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Harbour porpoises are part of the assignment of 16 Natura 2000 areas in Danish waters and
Denmark are obliged to monitor and protect the species. The harbour porpoise faces the
threat of entanglement in gill nets but by using acoustic alarms, so-called “pingers” placed on
the nets, bycatch can be reduced. Pingers may, however, scare the porpoises out of important
areas such as the Natura 2000 areas. This project aim to examine if porpoise density will
change in the Great Belt, when mandatory use of pingers in all set net fisheries are enforced
during a limited time period from mid-2015. By comparing the presence of porpoises before,
during and after pingers are introduced in the Great Belt, with a control area in Kalundborg
Fjord, we will be able to estimate the effect of pingers on porpoises in relation to density and
acoustic behaviour. Porpoise presence is examined by deployment of acoustic data loggers
(C-PODs) that can detect echolocation sounds emitted almost continuously by porpoises
during foraging, communication and orientation. This report covers the baseline period from
July 2011 to October 2014 for the 14 C-POD stations that have listened for porpoises more or
less continuously during this period. The porpoise detections were analysed as PPM (Porpoise
Positive Minutes) and CPPM (no. of clicks during each PPM. This may be interpreted as a
measure of acoustic behaviour). Both are aggregated as average values per 24 hours. The
results show that the seasonal patterns in the study area are significant and common to the
control and impact areas. Over the four years with baseline data, echolocation activity (CPPM)
has remained relatively constant over the entire study area, but there have been seasonal
shifts in porpoise presence (PPM) between stations, most pronounced in the winter period,
where porpoises apparently move from shallower stations to the deeper stations. Power
analysis show that the current baseline data and a continuation of the monitoring program
during the employment of pingers for one year, would allow for detecting relative changes of
density (PPM) around 22% and echolocation behaviour (CPPM) around 42%. If monitoring
continue for up to four years the relative changes that can be detected is reduced gradually to
14% and 25%, respectively.

Marsvin, harbour porpoise, C-POD, PPM, CPPM, pinger, bycatch, bifangst, gillnet
fishery, BACI, statistical power
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Preamble

This report is an updated version of the project status report from April 2014
and replaces the draft note from September 2014.

Additional data collected in 2014 have been included in the data analysis.
Recently, we have also discovered that the detection of porpoise click trains
recorded by the C-POD depends on the signal/noise level in the sea (other
click sounds coming from waves, rain, ships etc.). Therefore, we have ad-
justed the data according to the function described in Section 2.4. This means
that we can no longer use the indicators “encounter duration” and “waiting
time” as we now know that some click trains will be shortened or complete-
ly masked by noise. However, “waiting time” and “PPM” are closely linked
and both are proxies for density of porpoises. Similarly “Encounter dura-
tion” and “CPPM” are both related to porpoise behaviour. Very little addi-
tional information is therefore missing by leaving out “waiting time” and
“encounter duration®. This report also includes further investigations of the
correlations between stations and a statistical power analyses have been
made to predict the approximate level of change in porpoise presence that
can be significantly detected.



Summary

Harbour porpoises are part of the assignment of 16 Natura 2000 areas in
Danish waters and Denmark are obliged to monitor and protect the species.
The harbour porpoise faces the threat of entanglement in gill nets but by us-
ing acoustic alarms, so-called “pingers” placed on the nets, bycatch can be
reduced. Pingers may, however, scare the porpoises out of important areas
such as the Natura 2000 areas. This project aim to examine if porpoise densi-
ty will change in the Great Belt, when mandatory use of pingers in all set net
fisheries are enforced during a limited time period from mid-2015. By com-
paring the presence of porpoises before, during and after pingers are intro-
duced in the Great Belt, with a control area in Kalundborg Fjord, we will be
able to estimate the effect of pingers on porpoises in relation to density and
acoustic behaviour. Porpoise presence is examined by deployment of acous-
tic data loggers (C-PODs) that can detect echolocation sounds emitted al-
most continuously by porpoises during foraging, communication and orien-
tation. This report covers the baseline period from July 2011 to October 2014
for the 14 C-POD stations that have listened for porpoises more or less con-
tinuously during this period. The porpoise detections were analysed as PPM
(Porpoise Positive Minutes) and CPPM (no. of clicks during each PPM. This
may be interpreted as a measure of acoustic behaviour). Both are aggregated
as average values per 24 hours. The results show that the seasonal patterns
in the study area are significant and common to the control and impact are-
as. Over the four years with baseline data, echolocation activity (CPPM) has
remained relatively constant over the entire study area, but there have been
seasonal shifts in porpoise presence (PPM) between stations, most pro-
nounced in the winter period, where porpoises apparently move from shal-
lower stations to the deeper stations. Power analysis show that the current
baseline data and a continuation of the monitoring program during the em-
ployment of pingers for one year, would allow for detecting relative changes
of density (PPM) around 22% and echolocation behaviour (CPPM) around
42%. If monitoring continue for up to four years the relative changes that can
be detected is reduced gradually to 14% and 25%, respectively.



Sammenfatning

Marsvin er pa udpegningsgrundlaget i 16 Natura 2000 omrader i danske
farvande, og Danmark er forpligtiget til at overvage og beskytte arten.
Marsvin trues bl.a. af utilsigtet bifangst i fiskegarn, men ved at placere
akustiske alarmer, sakaldte pingere, pa nettene kan bifangst reduceres.
Pingere kan imidlertid risikere at skremme marsvinene ud af vigtige
omrader sa som Natura 2000 omraderne. Dette projekt vil undersgge om
marsvinetaetheden i Storebelt vil zendres, nar obligatorisk brug af pinge-
re implementeres i en begranset periode begyndende formentlig fra
sommer 2015. Ved at sammenligne tilstedeveerelse fgr, under og efter
pingerbrug i Storebzlt med et referenceomrade i Kalundborg Fjord, vil
vi estimere den effekt som pingere har pa teetheden af marsvin samt de-
res akustiske adferd. Marsvins tilstedeverelse bliver undersggt ved at
udlaegge akustiske dataloggere (kaldet C-PODs), der kan detektere de
ekkolokaliseringsklik, marsvin laver for at kommunikere og orientere sig
i vandet samt under byttefangst. Denne rapport indeholder data fra
baselineperioden (juli 2011 - oktober 2014) for 14 C-POD stationer udsat i
Kalundborg Fjord og Storebalt. Marsvinedetektionerne blev analyseret
som PPM (Marsvine (Porpoise) Positive Minutter) som udtryk for tethe-
den af marsvin samt CPPM (antal klik per PPM) hvilket kan fortolkes
som et mal for marsvins akustisk adferd. Begge maleenheder er aggre-
geret som gennemsnit per 24 timer. Resultaterne viser, at der er signifi-
kant seesonvariation i undersggelsesomradet og at denne er sammenlig-
nelig i bade reference- og “pinger”-omraderne. | lgbet af de 4 ars base-
line-periode har ekkolokaliseringsadferden (CPPM) veeret relativt kon-
stant i hele undersggelsesomradet, mens der har vaeret ssesonvariation i
marsvinetetheden (PPM) mellem stationer, iseer om vinteren, hvor mar-
svin beveeger sig fra stationer pa lavt vand til stationer med dybere vand.
Power analyser viser, at de nuveerende baseline data og en 1-arig fort-
sattelse af overvagningsprogrammet under pingerimplementering vil
give mulighed for at detektere en relativ eendring i teethed af marsvin
(PPM) pa ca. 22% og en &ndring i ekkolokaliseringsadfeerd (CPPM) pa
ca. 42%. Hvis pingerimplementeringen fortsettes i 4 ar, styrkes den stati-
stiske power til hhv. 14% for PPM og 25% for CPPM.



1 Introduction

Harbour porpoises have since 2010 been part of the assignment of 16 Natura
2000 areas in Danish waters. From 2011 porpoises became part of the nation-
al monitoring program of species and nature, NOVANA. In the inner Dan-
ish waters the Natura 2000 areas are monitored by static acoustic monitoring
using C-PODs. C-PODs detect and record porpoise echolocation sounds in a
radius of up to 500 meter and thereby provides a relative estimate of abun-
dance (Kyhn et al. 2012).

