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1. Background
Moray Offshore Renewables Ltd (MORL) and Beatrice Offshore Wind farm Ltd (BOWL)
are currently in the process of assessing the risk posed to marine mammals by
construction and operation of the wind farms in the Moray Firth. As part of this,
predictions of the behavioural responses to noise created by impact piling have been
estimated. However, as there is a high degree of uncertainty associated with species
responses to noise, a number of broad assumptions have been made during the
assessment process. Specifically, in the absence of empirical data for most species,
data on behavioural responses by harbour porpoises (Phocoena phocoena) have
been used to predict behavioural responses by bottlenose dolphins (Tursiops
truncatus). The aim of this report is to provide supporting evidence to help
contextualise bottlenose dolphins predictions made using harbour porpoise response
data by reviewing and comparing data on each species responses to noise.
While the prediction of whether an animal could detect a sound can be made using
a combination of empirical studies and acoustic models, predicting the reaction of an
individual animal to that sound is extremely challenging and is likely to be highly
context specific (Southall et al., 2007; Ellison et al., 2011); the probability of responding
will be governed by many factors, including received sound level, hearing sensitivity,
as well as age, nutritional state (hungry or satiated), behavioural state (foraging,
resting, migrating etc.), reproductive state (pregnant, lactating, juvenile, mature),
location and conditioning from previous exposure .
The most complete review of behavioural responses by marine mammals to date is
found in Southall et al (2007). Although the step-threshold exposure criteria are now
used widely to predict the risk of auditory damage to marine mammals, it was noted
by Southall et al (2007) that data on behavioural responses are so limited that
“insufficient information exists to assess the use of SEL as a relevant metric in the
context of marine mammal behavioural disturbance for anything other than a single
pulse exposure” (Southall et al., 2007).
A further issue is that individuals in wild populations are unlikely to respond at
consistent received levels (i.e. at a step-threshold), and it is generally more
appropriate to consider responses in terms of a dose-response curve that describes
the relationship between sound level and the probability of an animal exhibiting a
response rather than a simple step-change threshold. To address this, Thompson et al
(2011) carried out a modelling exercise using results of a passive acoustic monitoring
study (using C-PODS) which reports harbour porpoise responses to pile driving activity
at Horns Rev 2 (Brandt et al., 2011). To predict the level of behavioural response, data
from Brandt et al. (2011) were used to model changes in the occurrence of porpoises
in relation to predicted received sounds levels resulting from a nearby piling event.
Thompson et al (2011) used these data to model the extent of the proportional
change with distance by fitting a binomial relationship to the data. Using published
data on the size of the pile, together with information on local bathymetry received
noise levels were estimated at each of the C-POD sampling sites at Horns Rev 2. A
precautionary relationship that was weighted to include the higher response levels
was then used to predict the response of porpoises at different received noise levels
(dBht levels).
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It is important to highlight that this report does not attempt to support specific
numerical criteria for the onset of disturbance but rather points to some general
conclusions about how response severity compares between the two species.
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In the absence of similar empirical data for bottlenose dolphins, this relationship was
also used as a proxy for this species (with the underlying assumption that this
relationship holds for similar sensation levels for bottlenose dolphins) during the MORL
and BOWL impact assessments. However, when making this cross-species assumption,
it is important to review supporting evidence to assess whether this is robust or whether
it is likely to lead to conclusions that are more or less precautionary. To assist in this, we
summarise the life history of each species and carry out a review of the noise levels
that have been reported to elicit behavioural responses by harbour porpoises and
bottlenose dolphins to allow us to contextualise the responses predicted during the
impact assessment process. Furthermore, we investigate whether data are available
to assess noise budgets for each species around the east coast of Scotland.

