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Abstract Detailed information on year-round distribu-
tion, seasonal abundance and inter-annual trends of a
given species is essential for any conservation effort.
However, for most odontocetes this knowledge is rather
limited. Therefore, area-specific management or con-
servation plans are often difficult to argue for. This is
also true for the harbour porpoise (Phocoena phocoena),
although it is the most common cetacean species in the
North Sea. Knowledge of the current status of local
stocks as well as fine scale information on the temporal
use of certain areas by the species is incomplete. One
area of concern is the southern North Sea where the
abundance of harbour porpoises has declined in the
twentieth century. Recent studies using stranding data
and observations from seabird surveys indicate a
comeback of the species along the Dutch and Belgian
coast. However, data on other regions of the southern
North Sea is sparse. Between 2002 and 2004, we
undertook 25 aerial line transect surveys (11,000 km on
effort; altitude = 250 and 600 ft) in a 2,500 km2 coastal
area off Eastern Frisia, Germany including a small
portion of Dutch coastal waters. The data were g(0)
corrected using a double platform approach and analy-
sed with distance sampling software. A total of 426
harbour porpoises were sighted, including eight calves.
Densities ranged between <0.1 and 1.62 individuals/
km2 with peaks in February and July 2003 as well as
February and May 2004. The results of our study show
that harbour porpoises are present in the coastal part of
the southern North Sea even during their reproductive
period. However, they seem to appear in lower numbers

and much more irregular than in other areas, for
example off Northern Frisia. The results of this study
support the recent findings that despite a decline in the
mid-twentieth century, harbour porpoises are now at
times quite abundant in the southern North Sea. The
underlying factors of this ‘return’ should be investigated
using a combination of surveys and satellite telemetry.
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Introduction

Detailed information on year-round distribution,
seasonal abundance and inter-annual trends of a given
species is essential for any conservation effort. However,
for most odontocetes this knowledge is rather limited.
Therefore, area-specific conservation plans are often
difficult to argue for. This is especially true for the
harbour porpoise (Phocoena phocoena), although it is
the most abundant cetacean species in the North Sea. In
1994, their number therein was estimated at 270,000
animals (SCANS-survey; Hammond et al. 2002). Areas
of highest population densities appear to be in the
north-western North Sea and along the German and
Danish west coasts (Heide Jørgensen et al. 1993;
Bjørge and Øien 1995; Hammond et al. 2002; Reid et al.
2003; Scheidat et al. 2004a, b). In other areas though,
harbour porpoises have reportedly declined or seem
to have disappeared in the twentieth century, most
notably in the eastern Channel and the southern North
Sea (Camphuysen 1982; Northridge et al. 1995;
Reijnders et al. 1996; Addink and Smeek 1999). It has
been suggested that human activities such as overfishing,
incidental catches in fishing gear, noise pollution
and habitat degradation are likely to have contributed to
this decline (ASCOBANS 2005). In 2004, ASCOBANS
initiated a ‘recovery plan for harbour porpoises in
the North Sea’ with the objectives to identify risks for
the species and ‘to suggest management measures which
will achieve and maintain a favourable conservation
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status of harbour porpoises in their entire range’
(ASCOBANS 2005). Important steps of such a plan
would be to first collect more information on possible
areas of concern, and then to establish mitigation
measures to support the recovery of stocks in these
‘problem areas’. But even the first step might be quite
difficult to achieve. For example, recent studies using
mainly stranding data and observations from seabird
surveys, indicate a comeback of harbour porpoises in the
southern North Sea, most notably along the Dutch and
Belgian coast (Camphuysen 1994, 2004; Witte et al.
1998; Haelters et al. 2004). However, these studies
provided no estimates on absolute densities of porpoises.
Hammond et al. (2002) reported low densities for the
coastal part of Belgium, Netherlands and Eastern Frisia
in 1994. Scheidat et al. (2004a) undertook four large-
scale aerial line transect surveys off Eastern-Frisia in
May–August 2002/2003 and found low densities too, but
both survey areas were large and the effort therein
comparably low. Therefore, both studies only represent
a snapshot at best. No study has looked at the absolute
density of harbour porpoises within the southern North
Sea on a year-round basis with at least monthly survey-
intervals. Therefore, our understanding of the status of
harbour porpoises in the southern North Sea is still
rather limited.