Throughout its range, the harbour porpoise (Phocoena phocoena, L 1758) faces
the threat of entanglement in gill nets (e.g. (IWC 1994; Read 1994; Vinther
1999; Northridge et al. 2003). The exact reason for bycatch is not well known,
but using acoustic alarms, so-called “pingers” placed on the set nets are re-
ducing bycatch of porpoises (e.g. Kraus et al. 1997). The temporal and spatial
effect of pingers on porpoises is not fully understood, but experiments have
shown, that e.g. the PICE pinger may scare porpoise away from the net in a
radius of ca. 500 m (Culik et al. 2001, Carlstrgm et al. 2009). Although, habit-
uation seems to occur (e.g. Kyhn et al. in press) and reduce the deterrence
radius and potentially the effectiveness of pingers, there is a risk, that the
porpoises are scared out of, or change behaviour, in important habitats like
Natura 2000 areas, when pingers are used. It is therefore important to inves-
tigate the effect of pingers, not only around individual stationary pingers,
but also in larger areas with real life fishery where gear and number of ping-
ers may change spatially from day to day. Before pingers are fully imple-
mented as the solution to mitigate bycatch in areas designated to protect
porpoises, the large scale and long term effects must be known.

Using a BACI design, this project aim to examine if porpoise density will
changed in a larger area of the Great Belt, when mandatory use of pingers in
all set net fisheries are enforced a limited time period from mid-2015. By
comparing the presence of porpoises before, during and after pingers have
been introduced in the Great Belt, in combination with a control area in Ka-
lundborg Fjord, we will be able to estimate the effect of pingers on porpoises
in relation to density and acoustic behaviour. To increase the statistical cer-
tainty the presence of pingers in the vicinity of the recording stations will be
monitored using noise loggers that are able to record pinger sounds out to
about 700 meters. Furthermore, noise loggers will be used to make sure that
pingers are not used in the control area in Kalundborg Fjord.

Simultaneously with the project described in this report, a project managed
by DTU Aqua, will use video surveillance on-board 9 commercial set net
fishing vessels to document the bycatch before and during the use of pingers
in the Great Belt.

DTU Aqua is also gathering information on the gillnet fishing effort in the
Great Belt across the year by counting all set nets from boat along the coast
several times a year 2013-2014.

This report is the second status report covering the baseline period from July
2011 to October 2014 for the 14 C-POD stations that have listened for por-
poises more or less continuously during this period. The present report fully



Figure 1.2.1. Harbour porpoises.
Photo: Jonas Teilmann.

replaces the previous report as it includes several fundamental changes to
the data analysis.

1.1 Description of the area

The Great Belt is one of three narrow straits between the Baltic Sea and the
Kattegat/North Sea. This results in strong currents especially during and af-
ter storms where water is pushed in and out of the Baltic Sea. Kalundborg
Fjord is more protected by two peninsulas stretching out in the northern
Great Belt. The water depth is variable down to about 60 m. The Great Belt
Bridge crosses east-west in the middle of the belt and the belt hosts one of
the busiest ship routes (t-route) connecting the Baltic and the North Sea
crossing the Belt from north to south. As seen in figure 2.1.1 a large part of
the Great Belt and Kalundborg Fjord is designated as Natura 2000 areas for
harbour porpoises.

1.2 Harbour porpoise biology

Harbour porpoises reach a maximum length of about 1.8 m and maximum
weight about 90 kg. They are relatively short-lived compared to other odon-
tocetes, with an expected lifetime of about 15-20 years (Fig. 1.2.1, Lockyer
and Kinze 2003).

The breeding period of harbour porpoises begins in late June and ends in late
August. Ovulation and conception typically take place in late July and early
August (Sgrensen and Kinze 1994). The pregnancy period is about 11 months
and the females thus give birth to the single calf in early summer. The calves
begin suckling immediately after birth and feed by their mother until the fol-
lowing year possibly until the next calf is born (Teilmann et al. 2007). The fe-
males can conceive when they are 3 or 4 years old (Kinze et al. 2003). Changes
in food resources may influence the reproduction of porpoises. Calves seem to
be sighted throughout their range and there may not be any particular breed-
ing/nursing areas (Hammond et al. 1995; Kinze et al. 2003). However, satellite
tracking of adult females show that they may have individual preference for
particular areas (Teilmann et al. 2004; Teilmann et al. 2008).
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Between 1985 and 2006, the stomach contents of 392 harbour porpoises from
the Kattegat, Danish Straits and the western part of the Baltic Sea were stud-
ied. The preferred food sources of harbour porpoises in Danish waters com-
prise 24 fish species. The percent of occurrence in the 392 stomachs was 45%
with gobies (Gobiidae), 40% with herring (Clupea harengus), 33% with cod
(Gadus morhua), 18% with saithe (Pollacius virens), 12% with sprat (Sprattus
sprattus) and 11% with sandeel (Ammodytes spp.) as the six most important
groups (Sveegaard 2011).

Like other toothed whales (odontocetes) harbour porpoises have good un-
derwater hearing and use sound actively for navigation and prey capture
(echolocation). They produce short ultrasonic clicks (130 kHz peak frequen-
cy, 50-100 us duration; Mghl and Andersen 1973; Teilmann et al. 2002) and
are able to orient and find prey even in complete darkness. Porpoises tagged
with acoustic data loggers indicate that they use their echolocation almost
continuously (Akamatsu et al. 2007; Linnenschmidt et al. 2012).

1.3 Density and distribution

The two SCANS surveys, conducted in 1994 and 2005 represents the largest
coordinated effort to map the distribution and abundance of cetaceans, in-
cluding harbour porpoises in European waters. They were conducted in July
both years and thus represent summer distribution of animals. In July 2012,
the SCANS method was used in a smaller scale survey covering the inner
Danish waters (Kattegat, Belt Seas and Western Baltic). In all three surveys,
porpoises were observed within the Inner Danish waters, but such large
scale surveys cannot subsequently be utilised for calculating abundance for
much smaller area such as the Great Belt or Kalundborg Fjord. Furthermore,
visual surveys have a short temporal scale, and would have to be repeated
continuously throughout the year to detect any effect of pinger-
implementation. Thus, when examining the effect of pingers, it is preferable
to use a sampling method with long temporal scale such as static acoustic
monitoring.

During the years 1997-2013, 99 harbour porpoises were tagged with satellite
transmitters. The animals were incidentally caught alive by Danish pound
net fishermen, who provided access to the animals through a close coopera-
tion. Individual animals were tracked for up to 500 days. From the data it is
evident that animals cover extensive areas and tagged animals moved be-
tween areas in Kattegat, the Belt Seas and the western Baltic (Fig. 1.3.1.
Sveegaard et al. 2011). Furthermore, the porpoises do not distribute evenly
but spend more time in certain high density areas such as the central Great
Belt, the southern Samsg Belt and the northern Little Belt.

1.4 Protection

The harbour porpoise is listed in Annex Il and IV of the Habitats Directive
(92/43/EEC), Annex Il of the Convention on the Conservation of European
Wildlife and Natural Habitats (Bern Convention), Appendix Il of the Con-
vention on the Conservation of Migratory Species of Wild Animals (CMS,
Bonn Convention) and Annex Il of the Convention on International Trade in
Endangered Species (CITES), and it is covered by the Agreement on the
Conservation of Small Cetaceans of the Baltic, North East Atlantic, Irish and
North Seas (ASCOBANS), and by the Convention on the Protection of the
Marine environment of the Baltic Sea (HELCOM).



Figure 1.3.1. Locations from 99
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The annex IV of the Habitats Directive, among other implies that “Member
States shall take the requisite measures to establish a system of strict protection for
the animal species listed in Annex 1V (a) in their natural range, prohibiting: ... (b)
Deliberate disturbance of these species, particularly during the period of breeding,
rearing, hibernation and migration ...”” (article 12).



