose a threat to marine fauna, in particular regionally and locally biologically 
diverse taxa. 

 
Objective 
1. To manage underwater noise from construction, petroleum or mineral exploration and 

extraction, dredging and military sonar so that the health and well-being of marine 
fauna, in particular rocky reef fish, dolphins and whales is maintained. 

 
Policy  
1. To afford an appropriate level of protection to all marine life throughout the coastal 

marine area, in particular rocky reef fish. 
2. To afford an appropriate level of protection to areas of high biological diversity for 

dolphins and whales. 

The Northland Regional Council could identify the geographical location of 

biodiversity hotspots. The hotspots could be included in regional coastal plans as 

spatial zones with seperate rules. For example:  

Rules 
1. Underwater noise from construction, dredging, petroleum or mineral exploration and 

extraction (including seismic surveying) and military sonar is a permitted activity if: 
a) underwater activity does not exceed a noise level of 180 dB re 1 µPa or 
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159 dB re 1 µPa2/s measured at 1m from the noise source 
b) it does not occur within biodiversity hotspots (identified in Map X), 
 

Any activity that cannot comply with this rule is restricted discretionary with council 
restricting its discretion to effects of underwater noise on marine life. 
 
2. Within biodiversity hotspots (identified in Map X), underwater noise from 

construction, dredging, petroleum or mineral exploration and extraction (including 
seismic surveying) and military sonar is permitted if: 

a) underwater activity does not exceed a noise level of 180 dB re 1 µPa or 
159 dB re 1 µPa2/s measured at 1m from the noise source; 

 
 Any activity that cannot comply with this rule is non-complying. 

Example 2: Southland  

Results showed that Southland has high regional biodiversity for dolphins and seals 

and has biodiversity hotspots for dolphins, seals and diadromous fish (Section 5.4). 

Results also showed that the region is a low underwater noise environment (Section 

5.3). Therefore underwater noise does not coincide with important areas of seal, 

dolphin and diadromous fish biodiversity in Southland. As such, a low statutory 

threshold is proposed for activities that breach the permitted noise limit. An activity 

status of controlled is proposed for the region as a whole. An activity status of 

restricted discretionary is proposed for biodiversity hotspots. 

As can be seen in Figure 36, the Southland region contains numerous hotspots, 

especially for seals. Particularly in the case of seals, defining all these areas as 

biodiversity hotspots, contradicts the purpose of identifying hotspots. As with 

Northland, Southland Regional Council would also need to identify hotspots of 

particular value before identifying them in a regional coastal plan. This issue is 

discussed further in the following Research Limitations section.  

   
Figure 36. Biodiversity hotspots identified for seals, dolphins and diadromous fish 
respectively in Southland. 
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• Proposed Provisions for Southland 

The Southland Regional Council could identify high biodiversity taxa in provisions 

in the ESCP. For example: 

Issue 
1. Southland is a low underwater noise environment. However, underwater noise can have 

adverse effects on a range of marine animals that rely on sound to communicate, 
navigate, hunt and mate. Activities that create underwater noise pose a threat to marine 
fauna, in particular regionally and locally biologically diverse taxa.  

 
Objective 
1. To manage underwater noise from construction, petroleum or mineral exploration and 

extraction, dredging and military sonar so that the health and well-being of marine 
fauna, in particular seals, dolphins and diadromous fish is maintained. 

 
Policy  
1. To afford an appropriate level of protection to all marine life throughout the coastal 

marine area, in particular seals and dolphins. 
2. To afford an appropriate level of protection to areas of high biological diversity for 

seals, dolphins and diadromous fish.  

As Southland has been found to be a low noise environment, a permissive statutory 

approach could be taken for noise-producing activities. For example: 

Rules 
1. Underwater noise from construction, dredging, petroleum or mineral 

exploration and extraction (including seismic surveying) and military sonar is a 
permitted activity if: 

c) underwater activity does not exceed a noise level of 180 dB re 1 µPa and 
159 dB re 1 µPa2/s measured at 1m from the noise source 

d) it does not occur within biodiversity hotspots (identified in Map X), 

Any activity that cannot comply with this regulation is controlled with council reserving 
its control to effects of underwater noise on marine life. 

2. Within biodiversity hotspots (identified in Map X), underwater noise from 
construction, dredging, petroleum or mineral exploration and extraction 
(including seismic surveying) and military sonar is permitted if: 

b) underwater activity does not exceed a noise level of 180 dB re 1 µPa and 
159 dB re 1 µPa2/s measured at 1m from the noise source; 

 Any activity that cannot comply with this regulation is restricted discretionary with 
council restricting its discretion to effects of underwater noise on marine life. 
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6.4 Limitations and Future Research 

6.4.1 Key Informant Interviews 

Key informants in the current research were policy planners from regional councils. 

The choice of key informant can affect the results obtained as different research 

participants can give "an entirely dissimilar and perhaps contradictory sense of the 

issue" (Seidman, 2012, p.27). The perspective of policy planners does not 

necessarily offer a complete view of the management of underwater noise within 

councils. Other council staff, such as consent planners or elected officials may be 

able to offer another perspective on policy within their respective councils.  

Additionally, external stakeholders could have provided another perspective. Given 

stakeholders apparent disinterest in this topic, it would have been interesting to 

establish the causes for that. Government agencies that have a role in resource 

management in the marine environment, such as the EPA, the Department of 

Conservation or NIWA, or non-governmental stakeholders with an interest in the 

marine environment could have been included (MacDiarmid et al., 2012a). These 

stakeholders could have offered insight into regional councils' current management 

approaches or offered insight into ways councils could manage underwater noise in 

the future.  

Another limitation was that only 11 of 17 regional councils agreed to take part in 

this research. Declining to participate in research can be attributed to several issues. 

These include time constraints, cynicism about research, viewing the research as a 

burden or disinterest in the topic (Vallance et al., 2014). Disinterest in the topic is a 

possibility as, when contacted by phone, some potential key informants seemed 

unfamiliar with the topic or stated that they did not consider it an issue for their 

council. Time constraints are also a likely cause as planners were contacted and 

interviewed during working hours.  

Planners were given the option of either a having a phone interview or writing a 

written response to the interview questions in order to allow them time to consider 

their answers. It was felt that this would increase the likelihood of obtaining a 

response. Six of eleven key informants declined to have interviews and provided a 
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written response. The advantage of the semi-structured interview is that it allows for 

dialogue and follow up questions (DiCicco-Bloom & Crabtree, 2006). It therefore 

has greater potential than structured interviews to produce knowledge (DiCicco-

Bloom & Crabtree, 2006; Svend, 2013). Written responses did not allow for 

clarification of uncertainties or for elaboration of important points that would occur 

in a semi-structured interview. Although, key informants agreed to being contacted 

by email or phone, if clarification or further information was required. 

Consequently this is not considered a major limitation. 