Here we report findings from a systematic case study
on the abundance of harbour porpoises in a 2,500 km2

area off Eastern Frisia, Germany including a small
portion of Dutch coastal waters. Data were collected
using line transect aerial surveys on a monthly basis
between December 2002 and July 2004. In this paper, we
will present data on relative and absolute densities of
harbour porpoises. Based on our results, the status of
harbour porpoises in this part of the southern North Sea
will be discussed.

Methods

Data collection

The study took place between December 2002 and July
2004. The study area was located off Eastern Frisia
partly extending into Dutch waters (53�30.000¢–
53�57.295¢N; 006�00.100¢–007�10.105¢E ). The area was
situated near shore with water depth varying from <10
to 30 m. Data were collected using line transect meth-
odology following the distance sampling approach after
Buckland et al. (2001) (see also Thomsen et al. 2004 for a
detailed methodology in German), which was also ap-
plied in the first SCANS survey. A total of 16 transect
lines were placed perpendicular to the coastline with line
length between 26 and 33 km. From December 2002
until mid July 2003 the survey area comprised 1,400 km2

with spacing between the lines of 3 km and a total
transect length of 482 km. From the end of July 2003
until July 2004 app. 2,500 km2 were surveyed with a line
spacing of 5 km and total transect length of 500 km

(Fig. 1). The survey plane was a high-winged, twin-engine
BN-Islander, equipped with bubble windows on the rear
seats. Survey flights were generally restricted to calm
weather and good visibility (seastate < 3 bft, visibility
> 5 km). Data were collected during specialized marine
mammal trips at an altitude of 600 ft (183 m) as well as
during combined porpoise/seabird surveys at an altitude
of 250 ft (76 m). Initially, five porpoise-only flights were
undertaken between December 2002 and June 2003.
From July 2003 until July 2004, both methods were used
with at least one survey per month (see Table 2).

The flights were conducted with three observers:
two principal observers were placed at the rear bubble
windows (search angle = 0� to <60�). One control
observer was placed at a flat window behind the pilot
(search angle = 20� to <60�). The principal observers
switched places during a break at half time, the control
observer switched places on each transect, depending
on sighting conditions. Observers were acoustically
isolated from each other through ear plugs and head-
phones. At the onset of the survey, the observers
searched continuously for porpoises. At each sighting,
the exact time was noted (UTC, synchronised with on-
board GPS, model LX-20-2000 Flight Recorder, Filser
Electronics) and recorded aurally on dictaphone. The
sighting angle was measured with an clinometer
(Suunto PM 5/360 PC) and also noted. Additionally,
data on group size, travel direction and the behaviour
of the animals were recorded. The flight-track was
logged and stored continuously in 3 s intervals on a
Notebook, which was connected to the board GPS and
displayed using the Fugawi 3.0 software-program.

Fig. 1 The study area and the transect layout in 2003/2004
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Thus, it was possible to correct deviations from the
track line immediately.

Data analysis

Calculation of sighting rates

Based on the field notes of the observers, the transects
were assigned as valid one sided, valid both sided or
invalid. Only valid transects were analysed. Since con-
trol- and principal observers had different search angles
(see above), only the sightings of the latter ones were
used in the quantitative analysis. Porpoise-only flights
(altitude = 183 m) and combined porpoise/seabird ones
(76 m) were analysed independently. We first calculated
the sighting rate, which was defined as the number of
porpoises per km for each transect of each flight. We
then calculated the mean sighting rate for each flight.
Sighting rates across flights were compared with a
Kruskal–Wallis H-test. If means differed, we performed
a multiple all-pairwise comparison following Dunn’s
method (Zar 1984).

Calculation of absolute densities

Absolute densities were calculated with the DISTANCE
4.1 software-program (Thomas et al. 2003). Distances x
to the observation were calculated as x = v · tan (90� �
Ø) with v being the altitude in m and Ø the angle of
declination measured with the clinometer (Buckland
et al. 2001). We then calculated the effective strip
half-width (esw) cumulatively for all porpoises only and
combined porpoise/seabird flights independently using
only flights with >10 sightings. For this calculation, we
used a hazard-rate key function with a simple poly-
nominal series expansion. The corresponding esw was
169 m for the porpoise-only flights and 106 m for the
combined porpoise/seabird surveys (Fig. 2). Densities
were calculated for each flight as D=n · G/2 l · L with
n being the number of sightings, G the average group

size, L total transect-length, and l the effective strip half-
width (Buckland et al. 2001).

