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Abstract

Harbour porpoises were known to be very common in the Baltic Sea. Since several
decades, the abundance and distribution decreased drastically, leading to national
and international agreements on the protection of this species. Plans for offshore
windmill constructions and proposals for marine protection areas to implement
Natura 2000 led to an increased research effort on the harbour porpoise in the
German part of the North and Baltic Sea. Within this scope, the harbour porpoise
habitat use of the German Baltic Sea was investigated by passive acoustic methods
(Porpoise detectors, PODs), registering harbour porpoise echolocation click trains.

Comparison of the POD data from different measuring stations located throughout
the Baltic Sea revealed a decrease of porpoise density from the west of the island of
Fehmarn to the east of the island of Rligen. Seasonal variation of habitat use, and
therefore of relative porpoise density, was seen around the island of Fehmarn and
the Kadet channel, with many days of porpoise registrations in the summer and fewer
registration days in winter months.

The results proved the importance of the area around Fehmarn and of the Kadet
channel for harbour porpoises in German waters and the high endangerment of the
Baltic Proper harbour porpoise subpopulation.
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1. Introduction

Harbour porpoises (Phocoena phocoena) have been very common in the North Sea
and Baltic Sea up to the middle of the 20™ century (Schulze 1996). Since several
decades, a drastic decrease in their population size was registered (Benke & Siebert
1994, Kinze 1995, Kroger 1986, Reijnders 1992, Siebert et al. 1995), leading to the
endangerment of the porpoise population (e.g. ICES/ACME 1997). Nowadays
harbour porpoises are protected by a variety of national and international agreements
(ASCOBANS, HELCOM, OSPARCOM, Red list of mammals, Germany (Boye et al.
1998)).

The research of abundance and distribution of harbour porpoises (Benke et al. 1998,
Hammond et al. 2002, Heide Jgrgensen et al. 1993, Sonntag et al. 1999) did not give
a complete picture of the distribution pattern nor any seasonality of harbour
porpoises in the German Baltic Sea. Plans for constructing offshore windfarms and
proposals for marine protection areas to implement the European habitat directive
Natura 2000 led to an increased research effort on the harbour porpoise in these
areas. Recent aerial surveys investigated the spatial distribution of harbour porpoises
in the German part of the North and Baltic Sea (Scheidat et al. 2003, Scheidat et al.
2004). Parallel to this, a net of passive acoustic monitoring devices, the PODs
(Porpoise Detectors), where deployed on measuring stations throughout the German
Baltic Sea. In contrast to aerial surveys, where snapshots of harbour porpoise
sightings are used to determine distribution and abundance, PODs are long term
monitoring devices. They register harbour porpoise echolocation click trains, which
proved to be a sensitive method for investigating the habitat use. This method is of
special value in areas, where sightings during surveys are rare or absent due to low
harbour porpoise densities.

This paper presents the results of the first year (August 2002 to August 2003) of
monitoring the German Baltic Sea by means of a passive acoustic method on a 24
hours basis.

2. Methods

PODs are self-contained data loggers for cetacean echolocation clicks (details see
www.chelonia.demon.co.uk/PODhome.html), consisting of a hydrophone, filter and
memory (fig. 1). They register, in a 10 pysec resolution, the presence and length of
high frequency click sounds matching a specific criteria, logging for 24 hours a day in
an 8 — 10 week period. After this period, data are to be downloaded and batteries
have to be replaced.

Up to 28 PODs (TPOD Version V2 and V3) where used to operate a net of 19
measuring stations throughout the Baltic Sea (fig. 2). A mooring consists of a 30 kg
anchor, connected to several surface buoys via a rope (fig. 3). Loss of moorings led
to a paired anchoring system spaced 30 m apart. One POD per station was deployed
5 to 7 m under the water surface.
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The listening criteria of the PODs were set to “porpoise only high sensitivity” as given
in the TPOD-programme. Where background noise did not allow this sensitive
settings, ratio was set to 6 (see TPOD-programme).

The click sounds registered from the PODs where scanned for trains of clicks with a
specific signal pattern by means of a Train Detection algorithm (V2.2), which is
included in the TPOD-software. Click trains classified as ‘high probability cetacean
click trains’ up to ‘very doubtful trains’ were manually reviewed for harbour porpoise
echolocation click trains.

