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ABSTRACT: H arbour porpoise Phocoena phocoena  is the only cetacean species resident in the Baltic 
Sea. At least 2 different subpopulations occur in this area, w ith a presum ed dem arcation line in the 
w estern Baltic Sea. Aerial surveys w ere conducted during different seasons in the years 2002 to 2006, 
to obtain estim ates of porpoise abundance for the southw estern Baltic. Within the survey area, 3 
strata w ere defined. In total, 46 surveys w ere com pleted for these strata. A bundance estim ates and 
corresponding confidence intervals (Cl) w ere calculated for each stratum  separately for each survey. 
Density betw een areas varied seasonally and spatially, w ith the w estern  study area (Kiel Bight) g en ­
erally showing the highest density. W henever all 3 strata w ere covered w ithin 25 consecutive days, 
abundance for the overall survey area was calculated. Ten surveys met these criteria. Overall abun ­
dance in the w estern  Baltic varied betw een surveys, w ith the lowest value in M arch 2003 (457 ind.; 
95% Cl: 0 to 1632), and the highest estim ate in May 2005 (4610 ind.; 95% Cl: 2259 to 9098). The 
results of all other surveys w ere in the range from 1352 to 2905 ind., w ith largely overlapping confi­
dence intervals. Applying the only available bycatch estim ates (which include no m easure of preci­
sion) currently available for the Germ an Baltic region, the percent of porpoise bycatch in the w estern 
Baltic lies w ithin a range of 1.78 to 17.94% of the local population. To increase the precision of 
bycatch rates, more detailed bycatch estim ates for this region are needed. Nevertheless, the results 
indicate that bycatch is a major threat to harbour porpoises throughout the w estern Baltic Sea.
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INTRODUCTION

The harbour porpoise Phocoena phocoena  inhabits 
tem perate to cold w aters throughout the northern 
hem isphere and is the only cetacean species resident 
in the Baltic Sea (Berggren 1994, Kinze 1994, 
Berggren & Arrhenius 1995a,b, Benke et al. 1998). 
The Baltic Sea is one of the world's largest brackish 
w ater basins (Voipio 1981). It is connected to the Kat­
tegat Sea through the O resund Strait, the G reat and 
the Little Belt. The term  Baltic Proper is used as for­
m ulated by Fonselius (1974), and includes the w aters 
to the east of the Darss and Limhamn ridges, with

the Bothnian Sea forming the northern border. A 
num ber of studies on genetics, morphology and con­
tam inant load of porpoises indicate that several 
subpopulations of harbour porpoises occur in the 
S kagerrak-K attegat Seas, the Belt Seas and the Baltic 
Proper (Kinze 1985, A ndersen 1993, Borjesson & 
Berggren 1997, W ang & Berggren 1997, Berggren et 
al. 1999). Porpoises sum m ering in the area east of 
the Darss and Limhamn ridges probably belong to a 
different population than  the animals occurring in 
summer in the w estern Baltic Sea (Kiel and M eck­
lenburg Bights) (Tiedemann et al. 1996, Huggen- 
berger et al. 2002).
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Surveys have shown densities of 0.644 ind. k n r 2 in 
the Belt Seas (Stratum I' in Hammond et al. 2002). In 
contrast, the density and range of porpoises are 
believed to be much reduced in the Baltic Proper 
(Andersen 1982, Skóra et al. 1988, M äättänen 1990, cf. 
Koschinski 2002). The reasons for this are unclear. Pos­
sible causes have been  discussed by a num ber of 
authors (e.g. Berggren 1994, Kinze 1995, Teilmann & 
Lowry 1996, Koschinski 2002) and include the com­
mercial hunting of porpoises (e.g. in Poland and Den­
mark) that ended after the Second World War, high 
num bers of bycatch, increased mortality during severe 
ice w inters and general habitat degradation (Skóra et 
al. 1988, Kinze 1995), as well as im paired health  status 
w hen com pared with other subpopulations (Siebert et 
al. 2001, 2006, W ünschm ann et al. 2001). The im paired 
health  status may be caused by high concentrations of 
contam inants (e.g. as described in Bruhn et al. 1999, 
Siebert et al. 1999, Beineke et al. 2005, Das et al. 2006).