Figure 2.1.1. Map of the study
area with black dots indicating
the five C-POD stations called
Great Belt (GB) including two
stations near Sprogg (SP) and
two stations near Reersg (RS)
comprising the impact stations
and five control stations in Ka-
lundborg Fjord (KF).

12

2 Material and methods

2.1 Stations and deployment period

In total 14 C-POD stations have been deployed in the study area, 5 of which
act as control stations (no impact) in the Kalundborg Fjord and 9 as impact

stations in the Great Belt (Fig. 2.1.1, Table 2.1.1).

Battery capacity and memory in the C-PODs is under normal conditions suf-
ficient for continuous operation for 6 months and therefore all stations have
been visited within this timeframe for service. The time series obtained from
the C-POD signals contained some gaps where they were not deployed or
lost from the position. The 14 C-POD stations did, however, successfully

record on 53-97% of the deployment days (Fig. 2.1.2).
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Table 2.1.1. List of the 14 C-POD stations, their coordinates and water depth as well as
location. KF= Kalundborg Fjord, GB=Great Belt, RS= Reersg, SP=Sprogg.

Area Station Position (WGS84) Depth (m)
Control 1 KF1 10° 56,034'E 55° 40,956'N 6.2
Control 2 KF2 10° 58,922'E 55° 40,956'N 13.4
Control 3 KF3 11°01,718'E 55° 40,900'N 13.1
Control 4 KF4 10° 54,659'E 55° 42,575'N 16
Control 5 KF5 10° 57,608'E 55° 42,574'N 15.2
Impact 1 GB1 11° 01,096'E 55° 21,600'N 18
Impact 2 GB2 11° 07,763'E 55° 13,477'N 10
Impact 3 GB3 11° 02,125'E 55° 13,492'N 27
Impact 4 GB4 10° 56,658'E 55° 16,842'N 26.5
Impact 5 GB5 10° 49,738'E 55° 21,837'N 21
Impact 6 RS1 11° 04,620'E 55° 32,700'N 8
Impact 7 RS2 11° 04,050'E 55° 31,680'N 8
Impact 8 SP1 10° 56,880'E 55° 20,280'N 7.6
Impact 9 SP2 10° 58,500'E 55° 20,820'N 8

CONTROL

IMPACT

KF5 | ﬂ I | 94%
KF4 | mH e [ 88 %
KF3 93 %
KF2 | | ] 69 %
KF1 | 53 %
GBS 093 %
GB4 25 9%
GB3 92 %
GB2 | 66 %
GB1 | 68 %
RS2 — 63 %
RS51 95 %
=
Spl T T T T T T T T T T T T 9? %

lun/11 Sep/11 Dec/11 Mar/12 Jun/12 Sep/12 Dec/12 Mar/13 Jun/13 Sep/13 Dec/13 Mar/14 Jun/14 Sep/14 Dec/14

Figure 2.1.2. Overview of CPOD recording periods by station during the baseline deployment period (June 2011-November
2014). The column to the right shows percent days with CPOD recordings out of the total number of deployment days. KF=
Kalundborg Fjord, GB=Great Belt, RS= Reersge, SP=Sprogg.

2.2 C-POD deployment system

Two deployment systems were used in the study area: Acoustic release and
surface buoy. The acoustic release system consisted of two 25 kg sand bags as
anchor, an acoustic release (Sonardyne, type 7986 Lightweight Release Tran-
sponder), the C-POD and 3 orange floats at the top. The releaser and the C-
POD were placed in a black tube for protection against trawlers (Fig. 2.2.1).
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Figure 2.2.1. Acoustic equipment with and without protective tube with the CPOD hydrophone at the top and

F

acoustic release mechanism closest to the sand bags. The orange buoys keep the equipment vertical in the
water column and bring the equipment to the surface after release while the sand bags remain at the bottom

and are lost.

The deployment system using acoustic releasers were used on larger depths
(10-27m) while the surface buoy system were used on the positions with
shallow water (6-8 m). The surface buoy system consisted of a surface buoy
with a yellow cross and radar reflector on the top. This was connected to an
anchor at the bottom by a metal chain. This anchor was connected to a sec-
onds anchor with typhoon wire, which again connects to an orange float at
the surface. The C-POD was attached to the wire at the bottom (Fig. 2.2.2,
Fig. 2.2.3).



Figure 2.2.2. The deployment
system used for mooring C-
PODs. The set-up has been
designed so that the instruments
can be lifted to the surface by
hand by pulling in the orange
float (yellow square).

Surface bouy

Anchor

Figure 2.2.3. The buoy system
viewed from the surface. The red
float is used to retrieve the in-
struments without pulling the
heavy anchor up.

23 C-PODs - principle of operation and characteristics

The C-POD or POrpoise Detector is a self-contained data-logger that logs ech-
olocation clicks from harbour porpoises and other cetaceans. It is developed
by Nick Tregenza (Chelonia, UK). It is programmable and can be set to specif-
ically detect and record the echolocation signals from harbour porpoises.

The C-POD consists of a hydrophone, an amplifier, a number of band-pass
filters and a data-logger that logs echolocation clicks.

The C-POD relies on the highly stereotypical nature of porpoise sonar sig-
nals. These are unique in being very short (50-150 us) and containing virtual-
ly no energy below 100 kHz (Fig. 2.3.1). The main part of the energy is in a
narrow band (120-150 kHz), which makes the signals ideal for automatic de-
tection. Most other sounds in the sea, with the important exception of boat
echosounders, are characterised by being either more broadband (energy
distributed over a wider frequency range), longer in duration, with peak en-

15



Figure 2.3.1. Porpoise click time
signal (left) and power spectrum
(right). There is virtually no ener-
gy present below 100 kHz (the

curve below 100 kHz represents
background noise of the record-

ing).
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ergy at lower frequencies or combinations of the three. In addition echo-
sounders has a more regular pattern than porpoise echolocation. No other
cetacean regularly found in the Great Belt area has sonar signals that can be
confused with porpoise signals.
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Prior to the first deployment, the C-PODs were calibrated in a circular cedar
wood tank, 2.8 m deep, 3 m diameter located at University of Southern
Denmark’s research facility in Kerteminde. C-PODs were fixed in a holder
with the hydrophone pointing downwards and placed 0.5 m below the wa-
ter surface. A projecting hydrophone (Reson TC4033) was placed in the same
depth, 1 m from the C-POD. Calibration signals were 100 us pulses of 130
kHz pure tones, shaped with a raised cosine envelope. Signals were generat-
ed by an Agilent 33250A arbitrary waveform generator. Projector sensitivity
was measured prior to calibration by placing a reference hydrophone (Reson
TC4034) at the position of the C-POD hydrophone.

The data recorded by the C-PODs were processed using the software C-
POD.exe v2.042 (Fig. 2.3.2) using the “Hell” classifier, which is an algorithm
especially designed for the Baltic conditions, and the train filter (the encoun-
ter classifier) “Harbour Porpoise”. Data from each station were exported as
number of identified porpoise clicks (Nriered) With a frequency of one mi-
nute. In addition to the identified porpoise clicks the total number of clicks
(Nau, i.e. without the “Harbour Porpoise” train filter) was recorded as an in-
dicator of the general noise level (porpoise clicks and ambient noise).