6.4.2 Noise and Biodiversity 

This research has presented a large number of hotspots for different taxa. 

Identifying all hotspots in regional coastal plans has the potential to create a series 

of interconnected hotspots along long stretches of coastline, which is contrary to the 

purpose of hotspots. Some prioritisation will likely be required, at least in some 

regions. No method to prioritise hotspots is proposed here. However, a simple 

analysis to prioritise areas for zoning might involve overlaying results for each 

taxon. Coastal cells that are hotspots for multiple taxa could be prioritised over 

coastal cells that are hotspots for only one taxon. Additionally, weighting according 

to the biodiversity value of the hotspot (i.e., 6-10) could be included in the analysis. 

Application of conservation prioritisation algorithms for Systematic Conservation 

Planning (Williams et al., 2004; Moilanen, 2005) or selection of zones based on 

particular biophysical traits (Kininmonth et al., 2011; Fernandes et al., 2012), could 

also help set priorities for zoning. Social and economic factors will also be an 

important consideration in determining which hotspots to prioritise and stakeholder 

engagement will be important to successful implementation (Giakoumi et al., 2011; 

Micheli et al., 2013). Another important issue is that hotspots were defined as a 

coastal cell with a biodiversity score of 6. This cut-off point was chosen because the 

highest score for any invertebrate coastal cell was 6 and it was felt that it was 

important to identify areas of invertebrate biodiversity. However, the cut-off point 

of 6 is arbitrary from a biological perspective. Consequently, councils can use their 

discretion to determine a suitable cut-off point for their region. 

Zoning places restrictions on the use of an area. Restrictions can have economic 

implications for stakeholders (Micheli et al., 2013). Consequently, nature reserves 
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that exclude the least area from economic use, generally attract the broadest support 

(Williams et al., 2004). Consequently, spatial planning requires spatially explicit 

information so the effects on stakeholders can be assessed and considered 

(Giakoumi et al., 2011). The coastal cells of Beaumont et al. (2009) provide 

spatially explicit biodiversity information but the resolution is coarse. Most coastal 

cell have edges that are approximately 20 km long and have a total area of 

approximately 400 km2, although some cells were merged and are therefore larger 

(Beaumont et al., 2009). Coastal cells boundaries were generated from an algorithm 

and are biologically arbitrary (Beaumont et al., 2009). Therefore, although 

biodiversity hotspots clearly identify areas with high levels of biodiversity, it is 

unlikely that the boundaries of biodiversity hotspots accurately reflect the spatial 

distribution of a taxon within a biodiversity hotspot. Finer spatial analysis of 

biodiversity within hotspots would allow for better understanding of the economic 

impacts of zoning and could lead to a refinement of boundaries that would appeal to 

a broader range of stakeholders (Micheli et al., 2013). 

Another important consideration is that the hotspots identify areas of high 

biodiversity for taxa, not areas of high abundance for individual species. For 

example, no whale biodiversity hotspots were identified along Southland's coastline. 

However, Hector's dolphin hotspots have been identified along the south and 

southwest coast of Southland (Rodda & Moore, 2013). Consideration should be 

given to individual species, especially threatened species, such as Hector's dolphin 

when planning for underwater noise. Identification of hotspots for specific 

endangered species, possibly using data from the National Aquatic Biodiversity 

Information System (NABIS) database, could inform spatial planning decisions. 

This research has estimated noise values on the gross tonnage of shipping entering a 

commercial container port. There are several shortcomings of this approach. Firstly, 

no empirical underwater noise data was used. Consequently it is not possible to give 

a decibel value to the level of noise. It was only possible to say that a region is 

relatively noisier or quieter than other regions. Also, noise is considered uniform 

throughout any given region. However, noise levels are not uniform throughout a 

region. Ambient noise levels can vary by up to 20 dB within the same habitat (Pine 

et al., 2014). A variety of factors, including temperature, salinity, bottom type, 
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sediment and seabed topography, can affect underwater noise levels (Richardson et 

al., 1995; Bradley & Stern, 2008; Erbe et al., 2012). Also, shipping activity is not 

uniform around the coastline. Shipping activity in New Zealand appears to be 

concentrated on the east coast and in Cook Strait (Figure 37) (Marine Traffic, 

2014). Noise from shipping will therefore be greater in these areas. 

 

Figure 37. Commercial vessel movement around the coast of New Zealand (Marine Traffic, 
2014). 

Variation in underwater noise has implications for the selection of biodiversity 

hotspots for inclusion within regional coastal plans. McCarthy (2004) stated that to 

plan for underwater noise, areas of both high biodiversity and high underwater noise 

had to be identified. This research has attempted to do this at a regional level. For 

example, Northland was identified as a high underwater noise region. However, it is 

likely that underwater noise levels are less on the west coast of Northland than the 

east (Marine Traffic, 2014). Consequently, east coast biodiversity hotspots could be 

prioritised over west coast hotspots for inclusion within Northland's regional coastal 

plan.  

Additionally, this method does not consider other sources of noise, for example 

offshore drilling. Consideration of variation in underwater noise due to these 

sources is also important for prioritising biodiversity hotspots for zoning (Erbe et 

al., 2012). Consequently, empirical measurement of underwater noise for each 

region would allow for better prioritisation of biodiversity hotspots. An 

understanding of the underwater noise environment would also be beneficial for 
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regional councils as this knowledge is important when assessing activities during 

the resource consent process (Pine & Styles, 2014).   
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7	  

Conclusion and Recommendations 
 

 

Underwater noise is a natural phenomenon that occurs throughout the world's 

oceans (Wenz, 1962; Urick, 1984; Slabbekoorn et al., 2010). However, human 

activity has introduced numerous additional sources of noise into the marine 

environment. Amongst the scientific community, it is recognised that underwater 

anthropogenic noise has the potential to have acute and long-term adverse effects on 

marine life (Jasny, 2005; Wright et al., 2007; Gotz et al., 2009). Despite the 

mounting scientific evidence, there are only a few examples around the world of 

legislation or spatial planning for underwater anthropogenic noise (McCarthy, 2004; 

Scott, 2004; Compton et al., 2008; Erbe, 2013).  

In New Zealand, regional councils are the regulatory agencies responsible for the 

management of noise in the Coastal Marine Area. The Resource Management Act 

provides regional councils with the ability for spatial planning (Palmer, 2011) and 

requires regional councils to manage the adverse effects of noise (Nolan, 2011). 

However, Pine et al. (2013) argued that regional councils are taking a "minimalist 

approach" (p.18) to planning for underwater noise and that this approach "will 

become increasingly untenable" (p.18).  