One of the probable causes for the apparen t failure 
of the Baltic Proper porpoise to recover lies in the 
continuing bycatch in fisheries. The incidental mor­
tality in fishing gear is well docum ented for many 
parts of the Baltic Sea (e.g. Skóra et al. 1988, Chris­
tensen 1991, Skóra 1991, Berggren 1994, Kinze 1994, 
Kock & Benke 1996). However, the impact of the 
bycatch num bers on porpoise populations can only be 
determ ined w hen reliable abundance estim ates are

available. The aim of the present study was to de­
term ine the abundance of harbour porpoises and to 
evaluate the effect of bycatch in the southw estern 
Baltic Sea.

MATERIALS AND METHODS

Study area. The study area in the southw estern 
Baltic Sea reaches from the Germ an coastline north to 
the Danish islands. The area was divided into 3 strata 
(E: 4696 km2; F: 7248 km2; G: 10 990 km2) (Fig. 1). One 
survey stratum  could usually be surveyed w ithin 1 d 
(5 to 9 flying hours).

Survey design and data acquisition. Surveys w ere 
carried out following standard line-transect m ethodol­
ogy for aerial surveys (Hiby & Hammond 1989, Buck- 
land et al. 2001). The first survey was conducted in July 
2002, the last survey in June 2006. Surveys w ere flown 
along a predeterm ined, systematic set of parallel tran­
sect lines w ith a random  starting point, superim posed 
on the study area. The direction of transects was 
no rth -sou th  to follow depth gradients, in order to m in­
imise variance in encounter rate (Buckland et al. 2001). 
To ensure an adequate chance of harbour porpoise 
sightings, surveys w ere only conducted during good 
w eather conditions with good visibilities (>3 km) and a 
sea state acccording to the Beaufort scale of <3.

SWEDEN% DENMAR

Baltic Proper

Schleswig-
Holstein

Mecklenburg- 
Western Pomerania

GERMANY OLAND

Fig. 1. S tudy  s tra ta  for aeria l su rveys in  th e  so u th w este rn  Baltic Sea. N o r th -so u th  tran sec t lines in  S tra ta  E, F a n d  G a re  in d i­
ca ted  b y  solid  g rey  lines. T ransec t lines a re  e q u isp ac ed  at in te rv a ls  of 6 km . 1: L im ham n ridge; 2: D arss ridge; EEZ: Exclusive

Econom ic Zone
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The aircraft used was a high-w ing 2-engine Parte- 
navia 68, equipped with bubble windows, flying at an 
altitude of 183 m (600 feet), w ith a speed of 167 to 
186 km It 1 (90 to 100 knots). Data collection was based 
on the 'VOR' software designed by Lex Hiby and Phil 
Lovell and described in Ham m ond et al. (1995). Every 
2 s the aircraft's position and time (to the nearest sec­
ond) w ere recorded automatically onto a laptop com ­
puter connected to a GPS. Sighting information and 
details on environm ental conditions w ere en tered  by a 
third person, the data recorder. Sea state (according to 
the Beaufort scale), glare, cloud cover (parts of 8), tu r­
bidity (judged visually on a scale of 0 [clear w ater with 
several m eters of visibility] to 2 [very turbid w ater with 
no visibility under the surface]) and subjective sighting 
conditions ('good', 'm oderate', or 'poor') w ere entered 
at the beginning of each transect and w henever any 
environm ental condition changed. Sighting data w ere 
acquired by 2 observers located at the bubble windows 
left and right of the aircraft. Sighting data included 
declination angle m easured from the aircraft abeam  to 
the porpoise group, group size, presence of calves, 
behaviour, swimming direction, cue and reaction to 
the survey plane. The perpendicular distances from 
the transect to the group w ere later calculated from 
aircraft altitude and declination angle.

