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Abstract

Incidental bycatch in gillnets is a substantial threat to small cetaceans. Using Acoustic Deterrent Devices,
“pingers”, have successfully reduced bycatch of harbour porpoises in gillnets. However, seals can use pingers
as “dinner-bells” to easier find gillnets in order to raid and destroy them, further aggravating the existing
conflicts between seals and coastal fisheries. Therefore, in the present study, the efficiency of two alleged
“seal-safe” pingers, an experimental Banana pinger “SSB” and a Future Oceans F70 pinger “FO”, in deterring
harbour porpoises from the vicinity of gillnets and thereby reducing bycatch in commercial gillnet fisheries,
was tested. This was done by deploying click detectors, “C-PODs”, recording Detection Positive Minutes per
hour, at each end of gillnets, provided with the two pinger types or no pingers at all. Bycatch instances were
recorded into logbooks by participating fishermen and verified using video footage from on-board video
cameras. Results showed that video monitoring was a reliable method for verifying the number of bycatches
of porpoises and seals, but not seabirds, recorded in the fishermen’s logbooks. The experimental SSB pingers
and the FO pingers significantly reduced porpoise presence, measured as Detection Positive Minutes per hour
in the vicinity of the nets, compared to gillnets without pingers. However, the sample size was too small to
yield a significant result regarding the bycatch reducing efficiency and dinner bell effect of the experimental
pingers. Nevertheless, bycatch trends suggest that pingers did in fact reduce porpoise bycatch. Although both
successful, FO pingers were slightly more efficient in deterring porpoises than SSB pingers. The SSB pinger
sounds had bigger directionality variations than the FO pinger, which may have affected its deterrent effects.
Therefore, additional trials are needed to further investigate this aspect.
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1 Abstract
Incidental bycatch in gillnets is a substantial threat to small cetaceans. Using Acoustic Deterrent

Devices, “pingers”, have successfully reduced bycatch of harbour porpoises in gillnets.
However, seals can use pingers as “dinner-bells” to easier find gillnets in order to raid and
destroy them, further aggravating the existing conflicts between seals and coastal fisheries.
Therefore, in the present study, the efficiency of two alleged “seal-safe” pingers, an
experimental Banana pinger “SSB” and a Future Oceans F70 pinger “FO”, in deterring harbour
porpoises from the vicinity of gillnets and thereby reducing bycatch in commercial gillnet
fisheries, was tested. This was done by deploying click detectors, “C-PODs”, recording
Detection Positive Minutes per hour, at each end of gillnets, provided with the two pinger types
or no pingers at all. Bycatch instances were recorded into logbooks by participating fishermen
and verified using video footage from on-board video cameras. Results showed that video
monitoring was a reliable method for verifying the number of bycatches of porpoises and seals,
but not seabirds, recorded in the fishermen’s logbooks. The experimental SSB pingers and the
FO pingers significantly reduced porpoise presence, measured as Detection Positive Minutes
per hour in the vicinity of the nets, compared to gillnets without pingers. However, the sample
size was too small to yield a significant result regarding the bycatch reducing efficiency and
dinner bell effect of the experimental pingers. Nevertheless, bycatch trends suggest that pingers
did in fact reduce porpoise bycatch. Although both successful, FO pingers were slightly more
efficient in deterring porpoises than SSB pingers. The SSB pinger sounds had bigger
directionality variations than the FO pinger, which may have affected its deterrent effects.
Therefore, additional trials are needed to further investigate this aspect.

2 Introduction
Incidental bycatch in gillnets is a substantial threat to harbour porpoises (Phocoena phocoena)

and other small cetaceans (Jefferson and Curry, 1994; Kraus et al., 1997; Read et al., 2006). It
is estimated that bycatch related mortality of cetaceans exceeds hundreds of thousands yearly
globally (Read et al., 2006). Especially threatened is the critically endangered Baltic Sea
harbour porpoise population, consisting of around 500 mature individuals (www.Sambah.org;

Amundin et al., In prep.).

The countries around the Baltic Sea have entered the ASCOBANS agreement which includes
a special management plan for the Baltic Sea harbour porpoise population, the so called
Jastarnia plan (ASCOBANS, 1992). In this plan several protective provisions are listed, among

which bycatch mitigation is stated as the most important and urgent. EU has also instituted
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special requirements to reduce the incidental bycatch of small cetaceans in all European waters,
the EU regulation 2019/1241 (Tajani and Ciamba, 2019). This regulation states that Acoustic
Deterrent Devices, so called “pingers”, must be used on gillnets with specified mesh size and
in specified areas. Pingers transmit sounds that deter harbour porpoises and hence make them
avoid the vicinity of gillnets (Kastelein et al., 2000; Kindt-Larsen et al., 2018). Additionally,
pingers are required on vessels exceeding 12 m overall length. Moreover, vessels with 15 m
overall length are required to have on-board observers to monitor bycatch, whereas bycatch on
smaller vessels are assessed through scientific studies and sometimes through technical means.
Furthermore, some of the Natura2000 areas (Natura2000 is a network of protected areas in the
European Union [EC 1979, 1992]) offer protection to harbour porpoises in European Union
waters. However, gillnet fishing per se is not banned inside these areas and management plans

for new Natura2000 areas in the Baltic Sea (https://skyddadnatur.naturvardsverket.se/),

established in 2017, are still pending.

The use of pingers to reduce bycatch of harbour porpoises have been successful (Kraus et al.,
1997; Kastelein et al., 2000; Larsen and Eigaard, 2014; Kindt-Larsen et al., 2018). Based on
the success of Kraus et al. (1997), binding requirement to use pingers were introduced in the
US section of the Atlantic Ocean (NOAA, 1998). However, due to costs, practical issues and a
lack of surveillance, pingers have only been used to a limited degree in gillnet fisheries within
the EU (ICES, 2012). Moreover, there is a concern that seals may use pingers as so called
“dinner bells”, making it easier for them to find the nets to raid them for fish and often
destroying the nets in the process (Stridh, 2008). This increases the already intense conflict
between seals and coastal fisheries and makes fishermen reluctant to use pingers, especially so
in the Baltic Sea where seal depredation is already a severe issue (Fjalling, 2006; Jefferson and
Curry, 2006).

