
INTRODUCTION

During the Kraus et al. (1997) controlled scientific
experiment, a 92% reduction in bycatch of harbour
porpoises (Phocoena phocoena) was documented in gillnets
that used a 15cm (6in) stretched mesh size, within the US
Northeast Atlantic Mid-Coast management area, in autumn
(October to December) 1994 (0.0591 harbour porpoises per
haul in control nets versus 0.0048 harbour porpoises per
haul in pingered nets). Based on the success of this
experiment, the US National Marine Fisheries Service
developed the Harbour Porpoise Take Reduction Plan
(HPTRP)1 to use pingers as one of the mitigation tools for
reducing harbour porpoise bycatch in gillnet fisheries in the
US portion of the Northwest Atlantic Ocean. The HPTRP
was implemented on 1 January 1999 (NOAA, 1998).
The Northeast gillnet fishery is prosecuted in US waters

east of 72°W and north of 40°N (Fig. 1) and targets Atlantic
cod (Gadus morhua), monkfish (Lophius americanus),
pollock (Pollachius virens) and various flounder species.
The HPTRP divides this region into management areas
(MA) that are either completely closed to all gillnets or
closed only to gillnets that do not use pingers (Table 1). The
HPTRP specifies that, when pingers are required, an
operating and functional pinger must be attached at the end
of each gillnet string and at the bridle of each net within that
string, where a net is usually 92m (300ft) long. Thus, 11

pingers are required on a 10 net string. The HPTRP defined
a pinger as an instrument which, when immersed in water,
broadcasts a 10kHz (±2kHz) sound at 132dB (±4dB) re
1mPa at 1m, lasting 300ms (±15ms), and repeating every 4s
(±2s).
Several concerns about pingers were raised during the

development of the HPTRP and during an IWC review of
pingers (IWC, 2000); namely, effectiveness, compliance and
habituation. There was some concern expressed that pingers
may not consistently reduce the bycatch of harbour
porpoises, particularly to the levels demonstrated in
experiments such as in Kraus et al. (1997) i.e. that harbour
porpoise bycatch rates in operational fisheries might not be
as low as in controlled scientific experiments. Other
concerns centred over issues that (1) pingers might not be
used properly (e.g. not the required number and/or no
replacement of broken pingers or used batteries) with the
result that in operational fisheries harbour porpoise bycatch
might increase due to declining compliance; and (2) concern
that harbour porpoises might become habituated to the
sounds made by the pingers with the result that in
operational fisheries harbour porpoise bycatch rates might
increase with time, as shown elsewhere by Cox et al. (2001)
and Carlström et al. (2009). To investigate these concerns,
this paper examines data collected by the Northeast
Fisheries Observer Program (NEFOP) to document patterns
in harbour porpoise bycatch rates, levels of compliance to
the pinger regulations and possible indications of
habituation.
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ABSTRACT

Harbour porpoise (Phocoena phocoena) bycatch in the US Northeast gillnet fishery is managed under the Harbour Porpoise Take Reduction
Plan (HPTRP), which was implemented on 1 January 1999. The HPTRP divides this fishery into management areas that are either
completely closed to all gillnets or closed only to gillnets that do not use pingers. Questions about pingers that have arisen include: (1) would
pingers be as effective in an operational fishery as in controlled scientific experiments; (2) would the fishery comply with these regulations;
and (3) would harbour porpoises habituate to pingers? To investigate these questions, data from over 25,000 gillnet hauls observed by the
Northeast Fisheries Observer Program after the implementation of the HPTRP, 1999-2007, were examined. In a 1994 controlled scientific
experiment conducted in part of this fishery that used 15cm mesh gillnets, the bycatch rate in pingered nets was 92% less than that in nets
without pingers. In contrast, in the operational fishery, the bycatch reduction in pingered nets was 50-70%, depending on the time, area and
mesh size. In particular, there was no observed bycatch in pingered nets that used the same mesh size as used in the experiment. Thus, it
seem that the apparent decrease in pinger effectiveness in the operational fishery was partially due to the type of gillnet used and lack of
compliance. Pinger usage started out high in 1999 (the first year required), dropped substantially during 2003-05 and perhaps due to
outreach activities increased beginning in 2006. During years of high pinger usage, 87% of the tested pingers were functional, while only
36% of the tested pingers were functional during years of low pinger usage. In general, as expected, observed bycatch rates in hauls without
pingers were greater than bycatch rates in hauls with the required number of pingers. Unexpectedly, bycatch rates of observed hauls with
an incomplete set of pingers were higher that in observed hauls without pingers. Confounding factors that could partially explain this
apparently contrary result are discussed. There was no evidence for temporal trends in the bycatch rates, suggesting that harbour porpoises
had not habituated to the pingers. In conclusion, in the US Northeast gillnet fishery, harbour porpoises do not appear to have habituated to
pingers, and pingers appear to have reduced the bycatch rate, particularly when the required number of pingers were used and in nets using
mesh sizes of 15cm or less.
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DATA