The aircraft surveyed using the 'racetrack' method, 
which involves some doubling-back to re-survey p re ­
viously flown transect segm ents for the estim ation of 
effective strip w idth (ESW; Burnham et al. 1980). The 
synchronous recording of GPS data, abeam  times and 
declination angles allows the positions of pods sighted 
on the first and second sweeps of the plane ('over­
flights') to be calculated. W hen deciding which of the 
pods seen on the first and second overflights w ere 
duplicates, the likelihood of the observed positions 
can be maximised with respect to (1) the param eters of 
models for the distribution of intervals betw een suc­
cessive pods; (2) the succession of a pod's near-surface 
and diving phases; (3) its horizontal displacem ent 
betw een the times it comes abeam  of the first and sec­
ond overflights; and (4) the probability of it being 
detected  as a function of its perpendicular distance 
from the aircraft. However, as it is impossible to d e te r­
mine w hich pod sightings on the first and second over­
flights are duplicates, it is necessary to sum the likeli­
hood over all possible pairings. Some of the sighting 
times from the 2 overflights are too far apart to be 
duplicates. The rem aining sightings form groups 
within which pairs of sightings from the first and sec­
ond overflights may or may not be of the same pod. A 
recursive code was used to generate all possible pa ir­
ings of sightings w ithin each group (including the spe­
cial case of no duplicates at all). These arrangem ents 
form an exhaustive set of mutually exclusive events so

that the probability for the observed sighting positions 
equals the sum of the probabilities for each possible 
arrangem ent. In this way we calculated the likelihood 
for the data on each section of the survey conducted 
under consistent conditions; the log likelihood for the 
entire survey was obtained as the sum of the log likeli­
hood for each section. Further details of the racetrack 
m ethod and the analyses are described in Hiby & 
Lovell (1998) and Hiby (1999).

Synchronous recording of GPS data and sighting 
conditions allows the sighting locations to be assigned 
to sections of effort com pleted under consistent condi­
tions (good and moderate) and, hence, allows the esti­
m ates of ESW appropriate to those conditions to be 
applied to those sections. The large num ber of free 
param eters involved in estim ating ESW m eant that it 
was not possible to derive estim ates for >2 levels of 
sighting conditions. Subjective assessm ent of 'good' 
and 'm oderate' conditions, assessed separately to the 
left and right of the transect, w as chosen to define the 
sections com pleted under consistent conditions.

Data analysis. Only transects flown in 'good' or 'm od­
erate' conditions w ere considered in the analysis. Detec­
tion curves and estim ates of ESW w ere found to be sim­
ilar under similar conditions in different years, so aerial 
survey data from 2002 to 2006 w ere pooled to provide an 
estim ate of ESW for good and for m oderate conditions.

Investigation of possible school size-bias indicated 
that no such bias was present. The m ean school size 
was therefore estim ated using the m ean of the 
observed school sizes separately w ithin each stratum.

Animal abundance in stratum  vw as estim ated using 
a Horvitz-Thompson-like estim ator as:

n„N v  = ^ L ¡ ^ L  + ^ J L \ s v

hg
( i )

w here A v is the area of the stratum, Lv is the length of 
transect line covered on-effort in good or m oderate 
conditions, n gsv is the num ber of sightings that 
occurred in good conditions in the stratum, nmsv is the 
num ber of sightings that occurred in m oderate condi­
tions in the stratum, |ig is the estim ated total effective 
strip w idth in good conditions, pm is the estim ated total 
effective strip w idth in m oderate conditions and sv is 
the m ean observed school size in the stratum.