7.1 Current Management 

The first aim of this research was to identify the approaches taken by regional 

councils around New Zealand to planning for underwater anthropogenic noise and 

the reasons for those approaches. Additionally, the research aimed to identify ways 

for regional councils to better consider underwater noise within regional coastal 

plans, if needed.  
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The assertion by Pine et al. (2013) that councils have taken a "minimalist approach" 

(p.18) to the management of underwater noise is supported by this research. Of the 

17 regional coastal plans, only 3 councils, Auckland, Horizons and West Coast 

Regional Councils, have provisions that have specific underwater anthropogenic 

noise provisions and only Auckland Council's proposed Auckland Unitary Plan has 

provisions with rules and a permitted underwater noise limit.  

General provisions within some regional coastal plans suggested that some regional 

councils had intended the effects of underwater noise to be considered through their 

planning framework, despite an absence of specific underwater noise provisions. 

However, key informant interview results indicated that these provisions are 

focused on "the noise above the water space" (Key Informant 11) and are primarily 

"about making sure that amenity values are protected for people on land" (Key 

Informant 7), not underwater noise. 

Although the adverse effects of underwater noise on marine life have been well 

known for some time in the scientific community, the issue of underwater noise has 

not been generally incorporated into regional policy in New Zealand. This issue 

provides another example of the lag between science and policy (Bradshaw & 

Borchers, 2000). The absence of underwater noise provisions can be attributed to 

the age of regional coastal plans and a general lack of awareness of the issue of 

underwater noise amongst council staff and stakeholders. However, the occurrence 

of seismic survey activity related to oil and gas exploration appears to have 

increased the awareness of the issue. Oil and gas exploration instigated Auckland, 

West Coast and Bay of Plenty Regional Councils to include underwater noise 

provisions within their regional coastal plans.  

Although the assertion of Pine et al. (2013) that regional councils take a minimal 

approach to underwater noise is correct regarding provisions, this research has 

revealed that some councils (38%) are managing the issue without underwater noise 

provisions. Instead underwater noise is managed under broad, high-level provisions 

concerning natural character, flora and fauna or ecological effects. Key informants 

from councils not currently considering underwater noise agreed that their council 

could do the same, if needed, under similarly broad provisions, although 

consideration was dependent upon activity status. Additionally, this research has 
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identified several mechanisms under the RMA that councils could use to manage 

underwater noise if needed, without underwater noise provisions. These are the 

general obligation to avoid unreasonable noise under Section 16, innominate 

provisions under Section 87B and resource consent review clauses under Section 

128. Consequently, it is concluded that underwater noise is managed by more 

councils than would be indicated by a reading of regional coastal plans. It is further 

concluded that there is also the capacity under current regional coastal plans to 

consider underwater anthropogenic noise, either through high-level provisions or 

through the RMA. The main obstacles appear to be a lack of awareness of the issue 

and a lack of expertise and resources within councils to assess the effects of an 

activity producing underwater noise.  

However, key informants also indicated that the reliance on broad, high-level 

provisions is problematic. Underwater noise "been something that's been really 

hard to consider through the consent process" (Key Informant 11) for councils 

without specific provisions "as there are no provisions to assess it against" (Key 

informant 3). Consequently it is concluded that specific underwater noise provisions 

should be included in regional coastal plans. 

7.2 Future Management 

Of the eight councils without underwater noise provisions that were spoken to over 

the course of the research, three (38%) councils stated that they saw a need for 

specific underwater noise provisions. However two central obstacles to the 

implementation of provisions were identified. Firstly, there is a lack of expertise 

within councils on underwater noise. This means that the establishment of suitable 

provisions and noise limits, the assessment of resource consent applications, and the 

setting of conditions on resource consents is difficult. Secondly, limited resources 

mean that councils "have to target [resources] to where....there is likely to be the 

most effect" (Key Informant 7). As a result, underwater noise may "just drop off the 

list if [councils] don't have further information or guidance on what we should be 

doing" (Key Informant 11). Without sufficient advice and support there is a risk that 

councils will be unable to implement provisions. Under Integrated Resource 
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Management legislation, like the RMA, central government plays an important role 

in addressing these kinds of issues (Klein, 2001).  

Recommendation 1: It is recommended that specific provisions for underwater 
noise be included within regional coastal plans.   

While it is possible to consider the effects of underwater noise under unrelated high-

level provisions, the inclusion of specific provisions with rules would make it easier 

to assess resource consent applications for a noise-producing activity and to impose 

and monitor conditions on those resource consents.  

Recommendation 2: It is recommended that central government provide 
guidance to assist councils develop adequate provisions. 

Guidance could be provided in a variety of forms. Guidelines have been issued by 

the Ministry for the Environment on managing environmental effects, including 

noise, from onshore petroleum activities (Ministry for the Environment, 2014). A 

similar set of guidelines for the offshore industry would provide important 

assistance for regional councils in both the development of provisions and on the 

assessment of resource consent applications.  

Recommendation 3: It is recommended that Standards New Zealand develop a 
standard on underwater noise.  

Standards New Zealand have released standards that are included within numerous 

district and regional councils around New Zealand (Nolan, 2011). However, 

existing noise standards are not of any relevance to underwater noise. The 

development of a relevant standard would provide important assistance for regional 

councils in both the development of provisions and on the assessment of resource 

consent applications.  

Recommendation 4: Inclusion of the Department of Conservation's Code of 
Conduct in regional coastal plan provisions is not recommended. 

Inclusion of external documents within planning documents is problematic because 

plans become out of date if the external document is updated. The Department of 

Conservation's Code of Conduct for example, was published in 2006 and has been 

updated in 2012 and 2013. Bay of Plenty's regional coastal plan referenced the 2006 
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document and now contains out of date provisions. Inclusion in plans is therefore 

not recommended. However, the Code of Conduct does constitute best practice and 

should form the basis for assessment of seismic surveys and conditions on resource 

consent.  

Recommendation 5: A permitted underwater noise limit of 180 dB re 1 µPa 
and 159 dB re 1 µPa2/s measured at 1m is recommended.  

The underwater noise limits of Southall et al., (2007) appear to be the current 

international best practice standard for marine mammals. Consequently, these limits 

should be the basis of any permitted noise limits in the absence of other guidance. 

Given that the Southall limits only consider mammals, the uncertainty in the data 

and the evident threat posed by underwater noise to a wide variety of marine life, a 

precautionary approach is justified. Consequently a permitted noise limit below the 

Southall limit for TTS is recommended. The permitted noise limit set by Auckland 

Council of 200 dB re 1µPa is below the Southall limit for TTS. There are some 

difficulties with a permitted noise limit of 200 dB 1µPa however. Firstly, as pointed 

out by the key informant from Auckland Council, a limit of 180 dB re1µPa would 

be more consistent with the scientific literature. Additionally, some activities that 

produce significant amounts of underwater noise would not trigger a rule at 200 dB 

1µPa. Consequently a limit of 180 dB re 1 µPa and 159 dB re 1 µPa2/s measured at 

1m is recommended. This limit may not be suitable for shipping as it may limit 

large vessels to very low speeds. Further research is recommended to determine 

whether this limit is a suitably practical limit for shipping. 