2.4 Adjusting for variable detection range

When examining the data from the C-PODs, it was realised that the likelihood
of recording click trains (defined as Porpoise Positive Minutes, i.e. PPM) de-
creased with decreasing signal/noise level and that the number of porpoise
clicks/porpoise positive minute (CPPM) increased with decreasing sig-
nal/noise level for all stations both individually (data not shown) and com-
bined (Fig. 2.4.1). Although it is possible that porpoises adjust their echoloca-
tion to the noise level by producing clicks less frequently and produce more
clicks when they start clicking (less frequent and more intense); however, it is
more likely that increasing noise level will mask porpoise clicks in the click
train detection process, particularly weaker clicks emitted from longer dis-
tances. Consequently, the porpoises recorded in more noise will have to be
closer to the C-POD and therefore more likely to have more clicks recorded.
Hence, it is proposed that increasing noise level reduces the detection range
for the C-POD. It is therefore important to adjust the detected signals on the C-
POD to account for varying noise levels before comparison, i.e. to calculate
PPM and CPPM levels that are independent of the noise level.
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If the noise level is high, porpoise click trains will be identified from the rec-
orded signals only if they are loud and long, whereas weaker and shorter
click trains will gradually disappear in the noise and not be detected as the
ambient noise level increases (Fig. 2.4.1, left panel). Porpoise click trains also
contribute to the total signal (Nai=Nrsiiered+Nnoise) and therefore low signal
levels indicate both low ambient noise level and low echolocation activity.
As a consequence, the probability of presence of porpoise click in a given
minute (PPM=Porpoise Positive Minutes) increases with the noise level up
to a noise level of around 400 clicks/min and then decreases with the in-
creasing noise level (Fig. 2.4.1, right panel). Thus, at low ambient noise lev-
els the detection range is longer and the C-POD wiill record more click trains,
and many of these will consist of just a few clicks.
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Assuming that the detection range of the C-POD (r) can be described as a
minimum range (I, ) at maximum noise level increasing exponentially to a
maximum range ( r,,, ) for low ambient noise

I =Tmin + (Tmax —Tmin) - €XP(=4-Ngy;)

On average, the probability of detecting porpoises (PPM) is proportional
(coefficient k) to the area covered by the detection range

PPM=k-7z-r?

Further, it is assumed that the proportion of porpoise clicks recorded to
those emitted decreases with increasing range, i.e. more clicks are lost the
longer they have to travel and become weaker. This implies that there will
be more minutes with low number of clicks when the range is far, whereas
relatively more clicks will be recorded when emitted at shorter distances.
Therefore, CPPM will increase with the noise level and decrease with detec-
tion range, because less clicks will be lost (below detection level) on the pas-
sage from porpoise to the C-POD or in other words, a low noise level allows
for weaker click signals to be detected. This is modelled using a reversed
spherical function which has constant CPPM (no loss) for detection ranges
below a certain distance rg, and decreases as a third order polynomial func-

tion reaching zero at the maximum detection range (r., )-

Cc
. —-r 1 . —-r
max = max )3) Fn <r<r

max
T 2 Tmax —Tsin

max O<r< Fsin

CPPM =

3
C.. (=
max (2 r

max

The parameters of these three equations can be estimated using the CPPM
and PPM for different bins of the noise (Nai) (Fig. 2.4.1). However, the dis-

tance parameters ( yin , Mmax aNd rg;; ) cannot all be estimated independently,

since essentially any scaling of the distance will solve the equations. Thus, it
is necessary to fix one of the distance parameters.



Calibration of C-PODs with hydrophones has suggested that the maximum
detection range under low noise conditions is on the order of 300-400 m (J.
Tougaard, personal communication); hence, setting r,,,, = 350 m allowed for
estimating the other parameters. Conditional on r,,,, =350 m, the other pa-
rameters suggest that the maximum detection range under very noisy condi-
tions was Iy, =186m (9.7 m), CPPM was constant for detection ranges
less than rg, =227 m (¥2.9 m), the maximum CPPM was C,, =244
clicks/minute (£3.1 clicks/minute), whereas £ =0.000316 (+0.000039) and
k =0.608 (+0.010).

The models for CPPM and PPM describe average conditions across all 14
stations, whereas differences between stations were mostly related to scaling
issues for PPM (k parameter) and to a lesser extent for CPPM (C,,, ). How-
ever, the objective of these models was to establish calibration models ac-
counting for differences in noise levels at the 14 stations as well as over time.
The average noise level for recording porpoises across all 14 stations was
Nai=400.7, which according to the models corresponded to an average detec-
tion range of r =330 m, an average CPPM of 57.5 clicks/minute and an av-
erage PPM of 20.8%. Thus, the detection range was close to the maximum
most of the time, but there were periods when the detection range was less
than 250 m, reducing the detection area by ~50%. The calibration models
were used to calculate CPPM and PPM to a common detection range.

25 Porpoise activity indicators from C-POD signals

In compliance with previous studies, the CPOD data were grouped in num-
ber of porpoise clicks for each one minute interval. Two indicators of daily
echolocation activity were calculated from the C-POD signals, namely PPM
and CPPM. These are defined as:

PPM (porpoise positive minutes): This is defined as minutes where por-
poises are recorded. This indicator shows presence/absence of porpoises in
a particular minute. Data were subsequently given as the percentage of 1-
minute periods where porpoises were recorded for each 24 hour period. This
indicator provides a relative measure of density.

CPPM (click porpoise positive minutes): This is defined as the number of
porpoise clicks in a minute where porpoise activity is recorded, i.e. number
of porpoise clicks in each PPM. This indicator has also been aggregated as
average values per 24 hours.

The two parameters were extracted from the C-POD software with a one-
minute resolution, using the intercalibration models described above. This
signal extracted from the C-POD (Nfiltered), denoted x;, in the following,
describes the recorded number of porpoise clicks per minute and consisted
of many zero observations (no clicks) and relatively few observations with
click recordings. For each minute with data the detection range (r; ) and de-
tection area (A(r;)=7- rtz) as well as the expected CPPM(r;) were calculat-
ed based on the noise level (Nai) using the equations above. The detection
range could not be determined if the noise signal reached the maximum
(4095 clicks, cf. Fig. 2.4.1) as the recording automatically stops when maxi-
mum is reached and only part of the minute contains data. Click recordings
from such minutes were not used in the calculation of daily porpoise activity
indicators (~0.9 % of the minutes with porpoise clicks).
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For each minute recording PPM was adjusted to account for the varying
noise level by scaling with a ratio of the expected detection area (see above)
at a standard detection range ( A(r =330 m)) to the expected detection area
at the estimated detection range ( A(r;)) for that particular minute recording
(see formula below). The adjusted daily PPM (PPMap;) was found by aver-
aging the adjusted PPM for each minute over the entire day.

‘ A(r=330m)

1
PPM ap; =N—Z|(Xt >0) T
d t

where N, is the number of minute observations per day and I(xt >0) is an
indicator function taking the value 1 if xt >0 and 0 otherwise.

Similarly, the CPPM was adjusted to the varying noise level by scaling with
a ratio of the expected click intensity at a standard detection range
(CPPM(r =ryiandarg ) ) to the expected click intensity at the estimated detec-

tion range (CPPM(r,)) for that particular minute recording. The adjusted

daily CPPM (CPPMap;) was found by averaging the adjusted minute click
intensities over the entire day.

CPPM p, =

1 CPPM(r =330m)
S
N y{xt > 0} CPPM(r,)

x>0

where N, {xt>0}is the number of minute observation with recorded por-
poise clicks within the given day.

The two indicators of porpoise echolocation activity aggregated into daily
signals describe different aspects of the porpoise echolocation activity. The
number of minutes where porpoise activity is recorded (PPM), expresses
how often porpoise clicks are captured by the C-POD and assuming that
porpoises use their echolocation regularly every day, as indicated by Lin-
nenschmidt et al. (2012), the PPM represents a proxy measure of the por-
poise density in the area around the C-POD. Clicks/PPM (CPPM) may ex-
press porpoise behavioral activity as it is known that porpoises use their
echolocation more actively during foraging, when approaching an object
and for social activities (e.g. Verfuss et al. 2009; Linnenschmidt et al. 2012).

2.6 Statistical analyses

The main objective of the statistical analysis of the baseline data was to eval-
uate the suitability of the current monitoring design for assessing a potential
effect on harbour porpoise echolocation activity of employing pingers on all
deployed set net fishing gear in the Great Belt. This objective will be investi-
gated with a BACI design, where the implicit assumption is that the por-
poise detection activity in the control and the impact area are essentially
governed by the same mechanisms over time, such that a potential effect of
using pingers can be traced as a deviation in the impact area compared to
the control area after the pingers have been employed.