Group abundance by stratum  was estim ated by 
1VF(group) = N v/ s v. Total animal and group abundances 
w ere estim ated by

Ñ  = ]T N v and jV(groupl = ]TlV,v ( g r o u p ) ' (2 )

respectively. Densities w ere estim ated by dividing the 
abundance estim ates by the area of the associated stra­
tum. M ean group size across strata was estim ated by 
¿[s] = JV/jV(group).



218 E n d aiig  S pecies Res 5 :215-223 , 2008

Coefficients of variation (CV) and 95% confidence 
intervals (Cl) w ere estim ated by a non-param etric 
bootstrap test (999 replicates) w ithin strata, using tran ­
sects as the sam pling units. The variance due to esti­
mation of ESW was incorporated using a param etric 
bootstrap procedure that assumes the ESW estim ates 
in good and m oderate conditions to be normally d is­
tributed random  variables. For each bootstrap pseudo­
sample of transect lines, a bivariate lognormal random  
variable was generated  from a distribution w ith a 
m ean and a variance-covariance matrix equal to those 
estim ated by L. Hiby (pers. comm.), i.e.

(1 = (0.153, 0.054) andZ  =
0.4522 0.0007215
0.000721 0.01622 J (3 )

This was used as the ESW for the pseudo-sam ple. The 
95% CIs w ere calculated using the percentile method.

RESULTS

In the study period from 2002 to 2006, 43 surveys 
w ere conducted: 12 in Stratum E, 18 in Stratum  F and 
13 in Stratum G. Com bined survey effort for all strata 
was 32 448 km; the total num ber of sightings was 363 
and the total num ber of animals was 516. An overview 
of all sightings in the study area is given in Fig. 2.

The selected detection function, using Akaike's 
information criterion (AIC), was a hazard  rate model 
w ith sea state, turbidity, subjective sighting condition 
and observer as covariates providing the best fit. Using 
this functional form, L. Hiby (pers. comm.) estim ated 
total ESW (x 2, including g(0)) to be 0.153 km (SD = 
0.0452) under good conditions and 0.054 km (SD = 
0.0162) under m oderate conditions, w ith estim ated 
covariance of 0.000721. The g(0) values w ere thus 
0.37 for good sighting conditions and 0.14 for m oderate 
sighting conditions. The resulting half-strip w idths 
(excluding g(0)), thus, are 0.207 km in good and 
0.193 km in m oderate sighting conditions.

Density (animals k n r 2), CIs and CVs w ere calcu­
lated for each survey and are listed in Table 1. The 
survey in July 2002 showed densities of >1 porpoise 
k n r 2 in Stratum  G, caused by a fairly high num ber of 
aggregated  sightings w ithin a small area on the Oder 
Bank in the Pom eranian Bight. Such an occurrence of 
porpoises could not be confirmed after 2002, although 
coverage of the stratum  was high. W hen excluding 
this unusual outlier, Stratum G showed the lowest 
sighting rates, as well as estim ated densities of 
<0.06 porpoises k n r 2.

A survey of the entire Baltic Sea study area  was 
considered to be complete, w hen (1) all 3 strata w ere 
surveyed w ithin a period of 25 consecutive days and
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Fig. 2. O verv iew  of all track lin es co vered  a n d  h a rb o u r p o rpo ise  P hocoena ph o co en a  s igh tings m ad e  in  th e  s tu d y  area . T he a rea  
b e tw e e n  th e  d a sh e d  a n d  solid  lines in d ica tes  th e  exclusive econom ic zone  (EEZ) of G erm an y
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T able  1. Survey dates, su rv ey  effort a n d  n u m b er of h a rb o u r porpo ise  s igh tings a n d  anim als. M ean  g ro u p  size a n d  estim a ted  
density  a re  g iv en  for e ach  survey. CV: coefficient of variation; Cl: confidence  in te rv al

S urvey  da te  
(dd-m m -yy)

Effort
(km)

No. of 
sigh tings

No. of 
ind.