Recommendation 6: External agencies can be used to assess resource consent 
applications involving underwater noise, if required.  

In instances when a regional council feels that it does not have the adequate 

expertise to assess an application for resource consent, it is recommended that an 

external agency be used to determine the effects of underwater noise from the 

activity. The Department of Conservation may be a suitable agency.  
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Recommendation 7: Responsibility for monitoring underwater noise and its 
effects can be placed on resource consent holder, if required. 

In instances when a regional council feels that it does not have the adequate 

expertise or resources to monitor conditions on consent, it is recommended that 

regional councils require resource consent holders to undertake monitoring. Results 

showed that some councils have used this approach and that "it's worked well so 

far" (Key Informant 7). 

7.3 Biodiversity and Noise    

The second aim of this research was to propose spatial planning for underwater 

noise in New Zealand's CMA. Globally, spatial planning for underwater noise has 

been undertaken to a very limited extent (Erbe et al., 2012; Sutton et al., 2014). 

McCarthy (2004) proposed that, in order to plan for underwater noise, areas of both 

high underwater noise and high biological significance need to be identified. Areas 

where the two coincide can then be managed. Consequently, this research has 

identified regions in New Zealand that have high levels of underwater noise and 

identified regions of high biodiversity and biodiversity hotspots for several taxa. 

Areas where they coincide have also been identified. This thesis therefore provides 

an example of how underwater noise could be considered within spatial planning 

frameworks in the marine environment, such as Marine Spatial Planning or 

Systematic Conservation Planning.  

Additionally, review of the coastal plans and key informant interviews have 

revealed that planning for underwater noise has been limited in New Zealand and 

that spatial planning for underwater noise has not occurred. This research proposes 

a spatial planning approach for the management of underwater noise that would 

enable regional councils to better manage underwater noise through regional coastal 

plans. This approach would be consistent with the Resource Management Act, New 

Zealand Coastal Policy Statement and the Marine Protected Areas Policy. 

Provisions, including rules and zones have been proposed for inclusion within 

regional coastal plans.  
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Recomendation 8: It is recommended that underwater noise provisions refer to 
high biodiversity taxa and include biodiversity hotspots as zones.  

In order for regional councils to better plan for underwater anthropogenic noise, it is 

recommended that regions with high biodiversity taxa should include reference to 

those taxa within regional coastal plans. Additionally, it is recommended that 

biodiversity hotspots be reflected in regional coastal plans as spatial zones. The 

adverse effects of noise-producing activities can then be assessed in relation to those 

taxa and zones during the resource consent process. 

Recommendation 9: It is recommended that high noise regions have higher 
statutory thresholds than low noise environments 

In order to protect biodiversity values that are at risk from adverse cumulative 

effects, it is recommended that high underwater noise regions place a higher 

statutory threshold for obtaining resource consent for noise-producing activities 

than low underwater noise regions. 

Recommendation 10: It is recommended that biodiversity hotspots be 
prioritised.  

A large number of hotspots have been identified throughout New Zealand's CMA in 

this research.  Inclusion of all biodiversity hotspots within regional coastal plans 

would be contrary to the purpose of identifying hotspots. Therefore, certain hotspots 

should be prioritised over others. No method is proposed here but hotspots that are 

hotspots for multiple taxa rather than one taxon, or hotspots with high biodiversity 

scores (e.g., 9-10) could be prioritised. Stakeholder interests or the presence of 

threatened species, such as Hector's dolphin would also be important considerations. 

Recommendation 11: Mapping of underwater noise and biodiversity data at a 
finer spatial resolution is recommended.  

This research has not considered spatial variation in underwater noise levels within 

regions, as no data was available. In order to prioritise biodiversity hotspots, 

localised areas of high underwater noise also need to be considered, for example 

areas of high shipping activity such as shipping channels and ports. Additionally, 

mapping of biodiversity at a finer spatial resolution would allow for the creation of 
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zones that reduce unnecessary restrictions on human activities and would therefore 

appeal to a broader range of stakeholders, while still protecting marine biodiversity. 
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Appendix 1: Marine Mammals in New 

Zealand 

Table 20. Marine mammals recorded in New Zealand waters (Suisted & Neale, 2004; 
Hutching, 2012 ) 

Mysticetes 
Bryde's Whale Blue Whale Fin Whale 

Sei Whale Minke whale Pygmy Blue Whale 

Pygmy Right Whale Humpback Whale Southern Right Whale 
Odontocetes 

Rough-toothed Dolphin Spotted Dolphin Striped Dolphin 
Hourglass Dolphin Southern Right Whale Dolphin Risso’s Dolphin 

Killer Whale False Killer Whale Sperm Whale 

Pygmy Sperm Whale Spectacled Porpoise Pilot Whale 
Bottlenose Dolphin Hectors Dolphin Maui's Dolphin 

Arnoux's Beaked Whale Cuvier's Beaked Whale Strap-toothed Beaked Whale 
Andrew's Beaked Whale Dense-beaked Whale Ginko-toothed Whale 
Peruvian Beaked Whale Common Dolphin Dwarf Sperm Whale 
Grey's Beaked Whale Melon-headed Whale Dusky Dolphin 

Southern Bottlenose Whale Hector's Beaked Whale  
Pinnipeds 

New Zealand Fur Seal New Zealand Sea Lion Southern Elephant Seal 

Leopard Seal Sub-Antarctic Fur Seal Weddell Seal 
Ross Seal Crabeater Seal  
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Appendix 2: Regional Council Maps 

 
(Local Government New Zealand, 2013) 
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(Local Government New Zealand, 2013) 
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Appendix 3: Interview Questions  

Please note: This questionnaire is being offered to multiple Regional Authorities. 

Consequently, in this questionnaire "Regional Plan" is used as a catch-all term for the 

variously named planning documents relating to the Coastal Marine Area (CMA) that are 

produced by Regional Authorities.  

 

1. To the best of your knowledge, what activities occur in the CMA in your region? 

To the best of your knowledge, which of these are producing underwater noise?  

 

2. Your Regional Plan has general noise provisions. Considering the CMA, what are 

the main anticipated environmental outcomes of those provisions?  

 

3. To what extent are marine mammals or other marine life, such as fish or 

invertebrate species a consideration in the Council when planning for noisy 

activities in the CMA?  

 

4. EITHER - Your Regional Plan has specific provisions related to anthropogenic 

underwater noise. Could you elaborate on what the reason is for their inclusion and 

how the provisions are intended to work?  

 

OR - Your Regional Plan has no specific provisions relating to anthropogenic 

underwater noise. Could you elaborate on what the reason is for their absence and 

how the Council currently manages resource consent applications for activities that 

produce underwater noise. 

If anthropogenic underwater noise is not currently considered by the council during 

the consenting process, could you suggest a way that the council could 

hypothetically deal with it under the operative plan or through the RMA. 