g(0) correction

One important assumption in line-transect surveys is
that g(0), the probability to detect an object on the track
line, is 1.0. In cetacean surveys this is not the case, be-
cause observers sometimes miss animals present
(=perception bias) and diving individuals are unavail-
able for detection (=detection bias). The corrected
density therefore is D = Dx · 1/g(0) (after Borchers
2003). We calculated a correction for g(0) by using a
mark-recapture method combined with published diving
data for harbour porpoises after a method used by
Grünkorn et al. (2003, 2005). We estimated the percep-
tion bias as p (m)=N12/N1, where p (m) is the proba-
bility of detection by the principal observer, N12 the
number of duplicates between main- and control ob-
server (search angle = 20–45�), and N1 the number of
individuals seen by the control-observer. For the avail-
ability bias, we first multiplied the number of sightings
on each flight with the individual surface time, i.e. the
percentage of time porpoises are present in the 0–1 m
water column (Teilmann 2000) to get an estimate on the
average surface time. The average surface time for the
porpoise-only flights was 0.43 with the sighting proba-
bility being 0.55 (Table 1). This resulted in a g(0) of 0.43
· 0.55=0.24. For the combined porpoise/seabird flights,
surface time was 0.51 and the sighting probability was
0.71 resulting in a g(0) of 0.36.

Results

Table 2 shows the effort and the harbour porpoise
sightings obtained during the study period (December
2002–July 2004). We undertook 25 surveys (12 porpoise-
only flights; 13 combined porpoise/seabird flights) with a
total effort of about 11,000 km. With only a few
exceptions, we flew at monthly intervals, in many
months two flights were undertaken. We recorded 371
sightings with 426 individuals (mean group size = 1.15).
Porpoises were most often encountered alone (88.5%).
Pairs and groups of three or four animals were rare
(9.4%, 1.3% and 0.8%, respectively). A total of eight
calves were observed (June–August 2003 = 4, July
2004 = 4). Calving rates were 10% in June 2003, 3.6%
in July 2003 and 10.8% in July 2004.

Porpoises occurred irregular in the study area
(Table 2, Fig. 3). Between December 2002 and July 2003
peaks in relative abundance were present in February
and July. Between August and December 2003 porpoises
were only sporadically seen. Sightings increased again in
February 2004 and stayed on a comparably high level
until the beginning of May 2004. During that period 10
of the 25 surveys were carried out (40% of survey effort
in km) and about 65% of all porpoises were seen.

Fig. 2 Detection probability function for harbour porpoises during
seven of 12 porpoise-only aerial surveys (altitude = 183 m;
model = hazard rate key function with simple polynominal series
expansion; n = 170 sightings)
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In June 2004, porpoises were almost absent and in the
following month sighting rates increased again. For the
porpoise-only flights there were significant differences in
sighting rates between surveys (H test, df=11,
H=75.79, P<0.001). The sighting rates in February
2003, 2004 and in May 2004 were each significantly
higher than during December 2002, April, August and
October 2003 as well as June 2004 (Dunn’s method
P<0.05). The sighting rate in July 2003 was significantly
higher than during December 2002, April 2003 and June
2004 (Dunn’s method P<0.05). For the combined
porpoise/seabird flights, sighting rates also differed
between months (H test, df=12, H=55.27, P<0.001).

Here, the sighting rates in February, March and
April 2004 were each significantly higher than in July,
September and November 2003 and in June 2004
(Dunn’s method P<0.05).

Absolute estimates of abundance could be calculated
for 13 of the 25 surveys (Table 3). Estimated densities
varied between 0.38 porpoises per km2 in July 2004 and
1.62 per km2 in May 2004. Depending on absolute
density values and size of the area, between 560 and
4,200 porpoises were present in the study area. It has to
be noted, however, that for 12 flights no absolute den-
sities could be calculated, indicating an abundance of
less than 560 animals. The above mentioned seasonal
variation was also found in the absolute density values,
most evidently for the summer months. From the nine
surveys undertaken during June–August in both years,
absolute densities could be calculated for four surveys
with corresponding values between 0.38 and 1.00 indi-
viduals/km2. The remaining five surveys did not produce
enough sightings for a quantitative analysis, and hence
the densities of porpoises should be viewed as low ones.
In contrast, absolute densities could be calculated for