7.3 D

Figure 1: The relationship between sensation level (dBht) for harbour porpoises and the
predicted proportion of animals excluded from the area (taken from Thompson et al., 2011).
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2. Life history
The likelihood of an animal responding to a perceived threat by exhibiting directional
flight behaviour is likely to be dictated by a number of factors including predation
pressure and life history traits. In particular, predation pressure is mediated through the
adaptive flexibility of prey behaviour in response to fluctuating risk of predation. Thus,
the mere presence of a predation pressure or perceived threat can have a range of
effects on a prey animals habitat choice, activity schedule and behaviour. For
example, the risk of shark predation influences habitat use by bottlenose dolphins in
western Australia (Heithaus and Dill, 2002) and responses to hearing killer whale
vocalisations can lead to high-speed directional swimming and rapid movement into
shallow water by small cetaceans (Saulitis et al., 2000).
To compare the likelihood that bottlenose dolphins and harbour porpoises will
respond to a perceived threat (such as pile driving), a review of the morphological,
behavioural and life history traits of each species, as well as the levels of predation
under which each species lives was carried out.

2.1

Harbour porpoises

The harbour porpoise (Phocoena phocoena) is one of the smallest cetacean species
reaching approximately 160 cm in length and 60 kg in weight (Bjorge and Tolley,
2002). They are present in the Moray Firth throughout the year and current population
estimate for the North Sea and surrounding waters is 341,366 (Hammond et al., 2002).
In terms of life history, because of their annual reproduction, early maturation,
relatively short lifespan and high daily energy demands (Kastelein et al., 1997; Hoelzel,
2002), this species sits at a relative extreme when compared to most other cetaceans.
Their high reproductive rate means females are pregnant or lactating for much of the
year resulting in a high dependency on food resources to maintain energy reserves
(Kastelein et al., 1997). Although knowledge on their social structure remains limited
(due to inherent difficulties in studying this species) they appear to have a relatively
solitary lifestyle, with most sightings consisting of just one or two animals. Larger
aggregations occasionally occur, but with the exception of mother-calf pairs, there
appears little evidence for strong associations between individuals.
Perceived predation pressure on harbour porpoises in the northeast Atlantic may be
relatively high. For example, killer whales are key predators on harbour porpoises
elsewhere (Saulitis et al., 2000) and have been observed predating on porpoises in the
northeast Atlantic (C. Booth Pers. Comm). Furthermore, historically higher numbers of
killer whales may have placed additional predation pressure on these animals (Ford et
al., 1998; Bolt et al., 2009; Deecke et al., 2011). Recent evidence of mortality due to
interactions with bottlenose dolphins has also been highlighted with an estimated 50%
of mortality in stranded animals on the east coast of Scotland being attributed to
bottlenose dolphins (Ross and Wilson, 1996; Patterson et al., 1998). In Scotland, recent
sighting data from wildlife watching vessels suggest that the probability of sighting
harbour porpoises is lower in presence of bottlenose dolphins (Thompson et al., 2004)
supporting the theory that harbour porpoises may actively avoid situations perceived
as a threat. These factors have potentially led to increased sensitivity to changes or
disturbances in their external environment.
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2.2