5.  (This does not apply to all councils) Your Regional Plan features NZ Noise 

Standards. How well in your opinion, do the standards help deal with the issue of 

anthropogenic underwater noise (if at all)? 

6. EITHER (if the Council does manage the issue somehow) - Do you see a need for 

the council to better manage anthropogenic underwater noise? If so, how? If not, 

why? 
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OR (if the Council does not manage the issue somehow) - Do you see a need for the 

council to manage anthropogenic underwater noise? If so, how could the council 

deal with the issue of anthropogenic underwater noise? If not, why? 

 

7. EITHER (If no specific provisions exist) - Do you consider there to be a need for 

specific provisions for anthropogenic underwater noise.  If so, what form might 

they take. If not, why?  

 

OR (If specific provisions exist) - Do you consider there to be a need for better 

provisions for anthropogenic underwater noise.  If so, what form might they take. If 

not, why? 

 

8. How could underwater noise provisions best be monitored and enforced?  

 

9. Any other comments: 
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Appendix 4: Ethics Forms   

4.1 Key Informant Information Sheet 

 

Planning for anthropogenic underwater noise in New Zealand’s Coastal Marine Area 
– Information Sheet for Participants  

Thank you for showing an interest in this project. Please read this information sheet 
carefully before deciding whether or not to participate.  If you decide to participate, it is 
greatly appreciated.  If you decide not to take part there will be no disadvantage to you and 
we thank you for considering this request.   
 
What is the Aim of the Project? 
 
Anthropogenic underwater noise is increasingly recognized internationally as a trans-
boundary environmental pollutant that can harm marine mammals, fish and invertebrates. 
Pine (2013) in a Planning Quarterly article argues that Regional Authorities do not address 
the issue of anthropogenic underwater noise and that this approach will become 
"increasingly untenable" (Pine, 2013, p18).  
 
This research aims to determine how Regional and Unitary Councils around New Zealand 
address the issue of anthropogenic underwater noise in the Coastal Marine Area (CMA) as 
defined by the Resource Management Act 1991 and how management could be improved, 
if needed. 
 
This project is being undertaken as part of the requirements for the University of Otago’s  
Master of Planning Degree  
 
What Types of Participants are being sought? 
 
Participants will be primarily planners at Regional Councils around New Zealand. Councils 
will be approached individually and asked to provide a representative with a strong 
knowledge of the relevant planning provisions in their respective Regional Coastal Plans or 
Unitary Plans. Other stakeholders with relevant knowledge or interest will also be 
approached e.g., the Department of Conservation.  
 
What will Participants be asked to do? 
 
Should you agree to take part in this project, you will be asked to answer a series of 
questions related to:  
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1) your Council’s approach to dealing with the issue of anthropogenic underwater noise and 
the planning regulations, if any, being used in your Council to manage that issue.  
 
2) how you think your Council could implement or improve planning provisions related to 
anthropogenic underwater noise in the CMA. 
 
Interviews will be conducted by phone or skype at a time convenient to you. It is 
anticipated that interviews will take between 20 and 40 minutes. You may decline to answer 
any question and may stop the interview at any point without reason or explanation.  
 
Alternatively, the questions can be provided to you in written form and your can reply in 
writing. You may decline to answer any question without reason or explanation.  
 
Please be aware that you may decide not to take part in the project without any 
disadvantage to yourself. 
 
This project involves a partially open questioning technique. The general line of 
questioning will involve planning for anthropogenic underwater noise in the CMA and will 
include the following questions. Follow-up questions may be asked depending on the 
participant’s answers. 
 
 

1. To the best of your knowledge, what activities occur in the CMA in your region? 
To the best of your knowledge, which of these are producing underwater noise?  

 
2. Your Regional Plan has general noise provisions. Considering the CMA, what are 

the main anticipated environmental outcomes of those provisions?  
 

3. To what extent are marine mammals or other marine life, such as fish or 
invertebrate species a consideration in the Council when planning for noisy 
activities in the CMA?  
 

4. EITHER - Your Regional Plan has specific provisions related to anthropogenic 
underwater noise. Could you elaborate on what the reason is for their inclusion and 
how the provisions are intended to work?  
 
OR - Your Regional Plan has no specific provisions relating to anthropogenic 
underwater noise. Could you elaborate on what the reason is for their absence and 
how the Council currently manages resource consent applications for activities that 
produce underwater noise. 

 If anthropogenic underwater noise is not currently considered by the 
Council during the consenting process, could you suggest a way that the Council 
could hypothetically deal with it under its operative plan. 

5. (This does not apply to all councils) Your Regional Plan features NZ Noise 
Standards. How well in your opinion, do the standards help deal with the issue of 
anthropogenic underwater noise (if at all)? 
 

6. EITHER (if the Council does manage the issue somehow) - Do you see a need for 
the council to better manage anthropogenic underwater noise? If so, how? If not, 
why? 
 
OR (if the Council does not manage the issue somehow) - Do you see a need for the 
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council to manage anthropogenic underwater noise? If so, how could the council 
deal with the issue of anthropogenic underwater noise? If not, why? 
 

7. EITHER (If no specific provisions exist) - Do you consider there to be a need for 
specific provisions for anthropogenic underwater noise.  If so, what form might 
they take. If not, why?  
 
OR (If specific provisions exist) - Do you consider there to be a need for better 
provisions for anthropogenic underwater noise.  If so, what form might they take. If 
not, why? 
 

8. Any other comments: 

 
The precise nature of the questions to be asked has not been completely determined in 
advance, but will depend on the way in which the interview develops. Consequently, 
although the Department of Geography is aware of the general areas to be explored in the 
interview, the Committee has not been able to review the precise questions to be used. 
 
In the event that the line of questioning does develop in such a way that you feel hesitant or 
uncomfortable you are reminded of your right to decline to answer any particular 
question(s).  
 
No reimbursement will be offered for taking part in this research. Electronic copies of the 
report will be made available upon request. 
 

What use will be made of the data collected? 

Data will be collected through telephone or Skype interviews or through written responses. 
Interviews will be recorded on a dictaphone. Following the interview, transcripts of the 
interview will be made. These will be then used to inform the discussion and 
recommendations in the final report.  

All raw data collected will be available to the researchers only. None of the recordings or 
transcripts or any other form of raw data will be made available to any council, the 
University of Otago or any other organization or person. Recordings will be deleted after 
transcription. Transcriptions will be securely stored in such a way that only the researchers 
will be able to gain access to it. Transcriptions obtained as a result of the research will be 
retained for at least 5 years in secure storage. Any personal information held on the 
participants will be destroyed at the completion of the research even though the data derived 
from the research will, in most cases, be kept for much longer or possibly indefinitely. 
Every attempt will be made to preserve your anonymity. 

The final report will be made available to the University of Otago. The final report will also 
be available in the Geography Department Library of the University of Otago, Dunedin.  

Can Participants change their mind and withdraw from the project? 
 