Table 1 Estimation of g(0) for the porpoise-only flights

Date Number
of sightingsa

Individual
surface time

Total
surface time

N 1 N 1&2

02/17/03 24 0.44b 10.56 5 2
05/07/03 11 0.45 4.95 7 1
06/07/03 16 0.39 6.24 7 5
07/10/03 26 0.41 10.66 12 8
02/16/04 27 0.44b 11.88 1 1
05/03/04 50 0.45 22.50 7 4
07/22/04 16 0.41 6.56 1 1
Sum 170 73.35 40 22
Availability bias/average surface time=0.43 Perception bias/sighting

probability = 0.55

Altitude 183 m; N1&2 duplicate sightings of control and principal observer between 20 and 45�, N1 sightings of control observer only
aSightings of principal observer in valid transect sections
bAverage after Teilmann (2000)

Table 2 Harbour porpoise sightings in 2002–2004

Date Altitude
(m)

km on effort S I Calves

12/13/02 183 425 1 1
02/17/03 183 431 24 33
04/24/03 183 363 1 1
05/07/03 183 411 11 14
06/07/03 183 446 16 20 2
07/10/03 183 381 26 28 1
07/21/03 76 440 5 7
08/04/03 183 366 2 3 1
08/10/03 76 452 7 7
09/20/03 76 486 5 5
10/02/03 76 453 8 9
10/16/03 183 413 5 5
11/28/03 76 488 5 5
12/09/03 76 502 7 9
02/16/04 183 502 27 37
02/16/04 76 502 26 28
03/03/04 76 445 39 42
03/18/04 76 503 22 23
04/14/04 76 378 30 34
05/03/04 183 454 50 53
05/28/04 76 502 19 19
06/02/04 76 502 4 4
06/03/04 183 478 2 2
07/21/04 76 487 13 16 2
07/22/04 183 413 16 21 2
Sum 11,223 371 426 8

km on effort valid effort on both sides, S number of sightings, I
number of individuals
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Fig. 3 Relative frequency of occurrence (n/km transect) of harbour
porpoises during the study period (mean ± SE)
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each survey between February and May 2004 and
ranged between 0.48 and 1.62 individuals/km2 (Table 3).

Discussion

The results of our study show that harbour porpoises are
present year-round in this part of the southern North
Sea, sometimes in relatively high densities of more than
1.0 individuals/km2. It should be noted, however, that
our calculations of g(0) and hence the resulting absolute
densities are rather rough estimates, since the diving
patterns of the porpoises in the study area are not known.
Yet, the results of an investigation in Canadian coastal
waters confirm that porpoises spend about 40% of their
time in the water column of 0–1 m, making the
assumption realistic that a general factor of 2–3 might be
applicable for the availability bias (Westgate et al. 1995).
It is true that visibility has varied across all flights and
even within one survey, depending on algae-blooms,
reflections from clouds and turbidity. But it appears
likely that ‘bad’ and ‘good’ visibility have levelled out
each other over the course of the study. Hence, a general
visibility of up to 1 m into the water column might be
quite feasible to work with. Our estimates of g(0) corre-
spond well with assumptions from other investigations
that varied between 0.25 and 0.3, and might therefore be
viewed as realistic (Hiby and Lowell 1998; Hammond
et al. 2002; Grünkorn et al. 2003). Recently, Palka (2005)
and Scheidat et al. (2005) tested a new method using one
plane that is circling back the track line in case of an
encounter (‘circle-back-method’; Hiby 1999). They esti-
mated a g(0) of 0.40–0.56 in good conditions and a g(0)
of 0.164 under moderate ones. However, sample sizes
were small, resulting in very large confidence intervals.
The advantage of this method is that perception- and
availability-bias can be estimated simultaneously. How-
ever, further tests with much larger sample-sizes are
needed to confirm the feasibility of the circle-back
method (Scheidat et al. 2005). The difference between the

porpoise-only and combined porpoise/seabird g(0) in our
study are most likely due to perception of porpoises at
different altitudes. Since individuals appear bigger at
76 m compared to 183 m, the chance of resighting was
probably higher during the combined porpoise/seabird
surveys than during the porpoise-only ones.

