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Abstract

Many salmon aquaculture sites in the Bay of Fundy employ acoustic harassment devices (AHDs) to deter seals from approaching
fish pens. These devices may also exclude harbour porpoises (Phocoena phocoena) from important habitat. To determine the effects
of AHDs on harbour porpoises an AHD was deployed experimentally in the Bay of Fundy, Canada. Relative porpoise abundance

(visual scans) and porpoise movements (tracked by theodolite) were recorded for separate, daily, 2-h periods in the vicinity of either
an active (n=9) or inactive (n=7) AHD. Fewer porpoises were sighted during active periods (0.22�0.44, mean�SD ) than inactive
periods (2.91�1.29; P<0.05). The mean closest observed approach of porpoises to the AHD during active periods (991�302 m)
was significantly greater than during inactive periods (364�261 m; P<0.01). Porpoise density was therefore reduced in the vicinity
of active an AHD. These results should be considered before AHDs are deployed in porpoise habitat.# 2002 Elsevier Science Ltd.
All rights reserved.
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1. Introduction

The number of salmon aquaculture sites in the Bay of
Fundy has increased dramatically in the last 10 years
(Johnston and Woodley, 1998) and many of these sites
now employ high amplitude sonic devices, commonly
referred to as acoustic harassment devices (AHDs) or
seal scrammers, in attempts to deter seals from
approaching fish pens (Johnston and Woodley, 1998).
Acoustic harassment devices generally produce

sounds with full spectrum source levels of between 152
and 194 dB re 1 mPa measured at 1 m (Haller and
Lemon, 1995; Taylor et al., 1997). Most models produce
sound with fundamental frequencies between 5 and 35
kHz (Taylor et al., 1997), coinciding with the greatest
hearing sensitivity of phocid seals (Richardson et al.,
1995). As their name indicates, AHDs are designed to
emit sound that will induce fear and pain in marine
mammals, and are often deployed with the intent of
permanently excluding them from portions of their
habitat (Johnston and Woodley, 1998).

The most commonly used AHDs in the Bay of Fundy
produce sound with a full spectrum sound pressure level
of greater than 180 dB re 1 mPa at 1 m and a funda-
mental frequency of 10 kHz (Johnston and Woodley,
1998; Taylor et al., 1997; Haller and Lemon, 1995).
These devices were designed primarily to target harbour
seals (Phoca vitulina) and grey seals (Halichoerus grypus)
but other species with similar hearing thresholds may be
affected by the sounds they produce. For example,
many salmon farms in the Bay of Fundy are located in
areas frequented by harbour porpoises (Phocoena pho-
coena) (Watts and Gaskin, 1985; Westgate and Read,
1998) and there is growing concern that AHDs may
exclude these small cetaceans from important portions
of their habitat (Johnston and Woodley, 1998). Har-
bour porpoises are currently listed by the Committee
on the Status of Endangered Wildlife in Canada as a
threatened species in the Bay of Fundy (Gaskin,
1992).
Harbour porpoises have a ‘‘w’’ shaped audiogram,

with two ranges of best hearing frequencies (Bibikov,
1992; Popov et al., 1986). The lower range spans 8–32
kHz (Anderson, 1970), indicating that they are sensitive
to the sounds produced by AHDs. Indeed, harbour
porpoises, and other odontocete cetaceans, may actually
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be more sensitive to AHD sounds than are phocid seals
(Richardson et al., 1995).
On the west coast of Canada, Olesiuk et al. (1996)

found that harbour porpoise density was 90% lower
than expected within 3.5 km of an active AHD array,
and only 1% of the expected number of porpoises were
spotted within 600 m of the array. They could not,
however, accurately estimate how close individual por-
poises approached the sound source.
The objectives of the present study were threefold: (1)

to examine the effects of AHDs on harbour porpoises in
the Bay of Fundy, (2) to determine the closest distance
to which porpoises would approach an active AHD and
(3) to compare the distribution of porpoise sightings
with the theoretical sound field and zone of influence
produced by the AHD.

2. Methods and materials

2.1. Study location and sound source

The experiment was conducted between 22 July and 2
September 1998. A commercial AHD1 with a single
transducer (fundamental frequency of 10 kHz and a full
spectrum source level of approximately 180 dB re 1 mPa
at 1 m) was used. The maximum in situ full spectrum
source level of this type of AHD was recently confirmed
as 181 dB re 1 mPa at 1 m (D. Potter, NEFSC 166 Water
Street Woods Hole, MA 02543–1026; personal communi-
cation). The AHD produced a short train of 2.5 ms pulses
repeated every 17 s. The AHD was deployed near the
northern end of GrandManan Island in the Bay of Fundy
(N 44�4801700, W 66�4603900) (Fig. 1) approximately 4 m
below the surface of the water from a small boat moored
approximately 450 m from a point on the shore (Fig. 2).
This is an area free of the confounding effects of other
AHDs (Johnston and Woodley, 1998) and frequented by
porpoises on a daily basis (Watts and Gaskin, 1985).