CPPMap; and PPMap; were transformed using the log and angular trans-
formations, respectively, as CPPMap; was right-skewed with positive values
only and PPMap; described the proportion of minutes with porpoise record-
ings, including zero observations. The transformation employed will be re-
ferred to as g(y).



2.6.1 Are the different areas behaving similarly?

The similarity in echolocation activity among stations was investigated by
calculating correlation matrices for CPPM and PPM. With 14 stations each
matrix contained 91 correlation pairs (excluding the diagonal). If there were
no correlation between any of the stations, approximately five correlations
would come out significantly with a confidence level of 95% (i.e. =0.05) and
approximately one correlation would come out significantly with a confi-
dence level of 99% (i.e. 0=0.01). Therefore, to avoid several spurious correla-
tions and to focus on the stronger relationships a confidence level of 99%
was chosen.

Correlation patterns were examined to identify if there were distinct geo-
graphical regions, where stations displayed different patterns over time. In
the North Sea — Baltic Sea region porpoise densities nhormally display pro-
nounced seasonal patterns, which affect number of detected PPMs on
CPODs (SW Baltic: Carstensen et al. 2006; E North Sea: Tougaard et al. 2006;
S North Sea: Scheidat et al. 2011). Such seasonal patterns are believed to be
caused by seasonal migration of porpoise populations, and if the monitored
echolocation activity correlates among different C-POD stations, this can be
interpreted as the same porpoise population occupying the entire region.
However, correlation on a day-to-day basis in a larger region such as the
present study area should not be expected. Thus, if the C-POD stations cor-
relate this indicates that the entire study area is most likely occupied by the
same porpoise population, and that a potential effect of employing pingers
can be identified as a relative shift between control and impact areas, i.e. a
change from baseline to impact period. However, this does not necessary
imply that a decrease in Great Belt following introduction of pingers will re-
sult in an increase in Kalundborg Fjord, just that the two areas will behave
differently. Even belonging to the same population the porpoises in Great
Belt may prefer to migrate south following introduction of pingers.

2.6.2 What are the sources of variation?

The baseline data were analysed to quantify the different sources of varia-
tion. Spatial variations included the difference between the two areas of con-
sideration (control and impact) and variation between stations within these
areas (five stations in the control area and 9 stations in the impact area).
Temporal variations were described using monthly means for the seasonal
pattern and yearly means for the interannual variation (four years) as well as
changes in the seasonal pattern between years. Furthermore, variation be-
tween C-PODs was also included. Thus, the variation in CPPMap; and
PPMap; was modelled as a combination of fixed and random effects, i.e.

g(y)=u+e

where the fixed effects describe variation between the control vs impact ar-
ea, the seasonal variation and the difference in seasonal variation between
the two areas

M = area+month +areax month

and the random factors included

e = year + year x area+ year xmonth + areax year x month + station(area)
+ station(area)x month + station(area) x year x month + podid + £
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The random factors described variations between years (year ), changes in
the interannual variation between the two areas (year xarea ), changes in the
seasonal pattern between years (year xmonth ), changes in the seasonal pat-
tern between years and the two areas (areax year xmonth ), variation between
stations within the two areas (station(area)), variations in the seasonal pat-
tern between stations within the two areas (station(area)xmonth ), variations
in the seasonal pattern between station within the two areas across years
(station(area)x year xmonth ), and variations in sensitivity between C-PODs
(podid ). Finally, the error term (&) described random variations in the daily
observations within blocks of data from a single month at a single station.
Daily observations of CPPMap; and PPMap; were correlated over time, since
there could be short term periods within a given month with echolocation
activity above or below the mean level. Therefore, the error term was mod-
elled as an autoregressive process, including a parameter ( p ) for the corre-
lation between two consecutive days.

2.6.3 How will changes be detected?

The four years of data collected so far constitutes a baseline for assessing the
potential effect of employing pingers in the impact area. This will be investi-
gated using a BACI design (e.g. Green 1979, Underwood 1994). The basic
idea behind the BACI design is to compare two areas before and after an in-
tervention has occurred in impact area (BACI: Before-After-Control-Impact).
The change in the impact area from before to after relative to the changes in
the control area is interpreted as the effect size of the intervention. This is al-
so referred to as the BACI effect and calculated as

BACI-effect= (Al - Bl) — (AC-BC)

where Al is the mean level in the impact area after the intervention, Bl is the
mean level in the impact area before the intervention, AC is the mean level
in the control area after the intervention and BC is the mean level in the con-
trol area before the intervention.

In the present study the baseline period is 2011-2014 and stations in Ka-
lundborg Fjord constitute the control area, whereas the remaining stations
constitute the impact area (Table 2.1.1). The intervention is the employment
of pingers on fishing nets that will be initiated in the future.

Since the BACI effect is estimated from the means of the four combinations
of before vs. after and control vs. impact, the significance of the BACI effect
is tested by comparing the estimate to the uncertainty of the BACI effect es-
timate. Employing the log and angular transformations for CPPMap; and
PPMap;, respectively, to normalise the daily indicators, the BACI effect esti-
mate is approximately Normal distributed due to the large amount of data.
Essentially, the significance of the BACI effect depends on how large the ef-
fect is relative to the uncertainty of estimating the effect. Thus, in order to
calculate the change that can be expected to be detected from a given design
the uncertainty of the four means in the BACI effect must be calculated.

First, in order to simplify the calculations the uncertainty of a one-month
block of correlated daily observations is calculated as (Cressie 1993)
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where s is the estimated standard deviation of the daily echolocation indica-
tors, p is the autocorrelation and n is the number of observations within a
month (n=30 for practical reasons). Correlation between monthly observa-
tions of CPPMap; and PPMap; is approximately zero, as will be demonstrat-
ed in the results and therefore, the effect of autocorrelation is not accounted
for in the next step where daily indicators aggregated at monthly resolution
are considered.

The uncertainty of the four BACI means depends on the estimated uncer-
tainty components (Section 2.6.2) and the combination of stations, years and
months with monitoring data used for calculating each of the means. Since
the BACI effect considers relative effects over time between control and im-
pact areas, uncertainties associated with the combination of year and ar-
ea/station should be included only, in addition to the residual variation giv-
en by smonth. Thus, the variance contribution of each of the four means to the
BACI effect consists of the following components (cf. random factors in
model in Section 2.6.2).

V[BACI 0 | = V[are'i‘lx year| N Vlareax Lear xmonth]

y y,m

Y [station(area)x year xmonth] . S2 onth

Ns,y,m Nm

where Ny is the number of years with data, Ny is the number of years and
month with data, Nsym is the number of stations, years and months with da-
ta, and Np, is the total number of months with data. The difference between
the two latter comes into effect, if additional stations are included in the after
period, since they only influence the residual variance contribution given by
the last term (e.g. Nsym=60 for the five stations in the control area with one
year of monitoring, and including another station, for instance KF6, with 12
months of data in the after period gives Nm=72). The different variance com-
ponents are estimated using the model in Section 2.6.2.

The variance of the BACI effect can be estimated by calculating the variance
contribution for each of the four means used to calculate the BACI effect.