M ean  group  
size

D ensity  (ind. km  2) 
(95 % Cl lo w -h ig h )

CV

W estern Baltic (Kiel Bight): Stratum E
28-08-02 387 5 9 1.80 0.152 (0.00-0.42) 0.65
22-03-03 732 1 1 1.00 0.009 (0.00-0.40) 1.12
28-06-03 503 21 26 1.24 0.367 (0.17-0.80) 0.39
18-07-04 474 4 5 1.25 0.132 (0.02-0.35) 0.61
04-09-04 611 13 15 1.15 0.206 (0.09-0.47) 0.40
20-03-05 727 3 5 1.67 0.100 (0.00-0.37) 0.98
22-05-05 794 48 61 1.27 0.636 (0.30-1.35) 0.37
19-06-05 787 35 42 1.20 0.422 (0.18-0.96) 0.43
03-09-05 647 8 15 1.88 0.256 (0.08-0.59) 0.48
16-04-06 702 16 24 1.50 0.249 (0.06-0.60) 0.53
13-05-06 757 3 3 1.00 0.026 (0.00-0.07) 0.59
10-06/11-06-06 701 11 12 1.09 0.186 (0.07-0.43) 0.45
Total 7822 168 218

W estern Baltic (M ecklenburg Bight): Stratum F
15-08-02 659 7 9 1.29 0.113 (0.00-0.38) 0.81
05-09-02 559 2 3 1.50 0.035 (0.00-0.10) 0.72
30-10-02 316 3 3 1.00 0.138 (0.01-0.38) 0.64
10-12-02 553 2 3 1.50 0.100 (0.00-0.30) 0.73
20-03-03 571 2 5 2.50 0.057 (0.00-0.21) 1.05
17-06/18-06-03 735 0 0 - 0 (- ) -

01-08-03 432 7 11 1.57 0.254 (0.05-0.69) 0.59
16-07/18-07-04 675 12 16 1.33 0.178 (0.07-0.41) 0.41
02-09-04 935 16 28 1.75 0.218 (0.09-0.48) 0.42
16-01/03-02-05 643 0 0 - 0 (- ) -

13-04-05 548 1 1 1.00 0.034 (0.00-0.12) 0.99
13-05-05 1043 24 31 1.29 0.224 (0.08-0.52) 0.45
03-06-05 862 14 16 1.14 0.121 (0.02-0.38) 0.68
06-09-05 578 12 14 1.17 0.207 (0.02-0.49) 0.54
15-01/16-01-06 607 0 0 - 0 (- ) -

19-04/24-04-06 929 6 7 1.17 0.064 (0.01-0.18) 0.64
10-05-06/15-05-06 1123 24 33 1.38 0.236 (0.09-0.55) 0.45
11-06/12-06-06 681 26 28 1.08 0.345 (0.15-0.80) 0.45
Total 12 449 158 208

Baltic Proper (Pom eranian Bight): Stratum G
12-07-02 726 32 84 2.63 1.016 (0.06-3.19) 0.73
05-11-02 465 0 0 - 0 (- ) -

11-12-02 493 0 0 - 0 (- ) -

21-03/28-03-03 1143 0 0 - 0 (- ) -

07-06/17-06-03 683 0 0 - 0(-) -

16-07/17-07-04 831 1 1 1.00 0.008 (0.00-0.03) 1.06
03-09-04 1147 0 0 - 0 (- ) -

14-04-05 647 2 3 1.5 0.058 (0.00-0.20) 0.84
11-05/12-05-05 1562 0 0 - 0 (- ) -

09-06-05 1595 1 1 1.00 0.004 (0.00-0.02) 1.07
05-09/07-09-05 1112 1 1 1.00 0.006 (0.00-0.02) 1.13
24-04/25-04-06 861 0 0 - 0 (- ) -

10-05/11-05-06 912 0 0 - 0 (- ) -
Total 12177 37 90

(2) representative coverage of the transect lines in 
good or m oderate conditions w as achieved.

