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ABSTRACT: A trial was conducted in the Danish North Sea hake gillnet fishery in July to September 2006 to determine whether the spacing of the Aquatec AQUAmark100 pinger could be
increased without reducing the effectiveness of the pinger in mitigating harbour porpoise
bycatch. The trial was designed as a controlled experiment where nets without pingers formed the
control group (41 hauls) and nets with pingers spaced at 455 m (24 hauls) and 585 m (43 hauls),
respectively, formed the 2 experimental groups. Nets without pingers had a bycatch frequency of
0.54 incidents per haul, nets with pingers spaced at 585 m had a bycatch frequency of 0.12 incidents per haul, and nets with pingers spaced at 455 m had a bycatch frequency of 0. The bycatch
frequencies for the 2 experimental groups were both significantly different from the bycatch frequencies of the control group (p < 0.0001). These results show that the spacing of the Aquatec
AQUAmark100 pinger can be increased without reducing the effectiveness of the pinger in mitigating harbour porpoise bycatch, thereby reducing some of the disadvantages of widespread
pinger deployment. The results also stress the importance of basing implementation regulation on
solid evidence and led the Danish Fisheries Directorate in 2007 to allow the use of the AQUAmark100 pinger with a spacing of up to 455 m under derogation to the European Union’s Council
Regulation No. 812/2004.
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Bycatch in commercial fisheries is probably the
most important single threat to many populations of
small cetaceans worldwide (Perrin et al. 1994, Read
et al. 2006, Read 2008) and has led to the introduction
of various management measures. These management measures include, among others, the mandatory use of acoustic deterrents (so-called pingers) in
certain fisheries, e.g. the Gulf of Maine sink gillnet
fishery, the California driftnet fishery for swordfish
and sharks and certain gillnet fisheries in European
waters.
Pingers have proven to be very effective at reducing bycatch of small cetaceans in gillnets, particu-

larly of harbour porpoises Phocoena phocoena (Kraus
et al. 1997, Larsen 1997, Gearin et al. 1999, Trippel et
al. 1999, Gönener & Bilgin 2009), but they also have
some disadvantages, which are limiting their acceptance by managers, fishermen and environmentalists.
These disadvantages may include high costs, interference with fishing operations, introduction of noise
into the marine environment, habituation resulting in
reduced effectiveness, exclusion of porpoises from
important habitats and alerting seals to the nets to
depredate on the catch.
In Europe, mandatory use of pingers deployed to
reduce bycatch of harbour porpoises is regulated
through the European Union’s Council Regulation
No. 812/2004 (CR812, http://eur-lex.europa.eu/).
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Annex II of CR812 includes the technical specifications and conditions for use of pingers. With respect
to pinger spacing, i.e. the maximum spacing between
2 pingers along nets, the council regulation follows
the advice of the pinger manufacturers, giving 200
and 100 m, respectively, for the 2 different types of
pingers defined in Annex II of CR812.
Experiments conducted with porpoises in the wild
suggest, however, that pingers may be effective at
considerably longer ranges than 200 m (Goodson et
al. 1997, Culik et al. 2001, Carlström et al. 2009). If
that is indeed the case, pingers could be deployed
with larger spacing than allowed by CR812 and still
remain effective, while a number of the disadvantages mentioned above would be reduced.
In 2006, the potential advantages of a more optimal pinger spacing led the Danish Institute for
Fisheries Research (DIFRES) in collaboration with
the Danish Fishermen’s Association, represented by
Krog Consult ApS, to conduct a trial with pingers
spaced at different intervals along the nets. The
aim of the trial was to establish whether pingers
could be deployed with larger spacing than specified in CR812 without reducing the effectiveness of
the pingers in mitigating bycatch of harbour porpoises. The present paper presents and discusses
the results of the trial.

MATERIALS AND METHODS
The most reliable way to determine the effective
range of a particular pinger is to conduct a number of
experiments with different pinger spacings in a commercial fishery to parameterize a statistical model
giving the relationship between pinger spacing and
pinger effectiveness. However, this is a very expensive procedure. An alternative and less expensive
approach is to conduct controlled experiments with
just 1 or 2 spacings, which are chosen based on
results from other types of pinger experiments, as
was done in the present trial.

included in the following data analysis had 100%
observer coverage.
The trial was conducted in the Danish North
Sea hake gillnet fishery, which is pursued in July
to September by a small number of fishing vessels
from harbours in western Jutland. The nets used
in this fishery are made from 0.57 mm mono
twine; stretched mesh size is 120 or 130 mm, and
height is 40.5 meshes (corresponding to ca. 3 m).
The length of each individual net is 2000 knots
(1000 stretched meshes), which are attached to a
head rope of 65 m giving a hanging ratio of ca.
0.5. The nets were tied together and stored on
board in strings of 9 nets, and the strings were
tied together during setting to form fleets of nets
ranging in size from 45 to 135 nets. Most fleets
were set east−west, but a few were set along bottom contours.