For further analysis, porpoise positive days, defined as a day with at least one
registered and classified porpoise click train, were determined from each data set.
The percentage of porpoise positive days from the number of monitored days per
month was calculated for each station.

3. Results

Table 1 shows an overview over the number of monitored days per month and the
corresponding percentage of porpoise positive days for each measuring station. Non
of the measuring stations could be monitored for the whole time due to logistical
reasons and loss of moorings in some cases.

The results show a geographical as well as a seasonal variation of the percentage of
porpoise positive days obtained. Whereas the maximum percentage of positive days
obtained around Fehmarn is 100%, it is 80% for the Kadet channel and adjacent
coastal stations. Further east, at the first stations east of the Darss ridge, the days
with porpoise encounters decreases down to 40% (station 16) and 60% (station 17)
(fig. 4). North and eastward of Ruegen island, the maximum percentage of porpoise
positive days decreases further from 30% for station 18 at Arkona to 0% for station
23 at the Oderbank.

The data of station 1 west of Fehmarn as well as the results of station 8 and station
10 in the Kadet channel show a seasonal variation in the percentage of porpoise
positive days per month (fig. 5). At Fehmarn, on nearly 100% of the monitoring days
from October and November 2002, porpoises were registered. The percentage of
porpoise positive days drops below 50% for December 2002 to February 2003, with a
minimum of 23% in February. In March 2003, the proportion of days with porpoise
registrations increases again to 50%, and hit 100% in April to June 2003. For the
Kadet channel, the maximum percentage of porpoise positive days are around 75%
for August to November 2002. At station 8, this number drops down passing 20% in
December 2002 to nearly 3% in January and February 2003, and starts to increase
to 16% for March 2003. For Station 10, the percentage of porpoise positive days
keeps its level around 7% in March and April 2003, and increases slowly to above
60% between Mai and July 2003.
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4. Discussion

The harbour porpoise, like other odontocete species, emit short pulsed high
frequency click sounds for echolocation purposes (Au 1993). As an active sensory
system, echolocation in porpoises is used for orientation as well as for foraging
(Verfuss and Schnitzler 2003). Harbour porpoise echolocation clicks are very distinct
and different from dolphin echolocation clicks (Au 1993). Their main energy is
focused on a small frequency bandwidth around 130 kHz (Goodson et al. 1995,
Kamminga et al. 1999). Echolocation is the main sensory system of harbour
porpoises, very efficient and well adapted to the underwater world of the porpoises.
Porpoises use their sonar even in easy orientation tasks during daylight in a well
known environment (Verfuss and Schnitzler 2002).

The method of passive acoustic monitoring with PODs takes advantage of the highly
sophisticated sonar system of porpoises. The distinct and easy distinguishable click
structure provides a good opportunity to specifically monitor for harbour porpoises.

Not every porpoise being within a 400 m diameter range of a POD is registered
(Verfuss et al. in prep.), probably due to the very narrow focused sound beam of the
harbour porpoise (Au et al. 1999), and / or due to quiet moving porpoises, which is
assumed by the authors to be less likely. Still the harbour porpoise density is high
enough in most of the German Baltic Sea to record porpoise echolocation click trains.

Aerial and ship based absolute abundance estimates, conducted in the SCANS-
project in 1994, resulted in an estimate of nearly 41.900 harbour porpoises for the
Kattegat and the western Baltic Sea (SCANS-area |, I, X) (Hammond et al. 2002).
From these animals, only 588 were calculated for SCANS-area X, which includes the
German Kiel Bight, with a population density of 0.101 animals per km?. For the
German part of the Baltic proper and adjacent Swedish waters (within SCANS-area
K), subsequent aerial surveys, conducted by Berggren et al. (in prep.) (cited in
Vesper & von Dorrien 2001), delivered a number of nearly 600 animals, with 0.014
animals per km?. The POD data support the difference in harbour porpoise density,
assuming that the percentage of porpoise positive days correlates with the harbour
porpoise density. The latter should be logical, as with an increasing number of
porpoises, the likelihood of registering their echolocation sound should increase. In
fact, no absolute densities can be obtained by PODs, but the method seems to
dissolve relative density distributions in a smaller scale than visual surveys can
deliver in such low porpoise densities. Thus, the decrease in the maximum obtained
percentage of porpoise positive days per month of each station from west to east
might be explained by a gradually decreasing relative density of porpoises in those
areas. A gradual decrease of harbour porpoise density in the Baltic Sea is also
proposed by Scheidat et al. 2004 for their aerial surveys in 2002 and 2003.