Ten surveys met these criteria, and we w ere able to es­
tim ate abundance for M arch 2003, M arch/April 2005, 
April 2006, May (2005 and 2006), June  (2003 and 2005),

July 2004 and Septem ber (2004 and 2005). The resulting 
abundance estim ates are listed in Table 2. In M arch 
2003, the abundance estim ate was lowest w ith 457 ind. 
For all other studies, the abundance estim ates for the 
overall study area varied betw een  1635 and 4610 ind.
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T able  2. O verall ab u n d an c e  estim ates for th e  surveys in  th e  en tire  s tu d y  a re a  (S trata E, F a n d  G) of th e  Baltic Sea  (95%  confi­
den ce  in te rvals [Cl] a n d  coefficients of va ria tio n  [CV] b o th  b a se d  on b o o tstrap  estim ates). Survey len g th  in d ica tes  th e  tim e p e rio d  
(in days) in  w h ich  th e  su rv ey  w as com pleted . C alcu la tion  of b y ca tch  ra te s  p e r  su rv ey  w as b a se d  on a n  e stim a ted  b y ca tch  of 82

(Rubsch & Kock 2004). n.a.: no t app licab le

Survey Survey  len g th  
(d)

Effort
(km)

A b u n d an ce CV Cl low Cl h ig h P ercen t b y ca tch  
(% by  catch  ra te  for Cl)

M ar 2003 8 2446 457 0.97 0 1632 17.94 
(n.a. -  5.02)

Ju n  2003 21 1921 1726 0.39 778 3750 4.75
(1 0 .5 4 -2 .1 9 )

Ju l 2004 2 1980 2001 0.39 916 4318 4.10 
(8.95 -  1.90)

Sep 2004 2 2693 2547 0.36 1312 5461 3.22 
(6.25 -  1.50)

M a r-A p r 2005 25 1922 1352 0.61 230 3840 6.07
(3 5 .6 5 -2 .1 4 )

M ay 2005 11 3400 4610 0.35 2259 9098 1.78
(3 .6 3 -0 .9 0 )

Ju n  2005 16 3244 2905 0.41 1308 6384 2.82 
(6.27 -  1.28)

Sep 2005 4 2337 2763 0.41 1193 5902 2.97 
(6.87 -  1.39)

A pr 2006 8 2492 1635 0.45 607 3560 5.02
(1 3 .5 1 -2 .3 0 )

M ay 2006 5 2792 1833 0.44 752 4225 4.47
(1 0 .9 0 -1 .9 4 )

DISCUSSION 

Density and abundance

Few abundance estim ates for the study area are 
available. In July 1994 the Small C etacean abundance 
in the european Atlantic and North Sea and adjacent 
w aters (SCANS) project estim ated the abundance of 
porpoises Phocoena phocoena  in the North Sea and 
adjacent w aters (Hammond et al. 2002). The abun­
dance estimation for Stratum X (Kiel Bight, a major 
part of Stratum E in the present study) was 588 ind. 
(CV = 0.48), which corresponds to a density of 
0.101 ind. k n r 2 (Hammond et al. 2002) and is similar to 
the density in the July 2004 survey of Stratum  E 
(Kiel Bight), w hich was estim ated at 0.13 ind. k n r 2 
(95% Cl = 0.02 to 0.38).

Densities for Stratum G (east of the Darss ridge) w ere 
very low, ranging from 0 to 0.008 ind. k n r 2 during all 
but 2 surveys (July 2002 and April 2005). In fact, in 8 of 
the 13 surveys of Stratum  G no sightings w ere 
recorded despite considerable survey effort (Table le). 
An aerial survey in July 1995 estim ated an abundance 
of 599 ind. (CV = 0.57) for an area around the island of 
Bornholm (L. Hiby & P. Lovell pers.comm.), which cor­
responds to a density of approxim ately 0.009 ind. k n r 2.