V[BACI sy |=V[AI]+V[BI]+V[AC]+V[BC]

The number of stations and months has already been determined from the
baseline monitoring design. Adding additional stations will have a marginal
effect on the BACI analysis, since they influence the residual variance con-
tribution only. Similarly, all 12 months have been monitored during the
baseline and reducing the number of months with monitoring during the af-
ter period will increase the variance components associated with
areax year xmonth and station(area)x year x month . It is important to maintain
the same stations and carry out monitoring in all months of the year. Thus,
the potential changes in the echolocation indicators will be investigated by
calculating the power of testing the BACI effect with one to four years of da-
ta in the ”pinger” period.
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Using a standard confidence level of 95% and a standard power of 80% the
change d (for the transformed echolocation indicators) likely (i.e. at least 80%
probability) to be observed is calculated as

d = (Zg7.50 * Zg0s6) "/ v IBACImean]

For CPPMap; (that was log-transformed) this corresponds to a relative
change of d =exp(d)—1, whereas for PPMap; (that was angular-
transformed) the relative change was found by examining the effect of +d
relative to the mean level using the inverse of the angular transformation.
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3 Results and discussion

During the baseline period C-PODs were deployed in the study area be-
tween 23 June 2011 and 5 November 2014 at the 14 stations. The echolocation
activity of harbour porpoises was assessed by means of the two indicators
based on the recordings obtained from the C-PODs.

CPPMap; and PPMap; were calculated from the C-POD recordings and dis-
played as monthly averages for the different stations (Fig. 3.1.1). There was a
total of 12,338 days with C-POD monitoring data from the 14 positions with
number of deployment days ranging from 381 at RS2 (due to deployment
later in the study) to 1177 at KF5 during the baseline period (Table 3.1.1).
Although, some stations were deployed later than others, all data can be in-
cluded in the model. Clicks were recorded on most days (11,576 out of
12,338 days, ~94%). However, there were generally more silent days in Janu-
ary, February and March.
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Figure 3.1.1. Monthly averages of CPPMap; (left axis) and PPMap; (right axis) calculated from C-POD data collected during
the baseline (23 June 2011 to 5 November 2014). Stations from the same area have similar colours. Note that scaling for
CPPM is the same for all plots, whereas it changes for PPM.

Temporal variations and variation between positions and C-PODs were rela-
tively smaller for CPPMap; compared to PPMap; (Table 3.1.1). For the 14 sta-
tions the coefficients of variation varied between 23% and 54% for CPPMap,
and between 81% and 140% for PPMap;.

Table 3.1.1. Statistics of the two daily indicators monitored during the baseline periods in the Great Belt, Kalundborg Fjord,
Reersg and Sprogg. Number of days with PPM is equal to the number of deployment days, whereas number of days with
CPPM can be less due to days without any click recordings (missing value of CPPM).

Area Position CPPMap; PPMap;
N Min Median Mean Max N Min  Median Mean Max
GreatBelt GB1 835 12.2 80.6 79.8 225 851 0.0% 2.3% 3.0% 24.4%
GB2 824 13.4 62.4 63.1 180 833 0.0% 2.1% 3.0% 22.1%
GB3 1151 16.4 70.0 69.6 156 1151 0.3% 6.5% 9.0% 101.4%
GB4 1056 4.9 60.4 60.4 134 1062 0.0% 5.1% 7.3% 48.0%
GB5 1144 9.4 60.6 60.0 123 1158 0.0% 8.2% 10.3% 61.1%
Kalundborg KF1 569 3.6 36.1 40.7 168 661 0.0% 0.8% 1.3% 8.5%
Fjord KF2 770 13.1 65.5 66.9 192 872 0.0% 2.3% 4.3% 58.6%
KF3 1081 15.5 78.5 80.0 176 1167 0.0% 2.6% 4.5% 47.7%
KF4 1066 12.9 76.4 77.5 264 1103 0.0% 3.3% 4.5% 31.1%
KF5 1080 8.6 73.2 71.2 161 1177 0.0% 2.5% 3.7% 36.8%
Reersg RS1 530 2.9 48.2 51.0 208 646 0.0% 0.6% 0.8% 6.6%
RS2 304 3.1 59.6 60.2 257 381 0.0% 0.5% 0.8% 5.1%
Sprogg SP1 626 11.6 67.4 66.9 169 679 0.0% 2.0% 2.4% 10.2%
SP2 540 10.3 69.8 69.3 166 597 0.0% 1.5% 2.0% 14.1%
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The seasonal patterns in echolocation showed a slightly higher click CPPMap;
and PPMap; at most stations during summer months (Fig. 3.1.2). However, the
seasonal variations were less pronounced compared to other POD studies (SW
Baltic: Carstensen et al. 2006; E North Sea: Tougaard et al. 2006; S North Sea:
Scheidat et al. 2011). This could suggest that the study area is occupied by a
more resident porpoise population. There were large differences in PPMap;
between winter months during the baseline period (Fig. 3.1.2), and these were
most pronounced in Kalundborg Fjord, Reersg and Sprogg having very low
PPMap; during February and to some degree also January and March. The al-
most opposite pattern was observed at stations GB3 and GB4 where PPMap;
was highest in February, suggesting that porpoises may have shifted from the
shallower coastal stations to the deeper and more open parts of the Great Belt.
This shift in echolocation activity from shallower to deeper stations around
February was also visible in the monthly means (Fig. 3.1.1); in particular, a



complete drop in echolocation activity at KF2 and KF3. It is possible that this
shift could have coincided with formation of thin surface ice in the more shel-
tered and near-shore stations or that the food source also moved to deeper
warmer waters in these months. This pronounced shift between stations was
not observed for CPPMap;, likely because the remaining animals at each sta-
tion continued the same feeding behaviour.
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Figure 3.1.2. Monthly averages of CPPM (left panel) and PPM (right panel) extracted from C-POD data collected during the
baseline (23 June 2011 to 5 November 2014). Note that the y-aksis in the right panels are different and that Great Belt (GB) and
Kalundborg Fjord (KF) includes about 3 years of baseline data, while Reersg (RS) and Sprogg (SP) only include about 2 years
baseline.

3.1 Covariation in echolocation activity among stations

The common seasonal patterns, albeit they are not strong, suggest that the
porpoise population in the study area is governed by the same general
mechanisms, most likely related to the availability of food. Despite the weak
seasonal pattern in CPPMap;, echolocation activity was mostly positively
correlated across the 14 stations (Table 3.1.2). In fact, a significant correlation
would only be expected if the temporal patterns at the stations were com-
pletely unrelated. However, the weak seasonality in CPPMap; reduced the
signal-to-noise and resulted in several non-significant correlations. For ex-
ample, KF1 displayed almost no seasonal pattern (Fig. 3.1.2) and only three
correlations were significant. Two negative correlations cropped out for
GB3, although the correlation coefficients were not large, and for GB3 only
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three correlations were significant (Table 3.1.2). These two stations are the
deepest and it is possible that porpoises swim with a different angle at depth
causing a different reception of clicks at the CPOD. However, this does not
imply that pingers will affect echolocation activity differently at these sta-
tions, and it is reasonable to assume that responses in CPPMap; to pingers
will be similar at all stations in the impact area.

Table 3.1.2. Correlation between daily observations of CPPMap;. Positive and significant (P<0.01) correlations are highlighted in
green and negative and significant (P<0.01) correlations are highlighted in red. Stations are ordered from south to north. Note
that the correlation matrix is symmetrical around the diagonal.

GB2 GB3 GB4 SP2 SP1 GB1 GB5 RS2 RS1 KF1 KF2 KF3 KF4 KF5
GB2 1.00 0.07 0.15 0.13 0.08 0.04 -0.01
GB3 0.07 | 1.00 0.13 -0.02

0.04

GB4 -0.02  0.08
SP2
SP1 0.15 0.07 -0.02
GB1 -0.07
GB5 0.05
RS2 -0.05 0.05
RS1 0.13 0.00 0.10 0.04
KF1 0.08 0.11 004 0.01 0.05
KF2 0.04 0.11
KF3 -0.01 005 005 0.00 0.04

0.07 0.09 010 0.01

0.04 0.05

Correlations in PPMap; were strong and positive for all stations except GB3
and GB4, and to a lesser degree GB2 (Table 3.1.3). In fact, PPMap; at GB3 was
mostly negatively correlated to temporal variations at the other stations.
These negative correlations were mainly driven by inverse patterns of
PPMap; in winter months (Jan-Mar), where echolocation activity dropped
substantially at most of the shallow stations and increased at GB3 and GB4
(Fig. 3.1.1 and 3.1.2). This could suggest that porpoises abandoning the shal-
lower stations and moved to the deeper areas during these particular
months and thus, supporting the assumption that it is the same porpoise
population occupying the study area.