Bottlenose dolphins
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In contrast to harbour porpoises, bottlenose dolphins appear to have a relatively
dynamic social system, with individuals in some populations forming strong social
bonds (Connor, 2000) and others exhibiting a far more fluid system (Wilson, 1995a). On
the east coast of Scotland there is a resident population ranging from the Moray Firth
to Fife (Cheney et al., 2012). The population size is estimated at approximately 195
individuals with animals reaching up to 4 m in length and 650 kg in weight (Wilson,
1995b; Cheney et al., 2012). Bottlenose dolphins have a relatively long lifespan
compared to harbour porpoises, with individuals taking longer to reach sexual
maturity and investing heavily in their young (Hoelzel, 2002). As described above, they
also form a more fluid social system and are generally encountered in groups of
several animals. Group composition can change on a daily or hourly basis with
animals having high encounter rates with one another (Connor, 2002). Bottlenose
dolphins in the Moray Firth can potentially communicate over relatively large ranges
and this, coupled with a patchy distribution of food, has led to loose associations
between both males and females (Islas, 2009). Off the east coast of Scotland, they
have no significant predation threats and do not appear to face overt competition
for food with other marine mammal species (although they are known to frequently
attack harbour porpoise which may stem from competition (Ross and Wilson, 1996;
Patterson et al., 1998)). When compared to harbour porpoises, these factors have
potentially led to a relatively high tolerance to perceived threats or disturbances in
their external environment.
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3. Review of behavioural responses to noise
A review of behavioural responses by harbour porpoises and bottlenose dolphins to
noise in published articles was carried out; we used Southall et al (2007) as a basis for
studies prior to 2007 and a carried out a review of the literature since then to identify
more recent studies.
Southall et al (2007) utilised an ordinal severity scale based generally on the NRC’s
(2005) Population Consequences of Acoustic Disturbance (PCAD) Model; Table 1).
The severity scale was designed to provide an analytical basis for assessing biological
significance, but had to be rooted in the kinds of descriptions provided in the
available scientific literature. These analyses were limited to peer-reviewed literature
(published or in press) and peer-reviewed technical reports. Southall et al’s (2007)
goal was to review the relevant scientific literature, tally behavioural effects by the
type of acoustic exposure for each category of marine mammal and sound type,
and draw any conclusions that were appropriate based on the information available.
For studies published after 2007, the same severity scaling was used to score
behavioural responses by individuals/groups (Table 1). However, for analytical
purposes, each of the ordinal scores was scaled to between 0 and 1 (where 0=0.0,
1=0.1, 2=0.2, 3=0.3, 4=0.4, 5=0.6, 6=0.7, 7=0.8, 8=0.9, and 9=1.0). In articles where a
range of received sound pressure levels (RLs) were reported (e.g. 120-150 dB), the
lower value (e.g. 120 dB) was used.
Data for harbour porpoises and bottlenose dolphins (and other coastal dolphins) were
collated and presented in terms of measured (or estimated RL and a score of the
observed response. These were then analysed in a generalised linear modelling
framework; models were created using the software package R version 2.8.1 (R
Development Core Team 2011). The predictor variable in modelling procedure was
RL (dB re 1μPa) and the response term was the level of behavioural response (0-1). The
family specified in the model was binomial.
As described above, we do not attempt to support specific numerical criteria for the
onset of disturbance but rather we look to provide some general conclusions about
how response severity compares between the two species. Furthermore, current
understanding of the influences of contextual variables on behavioural responses in
free-ranging marine mammals is very limited and the analyses presented here should
be considered with these cautions and caveats in mind.

6

Technical Appendix 7.3 D – Comparison of behavioural responses

Moray Offshore Renewables Limited - Environmental Statement
Telford, Stevenson and MacColl Offshore Wind Farms and Transmission Infrastructure

APPENDIX

7.3 D

Table 1: Severity scale for ranking observed behavioural responses of free-ranging marine
mammals and laboratory subjects to various types of anthropogenic sound (taken from
Southall et al., 2007).
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3.1

Harbour porpoises

With respect to harbour porpoises there were limited data available on behavioural
responses to sound; furthermore, very few of the studies where data were available
involved sufficient controls and measurements to make robust conclusions. The review
by Southall et al. (2007) concludes that due to uncertainty over the extent to which
some of these signals may be perceived by this species and the overarching paucity
of data, it was not possible to present any data on behavioural responses of highfrequency cetaceans (which includes harbour porpoises) as a function of received
levels of multiple pulses (e.g. pile driving). For non-pulsed noise (e.g. vessel noise),
Southall et al. (2007) report that moderate level changes in behaviour (level 4 and
above on the ordinal scale; Table 1) by harbour porpoises have been observed at
received levels of 80 - 170 dB re 1µPa.
A number of studies published since Southall et al. (2007) have reported behavioural
responses by harbour porpoises to noise (Kastelein et al., 2008b; Lucke et al., 2009;
Tougaard et al., 2009; Brandt et al., 2011); these report moderate to high level
responses at wide range of RLs (100 and 180 dB re 1µPa).
When the response indices are plotted against RL, it is clear that responses by harbour
porpoises are highly variable; however, there was a general positive trend with more
overt responses with higher received levels (Figure 2). Overall, moderate level
responses were observed at levels above 80 dB re 1µPa (Figure 2).