Aerial surveys conducted by Scheidat et al. (2003) from May to August 2002 resulted
in 0 to 0.5 harbour porpoise sightings per km survey around Fehmarn. In the Kadet
channel, no porpoise was sighted. In contrary, more than 1 sighting per km survey
was discovered locally on May and July flights in the Pomeranian Bight including the
Oderbank. This number was caused by aggregations of up to 10 porpoises. In
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September 2002 a single porpoise was sighted, but in the following surveys in 2002
and 2003 no porpoises were sighted (Scheidat et al. 2004).

Comparison of the number of sightings per km survey in the Baltic Sea and the
amount of porpoise positive days from POD data show, that the method of aerial
surveys in such a low porpoise density area reaches its limits. Whereas the PODs for
example registered harbour porpoises on 60% to 80% of the monitored days in the
Kadet Channel in August 2002, no porpoise was sighted during the surveys of
Scheidat et al. (2003) in this area. Here, the advantage of a permanent passive
monitoring of the area becomes obvious.

During the 2002 surveys, when Scheidat et al. (2003) observed aggregations of
harbour porpoises in the Pomeranian Bight, no POD was deployed in this area.
PODs where deployed from November 2002 on and showed no harbour porpoise
registrations. Scheidat et al. (2004) also registered no sighting in the Pomeranian
Bight during their surveys after September 2002.

Morphological and genetic studies revealed the existence of a separate
subpopulation of harbour porpoises in the Baltic proper, i.e. easterly of the Darss
and Limhamn underwater ridge (Huggenberger et al. 2002, Tiedemann et al. 2001).
The assumed, and by Berggren et al. (in prep) as well as Scheidat et al. (2003)
documented, low density of this population raises deep concern, which is especially
emphasised by the recovery plan of ASCOBANS for Baltic harbour porpoises
(Jastarnia Plan). The POD-results show a decrease of harbour porpoise registrations
starting east of the Darss underwater ridge towards the Polish border. The POD-data
confirm a very low density of harbour porpoises in the German part of the Baltic
proper. The registrations on the PODs close to the eastern side of the Darss ridge
might be caused by offshoots from the western subpopulation of harbour porpoises.
Any negative influence by anthropogenic disturbances on this very small and
therefore highly endangered subpopulation might sooner or later lead to its
extinction.

Until mid of the 20™ century, migration of harbour porpoises was documented for the
North and Baltic Sea (reviewed in Koschinski 2003): In spring, the porpoises followed
movements of herring, passing Danish waters into the Baltic Sea. In late autumn and
winter, when the Baltic tended to freeze over, the porpoises migrated back out of the
Baltic Sea. Nowadays, the porpoise stocks are too small to easily prove such
migrations. Teilmann et al. (2003) could prove seasonality in the use of areas in
Danish waters with the help of satellite tags on porpoises. Siebert et al. (in prep)
showed a seasonality in incidental sighting and stranding rates in the German Baltic
Sea, with a peak in the summer months. The data of incidental sightings might be
biased by a lower effort of platforms of opportunities in winter (e.g. less sailing boats),
whereas stranding events can be biased by the inverse relationship of submersion
time of carcasses and water temperature (Moreno 1992, in Siebert et al. (in prep.)).
The PODs confirmed a seasonal use of the Baltic Sea in the areas around Fehmarn
and the Kadet channel.
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The results of this work proved the importance of the area around Fehmarn and the
Kadet channel for harbour porpoises in German waters and the high endangerment
of the Baltic Proper harbour porpoise subpopulation.
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Fig. 1 : APOD moored under water.  Fig. 3 Surface markers of a TPOD mooring
in the Baltic Sea.
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Fig. 2 Locations of all utilised POD-measuring stations in the Baltic Sea.
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POD-measuring station, obtained within the time frame given in table 1. The data are
ordered by longitude position from west to east.
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measuring station