For the last several years, Kolmarden Wildlife Park, in collaboration with the Swedish
University of Agricultural Sciences (SLU) Aqua, has examined the reaction of wild harbour
porpoises to a new “seal-safe” pinger, an experimental version of the Banana pinger. In this
pinger the lower frequency cut-off has been raised to 59 kHz, making the pingers sounds
virtually inaudible to seals, and thus less likely to be used as a “dinner bell”.

There were four objectives investigated in the present study. The first objective was to explore
if there was a difference in recorded porpoise click trains in the vicinity of commercial gillnets
equipped with either two types of experimental “seal safe” pingers: the Banana pinger

(abbreviated as SSB) or the Future Oceans Netguard 70 kHz Dolphin pinger (abbreviated as
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FO), or gillnets without pingers. Here, it was predicted that pingers on gillnets would deter
porpoises, i.e. having fewer recorded porpoise click trains than gillnets without pingers, Second,
it was investigated if bycatch of porpoises in gillnets with pingers would decrease compared to
gillnets without pingers. It was predicted that gillnets with pingers would have a reduced
number of bycaught porpoises compared to gillnets without pingers. Third, video footage of
bycaught porpoises, seals and seabirds from the on-board video monitoring systems were
compared with the catch loghbooks to assess the reliability of using catch logbook data. On-
board video monitoring systems are more cost efficient than implementing on-board observers
(Kindt-Larsen et al., 2012). It was predicted that on-board video systems would be more
efficient than the fishermen’s catch logbooks, since some bycatches could potentially drop out
from the net before reaching deck and thereby be missed by the fishermen (Kindt-Larsen et al.,
2012). Finally, it was investigated if the pingers used in the present study were actually seal
safe i.e. would not attract seals, as claimed by the manufacturers, by comparing bycatch of seal,

damage to fish and fishing gear between gillnets with pingers and gillnets without pingers.

3 Material & method
To retain the anonymity of the participating fishermen, the geographical locations where the

data was collected are referred to as “areas” throughout the text, with a corresponding number

indicating the area in question.

3.1 Study area
Data collection ran from September 2018 to January 2020. Four fishermen operating along the

west coast of Sweden participated in this project. In Area 1 and 2, fishermen tested both the
SSB pinger and the FO pinger during spring 2019. In Area 3 only the SSB pinger was tested
during the autumn of 2018 and the SSB pinger and the FO pinger during the spring and autumn
of 2019. In Area 4 only the SSB pinger was tested during the autumn of 2018 and the SSB
pinger and the FO pinger during the autumn of 2019.

3.2 Experimental set-up
The participating fishermen used their own bottom-set gillnets throughout the experiment.

Gillnet lengths ranged from 370 m to 800 m and were set for cod (Gadus morhua) in the autumn
fishing season and for lumpfish (Cyclopterus lumpus) in the spring season. Due to cod being
less enduring than lumpfish after being entangled, gillnets set for cod were emptied daily,
whereas gillnets set for lumpfish were emptied on average every three days. The coordinates of
the flag buoys in each end of the gillnets were recorded as well as the distance between the

buoy and the net. The fishermen were provided with pingers and C-PODs and were responsible
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for securely deploying them in conjunction with setting the gillnets. The C-PODs were attached
to the flag buoy rope, except in Area 2 where the C-PODs in the northern-most end of each net
link, which was always deployed in a north/south orientation, were anchored at a short distance
east of the flag buoy, to avoid strong water currents bringing it at risk of entanglement in the
net. Since the number of C-PODs was limited, some fishermen included gillnets without C-

PODs to obtain more data on actual bycatch.

The C-POD is an autonomous odontocete click train logger that can log continuously for a
period of 4-5 months. It has a maximum detection range of approximately 400 m for porpoise
click trains (Chelonia Ltd, UK). The C-POD analysis system includes a species classification
algorithm (KERNO) which makes it possible to extract porpoise click trains with a source
quality measure. Detection Positive Minutes per hour (DPM/h), which is the number of minutes,
with at least one porpoise click train per hour, were exported from the processed C-POD data.
This measure was used as a proxy for porpoise presence. Kolmarden/SLU Aqua were
responsible for the C-POD set-up before delivering them to the fishermen. Data from the C-
PODs were uploaded at the end of each data collection period, which typically lasted for three

months.

3.2.1 Verifying fishermen logbook records
Catch yield and any porpoise bycatch, together with net set and haul dates, were compiled by

the fishermen in catch logbooks provided by us. However, bycaught porpoises are sometimes
missed by the fishermen, which is usually due to them dropping out of the gillnet before
reaching the deck. To verify potentially missed bycaught porpoises, electronic monitoring in
the form of a Mobius camera connected to an external battery was installed on each vessel of
the participating fishermen. The camera filmed the net between the water surface and the winch
roll during hauling, allowing possible bycaught porpoises, seals or birds to be documented. To
investigate the plausibility of using electronic monitoring to verify the fishermen’s logbooks,
bycatch of seals and seabirds were included in the video analysis, in addition to the porpoises.
A fully video documented net haul was called one emptying, which, depending on the target
fish, may cover one to three days’ soak time. Each gillnet emptying was scored for their video
quality, “good” if the overall footage was good enough to be fully analysed, with minor
disturbances such as short duration sun-glares and shades allowed, and “bad” if such
disturbances made the video analysis nonreliable. Examples of a “bad” video include footage
where the camera did not show the hauled net, footage where sun glares and shades were present

throughout the recording and footage with poor light conditions (Figure 1).



Figure 1. Examples of picture disturbances, negatively affecting the analysis of the video footage from the

onboard camera system. Left picture shows glares from the sun, middle picture shows poor light conditions. The
footage was scored as “bad” if disturbances like these were present throughout the video. Right picture shows

footage scored as “good”.