You may withdraw your participation from the project at any time prior to submission of 
the report to the University of Otago and without any disadvantage to yourself. 

 

What if Participants have any Questions? 

If you have any questions about the project, either now or in the future, please feel free to 
contact either:- 
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Dwayne Daly 
daldw224@student.otago.ac.nz 

Or  

Ralf Ohlemüller 
Lecturer 
Department of Geography 
University of Otago 

rso@geography.otago.ac.nz 
(03) 479 8784 

 
This study has been approved by the Department stated above. However, if you have any 
concerns about the ethical conduct of the research you may contact the University of Otago 
Human Ethics Committee through the Human Ethics Committee Administrator (ph 03 479-
8256). Any issues you raise will be treated in confidence and investigated and you will be 
informed of the outcome. 
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4.2 Key Informant Consent Form 

Planning for anthropogenic underwater noise in New Zealand’s Coastal Marine Area 
– Participant Consent Form 

 
I have read the Information Sheet concerning this project and understand what it is about.  
All my questions have been answered to my satisfaction.  I understand that I am free to 
request further information at any stage. 

I know that:- 

1. My participation in the project is entirely voluntary; 
 
2. I am free to withdraw from the project at any time without any disadvantage; 
 
3. Personal identifying information will be destroyed at the conclusion of the project 
but any raw data on which the results of the project depend will be retained in secure 
storage for at least five years; 
 
4.  This project involves a partially open questioning technique. The general line of 
questioning relates to my experiences of planning for anthropogenic underwater noise. The 
precise nature of the questions which will be asked have not been determined in advance, 
but will depend on the way in which the interview develops and that in the event that the 
line of questioning develops in such a way that I feel hesitant or uncomfortable I may 
decline to answer any particular question(s) and/or may withdraw from the project without 
any disadvantage of any kind. 
 
5. This is part of a project by a Masters student at the University of Otago and that the 
final report will be seen by teaching staff at that organization.  
 
6. I will not be reimbursed for participating in the interview but that an electronic 
copy of the final report will be sent to me, if requested, without charge. 
 
7. The results of the project may be published and will be available in the University 
of Otago Library (Dunedin, New Zealand) but every attempt will be made to preserve my 
anonymity.   
 
I agree to take part in this project. 
 
 
.......................................................................   ............................... 
       (Signature of participant)     (Date) 
 
....................................................................... 
       (Printed Name) 
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Appendix 5: Biodiversity Tables 

Northland 
Underwater Noise 

Low High  

Regional Biodiversity 

High   Rocky Reef Fish 

Low   

Whales                
Dolphins              
Seals                    
Diadromous Fish  
Molluscs       
Arthropods  

  Low High  

Biodiversity Hotspots  

Hotspots   
Whales                
Dolphins            
Rocky Reef Fish         

No Hotspots   

Seals                 
Diadramous Fish 
Echinoderms  
Molluscs  
Arthropods 

 

 

Auckland 
Underwater Noise 

Low High 

Regional Biodiversity 

High  Dolphins 

Low  

Seals                   
Whales                       
Rocky Reef Fish 
Diadromous Fish 
Molluscs  
Arthropods  

  Low High  

Biodiversity Hotspots  

Hotspots  

Whales                
Dolphins            
Rocky Reef Fish    
Diadramous Fish 

No Hotspots  

Seals             
Molluscs   
Arthropods 

	  

	  

Bay of Plenty 
Underwater Noise 

Low High  

Regional Biodiversity 

High   Rocky Reef Fish    
Arthropods 

Low   

Whales              
Dolphins             
Seals                   
Diadromous Fish 
Molluscs  

  Low High  

Biodiversity Hotspots  

Hotspots   Rocky Reef Fish 

No Hotspots   

Whales               
Dolphins              
Seals                    
Diadromous Fish  
Molluscs  
Arthropods 
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Gisborne 
Underwater Noise 

Low High  

Regional Biodiversity 

High Rocky Reef Fish   

Low 

Whales              
Dolphins            
Seals                   
Diadromous Fish  
Molluscs  
Arthropods  

  

  Low High  

Biodiversity Hotspots  

Hotspots Dolphins                
Rocky Reef Fish      

No Hotspots 

Whales                        
Seals                    
Diadromous Fish 
Molluscs  
Arthropods  

  

	  

	  

Taranaki 
Underwater Noise 

Low High  

Regional Biodiversity 

High Rocky Reef Fish   

Low 

Whales              
Dolphins            
Seals                   
Diadromous Fish  
Molluscs 
Arthropods  

  

  Low High  

Biodiversity Hotspots  

Hotspots Dolphins   

No Hotspots 

Whales                         
Seals                  
Rocky Reef Fish 
Diadromous Fish 
Molluscs  
Arthropods  

  

	  

	  

Hawkes Bay 
Underwater Noise 

Low High  

Regional Biodiversity 

High   Arthropods 

Low   

Whales              
Dolphins            
Seals                    
Rocky Reef Fish 
Diadromous Fish 
Molluscs  

  Low High  

Biodiversity Hotspots  

Hotspots   Dolphins              
Arthropods  

No Hotspots   

Whales                      
Seals                    
Rocky Reef Fish 
Diadromous Fish  
Molluscs 

	  

	  

	  

	  

	  

	  



	   197	  

Wellington 
Underwater Noise 

Low High  

Regional Biodiversity 

High   Rocky Reef Fish 

Low   

Whales               
Dolphins             
Seals                     
Diadromous Fish  
Molluscs   
Arthropods  

  Low High  

Biodiversity Hotspots  

Hotspots   Dolphins        
Rocky Reef Fish     

No Hotspots   

Whales                        
Seals                    
Diadromous Fish   
Molluscs Arthropods  

	  

	  

Nelson 
Underwater Noise 

Low High  

Regional Biodiversity 

High Dolphins       
Rocky Reef Fish       

Low 

Whales                    
Seals                    
Diadromous Fish 
Molluscs  
Arthropods  

  

  Low High  

Biodiversity Hotspots  

Hotspots Dolphins   

No Hotspots 

Whales                       
Seals                   
Rocky Reef Fish 
Diadromous Fish 
Sponges   
Molluscs  
Arthropods  

  

	  

	  

Canterbury 
Underwater Noise 

Low High  

Regional Biodiversity 

High     

Low   

Whales              
Dolphins            
Seals                   
Rocky Reef Fish 
Diadromous Fish  
Molluscs Arthropods  

  Low High  

Biodiversity Hotspots  

Hotspots   Dolphins  

No Hotspots   

Seals                   
Whales                
Rocky Reef Fish 
Diadromous Fish  
Molluscs   Arthropods  
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Otago 
Underwater Noise 

Low High  

Regional Biodiversity 

High   Seals                    

Low   

Whales           
Dolphins             
Rocky Reef Fish 
Diadromous Fish 
Molluscs  
Arthropods  

  Low High  

Biodiversity Hotspots  

Hotspots   
Dolphins         
Seals         
Arthropods 

No Hotspots   

Whales         
Rocky Reef Fish 
Diadromous Fish 
Molluscs 

	  

	  

Southland 
Underwater Noise 

Low High  

Regional Biodiversity 

High Dolphins               
Seals                

Low 

Whales           
Rocky Reef Fish  
Diadromous Fish  
Molluscs  
Arthropods  

  

  Low High  

Biodiversity Hotspots  

Hotspots 
Dolphins              
Seals       
Diadramous Fish    

  

No Hotspots 

Whales         
Rocky Reef Fish      
Molluscs   
Arthropods 
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Appendix 6: Underwater Noise Limits    

This section provides an overview of guidance within the peer-reviewed and grey literature 

on underwater anthropogenic noise limits. Some publications discuss general underwater 

noise while others set criteria for underwater noise from specific activities. Papers are 

presented in chronological order of publication.  