Observers from the NEFOP collect data on characteristics of
the trip, haul, gear, economic factors, catch and incidental
bycatch. Trip characteristics include: vessel name and
number; date sailed; date landed; home port; port fish
landed; steam time; and number of crew. Haul
characteristics include: weather conditions; wind speed and
direction; wave height; depth range; latitude; longitude;
time of the beginning and ending of the haul; soak duration;
species targeted on each haul; presence and quantity of fish
kept and discarded; and the number of incidental bycatch of
cetaceans, seals, turtles and birds. Gear characteristics for
gillnets include: mesh size; twine size; length of string;
height of net; hang ratio; number of floats and weights; and
length of tie downs. Economic factors related to the trip

include: tons of ice used; fuel used; price of water, food, oil
and bait; and damage costs. Observers identify both kept
and discarded catch, and, on some trips, record the amount
caught of each species. When an incidental bycatch occurs,
information recorded includes: species identification;
number of each species; condition of the body; body length;
sex; tag number (if body is returned to the sea); and types of
samples taken (body parts or whole animal). Only bycatches
of harbour porpoises and observed hauls that have complete
latitude-longitude information that were observed during
1 January 1999 to 31 May 2007 were used in this paper.
As interest arose on the use of pingers to deter marine

mammal bycatch, the NEFOP modified their data collection
protocols, logs, gear and training to include: whether active
marine mammal deterrent devices (i.e. pingers) were used;
how many were on the gear when set; frequency in
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Fig. 1. Locations of the US Northeast gillnet fishery management areas (MA), closed area (CA) and other areas of interest.
In addition, the locations of trips that had pinger performance tested are shown.

JNL 411 217-226:Layout 1  18/5/09  09:47  Page 218



kilohertz; whether it was salt-water activated; brand name of
the pingers; number of pingers hauled back on the gear; and
number of pingers lost as reported by the captain.
In addition to collecting the pinger information for all

observed hauls, the NEFOP implemented a Pinger Tester
Program in October 2003. NEFOP staff drafted a pinger
tester datasheet, developed a tester and trained observers in
the field to test whether or not pingers were functioning
during observed trips. A dozen pinger testers were issued to
observers during times and places where pingers were
required to be used.
There are two types of sampling protocols that an

observer may follow while on a gillnet trip, ‘Limited’ and
‘Complete’. During a ‘Complete’ trip observers are more
focused on fish sampling and discards whereas during a
‘Limited’ trip observers are focused exclusively on marine
mammal incidental takes and pinger testing. If a gillnet trip
within an area requiring pingers is a ‘Limited’ trip and the
observer is equipped with a pinger tester, then the observer
tests the performance of each pinger as the net is hauled on
board by evaluating if a pinger is: (1) audible; (2) inaudible
and tested; or (3) inaudible and not tested. If a gillnet trip is
a ‘Complete’ trip, the observer primarily performs the fish
sampling requirements; however, if a marine mammal take
occurs, and the observer is equipped with a pinger tester,
then the remaining pingers on that string are tested as they
are hauled on board. In this paper, only the ‘Limited’ trips
were used to investigate pinger performance. Both types of
trips were used to investigate pinger usage, pinger
effectiveness and habituation.