3.2.2 Pinger efficiency
To investigate the efficiency of the two “seal-safe” pinger types in reducing porpoise bycatch,

fishermen’s gillnets were equipped with either the experimental SSB pingers, FO pingers or no
pingers. As mentioned above, each experimental gillnet had pingers evenly spaced along the
gillnet. The distance between pingers were at the most 200 m, in accordance with the
specifications of the pinger manufacturer (Fishtek Marine and Future Oceans) and EU
regulation 2019/1241, and to ensure that there would be no silent gaps that might entice the
porpoises to swim in between two pingers and thus get entangled. The SSB pinger was chosen
as candidate for further study since it emits several different 300 ms frequency-modulated,
multi-harmonic signals at semi-random intervals of 4-15 s, thus reducing the possibility of the
porpoises habituating to the pinger sounds. The manufacturer, Fishtek Marine Ltd, was asked
by us to adjust the lower frequency cut-off to 60 kHz (in effect to 59 kHz; Figure 2), to make
the sounds less audible to seals compared to the standard SSB pinger, where the lower
frequency cut-off is 5-7 kHz lower. As can be seen in figure 2, there were some sound energy
between 30 and 50 kHz, but it was > 30 dB lower than the 59 kHz peak. The FO pinger
generated 64-66 kHz 300 ms tones with overtones at 125-133 kHz and 191-200 kHz (Figure 3)
and with fixed ping intervals of 4 s. According to the audiograms available for grey and harbour
seals (the seal species resident in the Baltic Sea) (Wolski et al., 2003; Nedwell et al., 2004;
Kastelein et al., 2009; Reichmuth et al., 2013; Cunningham et al., 2014a; Cunningham and



Reichmuth, 2016), 59 kHz and 60-66 kHz might be detectable by the seals, but only at rather

short distances. Hence it is unlikely that any of these two pingers can have a “dinner bell” effect.

Frequency Analysis
inear View

Figure 2. Spectrogram and power spectrum of an SSB pinger sound. The lowest frequency peak is at around 59
kHz. The frequency components between 30 kHz and 50 kHz are 33-37 dB below the 59 kHz peak. The frequency
peak at 59 kHz as well as the one at ca 115 kHz is within the best hearing range of the harbour porpoise, whereas

frequencies at 59 kHz and below would be audible to seals only at short distances.
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Figure 3. Spectrogram and power spectrum of the FO pinger sound. The main frequency component is at around
64 kHz in the first 2/3rd of the signal, and at ca. 66 kHz in the last third of the signal. Both frequencies are within
the best hearing range of the harbour porpoise, whereas frequencies at 64-66 kHz would be audible to seals only

at short distances.
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Since high frequencies attenuate faster than lower frequencies it is important to test that these

pingers actually deter the porpoises far enough to reduce bycatch.

4 Statistical analysis

4.1 Comparison between fishermen protocols and video footage

Video footage from the fishermen were analysed using the observation software BORIS (Friard
and Gamba, 2016). To investigate if video monitoring could be an efficient tool in verifying
data from catch logbooks kept by the fishermen, the number of bycaught porpoises, seals and
birds in each of the emptied gillnets, detected in the video footage, was compared with the

corresponding data in the catch logbooks.

4.2 C-POD data
Statistical analyses were carried out using IBM SPSS Statistics. Click data recorded by the C-

POD was processed using a porpoise click train classifier, called KERNO, included in the
analysis software C-POD.exe, which is part of the C-POD system (Chelonia Ltd, 2019). This
analysis tool also has an export function whereby selected parameters, such as DPM/h, from

the processed data can be exported for further analysis in SPSS.

4.2.1 Pinger efficiency in reducing harbour porpoise presence
The C-PODs differed in their soak time (defined as the time they were logging in the water) and

recording dates. Therefore, only C-POD data with the same soak time and overlapping dates
and from the same area were compared. Since the porpoise click detection data (DPM/h) was
not normal distributed, a Kruskal Wallis test was performed to investigate if there was a
difference in DPM/h among C-PODs from the same area, and a Dunn’s post hoc test was
performed to investigate between which C-PODs there was a difference in DPM/h. However,
there were instances were one or two C-PODs did not record at the same time as the other C-
PODs from the same area for most of the data collection. Therefore, a Mann-Whitney U test
was also performed to investigate pairwise differences in DPM/h between all C-PODs from the
same area and then compared with the groupwise results from the Kruskal Wallis test. Results
from the pairwise Mann-Whitney U test comparisons in each study area is compiled in the
Appendix.

Data from C-PODs attached to gillnets without pingers in Area 3 (autumn 2019) showed signs

of error and were therefore excluded from the analysis.
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4.2.2 Pinger efficiency in reducing harbour porpoise bycatch
Gillnet length and soak time differed between participating fishermen. Thus, the probability of

bycatch differed between areas. Bycatch frequencies were therefore calculated by
“Bycatch/effort unit”, where effort is based on the gillnet length and soak time. Since the
bycatch frequencies were not normal distributed, a Kruskal Wallis test and a Dunn’s post hoc
test was performed to investigate bycatch differences between gillnets with SSB pingers, FO

pingers and without pingers.

4.3 Seal-safe credibility of the SSB pinger and the FO pinger
Both pinger types used in the present study are potentially “seal-safe”, due to their low

frequency cut-off leaving only frequencies too high for the seals to be able to hear them at long
distance and thus not allowing them to be used as “dinner bells”. This assumption may be tested
by comparing damages to fish and fishing gear and the occurrence of bycaught seals in gillnets
with SSB pingers, FO pingers and without pingers. During data collection, after each emptying,
the fishermen noted in their catch logbooks if the gillnet had any bycaught seals, seal related
damage to fish or fishing gear. Damage to fish and fishing gear could not be reliably assessed
through the video footage. Therefore, only data from the catch logbooks were used for this
analysis. Any instance of bycaught seal and damage to fish or fishing gear for each emptying
was scored as “seal interaction” (1), and then compared with “no seal interaction” (0) using

Fisher’s exact test.

5 Results

5.1 Comparison between fishermen logbooks and video footage

Data from a total of 397 emptied gillnets were entered into the fishermen’s catch logbooks
throughout the project duration from September 2018 to January 2020. Video footage from
September 2019 to January 2020 were only analysed for bycaught porpoises due to time
constraints. Video footage of 35 emptied nets were scored as “bad” and hence did not provide
data for further analysis. Additionally, there were no video footage from 29 emptied gillnets
that were entered into the fishermen’s catch logbooks. Thus, when comparing logbooks and
video footage, this brought down the comparable number of emptied logbook gillnets to 333.
Of these 333 gillnets, 264 emptied gillnets were successfully verified through video footage
and used during the analysis. Of the 264 video verified gillnets, 69 had FO pingers, 96 had SSB
pingers and 99 had no pingers. Pingers could not be video verified on four of the 178

experimental gillnets with pingers.
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5.1.1 Harbour porpoise
Overall, electronic monitoring through video recordings was efficient in verifying porpoise

bycatches in the logbooks. One bycaught individual in the logbook could not be verified on
film due to poor light conditions, and an additional bycaught porpoise not noted in the logbook

was discovered through the video footage.