We found that despite the year-round presence, the
occurrence of harbour porpoises in the study area was
rather irregular, both within and between seasons.
Especially during summer (June–August), mid to high
densities were followed by rather low occurrence of
porpoises. Scheidat et al. (2004a) estimated a relatively
low density of 0.18 per km2 off the coast of Eastern
Frisia for May–August 2003. However, since only one
survey was carried out during that time and in this
particular area, fine scale shifts in distribution, for
example movements from the northern or the central
German Bight towards the coast of Eastern Frisia,
resulting in temporarily mid to high densities there,
might have been missed. The same is true for Hammond
et al. (2002), who based their estimate of 0.09 individu-
als/km2 for SCANS-block H (coast of Belgium,
Netherlands, and Eastern Frisia) on a survey effort of
only 212 km in Beaufort <3, between June and July
1994. Camphuysen (2004) reported only a few sightings
off the Dutch coast between June and July of the years
2001–2004, but he noted a mid-summer peak in August
of the years 2001–2004 with increased sighting-rates of
mother and calf pairs. In summary, our results show
that harbour porpoises do occur in this part of the
southern North Sea in summer, sometimes with almost
high densities, but their appearance is much more
irregular and calving rates are considerably lower than
at peak-times in other areas, for example off Denmark
and Northern Frisia (Adelung et al. 1997; Hammond
et al. 2002; Grünkorn et al. 2003; Scheidat et al. 2004a, b).

The finding that in our study area harbour porpoises
occurred more often and on a more regular basis
between February and May also corresponds with the
results of Camphuysen (2004) and Haelters et al. (2004),

Table 3 Densities of harbour porpoises in the study area 2003/2004

Date Altitude
(m)

g(0) esw
(m)

Density
(Ind./km2)

Density
CV

Area size
(km2)

N ±SE

02/17/03 183 0.24 169 0.85 0.19 1.438 1,232 (239)
05/07/03 183 0.24 169 0.39 0.25 1.438 569 (145)
06/07/03 183 0.24 169 0.52 0.28 1.438 762 (213)
07/10/03 183 0.24 169 1.00 0.28 1.438 1,449 (409)
02/16/04 183 0.24 169 0.79 0.18 2.588 2,058 (387)
02/16/04 76 0.36 106 0.75 0.17 2.588 1,937 (332)
03/03/04 76 0.36 106 1.26 0.28 2.588 3,274 (943)
03/18/04 76 0.36 106 0.63 0.27 2.588 1,636 (450)
04/14/04 76 0.36 106 1.15 0.20 2.588 3,000 (625)
05/03/04 183 0.24 169 1.62 0.27 2.588 4,211 (1,158)
05/28/04 76 0.36 106 0.48 0.28 2.588 1,265 (357)
07/21/04 76 0.36 106 0.38 0.36 2.588 999 (362)
07/22/04 183 0.24 169 0.57 0.27 2.588 1,483 (409)

g(0) Probability of detection at distance 0 from the transect-line, esw effective strip half-width, CV coefficient of variation, N estimated
number of animals present in the study area, ±SE standard error
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who both found a comparably high number of harbour
porpoises in February and March. However, in contrast
to their results, the densities in our study remained on a
relatively high level until May (Fig. 3). It is likely that
the increased densities in early spring might be caused by
a higher availability of primary prey species. Haelters
et al. (2004) suspect that the increase of harbour
porpoises in the southern North Sea might be related to
the recovery of the North-Sea stock of herring (Clupea
harengus). Currently, studies are underway to compare
the distribution of harbour porpoises within the North
Sea with the phenology of valuable prey such as herring,
sandeels (Ammodytidae) and other fish species.

The results of this study support the recent findings
that despite a decline in the mid-twentieth century,
harbour porpoises are now at times quite abundant in
the southern North Sea (Camphuysen 1994, 2004;
Witte et al. 1998; Haelters et al. 2004). It is therefore
questionable, if the area should be considered as a
‘region of concern’ to be included in a recovery plan.
Probably, the situation will not change considerably
within the next years, since both in Germany and the
Netherlands, bycatch rates are at present relatively low
(Reijnders et al. 1996; ASCOBANS 2005). However, it
is unlikely, that the recent come-back of harbour
porpoises in the southern North Sea is explained by a
recovery of a ‘local population’. First, it is under de-
bate if a separate sub-population exists in the southern
North Sea (Andersen 2003). Second, the annual
increase of 40% in sighting-rates observed by Cam-
phuysen (2004) exceeds by far the maximum potential
rate of increase of 10% for the species (Stenson 2003;
Camphuysen 2004). Therefore, changes in occurrence
of the species in parts of the North Sea might not
result from a recovery but rather from a recruitment of
porpoises from other areas, which might in turn be
caused by environmental factors such as the reduced
availability of prey (Camphuysen 2004). The current
status of harbour porpoises in the North Sea could
probably only be investigated thoroughly using a
combination of surveys, genetic studies and satellite
telemetry.
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