METHODS
Compliance
To document compliance with HPTRP complete closure
regulations, the numbers of observed hauls within totally
closed times and areas were summarised.

Pinger usage
To document compliance with the pinger usage regulations,
percentages of observed hauls that used various quantities of
pingers were summarised by year and management area.
Pinger usage was grouped into four categories:

(1) all of the required number of pingers (given the number
of nets per string);

(2) more than 50% but less than all of the required number
of pingers;

(3) some pingers but less than or equal to 50% of the
required number of pingers; and

(4) no pingers on a string.

The choice of categories (2) and (3) was to allow some
investigation of the effect of various levels of incomplete
pinger use whilst retaining sufficient sample sizes by
category.

Pinger performance
To document compliance with the functional pinger
regulation, pinger performance data that were collected by
the NEFOP Pinger Tester Program (during 2003, 2006 and
2007) were evaluated by summarising the percentage of
pingers that were audible and inaudible.

Pinger effectiveness
To document the effectiveness of pingers, in the times and
areas where pingers were required, bycatch rates of harbour
porpoises were estimated from hauls that used no pingers,

some pingers and the required number of pingers. The
bycatch rate was defined as the sum of observed dead
harbour porpoises divided by the sum of the fishing effort on
the observed hauls, where three proxies of fishing effort
were investigated: metric tons (mtons) landed; hauls; and
volume-soaked (the product of net length, net height and
soak duration, in the units of km2-days). Since the unit of
effort required when estimating bycatch for the entire
fishery (e.g. Belden, 2007; Belden and Orphanides, 2007) is
mtons landed (Orphanides and Palka2), this unit of effort is
the primary unit of effort presented in this paper, although
the other units were also investigated.
The coefficient of variation (CV) of the bycatch rates

were estimated using 1,000 bootstrapped iterations. First,
for each iteration, the observer dataset was resampled by
haul with replacement to result in a dataset with the same
number of hauls as in the original dataset. Second, the
bycatch rate from the new dataset was calculated. Finally,
the CV was defined as the standard deviation of the 1,000
bycatch rates divided by the actual bycatch rate.
Reduction in bycatch rates of hauls with no pingers versus

hauls with the required number of pingers was tested with a
non-parametric one-tailed Mann-Whitney-Wilcoxon
(MWW) two sample rank-sum test. The differences between
bycatch rates of hauls with none, some and all of the
required number of pingers were tested using the Kruskal-
Wallis rank-sum test.

Habituation
To determine if habituation to pingers may have occurred in
times and areas where pingers were required, the observer
data were used to monitor bycatch rate trends. Long-term
trends were defined as trends in the annual rates over the
years since the implementation of the HPTRP. Short-term
trends were defined as trends in the monthly rates within the
time period that pingers were required within a management
area. To determine if bycatch rates increased over time on a
short- or long-term basis, bycatch rates were summarised
and modelled using generalised linear and additive models
(GLMs and GAMs), where the numbers of harbour porpoise
takes in a haul were regressed against the year (or month),
percentage of pinger usage, and an offset of the effort
(mtons landed), using a quasi-Poisson model.