During our July 2002 survey an unusually high num ­
ber of porpoises w ere seen east of the island of Rugen in 
Stratum G. The m ean group size of 2.63 was the highest

ever recorded during our surveys. The estim ated density 
of 1.04 for Stratum G is associated with a very large con­
fidence interval (95 % Cl = 0.07 to 3.42) due to the patchy 
occurrence of the sightings, w hich caused a high varia­
tion in sighting rates betw een transects (Table 1).

Stranded porpoises are collected routinely along the 
G erm an coastline (Siebert et al. 2006). It is interesting 
to note that from 2003 to 2006, no porpoises w ere 
reported  from the area east of Rugen (H. Benke pers. 
comm.). However, in 2002, a total of 5 porpoises w ere 
found stranded or directly reported  as bycatch by fish­
erm en (H. Benke unpubl. data). This unusually high 
mortality in the G erm an part of the Baltic Proper might 
be linked to the short-term  local increase in the abun­
dance of porpoises. The reasons for such relocation are 
unclear, but could be related  to a change in food avail­
ability.

Apart from this unusual event in July 2002, the d en ­
sity of porpoises declined from w est to east during all 
other study months and years, w ith the highest densi­
ties in Strata E and F and the lowest densities in Stra­
tum G. These findings are consistent w ith the results of 
the SCANS survey in 1994 (Hammond et al. 2002). A 
decrease in frequency of strandings and incidental 
sightings (Siebert et al. 2006) and in relative occur­
rence (Scheidat et al. 2004) along the G erm an coast 
from Schleswig-Holstein to M ecklenburg-W estern 
Pomerania in the east has also been reported. Addi­
tionally, the frequency of porpoise click detections
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on stationary hydrophones (T-PODs) was shown to 
decrease from west to east (Verfuß et al. 2007).

During 10 surveys, all 3 strata w ere covered within 
25 consecutive days, allowing the estimation of overall 
abundance. In M arch 2003, only a few sightings w ere 
m ade and the resulting low abundance estim ate was 
associated with a large CV. For the rem aining surveys 
in spring, abundances w ere low, w ith 1352 (M arch/ 
April 2005) and 1635 (April 2006) ind. All rem aining 
estim ates from May to Septem ber ranged betw een 
1726 and 2905 ind. and had  largely overlapping confi­
dence intervals. We found no obvious seasonal p a t­
terns in our data, but we did not sample from October 
to February. Verfuß et al. (2007) showed seasonality 
in porpoise click activity in the G erm an Baltic Sea, 
with the highest click activity recorded in spring and 
summer months.

Estimating bycatch rates

Rubsch & Kock (2004) provide the only available 
estim ate of porpoise bycatch along the G erm an Baltic 
coast. They included data from stranded bycaught an i­
mals and bycatch reported  directly by fishermen, as 
well as data from interviews with the local fishing com ­
munity from the years 1996 to 2002. Their conclusion 
was that an estim ated m ean of 57 animals are caught 
in the G erm an w estern Baltic (corresponding to Strata 
E and F) and 25 ind. are caught in the Germ an Baltic 
Proper (corresponding to Stratum G) per year. Thus, 
w hen applying the total annual bycatch of 82 ind. to 
our abundance estim ates for porpoises in the G erm an 
Baltic Sea, bycatch rates can be calculated for each of 
the overall surveys (Table 2).

The results indicate that the lowest annual bycatch 
rate is 1.78%. All bycatch rates calculated in this way 
exceed the recom m endations for maximum sustain­
able bycatch of 1 % in harbour porpoises given by the 
Bergen Declaration (ASCOBANS 2002) and by the 
International W haling Commission (IWC 2000). It also 
exceeds the recom m endation given in the Agreem ent 
on the Conservation of Small C etaceans of the Baltic 
and North Seas (ASCOBANS) that annual porpoise 
bycatch in the fishery should not be higher than 1.7 % 
of the respective population (ASCOBANS 2000). W hen 
using the lower confidence limit of the abundance esti­
mates, as a precautionary principle would require, all 
bycatch rates are >3.6% . A further point to note is that 
our abundance estim ates included Danish waters, 
w hereas the bycatch estim ate by Rubsch & Kock (2004) 
did not include porpoises recorded on the Danish coast 
as bycatch. Therefore, these bycatch rates are likely 
minimum estimates. It is apparent that the aim to 
reduce bycatch rates to levels that would not risk a fur­

ther decline or to allow the recovery of porpoise is not 
reached along the G erm an coast.