Table 3.1.3. Correlation between daily observations of PPMap;. Positive and significant (P<0.01) correlations are highlighted in
green and negative and significant (P<0.01) correlations are highlighted in red. Stations are ordered from south to north. Note
that the correlation matrix is symmetrical around the diagonal.

GB2 GB3 GB4 SP2 SP1 GB1 GB5 RS2 RS1 KF1 KF2 KF3 KF4 KF5

0.08
-0.04
0.00
0.04

-0.01  0.02
-0.05

0.07

GB3

GB4 -0.04 -0.03  -0.02
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Excluding this winter phenomenon from the correlation analysis, a general
positive and mostly significant correlation matrix emerged (Table 3.1.4).
Correlation coefficients for the three significant negative correlations were
generally small, without any systematic pattern. This correlation pattern
suggests that for the remainder of the year echolocation activity followed
similar patterns across the 14 stations.

Table 3.1.4. Correlation between daily observations of PPMap; excluding data from January-March. Positive and significant
(P<0.01) correlations are highlighted in green and negative and significant (P<0.01) correlations are highlighted in red. Stations
are ordered from south to north. Note that the correlation matrix is symmetrical around the diagonal.

GB2 GB3 GB4 SP2 SP1 GB1 GB5 RS2 RS1 KF1 KF2 KF3 KF4 KF5

0.02 -0.02

SP2 0.13
SP1
GB1
GB5
RS2
RS1
KF1
KF2

KF3

0.07
0.07  0.04

-0.06
0.04

The commonality of the seasonal patterns and the correlation analyses sup-
port the assumption that the study area is inhabited by the same porpoise
population, which may at times lead to similar patterns across stations and
at times to opposing patterns across stations, depending on local features
such as depth, food availability and ice formation.

3.2 Variations in echolocation indicators

The seasonal variation in CPPMap; was significant, whereas there was no
significant difference between the two areas and the seasonal variations of
the two areas (Table 3.2.1, Fig. 3.2.1). There was a significant autocorrelation
between consecutive days ( p =0.2637) implying that there were short-term
fluctuations (a few days) in the porpoise echolocation activity. The residual
variation (V[&]) was the largest source of random variation, followed by
variation between stations within area (V[station(area)]), C-POD specific
variation (V[ podid ]) and variation between combinations of stations, years
and months (V[ station(area)x year xmonth ]) (Table 3.2.2). However, interan-
nual variation (V[year]), changes in the seasonal pattern between years
(V[ year xmonth ]), changes in the seasonal pattern between years and areas
(V[ areaxyear xmonth ]), and changes in the seasonal pattern between sta-
tions (V[station(area)xmonth ]) were small and not significant. Overall, this
suggests that in addition to the residual variation, variation between stations
and C-PODs were most important, and temporal variation in CPPMap; was
relatively unimportant.
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Table 3.2.1. Analysis of variance for fixed effects used to model variations in CPPMap;
and PPMaps.

Fixed effect CPPMap; PPMaps

df Den df F p df Den df F p
area 1 3 0.88 0.4165 1 12 0.14  0.7158
month 11 25 8.97 <0.0001 11 50.5 3.55 0.0010
areaxmonth 11 25 0.97 0.4951 11 46.1 1.95 0.0564
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Figure 3.2.1. Monthly means of CPPM (left panel) and PPM (right panel) for the two areas calculated from the statistical model
in Section 2.6.2. Error bars show the 95% confidence intervals of the means.

Table 3.2.2. Parameter estimates, their standard deviations and test statistics for the random components of modelling CPP-
Maps and PPMap;. Estimates describe the variances of the random components, except for AR(1), which is the parameter de-
scribing the correlation between two consecutive days at the same station measured with the same C-POD.

Random effect CPPMaps PPMap;

Estimate StdErr Zz p Estimate StdErr Z p
podnr 0.0400 0.0096 4.19 <0.0001 0.00114 0.00036 3.18 0.0007
year 0.0000 - - - 0.00013 0.00015 0.86 0.1949
yearxarea 0.0036 0.0024 1.48 0.0693 0.00000 - - -
yearxmonth 0.0002 0.0007 0.26 0.3988 0.00021  0.00015 1.37 0.0861
areaxyearxmonth 0.0000 - - - 0.00005 0.00016 0.28 0.3916
station(area) 0.0529 0.0228 2.32 0.0101 0.00545 0.00236 231 0.0105
station(area)xmonth 0.0021 0.0021 0.99 0.1610 0.00130 0.00029 4.50 <0.0001
station(area)xyearxmonth 0.0176 0.0024 7.30 <0.0001 0.00124  0.00021 6.00 <0.0001
AR(1) 0.2639 0.0102 25.79 <0.0001 0.51430 0.00858  59.79 <0.0001
residual 0.0843 0.0011  74.51 <0.0001 0.00703 0.00009  77.15 <0.0001
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PPMap; displayed a significant seasonal pattern, which could be considered
common to both control and impact areas, although the interaction ar-
eaxmonth was almost significant at the 95% confidence level (Table 3.2.1; Fig.
3.2.1). This difference was mainly driven by low PPMap; in the winter
months in the control area. The PPMap; difference between the two areas
was small and not significant. Autocorrelation between consecutive days
was larger for PPMap; than CPPMap;, Which suggests that the presence of
porpoises near a station had fluctuations on the order of several days. The
residual variation and spatial variation between stations were the largest
random sources of variation for PPMap; (Table 3.2.2). Three additional ran-
dom components also contributed with variation: 1) variation between C-
PODs, 2) differences in the seasonal pattern between stations and 3) differ-
ences in the seasonal pattern between stations across years. Interannual var-
iations at the level of the entire study are as well as for the control and im-
pact areas were relatively unimportant (year, yearxmonth and ar-
gaxyearxmonth).



For both indicators the C-POD variation was large (third largest compo-
nent). Throughout the baseline period C-PODs were rotated between sta-
tions for logistic reasons, and this will also be the case during the pinger pe-
riod. Therefore, this random source of variation will to some extent affect the
BACI test, but exactly how cannot be included in the power analyses, since
the rotation of C-PODs between stations cannot be determined beforehand
for the pinger period. However, to provide a conservative estimate of the ef-
fect of C-POD variation, the model above was rerun without the podnr factor
in order to redistribute this variation on the other factors (Table 3.2.3). For
CPPMap; the C-POD variation was mainly included into the random factor
for station(area)x year xmonth , whereas for PPMap; the C-POD variation was
mainly included into the random factors for station(area)xmonth and
station(area)x year xmonth . The variances in Table 3.2.3 will be used for the
power analyses below.

Table 3.2.3. Parameter estimates, their standard deviations and test statistics for the random components of modelling CPP-
Maps and PPMap;. Estimates describe the variances of the random components, except for AR(1), which is the parameter de-
scribing the correlation between two consecutive days at the same station measured with the same C-POD. This model did not

include C-POD specific variation.

Random effect CPPMapy PPMap;

Estimate StdErr Z p Estimate StdErr Z p
Year 0.0052 0.0075 0.69 0.2441 0.00022  0.00023 0.95 0.1709
yearxarea 0.0056 0.0054 1.03 0.1518 0.00000 - - -
yearxmonth 0.0000 - - - 0.00037  0.00021 1.79 0.0365
areaxyearxmonth 0.0000 - - - 0.00019 0.00019 1.00 0.1598
station(area) 0.0486 0.0207 2.34 0.0095 0.00491  0.00209 2.35 0.0095
station(area)xmonth 0.0000 - - - 0.00154  0.00031 494 <0.0001
station(area)xyearxmonth 0.0504 0.0040 12.71 <0.0001 0.00138 0.00020 6.74 <0.0001
AR(1) 0.2639 0.0102  25.79 <0.0001 0.51430 0.00858  59.79 <0.0001
residual 0.0850 0.0011  74.59 <0.0001 0.00702 0.00009  77.13 <0.0001

The overall conclusion of the analysis of variance for the two indicators is
that porpoise presence (PPM) at the different stations has a general seasonal
variation, which is common for both control and impact areas. Over time
porpoise echolocation activity (CPPM) is quite similar in the two areas,
whereas temporal differences are observed at the station level. Thus, in addi-
tion to the general seasonal pattern in porpoise presence, the echolocation
activity was relatively constant for the entire study area, but shifts in pres-
ence occurred at local scale, mostly as shifts from one station to another. This
supports the suggestion that the entire study area is inhabited by one large
porpoise population.