RESULTS
Since the implementation of the HPTRP (1 January 1999 to
31 May 2007), about 25,400 gillnet hauls have been
observed in the Northeast gillnet fishery, of which about
20,750 hauls were in the Gulf of Maine and about 4,650
were south of Cape Cod (Table 2A). The Mid-Coast MA,
Massachusetts Bay (Mass Bay) MA and the area outside all
GOM management areas had the most observed hauls. The
Cashes Ledge MA and Western Gulf of Maine (WGOM)
Closed Area, both officially closed to fishing for specified
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2 Though all three of the above units of effort are available for the
observed hauls, mtons landed is the only reliable unit of effort available
to expand the sample bycatch rate to the entire fishery. Mtons landed
may be considered a non-standard measure of fishing effort, though in
the case of harbour porpoise bycatch in the previously observed gillnet
fishery, mtons landed is a valid unit of effort when using ratio
estimation methods because the underlying assumptions of the
methodology are valid. That is, as the mtons landed increases so does
the number of observed dead harbour porpoises. For more details refer
to: Orphanides, C. and Palka, D. 2007. Landings: the unit of effort for
bycatch rates in gillnet fishing gear. Presented to the Harbour
Porpoise Take Reduction Team in December 2007. Available from the
author.
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time periods, had the lowest number of observed hauls.
There were no hauls observed in the Northeast MA at any
time in the year because fishing in this area has nearly
stopped; thus further discussions do not include the
Northeast MA.

Compliance
Few hauls were observed (Table 2A) in the times and areas
that were totally closed to gillnets due to the implementation
of the HPTRP (Table 1). However, within the WGOM
Closed Area (closed all year round for fish conservation
reasons) there was observed gillnet fishing during nearly
every month; observed hauls were usually very close to a
border, in particular the western inshore border (Fig. 2); and
harbour porpoise bycatch was observed from November
through March (Table 2A).

Pinger usage
Pinger usage dropped substantially in 2003 and started
increasing again in 2006 (Fig. 3). This pattern occurred in all
management areas (Fig. 4). To allow for the situations where
one pinger may have died or accidently fallen off during the

time the net was under water, compliance in Fig. 4 was
expressed as observed hauls with more than 90% of the
required number of pingers, which is the result of the
commonly used 10-net string missing one pinger.

Pinger performance
Of the 42 observers trained to use the pinger tester, eight
actually collected data on pinger performance. Sixty-nine
gillnet strings, with a total of 813 pingers, were tested (Fig.
1). Most of these trips were since 2006: 12 trips were in
2003; 15 trips in 2006; and 42 in 2007. Of the 813 pingers
examined, 346 (43%) were audible by ear and thus not
tested; 109 (13%) were not audible by ear and were not
tested; 307 (38%) were not audible by ear, were tested and
determined to be working properly; and 51 (6%) were not
audible by ear, were tested and determined to be not
working.
Thus, over all years at least 80% of the tested pingers

were working and perhaps as many as 93% were working
(as estimated by including only those pingers that were
tested or audible by ear). During 2003, a year with low
pinger usage (Figs 3 and 4), 113 pingers were investigated
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Fig. 2. Location of hauls that did not use pingers (small light squares) and hauls that did use pingers (large dark circles)
from 1 January 1999 through 31 May 2007.

Fig. 3. The distribution, by year, of the number of pingers used per string in the US Northeast gillnet fishery during times
and areas that pingers were required (1 January 1999 to 31 May 2007), where the number of pingers used was
normalised by the number of pingers required for the length of that string. For example, the regulations state that if a
gillnet string consists of 10 nets then 11 pingers are required. If that 10-net string was an observed haul and there were
11 pingers on the string, then it had 100% of the required number of pingers, while if that string did not have any
pingers, then it had 0% of the required number of pingers.
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and only 36% were working. In contrast, in 2006-07 when
pinger usage was high, 700 pingers were investigated and
87% were working.

Pinger effectiveness
Since the implementation of the HPTRP, harbour porpoise
bycatch rates (Table 2B and 2C) differed by area. The
highest bycatch rates (no matter which unit of effort was
used in the definition of the bycatch rate) were in the Cape
Cod South (CCSouth) MA, WGOM Closed Area and Mid-
Coast MA. The next highest bycatch rates were within the
Stellwagen Bank Area and the area south of Cape Cod but
outside the CCSouth MA.
Pooling over all years and management areas since the

implementation of the HPTRP for those times and areas for
which pingers were required, the bycatch rate (harbour
porpoises per mtons landed) of hauls without pingers was
about two to three times the rate of hauls with the required