5.1.2 Seal
Like with the porpoises, electronic monitoring through video recordings were efficient in

verifying seal bycatches in the logbooks. In total, three bycaught seals that were recorded in the

logbooks could not be verified when analysing the video footage.

5.1.3 Birds
In total, 28 bycaught birds were recorded in the catch logbooks by the fishermen. Of these, 15

were confirmed when analysing the video footage. An additional bird bycatch not noted in the
logbooks was discovered through the video footage. Overall, birds were very difficult to notice

and distinguish.

5.2 Pinger efficiency in reducing porpoise presence

5.2.1 Fisheries with lumpfish as target species

In Area 1, the Kruskal Wallis test revealed a significant difference in the average DPM/h
between the three experimental set-ups (H[2] =1290.613, p < 0.001) (Figure 4). Post hoc results
using Dunn’s test showed significant differences between all C-PODs except between C-POD
1199 and C-POD 1266, both deployed with FO pinger gillnets. C-PODs deployed with gillnets
without pingers showed a significantly higher average DPM/h than C-PODs deployed with
gillnets with pingers. C-PODs deployed with gillnets with SSB pingers showed significantly
higher average DPM/h than C-PODs deployed with gillnets with FO pingers. As mentioned in
the statistical analysis section, pairwise comparisons using a Mann-Whitney U test were also
made between C-PODs from the same area, since the soak time from all C-PODs did not overlap
for the Kruskal Wallis test. In Area 1, the result from the Mann-Whitney U tests was consistent

with the results from the Kruskal Wallis test (see Appendix for Area 1).

In Area 2, the Kruskal Wallis test revealed a significant difference in the average DPM/h
between the three experimental set-ups (H[2] = 118.404, p =0.001) (Figure 4). Post hoc analysis
using Dunn’s test showed significant differences between all C-PODs except between C-POD
1188 and C-POD 2190, both deployed with gillnets without pingers, and C-POD 1381, C-POD
1188 and C-POD 2190. C-PODs deployed with gillnets without pingers and with SSB pingers
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showed a significantly higher average DPM/h than gillnets with FO pingers. No significant
difference in average DPM/h was found between C-PODs deployed with gillnets without
pingers and C-PODs deployed with gillnets with SSB pingers. In Area 2, the result from the
Mann-Whitney U tests was consistent with the results from the Kruskal Wallis test (see

Appendix for Area 2).

In Area 3 (spring 2019), the Kruskal Wallis test revealed a significant difference in DPM/h
between the three experimental set-ups (H[2] = 15.219, p = 0.004) (Figure 4). Post hoc analysis
using Dunn’s test showed significant differences between all C-PODs deployed with pingers
and C-POD 1197 deployed with gillnet without pingers, and between C-POD 1245 and C-POD
1197, both deployed with gillnet without pingers. Overall, C-PODs deployed with gillnets
without pingers had a higher average DPM/h than C-PODs deployed with gillnets with pingers,
but only significantly higher in comparisons with C-POD 1197 deployed with gillnets without
pingers. C-PODs deployed with gillnets with SSB pingers had higher average DPM/h, but not
significantly higher. Apart from no significant difference in DPM/h found between C-POD
1245 and C-POD 1197, both deployed with gillnets without pingers. In Area 3, the result from
the Mann-Whitney U tests was consistent with the results from the Kruskal Wallis test (see

Appendix for Area 3).
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Figure 4. Influence of pingers on DPM/h, used as a proxy for porpoise presence, in areas with lumpfish as target
species. * shows significance at 0.05 level, and *** at 0.001 level. Bars show mean DPM/h and whiskers show +

95% Cl.

5.2.2 Fisheries with cod as target species
In Area 4 (2018), the Kruskal Wallis test revealed a significant difference in the average DPM/h

between the two experimental set-ups (H[2] = 13.478, p = 0.001) (Figure 5). Post hoc results
using Dunn’s test showed a significant result at 0.05 significance level between C-POD 1197
deployed with gillnet without pingers and C-POD 1368 deployed with gillnet with SSB pingers
and C-POD 1221 deployed with gillnets with no pingers and C-POD 1368 deployed with
gillnets with SSB pingers. C-PODs deployed with gillnets without pingers had a significantly
higher average DPM/h than C-PODs deployed with gillnets with SSB pingers.

In Area 4 (2019), the Kruskal Wallis test revealed no significant difference between the three
experimental set-ups in the average DPM/h (H[2] = 6.420, p = 0.170) (Figure 5). Although the
Kruskal Wallis test was not significant, post hoc results using Dunn’s test showed a that C-POD
1253 deployed with gillnets without pingers had significantly higher average DPM/h than C-
POD 1376 deployed with FO pingers. Although not significant, C-POD 1253 deployed with
gillnets without pingers had higher average DPM/h than C-PODs deployed with gillnets with
pingers.
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In Area 3 (autumn 2019), where only SSB pingers were tested against FO pingers, the Kruskal
Wallis test revealed no significant difference in average DPM/h between the two experimental
set-ups (H[2] = 6.071, p = 0.108) (Figure 5). Although the Kruskal Wallis test was not
significant, post hoc results using Dunn’s test showed a significant difference between C-PODs
1221 and 1381, both deployed with gillnets with SSB pingers. Although not significant, C-POD
1381 deployed with SSB pingers had higher average DPM/h than C-PODs deployed with
gillnets with FO pingers.
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Figure 5. Influence of pingers on DPM/h, used as a proxy for porpoise presence, in areas with cod as target
species. * shows significance at 0.05 level, ** at 0.01 level and *** at 0.001 level. Bars show mean DPM/h
and whiskers show + 95% ClI.