Pingers and spacing
Based on preliminary results from an ongoing
large-scale trial of pingers in Danish gillnet fisheries
(Krog & Larsen 2007), we decided to use the Aquatec AQUAmark100 pinger for the spacing trial.
Technical specifications for this pinger can be found
on the Aquatec website (www.netpinger.net). Source
level for the AQUAmark100 was determined to be
136 to 145 dB re. 1 µPa @ 1 m. According to CR812,
Annex II, the maximum spacing for a pinger with
these specifications is 200 m. During the trial,
pingers in the 2 experimental groups were spaced
at 455 and 585 m, respectively. These spacings
allowed pingers to be attached to the bridles
between nets, resulting in fewer handling problems
than attachment on the headrope. To avoid fleets
affecting each other, the distances between individual fleets were required to be at least the same as
the pinger spacing.

Data collection and analyses
Trial design, fishery and gear
The trial was designed as a controlled experiment,
where the control group consisted of nets without
pingers and the 2 experimental groups consisted of
nets with pingers spaced at 2 different intervals.
Each of the experimental groups was always fished
concurrently with a control group within trips, and
mostly also concurrent with each other, and all trips

The trial was fully covered by on-board observers,
whose main functions were to record data on
bycatch of harbour porpoises and carry out regular
checks of the pingers to ensure that they were functioning correctly. Data were collected on a haul
basis, where a haul was 1 or more fleets of nets set
at approximately the same time and position, either
without pingers or with pingers attached with the
required spacing, and hauled together. Data col-
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lected for each haul included time and position for
setting and hauling the nets, number of nets set,
number of pingers deployed and number of porpoises and hake caught.
The sampling unit was a haul, and the bycatch was
assumed to follow a binomial distribution. Each haul
was given the value 1 if there was bycatch of 1 or
more porpoises, and 0 if there was no bycatch. This
choice of sampling unit and underlying bycatch distribution was necessary because it cannot be
assumed that the individual nets of a haul are fishing
independently of each other. The frequency of porpoise bycatch incidents for each experimental group
was thus the number of hauls with bycatch divided
by the total number of hauls in the group. A χ2-test
(Fisher’s exact test, 2-sided) was used to determine
whether the bycatch frequencies of the 3 groups of
hauls were significantly different from each other
(Sokal & Rohlf 1995). To allow comparison with other
experiments and observations of marine mammal
bycatch rates in gill nets, total bycatch of porpoises
per km of netting and soaking time in days (km−1 d−1)
was also calculated for experimental and control
groups.
Catch rates for hake were calculated as the mean
number of fish caught per km of netting and days of
soaking time (km−1 d−1) for hauls with pingers and
hauls without pingers, and a Student’s t-test (unequal
variance) was used to determine whether catch rates
were significantly different (Sokal & Rohlf 1995).
Unfortunately, the observers failed to abide fully to
the experimental protocol throughout the experiment, and hake catches were only recorded for 27
hauls (12 without pingers, 14 with a pinger spacing of
455 m and 1 with a pinger spacing of 585 m). Consequently, only the mean catch rates for control nets
and nets with 455 m spacing could be calculated and
tested statistically for differences.
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ing 108 hauls, the experimental nets of either 455
or 585 m pinger distance were always fished concurrently with a control group within trips, and for
3 out of 5 trips also concurrent with each other
(Table 1, Fig. 1). The numbers of nets fished did not
differ among the 3 haul types (Fig. 2).
A total of 50 porpoises were caught during the trial,
of which 45 were caught in nets without pingers (corresponding to a bycatch rate of 0.51 porpoises km−1
d−1), 5 were caught in nets where the pinger spacing
was 585 m (corresponding to 0.05 porpoises km−1
d−1), and no porpoises were caught in nets where the
pinger spacing was 455 m (Table 1). The frequency
of bycatch incidents was 0.54 (22 of 41 hauls) for the
control group without pingers, 0.12 (5 of 43 hauls) for
the group with a pinger spacing of 585 m and 0 (0 of
24 hauls) for the group with a pinger spacing of
455 m. The frequencies of bycatch incidents for both
experimental groups were significantly different
from the bycatch rate for the control group hauls (p <
0.0001; 1 df). The bycatch frequencies of the 2 experimental groups were not significantly different (p =
0.10; 1 df).
In this trial, the effect of using pingers with a spacing of 455 m was a 100% reduction of bycatch,
whereas the effect of using pingers with a spacing of
585 m was a 78% reduction of bycatch.
In control nets, the mean ± SD catch rate for hake
was 29.0 ± 10.2 fish km−1 d−1 and in nets with pinger
spacings of 455 m it was 30.4 ± 13.3 fish km−1 d−1.
This small difference was not significant in a Student’s t-test (p = 0.76; 24 df).