number of pingers (Table 3A); this was a significant
difference (p-value=0.0048). Significant differences were
also observed (Table 3B) when the bycatch rate was defined
as harbour porpoises per haul (p-value=0.0054) and harbour
porpoises per volume-soaked (km2-days; p-value=0.0052).
A similar pattern was evident within each area when pooled
over years (Fig. 5), and within most individual years when
pooled over areas (Fig. 6).
Harbour porpoise bycatch rates of hauls with an

incomplete set of pingers were usually two to three times the
bycatch rates of hauls without pingers, for each area pooled
over years (Fig. 5) and for each year pooled over areas (Fig.
6). These differences were significant for each area (Table
3A), except for the WGOM Closed Area (where pingers are
not required), according to the MWW test. These differences
were also significant when the bycatch rate was defined as
harbour porpoises per haul or as harbour porpoises per
volume-soaked (Table 3B) and when comparing the three
levels using the Kruskal-Wallis rank-sum test.
To gain further insight about the characteristics of hauls

with an incomplete set of pingers, the percent of required
pingers, spatial distribution, and mesh size were explored. In
nearly every year, bycatch rates of hauls with some pingers,
but less than or equal to 50% of the required number of
pingers, was greater than or equal to the bycatch rate of
hauls with more than 50% but less than 100% of the
required number of pingers (Fig. 6). Bycatch rates of hauls
with an incomplete set of pingers was high in all areas when
the data were pooled over the entire time period (Fig. 5), but
the location of these hauls were not spatially clustered, even
when looking at each year individually (figures not shown).
That is, the locations of hauls with none or some pingers
were not spatially aggregated. In 15cm mesh gillnets that
were in the operational fishery (661 observed hauls), which
is the same size mesh used in the Kraus et al. (1997)
controlled scientific experiment, there was no observed
harbour porpoise bycatch. The general pattern observed in
the operational fishery was, as mesh size increased so did
the bycatch rate, no matter how many pingers were on the
gillnet; although bycatch rates in nets with pingers were still
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Fig. 4. During 1 January 1999 to 31 May 2007, by management area,
the percentage of observed hauls that used more than 90% of the
required number of pingers, during times pingers were required.
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less then that in nets without pingers, no matter what mesh
size (Table 4 which uses the unit of effort (hauls) in the
bycatch rate as reported in Kraus et al., 1997).

Habituation
Harbour porpoise bycatch rates of hauls with pingers
fluctuated from year to year in each management area (Fig.
5). There was no evidence of a long-term trend over years
(line in Fig. 6) or a short-term trend over months (Fig. 7),

using either landings or hauls as the unit of effort. When the
bycatch rates were modelled with a GLM that included the
percentage of required number of pingers as a covariate,
there was no evidence of a significant slope over years
(slope=0.064, SE=0.068, t-value=0.943) or over months
(slope=-0.065, SE=0.065, t-value=-1.008). This same
conclusion resulted when modelling just the hauls with all
the required number of pingers or when using GAMs to
model the bycatch rates.
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Fig. 5. Within each management area, pooled over all years, bycatch rates (harbour porpoises per mtons
landed) of hauls that had no pingers (0%), some pingers (1-99%) and the required number of pingers
(100%).

Fig. 6. For each year, pooled over all managed times and areas in the US Northeast gillnet fishery, bycatch
rates (harbour porpoises per mtons landed) of hauls that had no pingers (0%), less than half of the required
number of pingers (0+ to 50%), more than half of the required number of pingers (50+ to <100%) and
the required number of pingers (100%). The black line connects the bycatch rates of hauls with the
required number of pingers for each year.
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DISCUSSION
Compliance
Pinger usage
Pinger usage varied greatly from year to year. Perhaps one
of the reasons why the pinger usage increased in 2006 and
2007 was that during October 2006 to January 2007 NOAA
Fisheries Northeast Regional Office conducted an outreach
program where they presented outreach materials in ports
from New Jersey to Maine to remind industry of the HPTRP
requirements and educate them on bycatch and pinger
maintenance. When comparing the percentage of pinger
usage by season, the overall fall rate of usage doubled from
20% in autumn (September to December) 2005 (before the
outreach project) to 40% usage in autumn 2006 (after the
outreach project); and the overall winter rate of usage
jumped from 3% in winter (January to May) 2006 (before
the outreach project) to 58% in winter 2007 (after the
outreach project).