Figure 2: Relationship between received sound level (RL) and the rescaled ordinal response
index for harbour porpoises.
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3.2

Bottlenose dolphins

As with the harbour porpoises, there were relatively few studies that report
behavioural responses alongside measured or predicted received levels (Appendix 1).
The review by Southall et al. (2007) did not highlight any data on behavioural
responses to pulsed noise; however, other mid-frequency cetaceans exhibited
moderate level responses (level 4 and above on the ordinal scale (Table 1)) at
received levels of between 120 and 180 dB re 1µPa. For non-pulsed noise, Southall et
al. (2007) report moderate level changes in behaviour by bottlenose dolphins (and
other dolphins) at received levels of 120 - 180 dB re 1µPa.
Studies published since Southall et al. (2007) on behavioural responses by dolphins to
noise are very limited but one has reported moderate level responses to non-pulsed
noise by bottlenose dolphins at RLs of 140 dB re 1µPa (Niu et al., 2012); furthermore, a
study of Risso’s dolphins reported no response at levels of 135 dB re1μPa (Southall et
al., 2010).

APPENDIX

7.3 D

As with harbour porpoises, when the response indices are plotted against RL, the level
of response by dolphins appears highly variable; however, there was a general
positive trend with more overt responses with higher received levels. Overall,
moderate level responses were observed at levels above 140 dB re 1µPa (Figure 3).

Figure 3: Relationship between received sound level (RL) and the rescaled ordinal response
index for coastal dolphins.
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3.3