Bycatch rates depend  on m any different factors, such 
as the fishing effort and method, the local abundance 
of porpoises, as well as their local distribution in re la ­
tion to fishing activities. Thus, it is certain that bycatch 
will vary betw een seasons, as well as betw een  years. 
The present estim ates of bycatch for the w estern  Baltic 
have no m easure of precision. In the future, detailed 
studies on seasonal and regional differences in bycatch 
are needed, w hich could then be related to abundance 
estim ates on the same spatial and tem poral scales. 
Independent observer schemes are considered the 
only way to obtain reliable quantitative bycatch esti­
m ates (Northridge 1996, CEC 2002); recom m endations 
for the design of monitoring schemes and for the best 
practises are given by N orthridge (1996). However, the 
application of these recom m endations will be difficult, 
due to the large num ber of small fishing operations in 
the Baltic Sea area, as there is little or no space on the 
vessels for observers.

As described in the 'Introduction', there is sufficient 
evidence to suggest that at least 2 different popula­
tions of porpoises occur in Baltic waters. The tentative 
dem arcation line betw een these 2 populations lies in 
G erm an waters. Our data show that, in most cases, the 
density of porpoises east of the Darss ridge is 
extrem ely low. A short-term  migration of porpoises 
into this area (as probably seen in July 2002) can be 
considered an unusual event. In areas of very low d en ­
sities, any visual survey will struggle to get reliable 
results; therefore, alternative monitoring methods, 
such as the use of passive acoustics, need to be further 
developed and standardised.

Berggren et al. (2002) have shown that porpoises 
from the sub-population east of the Darss and Linham 
ridges ('Baltic Proper') are bycaught at an unsustain­
able rate. Our results indicate that the fairly abundant 
animals of the w estern Baltic in the Kiel and M ecklen­
burg Bights face similar threats. Even though porpoise 
density is still fairly high com pared to the Baltic Proper 
population, the estim ated percentage of bycatch is 
cause for concern. It is also conceivable that the por­
poise population in the w estern  Baltic may depend  on 
immigrants from other areas to m aintain itself. If such a 
'sink population' exists, the estim ated bycatch rates 
might not be accurate until total abundance and 
bycatch for each particular population area have been 
estimated.

The effort of the aerial surveys betw een 2002 and 
2006 was very high, resulting in reliable abundance 
estim ates for the local populations of porpoises in the 
southw estern Baltic Sea. However, to estim ate bycatch 
rates, it is very im portant to have access to equally reli­
able and precise bycatch num bers. None of the smaller
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vessels operating in the G erm an Baltic Sea are covered 
by observer program s that are now im plem ented 
throughout the European Union (ICES 2007), and thus 
it is doubtful that the data collected w ithin the EU 
observer program  will be sufficient to estim ate bycatch 
of porpoises in Baltic waters. The ASCOBANS recov­
ery plan for harbour porpoises in the Baltic Sea (Jastar- 
nia Plan) provides guidelines for the reduction of 
bycatch and proposes more research on porpoise pop­
ulation structure in the Baltic (ASCOBANS 2002). 
Potentially, these results could allow us to interpret 
the occurring bycatch on different tem poral and spa­
tial scales. This, in turn, would enable us to suggest 
the best m easurem ent policies for mitigation and 
to increase the chances for survival of the harbour 
porpoise in all Baltic waters.
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