Pinger performance
Pinger tester data collection was sporadic because of
challenges in implementing the Pinger Tester Program. At
the beginning of the program, in 2003, many of the
observers with testers were on fishing trips that did not use
pingers, although pingers were required. During the

development of the program, observers encountered the
challenge of testing saltwater activated pingers that were not
immersed in enough water to activate the signal. So, a field
was added to the datasheet to specify whether or not the
pingers were saltwater activated, and the observers were
instructed to ensure that the pingers were wet when tested.
In addition, the testers were not sufficiently robust under
field conditions and often were non-functional when the
observer had an opportunity to use it. In response, the
carrying case for the tester was weather-proofed, observers
were supplied with ample replacement batteries, and
provided with a live pinger that they could use to determine
if the tester was functioning properly. In subsequent
versions of the tester, engineers added more padding to the
internal wiring, which slightly improved the durability.
After attempting to design more durable testers, four new
testers are presently being used in the field. These
modifications should provide more data on the performance
of pingers from a variety of ports and seasons, thus
providing a more representative sample of the fishery.
If pingers were tested on a random, representative sample

of the fishery, it should be possible to estimate bycatch rates
of hauls that had various percentages of functional pingers.
This information could then be used to improve the bycatch
estimates and might be used to determine an optimal number
of pingers to reduce bycatch and minimise the overhead
costs to the fishery.
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Fig. 7. Bycatch rates (harbour porpoises per mtons landed) during the times pingers were required by month
for different percentages of pingers (all the required number of pingers; some pingers; and no pingers)
and for the Mid-Coast MA, Cape Cod South MA and Mass Bay MA.
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Pinger effectiveness
Field studies worldwide concluded that pingers and
‘acoustic harassment devices’ (AHDs) can reduce bycatch
of harbour porpoises and other small cetaceans (Barlow and
Cameron, 2003; Culik et al., 2001; Gearin et al., 2000;
Johnston, 2002; Johnston and Woodley, 1998; Kraus et al.,
1997; Laake et al., 1998; Larsen and Krog, 2007; Lien et al.,
1995; Morton and Symonds, 2002; Olesiuk et al., 2002;
Trippel et al., 1999). The present paper provides additional
support that pingers can reduce harbour porpoise bycatch,
even in an operational fishery.
Since the implementation of the HPTRP, there were no

observed takes in gillnets with mesh sizes of 15cm, the size
used in the controlled scientific experiment. All of the
observed bycatch was in nets using >15cm mesh sizes.
Thus, the bycatch reduction documented in the controlled
scientific experiment appears to also be true for the
operational fishery. However, in the operational fishery, a
variety of average mesh sizes are normally used, 13.3-
35.5cm (5.25-14in) and the bycatch rates appear to depend
on the mesh size. Thus, it appears that additional factors not
tested in the controlled experiment also influence the
bycatch rate. To lend further support to this conclusion,
Palka et al. (In press) documented that the bycatch rate in
the Gulf of Maine since the implementation of the HPTRP
can be modelled using a quasi-Poisson distribution by the
following variables: management area, sea surface
temperature (SST), North Atlantic Oscillation (NAO) value,
mesh size and lead line weight. That is, environmental
factors and mesh size appear to influence the bycatch rate,
in addition to the use of pingers.
Harbour porpoise bycatch rates in hauls with an

incomplete set of pingers had a much higher bycatch rate
than hauls without pingers or hauls with the required
number of pingers, no matter what the mesh size, area or
year. One possible reason for this pattern is that gillnets with
an incomplete set of pingers may also have had more non-
functioning pingers, but this information was not
previously collected. However, this still would not fully
explain why the rate in strings with some pingers was higher
than the rate of hauls without any pingers. Two other
possible reasons for this pattern, that are explored below, are
gaps between the functional pingers and other
gear/environmental factors.
The first hypothesis is that harbour porpoises may