DISCUSSION
The manufacturers of pingers argue for their recommended pinger spacing in 1 of 2 ways. Some manufacturers refer to experiments conducted with specific pingers in a commercial fishery and recommend

RESULTS
The trial was conducted on board a commercial
gillnet vessel in the Danish North Sea hake fishery
during 9 wk in July to September 2006. Problems
with availability of the observers meant that in this
period the observers covered only 5 fishing trips for
a total of 21 d of fishing; these form the basis of our
analyses. Data were recorded from a total of 112
hauls, but 4 of these were discarded from further
analyses because they did not conform to the requirements of the experimental design in that the
fleets were too close to each other. For the remain-

Table 1. Number of hauls and porpoise Phocoena phocoena
bycatches (in parentheses) by trip and haul type. Dates are
shown as dd/mm
Trip

1
2
3
4
5
Total

Date

Control
hauls

455 m
hauls

585 m
hauls

16/7 − 18/7
23/7 − 25/7
30/7 − 01/8
13/8 − 16/8
10/9 − 13/9

12 (14)
8 (5)
10 (22)
7 (2)
4 (2)

9 (0)
7 (0)
8 (0)

1 (0)
7 (1)
6 (1)
15 (2)
14 (1)

41 (45)

24 (0)

43 (5)
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that the spacing used in the experiments
should not be increased. However, since
none of these experiments were aimed at
determining the effective range of the
pingers, the results of these experiments
are not very informative about the optimal
pinger spacing.
Other manufacturers claim that to be
effective, pinger signals have to be a certain level above the background noise
level. Although this may be a more valid
approach, no experiments have been conducted to determine how much above the
background noise level pinger signals
have to be in order to be effective.
A third option is to conduct studies of
porpoise behaviour around pingers in the
wild, specifically studying the distribution
of porpoises as a function of distance to
the pinger. Several such studies have
been conducted in recent years (Cox et
al. 2001, Culik et al. 2001), but it is not
obvious, if at all possible, how to translate
such distributions into an effective range
of the pinger in question. This is exacerbated by the lack of an agreed definition
of what the term ‘effective range’ actually
means.
The manufacturer of the pinger used in
the trial presented in this paper uses the
first argument, and refers to the results
from a large-scale pinger trial, conducted
by DIFRES in 1997 (Larsen 1997), where
Fig. 1. Geographical distribution of hauls with and without pingers for all
5 fishing trips included in the experiment showing distances between
pingers were deployed with a spacing of
hauls (455 and 585 m)
140 m. However, the 1997 DIFRES trial
was aimed at determining whether the
concept of using pingers to reduce porpoise bycatch
was viable and was not concerned about optimising
pinger spacing. Because of this, and because the trial
was conducted with a prototype pinger whose reliability was unknown, pingers were deliberately
spaced with a considerable overlap, based on the
expected effective range of this pinger. Therefore,
the results from the DIFRES 1997 trial cannot be used
to determine the maximum pinger spacing.
A small-scale experiment conducted in Scotland in
1997 with wild, naïve porpoises exposed to a similar
prototype pinger as in the DIFRES 1997 trial, but with
a higher source level, suggested that this pinger had
an effect at a distance of ca. 600 m (Goodson et al.
1997). This corresponds to ca. 400 m if the source
level is adjusted to that of the pinger used in the
Fig. 2. Average number of nets per haul. Error bars repreDIFRES 1997 trial.
sent SD
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Table 2. Comparison of pinger source level, pinger spacing and harbour porThe results of the present trial
poise bycatch reduction between previous pinger trials and present trial
support the argument that pingers
are effective at longer ranges than
Location
Source level
Pinger Effect Reference
the manufacturers’ recommended
(dB re 1 µPa spacing
(%)
spacings would suggest. When
@ 1 m)
(m)
pingers were spaced 455 m apart,
the harbour porpoise bycatch was
Gulf of Maine
105−139
90
89
Kraus et al. (1997)
North Sea
145
140
92
Larsen (1997)
reduced to 0, and even when spaced
Washington
State
122−125
17
88
Gearin
et al. (1999)
585 m apart the bycatch was
Bay of Fundy
139−145
100
77
Trippel et al. (1999)
reduced to 22% of that in the
Black Sea
132
200
98
Gönener & Bilgin
control group of nets. These reduc(2009)
North Sea
136−145
455
100
Present study
tions are similar in magnitude to
North Sea
136−145
585
78
Present study
reductions reported in other pinger
trials, where pingers were deployed
with considerably smaller spacing
(Table 2). It should be noted, however, that the 2
very important that such trials are of a magnitude
effect sizes (100 and 78%, respectively) are not sigthat will allow statistically meaningful conclusions to
nificantly different.
be drawn and are covered by independent observers,
The results presented in this report suggest that in
to ensure that the pingers are functioning and are
the Danish hake gillnet fishery, the maximum spacdeployed correctly. The results of such trials could
ing of AQUAmark100 pingers can be increased to at
lead to more optimal use of pingers, which in turn
least 455 m without reducing their effectiveness. This
could lead to a reduction of some of the disadvanprobably also applies to the Danish gillnet fisheries
tages of widespread pinger use.
in general. Of the various factors which could conceivably influence the effective range of the pingers,
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