The C-PODs in Area 3 (2018), where only SSB pingers were tested against no pingers, only
overlapped pairwise in their soak time. Thus, only a Mann-Whitney U test was made. C-PODs
deployed with gillnets without pingers had significantly higher average DPM/h than C-PODs
deployed with gillnets with SSB pingers (Table 1).
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Table 1. Results from the Mann-Whitney U test of Area 3 (2018). Summary of SSB pingers
effect on porpoise prescence, shown as DPM/h, compared to gillnets without pingers.

C-POD ID Type of pinger DPM/h (mean + SE) U p value Time period
1198 SSB 0.01 £0.008 7021 0.317 September
1367 SSB 0
1198 SSB 0 527 0.009* September
1376 No pinger 0.37£0.15
1367 SSB 0.89+0.13 96628 0.001*  September - December
1376 No pinger 2.63+0.35
1261 No pinger 1.43+0.18 200499 0.185  November - December
1376 No pinger 2.36 £0.28

* Statistically significant at at o = 0.05

5.3 Pinger efficiency in reducing porpoise bycatch

5.3.1 Fisheries with lumpfish as target species

The Kruskal Wallis test revealed no significant difference in bycatch frequency, measured as
bycatch per unit effort, between the three experimental set-ups (H[2] = 2.977, p = 0.226) (Figure
6). A post hoc power analysis revealed an observed power of 0.18. “Power” refers to the
probability of identifying a statistical difference between the two compared groups. Thus, if a
sample has insufficient power, the statistical test may not yield a statistical significance even if
there actually is a statistical difference between the two groups. The lowest acceptable level of
power is 0.8, i.e. the sample size was not large enough to determine a statistical significance,
making the results from the Kruskal Wallis test dubious. However, the data presented here show
a possible trend, where gillnets without pingers had a higher bycatch frequency than gillnets
with SSB pingers and FO pingers, respectively. Likewise, gillnets with SSB pingers indicated
a higher bycatch frequency than gillnets with FO pingers (figure 6).
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Figure 6. Mean porpoise bycatch frequencies, measured as number of bycatches/effort unit, for each

experimental treatment in areas with lumpfish as target species. Bars show mean and whiskers show + 95% Cl.

5.3.2 Fisheries with cod as target species
The Kruskal Wallis test revealed no significant difference in bycatch frequency between the

three experimental set-ups (H[2] = 1.289, p = 0.525). Like in the areas with lumpfish as target
species, a post hoc power analysis revealed an observed power of 0.161, which means that the
sample size was not large enough to determine a statistical significance. There was only one
bycaught porpoise in the areas with cod as target species, i.e. Area 4 (2018). Thus, no

conclusions can be made regarding possible bycatch trends in areas with cod as target species.

5.4 Seal-safe credibility of the SSB pinger and the FO pinger
In lumpfish fisheries, the frequency of seal related damage to fish and fishing gear was 0.08 for

gillnets with FO pingers, 0.15 for gillnets with SSB pingers and 0.1 for gillnets without pingers.
In cod fisheries, the frequency of seal related damage to fish and fishing gear was 0.083 for
gillnets with FO pingers, 0.024 for gillnets with SSB pingers and 0.012 for gillnets without
pingers. The Fisher’s exact test revealed no significant result between the three experimental
set-ups in neither cod or lumpfish fisheries. However, a post hoc power analysis revealed an
observed power of 0.152 for lumpfish fisheries, and 0.11 for cod fisheries. As previously
mentioned, “Power” refers to the probability of identifying a statistical difference between the
two compared groups. Since the lowest acceptable level of power is 0.8, the sample size was
not large enough to determine a statistical significance, making the results from the Fisher’s

exact test dubious.
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6 Discussion

6.1 Using video footage to verify fishermen logbooks

Electronic monitoring was a successful method for verifying porpoise bycatch data in the
fishermen’s catch logbooks. Only one of all bycaught porpoises recorded in the logbooks was
not confirmed when analysing the video footage. This individual could not be seen due to poor
light conditions in the video. An additional porpoise bycatch not noted in the logbook was
discovered through the video footage. This individual was probably missed by the fisherman
because it dropped out of the gillnet before it reached the deck. Due to this kind of error, Kindt-
Larsen et al. (2012) claimed that electronic monitoring was overall more reliable than logbooks
when assessing porpoise bycatch in gillnets. Even though this was not the case in the present
study, it might be wise not to rely on logbooks alone; in bigger fishing vessels observers are
required to ensure correct bycatch data. Since observers are not an option on small fishing
vessels, onboard video footage, even though it may not be analysed to 100%, introduces the
possibility for auditing of the logbooks, which may make fishermen more likely to enter all

bycatches in the logbook.

Like with the porpoise bycatches, electronic monitoring was efficient for verifying the number
of bycaught seals in the logbooks. In total, three bycaught seals recorded in the loghook could
not be verified by the video footage. Interestingly, the gillnets with these three missing seals
were video recorded without any major picture limitations, which makes it unclear why these
individuals could not be found in the video footage. Since these nets belonged to the same
fisherman, one possible explanation is that non-experimental gillnets were mixed up with

experimental gillnets when the bycatches were entered into the logbook.

The majority of the 28 bycaught sea birds in the logbooks could either not be found or identified
when analysing video footage. This was mainly due to the smaller size and the darker colours
of the bycaught birds which made them blend in with algae and fish in the gillnets. Additionally,
as noted by Glemarec et al. (2020), bird identification in video footage is also limited by poor
light and foul weather conditions. Furthermore, some fishermen could not identify the bycaught
birds, which made it especially difficult to analyse the video footage. A solution would be to
ask participating fishermen to present the bycaught birds in close view of the video camera.

This would greatly increase the probability of verifying and identifying bycaught birds.

Pingers were successfully identified on most of the video recorded gillnets marked in the
logbooks to be provided with pingers. Still, there were four instances where the pingers could
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not be seen in the video footage. Since the catch logbooks contain the ID of each C-POD
emptied on a specific date, unidentified gillnets were identified through the process of
elimination, and then verified in C-POD.exe using CP1 files. CP1 files contain the raw sounds
logged by C-PODs, including the pinger sound, the frequency content of which makes it
possible to verify the pinger type noted in the logbook. However, some fishermen used gillnets
with pingers but without C-PODs, in these cases, like with the bycaught birds, an efficient
approach would be for the fisherman to hold the pinger in the view of the video camera.