‘interpret’ a gap in pingers to be a gap in the net, and thus try
to swim into this ‘gap’ but rather become entangled in an
unpingered portion of the gillnet. However Larsen and Krog
(2007) found that harbour porpoise bycatch reduction was
still evident when pingers were 455m and 585m apart in the
Danish hake gillnet fishery, where the pingers had an
harmonic energy bandwidth from 20-160kHz and a source
level of 136-145dB re. 1mPa @ 1m. Although the wide
spacings in the Danish fishery may perhaps mimic missing
or non-functional pingers in the US Northeast fishery, the
quite different pinger specifications in the US Northeast
fishery (10kHz, no harmonics, 132dB and about 92m apart)
preclude the application of the Danish results to the US
Northeast fishery. In order to investigate this hypothesis in
the US Northeast fishery, more detailed information must be
collected on the functionality of pingers on nets surrounding
a take and the distance between operational pingers. This
type of information is now being collected by the NEFOP
and can be explored in the future.
The second hypothesis is that, perhaps by chance, the

hauls with an incomplete set of pingers may have different
environmental/gear characteristics to those with none or all

the required pingers. As stated earlier, Palka et al. (In press)
illustrated that the bycatch rate in the Gulf of Maine since
the implementation of the HPTRP can be modelled by the
management area, SST, NAO value, mesh size and lead line
weight. The bycatch rates of hauls with characteristics that
relate to higher than average bycatch rates (Mid-Coast MA,
512.5°C SST, 50.15 NAO value and mesh sizes 4 17.8cm
(7in)) were 0.0602 harbour porpoises per haul (from 216
hauls) in nets with no pingers, 0.0506 harbour porpoises per
haul (from 178 hauls) in nets with some pingers and 0.0101
harbour porpoises per haul (from 199 hauls) in nets with the
required number of pingers. The same pattern of bycatch
rates occurred if the unit of effort in the bycatch rate was
defined as mtons landed or volume soaked. So, for this
subset of hauls with similar environmental/gear
characteristics, there was an 83% bycatch rate reduction due
to use of the required number of pingers, and the bycatch
rate of hauls with some pingers was intermediate between
the bycatch rate of hauls with no pingers and with all of the
required number of pingers. Thus, it appears that the
reason(s) for the bycatch rate reduction may not be fully
understood until the mechanisms as to how pingers reduce
bycatch and the relationship between bycatch rates and
environmental/gear characteristics are more completely
understood.

Habituation
The pattern of bycatch rates over months in management
areas where pingers are required did not show an increasing
trend, as would be expected if habituation occurred. Instead
monthly bycatch rates appear to track the migration of the
harbour porpoises, i.e. a northerly direction in the spring and
a southerly direction in autumn.
In addition, there was no evidence of an increase in the

annual bycatch rates since the implementation of pinger use,
as would be expected had habituation occurred. This may
reflect the fact that harbour porpoises in the area are not
continuously exposed to pingers for the following reasons:
(1) pingers are not used continuously in any one area (Table
1); (2) pingers do not emit sounds into a large region around
each pinger; (3) during some times of the year harbour
porpoises inhabit areas without pingers; and (4) even within
a season, porpoises migrate through all these management
areas, and move considerably within the Gulf of Maine and
Canadian Bay of Fundy as shown by tracked animals (Read
and Westgate, 1997).
However, it should be recognised that the NEFOP data do

not provide a direct method to study habituation. A better
approach may be to conduct a long-term study of the
behaviour of animals around a pingered gillnet (Carlström et
al., 2009; Cox et al., 2003; Culik et al., 2001; Laake et al.,
1998) or around a single pinger (e.g. Cox et al., 2001), but
such studies have not yet occurred in the US Northeast
fishery. However, the NEFOP data do provide an indication
that habituation has not occurred on a level that affects the
bycatch estimate for an operational fishery.
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