2.2. Experimental design

The AHD was deployed for 2-h periods on clear days
when the Beaufort sea state was less than or equal to one.
Only one experimental period was conducted on any
given day. To avoid potential variation associated with
tide-phase related changes in porpoise density, all
experimental periods were conducted during the same
tide phase (approximately 1 h before high tide to 1 h after
low tide). Sixteen experimental periods were conducted,
comprising nine periods when the AHD was active and

seven control periods when the AHD was inactive.
Active and inactive periods were chosen randomly on a
per week basis shortly before each experimental period
was initiated. The AHD was activated 5 min before the
experiment started to allow for the device to ramp up to
full power and to reduce any startle effects.

2.3. Visual scans and tracking

During all experimental periods, an observer located
on the Bishop (a cliff-top that ranged between 31 and 34

Fig. 1. Map of Grand Manan and the location of the study area. Inset

details the location of Grand Manan within the Bay of Fundy, Canada.

Fig. 2. Location of AHD mooring relative to the observation station

on the Bishop, Grand Manan, NB, Canada.

1 Airmar dB II Plus. Airmar Technologies Corporation, Milford,

NH, USA. For a more detailed analysis of this sound source, see

Johnston and Woodley (1998), Taylor et al. (1997) and Haller and

Lemon (1995).
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m above sea level during each study period) recorded
the number of porpoises and tracked porpoise move-
ments in the study area by digital theodolite
(Koschinski and Culik, 1997). The observer was una-
ware of the state of the AHD (active or inactive) during
all experimental periods. The observer recorded the
number of porpoises within a 1500 m radius of the
AHD from visual scans with 7�40 binoculars. Visual
scans were conducted at the start of the experiment and
every 30 min afterwards, resulting in five scans per
experimental period. Surfacings of porpoises or por-
poise groups (2–5 individuals) were tracked by the
observer with a Geodimeter 600 series digital theodolite
between visual scans. Individual porpoises and groups
were tracked by theodolite until they exited the study
area or the observer lost sight of the porpoise(s) and a
re-sighting could not be confirmed. Because the location
of AHD varied slightly from day to day, it was localized
every 30 min during all experimental periods by digital
theodolite. Although the sightability of porpoises
will decrease as distance from the observer increases,
this decrease would remain constant between active and
inactive periods.

2.4. Theoretical sound field

Although received levels of sound were not measured
directly in the present study, they were approximated

using the spreading model detailed in Marsh and
Schulkin (1962) and used in Johnston and Woodley
(1998). This model estimates transmission losses to both
spherical and cylindrical spreading of AHD sound in
shallow water.

2.5. Statistical treatment

To test for differences in the abundance of harbour
porpoises in the study area between treatment and con-
trol periods, the visual scan data were analysed with a
Repeated Measures ANOVA (Zar, 1996). Tracking
data were parsed to produce, for each surfacing, the
distance of the porpoise or group to the AHD. For each
track, the closest observed approach (COA) of the por-
poise(s) to the AHD was extracted. A Mann–Whitney
U-Test (Zar, 1996) was used to test for differences in
COA between treatment and control periods. All statis-
tical analyses were completed with SPSS version 9.0
(SPSS Inc. Chicago, IL USA).

3. Results

3.1. Visual scans

The results of the visual scans (means�SD) are pre-
sented in Fig. 3. The mean number of porpoises sighted

Fig. 3. Mean (�SD) porpoises sighted per scan and mean (�SD) number of porpoises sighted per day during visuals scans around an active (n=9)

and inactive (n=7) acoustic harassment device in the Bay of Fundy, NB, Canada. Asterisks (*) indicate a significant difference (P<0.05) between
active and inactive periods.
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per scan was significantly lower while the AHD was
active than during inactive periods (P<0.05). The
ANOVA model also indicated that there was no sig-
nificant difference in mean number of porpoise sightings
during the first scan periods of the active and control
periods (P=0.23). The observed power for this specific
comparison was relatively low (�=0.21), however, when
compared to the other between-treatment comparisons
(�=0.77–0.99).

3.2. Closest observed approach and theoretical sound
field

During 16 experimental periods, 69 separate tracks of
individuals or groups of porpoises were recorded, 60
during inactive periods and nine during active periods
(Table 1). The mean COA of porpoises to the AHD
during inactive periods was significantly less than dur-
ing active periods (Table 1). During active periods, the
absolute COA of porpoises to the AHD was 645 m
whereas the absolute COA during inactive periods was
6 m.
The distribution of all theodolite sightings of porpoise

surfacings relative to the AHD during both inactive and
active periods is presented in Fig. 4. Although separate
COAs were calculated independently for each track (to
account for observed changes in the location of the
AHD and height above sea level), sound field and zone
of influence radii are depicted as originating from the
initial AHD location. The approximate received sound
level at the absolute COA of porpoises to the active
AHD (645 m) was 128 dB re 1 mPa and the approximate
received sound level at the mean COA (991 m) was 125
dB re 1 mPa (Fig. 4).