It is also important to acknowledge that not all emptied gillnets in the logbooks were
successfully video recorded in the present study, as mentioned in the results. The onboard
cameras needed to be powered on and off manually, which in some instances led to cameras
being turned off too early and in other instances turned on too late. Kindt-Larsen et al. (2012)
and Glemarec et al. (2020) also reported such loss of data when comparing video footage with

corresponding logbook data. Therefore, a combination of both methods is recommended.

6.2 Pinger efficiency
Both pinger brands used in this study have been reported successful in either deterring or

reducing porpoise and dolphin bycatch. Vingada et al. (2011) found that the Future Oceans
Netguard 70 kHz dolphin pinger (identical to the FO pinger used in the present study)
significantly lowered dolphin bycatch in gillnets (Vingada et al., 2011). Likewise, Omeyer et
al. (2020) found that Banana pingers (although not the seal-safe type used in the present study)
reduced harbour porpoise acoustic activity in the vicinity of the pinger. Moreover, Konigson et
al. (in prep) also found a reduced harbour porpoise acoustic activity, like in the present study
used as a proxy for porpoise presence, in the vicinity of the pinger, and that this pinger effect
was restricted to close range. Furthermore, in none of these studies there were any signs of
habituation or habitat exclusion. Similarly, in the present study, both pinger types significantly
reduced porpoise acoustic activity in the vicinity of gillnets compared to gillnets without
pingers. In the lumpfish fishery the FO pingers were overall more efficient in reducing porpoise
presence than the SSB pingers. The only areas where the FO pingers were less efficient than
the SSB pingers were in Area 3 (autumn 2019) and Area 4 (autumn 2019), with cod as target
species. However, these areas had very few detections of porpoises overall, so these differences

should be treated with caution.

As mentioned in the results, no significant conclusions on the pinger efficiency in reducing
bycatch could be drawn. However, in areas with lumpfish as target species, where bycatch of
porpoises was found in all three experimental gillnet set-ups (Figure 6), the bycatch ratio
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indicated a similar tendency as the C-POD DPM/h findings. That being that FO pingers were
overall more efficient in reducing porpoise bycatch than SSB pingers, but both pingers had less
bycatch than gillnets without pingers. Thus, the results from the pinger trials suggest that there
actually was a bycatch reduction with the pingers, but the sample size with the low observed

bycatch ratio was too small to yield a significant result.

The result that gillnets with SSB pingers set for lumpfish showed very high average DPM/h in
Area 2 was unexpected. In fact, the C-POD 1381 deployed with SSB pingers showed the highest
average DPM/h throughout the entire data collection period in this area (see Figure 4 and
Appendix for Area 2). It is a possibility that the SSB pinger closest to C-POD 1381 was
malfunctioning. If this was the case, it may have allowed porpoises to approach closer to this
end of the net, resulting in the high DPM/h, and thereby also risk of entanglement. Palka et al.
(2008) noted that bycatch was not reduced in gillnets with incomplete sets of pingers, resulting
in silent gaps along the net. In fact, bycatch rates were the highest in gillnets with incomplete
sets of pingers, which Palka and his co-workers argued might be a result of porpoises
interpreting the silent gaps as physical gaps in the gillnet that could be used for passing the net.
However, it is not reasonable to assume that the difference in efficiency between the FO and
SSB pingers in the present study was due to pinger malfunctions alone, since the FO pinger was
consistently more efficient in deterring porpoises than SSB pingers across the study areas.

One further factor that may have influenced the DPM/h is the directionality of the pinger
transmissions. Both the FO and SSB pingers have the electronics and the disk-shaped transducer
at one end of the device and the battery filling the rest of the casing. It is thus possible that the
battery was shadowing the transmission of the sounds from the transducer. Therefore, additional
trials were made after the data collection to investigate if the orientation of the pinger was
important for the C-PODs’ detection of the pinger sounds and potentially for the deterrent effect
on the porpoises. Directionality measurements with the SSB pinger showed that it transmitted
7 dBrms lower from the transducer end and 11 dBrms lower from the battery end of the
container, re. to perpendicular to the horizontal directions (Courtesy Magnus Wahlberg,
University of Southern Denmark). The directionality variations in the FO pinger sounds were
much less, with a maximum 3 dBrms difference between the battery end and one of the
horizontal directions and 1 dBrms difference between the transducer end and one of the
horizontal directions. A large proportion of the SSB pinger sounds have higher frequencies than
the FO pinger sounds. Higher frequencies tend to be more directional and attenuate faster than

lower frequencies, which may reduce the range of the SSB pinger’s deterrent effect. Since the
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pingers are tied with their long axis aligned with the float line, the logging of the SSB pinger
sounds by the C-POD deployed at a distance from each end of the net, will be very much
affected by the orientation of the casing of the pingers attached at the end of the net. According
to the manufacturers’ recommendations, the pingers were separated by up to 200 m on the
gillnet float lines; due to the directionality pattern of the SSB pinger, this means that there will
be a minimum SPL half-way between the pingers and close to the net, aggravated if the battery
ends are facing each other. It cannot be excluded that this may have influenced the bycatch rate

in gillnets with SSB pingers.

It is also important to discuss the experimental set-up in the present study. During data
collection, some of the fishermen did not randomize the positions of their experimental gillnets
throughout the experiment, resulting in each of the three experimental set-ups being assigned
to the same specific part of each area. The lumpfish fisheries in Area 2 was one such case, and
it cannot be ruled out that there were more porpoises in the part with the SSB gillnets, resulting
in the high DPM/h that was recorded by the C-PODs in these gillnets. Furthermore, depending
on the area, the fishermen deployed the C-PODs at different distances, ranging from 30-100 m,
from the beginning of each gillnet and thus from the closest pinger, which may also have
affected the DPM/h. Due to strong water currents in Area 2, the northernmost C-PODs of each
gillnet were deployed separated from and east of the gillnet on its own buoy, with a distance of
50-100 m from the beginning of the net and the closest pinger. Kénigson et al. (in prep) reported
significant effects of an experimental SSB pinger on porpoise presence at distances from zero
to 100 m, some, but insignificant effects at 400 m and no effects on larger distances. Similarly,
Omeyer et al. (2020) found a considerable reduction in the pinger effect on DPM/h at distances
> 100 m. Hence, the high DPM/h recorded by C-POD 1381 deployed with SSB pingers in this
area may simply be due to the distance between the C-POD and the nearest pinger being at the
upper limit of the pingers’ deterring effect. Furthermore, the fact that the northernmost C-POD
(1581) deployed with FO pingers in Area 2 still showed low DPM/h despite the long distance
between the C-POD and the nearest pinger, may be explained by the previously discussed

finding that FO pinger frequencies were less attenuated than those of the SSB pingers.