Small Takes of Marine Mammals Incidental to Specific Activities: Off shore Seismic 

Activities in Southern California - National Marine Fisheries Service (1995) 

The National Oceanic and Atmospheric Administration (NOAA) and the National Marine 

Fisheries Service, when considering an application for Exxon to conduct seismic surveys in 

the U.S.A., considered the available literature to determine exposure criteria for marine 

mammals. They determined that a sound pressure level (SPL) of 180 dB re 1µPa or greater 

may cause injury to marine mammals.  

Limits for underwater noise exposure of human divers and swimmers - Parvin et al. 

(2002.)  

Parvin et al., 2002 attempted to determine exposure limits for general underwater noise that 

were applicable to swimmers and SCUBA divers. The authors report various effects at a 

range of volumes. At low frequencies (100-500 Hz), 170 dB re 1µPa was given as the 

tolerance limit for both divers and swimmers. For high frequencies (500-2500 Hz), volumes 

of around 167-185 dB re 1µPa were reported to cause dizziness and disorientation for 

swimmers and SCUBA divers without hoods. Ultimately, the authors recommended a limit 

for recreational SCUBA divers and swimmers of 145 dB re 1µPa for low frequency sound 

and 155 dB re 1µPa for high frequencies.  

Human Diver and Marine Mammal Risk Mitigation Rules and Procedures - NATO 

Undersea Research Centre (2006) 

NATO Undersea Research Centre set out noise exposure limits for military and recreational 

divers as well as for marine mammals. They report that a volume of 154 dB re 1µPa or 

below did not cause changes in heart rate and breathing. This was considered an appropriate 

limit for recreational divers. The limits for military divers were higher and varied with noise 

frequency. Limits ranged between 160 dB re 1µPa and 177 dB re 1µPa.  
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For small odontocetes, limits depended upon frequency but ranged between 178 re 1µPa 

and 186 re 1µPa. For larger odoncocetes and mysticetes, 160 dB re 1µPa was set as the 

limit.   

Lethal and physical injury of marine mammals, and requirements for Passive 

Acoustic Monitoring  - Parvin et al. (2007) 

Parvin et al., (2007) undertook a review of available literature to determine the sound level 

at which physical injury occurred in marine mammals. Separate categories were not 

developed for different taxa or different types of underwater noise. Thresholds were based 

on reports on both marine mammals and on experiments with human subjects (Table 21).  

Table 21. Underwater noise exposure limits (Adapted from Parvin et al., (2007)). 

Exposure Criteria  Effect 
incident peak underwater sound levels of 260 dB re 
1µPa  

always lethal 

incident peak underwater sound levels of 240 dB re 
1µPa 

increased likelihood of death or severe injury leading 
to death in a short time 

incident peak underwater sound levels of 220 dB re 
1µPa 

direct physical injury to gas containing structures and 
auditory organs may occur, particularly from repeat 
exposures 

peak pressure below 220 dB re 1µPa unlikely to cause injury 

The authors add the caveat that continuous sound, injury could occur at lower volumes 
depending on the duration and nature of the sound.  

Interim Criteria for Injury of Fish Exposed to Pile Driving Operations: A White Paper - 

Popper et al. (2006); (Carlson et al., 2007) 

The original paper (Popper et al., 2006) presented noise exposure limits for direct physical 

injury to fish exposed to pile driving noise. The authors did not consider behavioral effects. 

An initial exposure limit of an SEL of 187 dB re 1µPa2/s and a peak SPL of 208 dB re 1µPa 

was proposed. The authors stated that the results were provisional and would be modified as 

new data became available.  

In light of additional relevant data, amended exposure limits were published in 2007 and 

included cumulative noise exposure values (Carlson et al., 2007) (Table 22). The 

cumulative exposure level is not intended to be used for the assessment of cumulative 

effects from multiple sources but from a single activity over time.  
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Table 22. Underwater noise exposure limits  (Adapted from Carlson et al., (2007)). 

Effect   SEL peak Cumulative SEL 

Non-auditory tissue damage Fish mass <0.5g N/A 183 dB re 1µPa2/s 

Fish mass>0.5g N/A >213 dB re 1µPa2/s 

Auditory tissue damage Hearing generalist >206 dB re 1µPa2/s >189 dB re 1µPa2/s 

Hearing Specialist >205 dB re 1µPa2/s >185 dB re 1µPa2/s 

TTS  Hearing generalist 207 dB re 1µPa2/s 185 dB re 1µPa2/s 

Hearing Specialist 205 dB re 1µPa2/s 185 dB re 1µPa2/s 

Maritime Strategic Framework Directive - Tasker et al. (2010) 

The MSFD is part of the Integrated European Maritime Policy, which is intended to be a 

framework for integrated governance of the marine environment in the European Union 

(Joint Nature Conservation Committee, 2010a). The MSFD sets out 11 descriptors to 

determine Good Environmental Status (GES) (European Parliament, 2008). The eleventh 

descriptor includes underwater noise. Criteria or 'indicators' for descriptor 11 were 

developed from available literature (Tasker et al., 2010).  

Indicator 1 was designed to assess low to mid frequency (10 Hz - 10kHz) implosive noise 

and includes specific noise limits (Tasker et al., 2010). The report recommended that 

occurrence throughout a year of implosive sounds that exceed a sound exposure level (SEL) 

of 183 dB re 1µPa2/s at 1 metre or a peak sound pressure level (SPL) of 224 dB re 1µPa at 1 

metre must be registered. Indicator 2 did not include limits but Indicator 3 set an ambient 

noise baseline of either an observationally determined level or 100 dB re 1µPa rms (Tasker 

et al., 2010). 

However, these indicators were altered in a subsequent report and specific values were 

removed for a variety of reasons such as scientific uncertainty and pragmatic concerns (Van 

der Graaf et al., 2012). Instead, Indicator 1 refers to a noise that "exceeds a value that is 

likely to entail significant impact on marine mammals" (Van der Graaf et al., 2012, p.45). 