Species comparison

Although the studies that have been reviewed here reported responses to a number
of different sound sources with a wide range of different characteristics (sound
pressure level, frequency and duration), it is possible to make some broad conclusions
from the results. Firstly, it is clear that responses by both species exhibit a high degree
of variability, highlighting the fact that step thresholds are generally inappropriate for
predicting behavioural responses. Secondly, both species have positive relationships
between RL and the level of behavioural response suggesting that both species are
likely to exhibit more overt responses to higher sound levels.
As a likely result of small sample size, the differences in response level by each species
to received sound level was not significant (GLM: Deviance=0.55, df=1, P=0.46). In
other words, the results suggest that bottlenose dolphins do not exhibit significantly
higher level responses to noise than harbour porpoises; in fact, comparison of the
best-fit relationships are indicative of higher level responses by harbour porpoises than
bottlenose dolphins at similar noise levels (Figure 4). For example, moderate level
changes in behaviour (level 4 and above on the ordinal scale (Southall et al., 2007)
and 0.44 on the scale in this report) were predicted to occur at approximately 50-60
dB re 1 μPa lower in harbour porpoises than in dolphins (Figure 4). Again it is important
to highlight that we have not attempted to define or support specific numerical
criteria for the onset of disturbance but rather have attempted to compare how
response severity may compare between the two species.
In general, it is clear that both harbour porpoises and bottlenose dolphins exhibit
behavioural responses to underwater noise. However, it is important to highlight that
there are a number of documented cases of apparent tolerance by marine
mammals to noise and although some are documented here, there is a clear risk that
these are under-represented in the review due to the nature of scientific journals
being more likely to publish a positive rather than a negative result. These results
should therefore be considered with this in mind.
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Figure 4: Figure showing the response indices for harbour porpoises (blue) and dolphins (red)
illustrating the relative differences in predicted responses with received sound level (RL).
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4. Review of noise exposure in Scottish East Coast bottlenose dolphins
As described above, there are a number of documented cases of apparent
tolerance by cetaceans to noise. For example, bowhead whales (Balaena
mysticetus) tolerated an increase in 40 dB in seismic survey noise when feeding in
summer than during the fall migration, where broadband received levels of airgun
pulses corresponding to avoidance were ≥120 – 130 dB re 1 μPa (RMS over pulse
duration)(Richardson et al., 1995). Other examples of apparent tolerance can be
found in sperm whales (Physeter macrocephalus) with seismic surveys in Norway
(Madsen et al., 2002) and detonators (Madsen and Mohl, 2000), and in blue
(Balaenoptera musculus) and fin whales (Balaenoptera physalus) with respect to LFA
sonar (Croll et al., 2001).
It is likely that, to a certain degree, behavioural tolerance will be governed by
individual experience of previous exposure to noise. In general, the use of coastal
habitats by bottlenose dolphins exposes them to higher levels of human activities than
many other cetaceans (Nowacek et al., 2001). From this perspective, a review of the
likely levels and frequency of noise exposure by both bottlenose dolphins and harbour
porpoises was proposed for this report. However, although a number of relatively longterm acoustic recordings have been made in the Moray Firth; calibrated recordings
required to measure absolute sound levels are extremely limited (P. Thompson, Pers.
Comm.) and would be insufficient to make reliable estimates of sound levels routinely
encountered by each species.
Nevertheless, a number of data sources on the spatial and temporal patterns of
anthropogenic noise sources (primarily vessels) were available in the literature and
may provide a proxy for each species exposure to high levels of noise. For example,
investigation of the data used by Hastie et al (2003) showed that in a key hotspot for
dolphins in the Inner Moray Firth, approximately 18% of the dolphin schools that were
sighted had vessels present within a few hundred metres. Furthermore, recent
modelling of vessel distributions in the Moray Firth predict that in certain near-shore
areas frequented by dolphins, average daily vessel hours in 1km grid cells can exceed
8 hours. In contrast, offshore areas of the Moray Firth were predicted to have relatively
low levels of boat traffic (generally <2 hours per 1km grid cell) (Lusseau et al., 2011).
This study (Lusseau et al., 2011) also examined vessel exposure on an individual
dolphin basis and predicted that mean vessel exposure for individual dolphins ranged
between 0.698 (SD= 0.40) and 1.11 (SD=0.97) hours per day. Given the predicted low
density of vessels further offshore, it is likely that individual harbour porpoises would
experience markedly less noise exposure than the dolphins. Furthermore, this vessel
associated noise within the inner Moray Firth is markedly less than noise levels that
appear to be tolerated by other bottlenose dolphin populations; for example, in
Sarasota, Florida, resident bottlenose dolphins share the inshore waters with over
34,000 registered boats, (Nowacek et al., 2001) resulting in individuals being exposed
to a vessel passing within 100 m approximately every six minutes during daylight hours.
Although these results should not be interpreted as evidence that repeated exposure
to noise does not influence the behaviour bottlenose dolphins, they do lend weight to
the hypothesis that bottlenose dolphins as a species appear generally more tolerant
of noise than harbour porpoises.
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5. Conclusions
The likelihood of an animal responding to a perceived threat by exhibiting directional
flight behaviour is dictated by a number of factors including predation pressure and
life history traits. Perceived predation pressure on harbour porpoises in the Moray Firth
may be relatively high; both from historical predation from killer whales and from
current mortality due to bottlenose dolphins. In contrast, bottlenose dolphins in the
Moray Firth do not appear to suffer any predation. Therefore, when compared to
harbour porpoises, bottlenose dolphins potentially have a relatively high tolerance to
perceived threats or disturbances in their external environment.
Through a review of behavioural responses by harbour porpoises and bottlenose
dolphins to noise in published articles, it is possible to make some broad conclusions.
Firstly, it is clear that responses by both species exhibit a high degree of variability.
Secondly, both species appear to have positive relationships between received
sound level and the level of behavioural response suggesting that both species are
likely to exhibit more overt responses to higher sound levels. Furthermore, comparison
of the best-fit relationship for bottlenose dolphins is indicative that they are less
sensitive than harbour porpoises to similar noise levels.
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From a risk assessment perspective, these results indicate that the use of a harbour
porpoise behavioural dose/response is likely to be a precautionary approach to
predicting bottlenose dolphins’ responses that will potentially over-estimate impacts
for this species; the results of the bottlenose dolphin behavioural response predictions
should therefore be viewed in this context.
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