Since the porpoise is a small aquatic species, being active around the clock, with a very
inconspicuous surfacing behaviour, its presence in the vicinity of fishing nets cannot be reliably
determined by visual observations. Therefore, in the present study, DPM/h, which is based on
the assumption that porpoises are clicking all the time both in connection with almost

continuous foraging (Wisniewska et al., 2016), and communication (Sgrensen et al., 2018), was
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used as a proxy for porpoise presence. There are observations indicating that porpoises may be
silent in periods that have been associated with resting (Wright et al., 2017). This was associated
with shallow so-called parabolic dives, recorded by depth and click recording tags attached to
the dorsal fin of seven porpoises. The parabolic dives constituted on average 7.5% of all dive
time and 4% of the total time logged by the tag. The longest silent period logged was ca 24 min.
Even though these silent porpoises would go undetected by the C-PODs, it is questionable if
such a low proportion of short-time silence would be detectable with a coarse measure as the
DPM/h. Also, it may be assumed that porpoises close to nets with pingers would be less inclined
to rest and thus to be silent than those around nets without pingers. Even if this was true, there

was still significantly lower DPM/h at gillnets with pingers than at those without pingers.

As mentioned in the results, the sample size was not large enough to determine a statistical
significance regarding a possible “dinner bell” effect from the experimental pingers. Thus, no

conclusions can be drawn regarding the seal safe efficiency of the SSB and FO pinger.

6.5 Conclusion
In the present study, the efficiency of two potentially “seal-safe” pingers, an experimental

Banana pinger (abbreviated as SSB) and the Future Oceans Netguard Dolphin pinger 70 kHz
(abbreviated as FO), in deterring porpoises and reducing porpoise bycatch in commercial cod
and lumpfish gillnet fisheries, was tested. In conclusion, electronic monitoring was effective to
verify fishermen’s logbooks of bycaught porpoises and seals, but not birds. Based on C-POD
data, it was found that gillnets with pingers had significantly reduced porpoise presence
compared to gillnets without pingers, but bycatch in gillnets with or without pingers could not
be statistically compared due to a low sample power due to the total number of bycaught
porpoises being too low, and not due to pinger inefficiency. Nevertheless, the results did suggest
that porpoise bycatch was reduced by the pingers, with the FO pingers being overall more
efficient than the SSB pingers. Furthermore, the sample size was not large enough to determine
a statistical significance regarding a possible “dinner bell” effect from the experimental pingers.
The reason why the SSB pinger appeared slightly less effective in reducing porpoise bycatch
and deterring porpoises may be found in the frequency content of the pinger sounds: they
contained more high frequencies than the FO pinger sounds, which suffer from bigger
transmission losses due to frequency-dependent absorption. Also, the SSB pinger sounds had
bigger directionality variations, which may have affected its deterrent effects. Additional trials

need to be done with the SSB pinger to further investigate these aspects.
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7 Society & Ethical aspects
As previously mentioned in the introduction, incidental bycatch in gillnets is a major issue for

the conservation of smaller cetaceans, especially so for the critically endangered Baltic Sea
porpoise population. Since pingers are cost efficient and easy to use, the results of this study
could help promoting pingers as a cost-efficient method to mitigate bycatch, until alternative
fishing methods, not subject to porpoise bycatch, have fully replaced gillnets. Furthermore,
since the tested pingers are claimed to be seal safe, it may be possible to shift the negative

attitude of fishermen towards pingers.
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10 Appendix

Pairwise comparisons of C-PODs using Mann-Whitney U test

Area 1- lumpfish fisheries

Results from the Mann- Whitney U test. Summary of FO and SSB pinger influence on average

DPM/h, used as a proxy for harbour porpoise presence.

C-PODID  Typeof pinger DPM/h (mean + SE) U p value  Time period
1199 FO 0.64 + 0.07 2179870.5 <0.001* March - June
1237 Ingen 3.38+0.18
1199 FO 0 7200 1 April
1253 SSB 0
1199 FO 0.62 + 0.06 2245848 0.221 March - June
1266 FO 0.72 + 0.06
1199 FO 0.65 + 0.07 2126058 <0.001* March - June
1367 SSB 0.77 = 0.07
1199 FO 0.64 = 0.06 2622923.5 <0.001* March - June
1376 Ingen 2.79+0.13
1266 FO 0.719 + 0.06 2955503 <0.001* March - June
1237 Ingen 4.28 +0.17
1266 FO 0.72 £ 0.06 2229741 <0.001* March - June
1367 SSB 0.77 = 0.07
1253 SSB 0 6600 0.001* April
1237 Ingen 0.217 + 0.09
1253 SSB 0 7800 0.001* April
1367 SSB 0.23 + 0.09
1253 SSB 0 5640 < 0.001* April
1376 Ingen 081+ 0.24
1253 SSB 0 7200 1 April
1266 FO 0
1237 Ingen 4.26 £ 0.17 1263375 <0.001* March - June
1367 SSB 0.77 £ 0.07
1237 Ingen 3.93+0.15 2443864 <0.001* March - June
1376 Ingen 2.76 £0.12
1376 Ingen 2.69+£0.13 1523994 <0.001* March - June
1367 SSB 0.77 = 0.07
1376 Ingen 2.79 £ 0.13 2354165 <0.001* March - June
1266 FO 0.48 + 0.06

*: Statistically significant at o = 0.05 level of significance

Area 2 — lumpfish fisheries

Results from the Mann- Whitney U test. Summary of FO and SSB pinger influence on average

DPM/h, used as a proxy for harbour porpoise presence.
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C-POD ID Type of pinger  DPM/h (mean + SE) U p value Time period