year | month data 1 3 5 6 7a 7 8 9 10 11 13 14 16 17 18 21 22 23 25
obs days 12 31 31 31 31
K3 pp days 75,0 % 64,5 % 64,5 % 774 % 83,9 %
obs days 30 30 30 30 18 18 15 13
i K3 pp days 86,7 % 80,0 % 73,3 % 66,7 % 778% | 833% 66,7 % 61,5 %
s002| oot | OPSdavs 9 9 23 17 31 22 31 19 16 16 30 10
% ppdays | 100,0% | 100,0% | 957 % 1000% | 581% | 455% 64,5 % 52,6 % 62,5 % 62,5 % 33,3 % 30,0 %
oy | ObSdays 30 30 18 18 30 4 8 4 30 15 16
% ppdays | 96,7 % 90,0% | 1000% | 944 % 73,3 % 75,0 % 12,5 % 25,0 % 0,0 % 0,0 % 0,0 %
dec | cbsdays 31 17 18 18 31 31 31 19 26 31
%ppdays | 419% 52,9 % 88,9 % 94,4 % 19,4 % 0,0 % 22,6 % 53 % 0,0 % 32 %
2002 obs days total 70 56 59 36 59 153 83 96 76 34 66 43 7 19 41 47
2002 % pp days 72,9 % 804% | 949% | 944% 88,1 % 58,8 % 62,7 % 69,8 % 32,9 % 73,5% 71,2% 41,9 % 14,1 % 5,3 % 0,0 % 21 %
jan obs days 13 31 11 31 31 31 31
% ppdays | 385 % 3,2 % 9,1% 9,7 % 22,6 % 0,0 % 6.5 %
feb obs days 26 28 28 28 28 28
% ppdays | 231% 3,6 % 3,6 % 14,3 % 0,0 % 0,0 %
mar |_o0s davs 31 12 14 14 18 10 31 31
obs days 51,6 % 16,7 % 71 % 0,0 % 11,1% 0,0 % 0,0 % 0,0 %
apr obs days 30 16 16 16 30 30 5 30 30 30 30
2003 % pp days | 100,0 % 100,0% | 100,0% | 100,0 % 6,7 % 0,0 % 0,0 % 0,0 % 0,0 % 0,0 % 0,0 %
may obs days 31 31 31 31 31 16 6 31 31 31 31 31
% pp days | 100,0 % 100,0% | 100,0% | 100,0 % 12,9 % 18,8 % 0,0 % 0,0 % 32% 0,0 % 0,0 % 0,0 %
un obs days 20 30 30 30 30 30 30 29 30 30 1
% pp days | 100,0 % 100,0% | 100,0% | 96,7 % 433 % 23,3 % 13,3 % 13,8 % 0,0 % 0,0 % 0,0 %
jul obs days 14 31 2 2 11 31 11 17 31 20 31 31 14
% pp days | 100,0 % 96,8% | 100,0% | 100,0 % 54,5 % 61,3 % 36,4 % 70,6 % 29,0 % 10,0 % 6,5 % 32% 0,0 %
aug obs days 31 31 17 31 31 15 23 27 28 31 31 31
% pp days | 100,0 % 90,3 % 94,1 % 48,4 % 77,4 % 53,3 % 826% | 407% 39,3 % 19,4 % 9,7 % 32%
2003 obs days total 196 139 96 79 113 167 37 100 94 114 229 222 31 195 162
2003 % pp days 781 % 971% | 990% | 98,7% 221% 377% | 351% 34,0 % 28,7 % 14,9 % 83 % 6,8 % 3,2% 0,0 % 1,2%
obs days total 266 56 198 132 79 59 266 83 263 113 34 166 94 157 300 241 31 236 209
% pp days 76,7 % 804% | 965% | 97,7% | 987 % 881% | 432% 62,7% | 494% 336% | 735% 48,8 % 287% | 223% 9,7% 6,6 % 3,2% 0,0 % 1,4 %

Table 1 Number of days monitored (obs days) and percentage of porpoise positive days (%pp days) for the monitoring period of

August 2002 to August 2003 for all utilised POD-measuring stations (1 to 25) in the Baltic Sea
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Fig. 5 Percentage of porpoise positive days per month (blue bars) for station 1
(placed west of Fehmarn), station 8 and station 10 (placed in the Kadet channel).
White bars fill up the blue bars as days with no porpoise registration (porpoise
negative days). On top of each bar, the number of days monitored is given.
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