The authors suggested that the significance of an impact could be determined by behavioral 

response of marine mammals. However no clear guidance was provided as to what effects 

were to be considered significant.  

Criteria and Thresholds for U.S. Navy Acoustics and Explosive Effects Analysis -

Finneran and Jenkins (2012) 

The intent of this report was to provide advice to the U.S. Navy on appropriate noise limits 

for various naval activities in order for it to be compliant with relevant environmental laws 
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in the United States. The paper aimed to establish separate noise exposure limits for 

cetaceans, pinnipeds and a range of other taxa such as mustelids (sea otters) and ursids 

(bears) and sea turtles based on available literature.  

Cetaceans were grouped according to their auditory range: (1) Low frequency cetaceans; 

(2) Mid frequency cetaceans; (3) High frequency cetaceans. In-air and In-water criteria 

were derived for the other mammals. The paper then attempted to establish noise exposure 

limits for 2 categories of noise: (1) Sonar and (2) Explosive sources. Exposure criteria were 

derived for several categories of effects: (1) behavioral disturbance; (2) temporary hearing 

loss (TTS); (3) permanent hearing loss (PTS); and (4) Gastro-intestinal tract injury (GI). 

Noise exposure limits for noise from explosive sources for cetaceans and pinnipeds are 

summarized in Table 23. Criteria are reported in Sound exposure levels (SEL) and sound 

pressure levels (SPL). 

Table 23. Underwater noise exposure limits for explosive sources of noise (Adapted from 
Finneran and Jenkins (2012)). 

Functional 
Hearing Group or 

Taxon 

GI Threshold PTS Threshold TTS Threshold Behavioural 
Threshold 

Low frequency 
Cetaceans 

SPL 
237 dB re 1µPa 

SEL  
187 dB re 1µPa2/s 
SPL peak  
230 dB re 1µPa 

SEL  
172 dB re 1µPa2/s 
SPL peak  
224 dB re 1µPa 

SEL  
167 dB re 1µPa2/s 

Mid frequency 
Cetaceans 

SPL 
237 dB re 1µPa 

SEL  
187 dB re 1µPa2/s 
SPL peak  
230 dB re 1µPa 

SEL  
172 dB re 1µPa2/s 
SPL peak  
224 dB re 1µPa 

SEL  
167 dB re 1µPa2/s 

High frequency 
Cetaceans 

SPL 
237 dB re 1µPa 

SEL  
161 dB re 1µPa2/s 
SPL peak  
201 dB re 1µPa 

SEL  
146 dB re 1µPa2/s 
SPL peak  
195 dB re 1µPa 

SEL  
141 dB re 1µPa2/s 

True seals (in 
water) 

SPL 
237 dB re 1µPa 

SEL  
192 dB re 1µPa2/s 
SPL peak  
218 dB re 1µPa 

SEL  
177 dB re 1µPa2/s 
SPL peak  
212 dB re 1µPa 

SEL  
172 dB re 1µPa2/s 

Eared seals (in 
water) 

SPL 
237 dB re 1µPa 

SEL  
215 dB re 1µPa2/s 
SPL peak  
218 dB re 1µPa 

SEL  
200 dB re 1µPa2/s 
SPL peak  
212 dB re 1µPa 

SEL  
195 dB re 1µPa2/s 

Draft Guidance for Assessing the Effects of Anthropogenic Sound on Marine Mammals - 

National Oceanic and Atmospheric Administration (2013) 

This report by the National Oceanic and Atmospheric Administration (NOAA) in the 

United States was designed to provide guidance on the effects of anthropogenic noise for 

decision-makers in the NOAA and other federal agencies. The paper specifies that the 
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exposure criteria are based on either temporary or permanent auditory changes in marine 

mammals.  

Exposure criteria were set for low frequency (7Hz - 30 kHz) cetaceans, mid frequency 

(150Hz - 160kHz) cetaceans, high frequency (200 Hz - 180kHz) cetaceans, and Pinnipeds. 

Both implosive and non-implosive sources of noise are considered. Dual criteria of 

cumulative sound exposure and peak sound pressure are provided (Table 6).  

The NOAA acknowledged that data was incomplete and used various extrapolation 

procedures to address data limitations. The cumulative exposure level is not intended to be 

used for assessment of cumulative effects from multiple sources but rather from a single 

activity over time. A 24-hour period is recommended in the report. The peak SPL criteria 

do not depend on the duration of exposure, as single events at these levels are considered 

likely to result in hearing changes in marine mammals.      

Table 24. Underwater noise exposure limits (Adapted from National Oceanic and 
Atmospheric Administration (2013)). 

Marine Mammal PTS TTS 
Impulsive Non-Impulsive Impulsive Non-Impulsive 

Low frequency 
cetaceans 

SPL peak 
230 dB re 1µPa 
Cumulative 
187 dB re 1µPa2/s 

SPL peak 
230 dB re 1µPa 
Cumulative 
198 dB re 1µPa2/s 

SPL peak 
224 dB re 1µPa  
Cumulative 
172 dB re 1µPa2/s 

SPL peak 
224 dB re 1µPa 
Cumulative 
178 dB re 1µPa2/s 

Mid frequency 
cetaceans 

SPL peak 
230 dB re 1µPa 
Cumulative 
187 dB re 1µPa2/s 

SPL peak 
230 dB re 1µPa 
Cumulative 
198 dB re 1µPa2/s 

SPL peak 
224 dB re 1µPa 
Cumulative 
172 dB re 1µPa2/s 

SPL peak 
224 dB re 1µPa 
Cumulative 
178 dB re 1µPa2/s 

High frequency 
cetaceans 

SPL peak 
201 dB re 1µPa 
Cumulative 
161 dB re 1µPa2/s 

SPL peak 
201 dB re 1µPa 
Cumulative 
180 dB re 1µPa2/s 

SPL peak 
195 dB re 1µPa 
Cumulative 
146 dB re 1µPa2/s 

SPL peak 
195 dB re 1µPa 
Cumulative 
160 dB re 1µPa2/s 

True seals SPL peak 
235 dB re 1µPa 
Cumulative 
192 dB re 1µPa2/s 

SPL peak 
235 dB re 1µPa 
Cumulative 
197 dB re 1µPa2/s 

SPL peak 
229 dB re 1µPa 
Cumulative 
177 dB re 1µPa2/s 

SPL peak 
229 dB re 1µPa 
Cumulative 
183 dB re 1µPa2/s 

Eared seals SPL peak 
235 dB re 1µPa 
Cumulative 
215 dB re 1µPa2/s 

SPL peak 
235 dB re 1µPa 
Cumulative 
220 dB re 1µPa2/s 

SPL peak 
229 dB re 1µPa 
Cumulative 
200 dB re 1µPa2/s 

SPL peak 
229 dB re 1µPa 
Cumulative 
206 dB re 1µPa2/s 

	  