1357 SSB 250+0.16 196438 <0.001* February - March
1188 No pinger 1.45+0.12

1357 SSB 154 +0.10 688149 <0.001* February - April
1194 FO 1.11+0.08

1357 SSB 1.54+0.10 711956 <0.001* February - April
1381 SSB 2.53+0.15

1357 SSB 1+£0.15 30927 0.255 February - April
2190 No pinger 1.61 +0.30

1381 SSB 2.71+£0.20 212140 0.728 February - March
1188 No pinger 2.51+0.17

1381 SSB 2.58+0.13 1269347 0.096 February - April
2190 No pinger 2.20+0.12

1194 FO 1.15+0.08 1354831 <0.001* February - April
1381 SSB 2.59+0.13

1581 FO 1.41+0.25 39995 0.001* April

1381 SSB 3.03+0.39

1581 FO 1.58 £0.27 38149 0.384 April

1194 FO 1.52+0.27

1581 FO 1.41+£0.25 38383 0.018* April

2190 No pinger 2.73+0.38

1188 No pinger 251+0.16 160031 0.001* February - March
1194 FO 0.85+0.09

1188 No pinger 251+0.17 273952 0.47 February - March
2190 No pinger 212 +0.14

*. Statistically significant at o= 0.05 level of significance

Area 3 (2019) — lumpfish fisheries

Results from the Mann- Whitney U test. Summary of FO and SSB pinger influence on average

DPM/h, used as a proxy for harbour porpoise presence.
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C-PODID  Type of pinger DPM/h (mean + SE) U p value Time period

1061 FO 0.02 + 0.007 357475.000  0.109 April - May
1215 SSB 0.04 £0.011

1061 FO 0.02 + 0.008 214175.000 0.013* April
1197 No pinger 0.04 £ 0.012

1061 FO 0.02 + 0.008 221112.500  0.222 April
1245 No pinger 0.03 £ 0.011

1221 FO 0.64 +0.072 895800.500  0.001* March - May
1197 No pinger 0.07 £ 0.011

1221 FO 0.01 + 0.004 105116.000 0.2 April - May
1215 SSB 0.03 £ 0.015

1221 FO 0.01 £ 0.004 541845.000 0.2 April - May
1061 FO 0.02 + 0.006

1197 No pinger 0.04 £ 0.012 207709.000  0.194 April
1245 No pinger 0.03 £ 0.012

1197 No pinger 0.05 +0.017 106235.000  0.04* April
1215 SSB 0.03 + 0.015

1245 No pinger 0.04 + 0.015 103965.500  0.998 April
1215 SSB 0.03 + 0.015

1245 No pinger 0.03 £ 0.012 211906.500 0.22 April
1221 FO 0.01 + 0.006

*: Statistically significant at o = 0.05 level of significance

Area 3 (2019) - cod fisheries

Results from the Mann- Whitney U test. Summary of FO and SSB pinger influence on average
DPM/h, used as a proxy for harbour porpoise presence.

C-POD ID Type of pinger DPM/h (mean £ SE) U p value Time period
1221 SSB 0 6158.5 0.044* December
1381 SSB 0.06 + 0.035
1266 FO 0.09 £ 0.037 34433 0.04* December - January
1221 SSB 0.01 £ 0.007
1266 FO 0.01+£0.01 4848 0.18 December
1381 SSB 0.07 £ 0.039
1581 FO 0.01 £ 0.006 271455 0.65 December
1221 SSB 0.01 £ 0.007
1581 FO 0.01+0.01 4950 0.172 December
1381 SSB 0.07 £ 0.039
1266 FO 0.15+£0.038 59225 <0.001* December - January
1581 FO 0.01 £+ 0.004

*: Statistically significant at a = 0.05 level of significance
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Area 4 (2018) — cod fisheries

Results from the Mann- Whitney U test. Summary of SSB pingers influence on average DPM/h,

used as a proxy for harbour porpoise presence.

C-POD ID Type of pinger DPM/h (mean £ SE) U p value Time period
1197 No pinger 0.67 £0.10 203758 0.83 September - November
1221 No pinger 0.71+0.11
1197 No pinger 0.53£0.09 172157.5 0.002* September - November
1368 SSB 0.33 £ 0.09
1221 No pinger 0.63+0.11 171590 0.001* September - November
1368 SSB 0.33 £ 0.09

*: Statistically significant at oo = 0.05 level of significance

Area 4 (2019) - cod fisheries

Results from the Mann- Whitney U test. Summary of FO and SSB pinger influence on average

DPM/h, used as a proxy for harbour porpoise presence.
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C-POD ID  Type of pinger DPM/h (mean + SE) U p value  Time period
1376 FO 0.02 £ 0.015 14028.000  0.027* December
1253 No pinger 0.67 £ 0.27
1198 No pinger 0.11 + 0.051 7626.000 0.76 December
1061 SSB 0.08 + 0.051
1061 SSB 0.25+0.13 9105.5 0.23 December
1199 SSB 0.05 + 0.032
1237 FO 0.15 £ 0.073 6551.5 0.984 December
1061 SSB 0.09 +0.055
1253 No pinger 0.86 £ 0.30 11439 0.124 December
1061 SSB 0.23+0.11
1376 FO 0.02+0.01 6729.5 0.243 December
1061 SSB 0.09 £ 0.06
1237 FO 0.12£0.05 18704 0.772 December
1198 No pinger 0.08 + 0.03
1198 No pinger 0.02 £ 0.012 15412 0.057 December
1253 No pinger 0.64 +0.26
1376 FO 0.03 £ 0.016 19404.5 0.239 December
1198 No pinger 0.08 £ 0.03
1198 No pinger 0.02 £ 0.011 11937 0.305 December
1199 SSB 0.10 £ 0.06
1237 FO 0.13+0.06 10365 0.99 December
1199 SSB 0.11+£0.06
1253 No pinger 0.64 +0.26 14831 0.279 December
1199 SSB 0.10 £ 0.05
1376 FO 0.02 £0.015 10656 0.152 December
1199 SSB 0.11 +0.06
1237 FO 0.12 £0.047 19093 0.148 December
1376 FO 0.03 £ 0.016
1237 FO 0.11+£0.05 13783.5 0.204 December
1253 No pinger 0.67 £ 0.27

*: Statistically significant at a = 0.05 level of significance
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