3.3 Power analysis

Correlation between consecutive days was larger for PPMap; than for CPP-
Map; (Table 3.2.2), which resulted in standard errors of 0.026 and 0.069 for
monthly aggregated values, respectively (compared to 0.015 and 0.053, if
correlation was not accounted for). For CPPMap; changes in the interannual
variation between the two areas (areaxyear ) was the largest variance contri-
bution to the BACI effect, whereas variations between stations, year and
month (station(area)x year xmonth ) was the largest variance contribution to
the BACI effect for PPMap;. This implies that for CPPMap; it is important to
have a monitoring program with many years, whereas for PPMap; many
combinations of station, year and month will improve the power of the
BACI test.
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The standard error of the BACI effect decreased with the number of years
included in the pinger period (Table 3.3.1). Moreover, the standard error
contributions of the four means were of similar magnitude with three years
of data in the pinger period, because the amount of data used to calculate
the means for the baseline and after periods were then similar. It is possible
with a power of 80% to detect a 42% change in CPPMap; and a 22% change
in PPMap; with one full year of monitoring in the pinger period. With four
years with pinger monitoring the relative changes that can be detected is re-
duced to 25% and 14%, respectively.

Table 3.3.1. Estimated standard error contribution for the four means to the BACI effect and the standard error of the BACI
effect with 1-4 years of data in the after period. The bottom row shows the relative change in the two indicators to be detected
with a probability of 80% using a confidence level of 95%. Note that the standard error contribution for the BC and BI means are
constant, since they have been determined from the amount of data collected during the baseline.

Standard error and CPPMapy PPMaps

relative change Ny=1year N,=2year Ny=3year N,=4year Ny=1lyear N,=2year Ny=3year N,=4year
SE[BC] 0.04130 0.04130 0.04130 0.04130 0.00391 0.00391 0.00391  0.00391
SE[BI] 0.03988 0.03988 0.03988 0.03988 0.00309 0.00309 0.00309  0.00309
SE[AC] 0.08023 0.05485 0.04426 0.03810 0.00620 0.00367 0.00278  0.00230
SE[AI] 0.07787 0.05399 0.04379 0.03779 0.00531 0.00331 0.00256  0.00216
SE[BACI] 0.12568 0.09602 0.08469 0.07859 0.00957 0.00702 0.00626  0.00590
%change 42.2% 30.9% 26.8% 24.6% 22.4% 16.2% 14.3% 13.5%

An optimal BACI design aims at balancing the monitoring effort in all four
combinations of area versus period. Hence, the power improves considera-
bly up to 3 years of monitoring in the after period, whereas the gain of add-
ing an additional year of monitoring becomes relatively smaller. Therefore,
to get the best statistical power, it is recommended to monitor the 14 stations
for three years after the pinger are employed. This will make it possible to
detect changes in CPPMap; and PPMap; of 27% and 14% with sufficient
power, respectively.
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4 Conclusion

The baseline monitoring of the 14 C-POD stations have provided a strong
dataset for the evaluation of the pinger introduction to the Great Belt ex-
pected to start in 2015. Ten stations (Great Belt and Kalundborg Fjord) have
provided data since summer 2011, while additional four stations (Reersg
and Sprogg) were deployed a year later in summer 2012. Five of the stations
constitute a control area, whereas the remaining nine stations constitute an
impact area, where pingers will be employed on fishing nets. The baseline
monitoring is continuing until the pinger program is introduced, and addi-
tional baseline data may be harvested from the C-PODs. Therefore, this re-
port should be seen as a status report only reporting on a part of the baseline
period.

Analyses of recorded porpoise clicks in relation to the signal/noise level
have revealed that the occurrence of porpoise clicks (PPM) decreased and
the number of clicks recorded (CPPM) increased with decreasing sig-
nal/noise levels. This is most likely due to porpoise clicks, particularly those
emitted from longer distances, being masked when the signal/noise level is
low. However, a calibration model has been developed by which the two
porpoise echolocation indicators can be adjusted to provide comparable val-
ues over time.

The seasonal patterns in the study area are significant and common to the
control and impact areas, albeit not as strong as observed in other studies
from the region. Over the four years with baseline data echolocation activity
(CPPM) has remained relatively constant over the entire study area, but
there have been shifts in porpoise presence (PPM) between stations, most
pronounced in the winter period, where porpoises are suggested to move
from shallower stations to the deeper in the Great Belt. Overall, the analyses
suggest that the study area is inhabited by one large population of porpois-
es, which has not changed in numbers over the four years, but these por-
poises utilise different areas at different times of the year. These results in-
crease the confidence in that changes in the impact area different from those
in the control area are linked to the employment of pingers.

If the employment of pingers has an effect on porpoise echolocation activity
then continuing the current monitoring program for three years when pingers
are implemented would allow for detecting relative changes of density (PPM)
of around 14, with a probability of at least 80%. On the other hand, reducing
the monitoring program during the employment of pingers to one year would
allow for detecting relative changes of density (PPM) around 22% and echolo-
cation behaviour CPPM around 42%. It would be optimal to continue the
monitoring efforts during the pinger employment period for three years to ob-
tain the similar amount of data as collected during the baseline.
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PORPOISE MONITORING IN
PINGER-NET FISHERY

Status report

Harbour porpoises are part of the assignment of 16 Natura
2000 areas in Danish waters and Denmark are obliged

to monitor and protect the species. The harbour porpoise
faces the threat of entanglement in gill nets but by using
acoustic alarms, so-called “pingers” placed on the nets,
bycatch can be reduced. Pingers may, however, scare the
porpoises out of important areas such as the Natura 2000
areas. This project aim to examine if porpoise density will
change in the Great Belt, when mandatory use of pingers
in all set net fisheries are enforced during a limited time
period from mid-2015. By comparing the presence of por-
poises before, during and after pingers are introduced in
the Great Belt, with a control area in Kalundborg Fjord, we
will be able to estimate the effect of pingers on porpoises
in relation to density and acoustic behaviour. Porpoise pre-
sence is examined by deployment of acoustic data loggers
(C-PODs) that can detect echolocation sounds emitted
almost continuously by porpoises during foraging, commu-
nication and orientation.

This report covers the baseline period from July 2011 to Oc-
tober 2014 for the 14 C-POD stations that have listened for
porpoises more or less continuously during this period. The
porpoise detections were analysed as PPM (Porpoise Posi-
tive Minutes) and CPPM (no. of clicks during each PPM. This
may be interpreted as a measure of acoustic behaviour).
Both are aggregated as average values per 24 hours. The
results show that the seasonal patterns in the study area
are significant and common to the control and impact
areas. Over the four years with baseline data, echolocation
activity (CPPM) has remained relatively constant over the
entire study areq, but there have been seasonal shifts in
porpoise presence (PPM) between stations, most pro-
nounced in the winter period, where porpoises apparently
move from shallower stations to the deeper stations. Power
analysis show that the current baseline data and a conti-
nuation of the monitoring program during the employment
of pingers for one year, would allow for detecting relative
changes of density (PPM) around 22% and echolocation
behaviour (CPPM) around 42%. If monitoring continue for
up to four years the relative changes that can be detected
is reduced gradually to 14% and 25%, respectively.
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