4. Discussion

The results of the present study indicate that AHDs
can have a significant and adverse effect on harbour
porpoises in the Bay of Fundy and support the general
hypothesis that the use of these devices at salmon farms
may be excluding porpoises from important portions of
their habitat (Olesiuk et al., 1996; Johnston andWoodley,

1998; Taylor et al., 1997). These results complement the
findings of Olesiuk et al. (1996), who found no por-
poises within 200 m of active AHDs, and only 1% of
the predicted number of within 600 m of the active
AHDs. They also found that porpoise density was 90%
lower than expected within 3500 m of their AHD array.
The COA of porpoises to the active AHD in the present
study (645 m) is similar to the range within which por-
poise density was 99% lower than expected in Olesiuk et
al. (1996).
In the present study the number of porpoises sighted

during the first visual scans during both the active and
inactive periods was not significantly different. This may
simply be an artefact of the low observed statistical
power for that specific comparison, or it may reflect the
behaviour of porpoises in the study as they reacted to
the newly activated AHD. Although the AHD was
activated 5 min before starting the experiment periods,
this may not have provided enough time for porpoises
to exit the 1500 m visual scan radius around the device.
For example, if a porpoise was near the sound source at
start-up, it would have to travel at over 5 m/s in order
to travel 1500 m during the 5 min start-up period.
Although porpoises can travel at burst speeds of 5.8 m/s
when chased (Gaskin et al., 1974), their sustained max-
imum swimming speed over 1500 m is likely to be less
than this value. This may account for the similar num-
bers of porpoises sighted during the initial scans of both
the active and inactive periods.
Taylor et al. (1997) published theoretical zones of

influence on porpoises (based on human and porpoise
hearing models) for three types of acoustic alarms. They
predicted that the zone of severe disturbance and dis-
comfort for porpoises to a similar AHD would occur

Fig. 4. Closest observed approach (COA), mean COA, theoretical

received levels and porpoise sightings by theodolite around an active

and inactive acoustic harassment device in the Bay of Fundy, NB,

Canada.

Table 1

Sample size, closest observed approach (COA), median COA and

mean (�SD) COA of porpoises to an active and inactive acoustic

harassment device in the Bay of Fundy, NB, Canada

AHD State n COA (m) Median COA (m) Mean COA (m)

Active 9 645 994 991�302

Inactive 60 6 313 364�261a

P value na <0.01

a Significantly lower, Mann–Whitney U-Test.
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where the received sound pressure level was equal to or
greater than 130 dB re 1 mPa (hearing threshold+50
dB). Using the above spreading model, the predicted
zone of severe disturbance and discomfort for the AHD
in the present study would be at approximately 532 m
(Fig. 4). The COA of porpoises to the AHD in the pre-
sent study (645 m) is higher than the predicted zone of
severe disturbance and discomfort (532 m) as calculated
by Taylor et al. (1997).
The present study does not address the potential for

porpoises to habituate to AHDs. Cox et al. (2001)
found that harbour porpoises habituate to lower ampli-
tude acoustic deterrent devices (ADDs), or ‘‘pingers’’,
within 5 days of exposure. However, the response of
porpoises to the AHD stimulus in the present study did
not wane during 2-h exposures (Fig. 1.), nor was there
any evidence of habituation to the AHD array over a 4-
week period in the study conducted by Olesiuk et al.
(1996). Also, it is likely that the porpoises sighted and
tracked in the present study had previously encountered
AHDs; the use of AHDs in the inshore areas of the
lower Bay of Fundy is now widespread (see Johnston
and Woodley, 1998) and past radio tracking studies of
porpoises in this region indicate that they moved
between locations currently influenced by AHDs in the
Bay of Fundy (see Read and Gaskin, 1985; Westgate et
al., 1995; Westgate and Read, 1998). Further research is
required to test for habituation of porpoises to AHDs
deployed on salmon farms.
Harbour porpoises may not be the only non-target

marine mammal species affected by the use of AHDs on
salmon farms. For example, a recent decline in pacific
white-sided dolphin occurrence on the West coast of
Canada was recently correlated with the introduction of
AHDs on salmon farms in the area (Morton, 2000).
Pacific white-sided dolphins (Lagenorhynchus obliqui-
dens) are relatively sensitive to the frequencies produced
by the AHDs used in that region (Tremmel et al., 1998)
and the observed decline in dolphin occurence could
indicate avoidance of habitat influenced by AHD sound
(Morton, 2000). As well, Morton and Symonds (2002)
correlated a significant decrease in the occurrance of
killer whales (Orcinus orca) in the same area while
AHDs were active.
The results of the present study support Johnston and

Woodley’s (1998) hypothesis that AHDs used on sal-
mon farms in the lower Bay of Fundy may exclude
porpoises from important habitat. For example, John-
ston and Woodley (1998) found that many aquaculture
sites in the Bay of Fundy are located in or near habitat
that historically has been important for foraging por-
poises (Watts and Gaskin, 1984; Gaskin et al., 1985)
including lactating females nursing calves (Smith and
Gaskin, 1983). Also, some salmon farms with active
AHDs are located near narrow passages which connect
larger portions of porpoise habitat that historically

supported large numbers of porpoises (Gaskin, 1983;
Gaskin et al., 1985). The continued use of AHDs in
such areas will likely exclude harbour porpoises from
important portions of their habitat and may restrict
their movement between adjacent areas.
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