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Tyske myndigheder forbereder fremsættelse af forslag til ændringer af fiskerilovgivningen for det kystnære fiskeri i de tyske dele af såvel Østersøen
som Tyskebugt. NaturErhvervsstyrelsen har fremsendt et udkast til disse
lovændringer i uddrag og på tysk til DCA, ledsaget af tre detailkort over berørte områder.
NaturErhvervsstyrelsen har bedt DCA, på grundlag af det fremsendte, om
en faglig vurdering af de foreslåede fiskerirestriktioner og det faglige grundlag for det fremsatte forslag til lovændring. DCA har efterfølgende overdraget opgaven til DCE.
I nærværende besvarelse fra DCE vurderes det faglige grundlag for de fremsatte forslag til ændringer i anvendelse af nedgarn i NATURA 2000 områder
i Østersøen og Tyskebugt i relation til havfugle- og marsvineforekomster i
områderne. De konkrete oplysninger herom er kun meget overordnet beskrevet i det materiale NaturErhvervsstyrelsen har fremsendt, og vurderingerne må derfor i vidt omfang baseres på skøn og andre kilder. Ændringerne af fiskerilovgivningen omhandler fire områder i den tyske Østersø og et
område i Nordsøen. I Østersøområderne foreslås årstidsspecifikke begrænsninger eller forbud og i Nordsøen et helårlige forbud mod fangst med nedgarn. Det helårlige forbud formodes at være hovedsageligt rettet mod marsvin med forekomst over hele året, da området er udpeget som ”walschutzgebiet”, mens områder med tidsbegrænset forbud skønnes at knytte sig til
områder, hvor havfugle kun optræder i dele af året fx under fældning eller
overvintring.

Havfugle
Der foreligger betydeligt kendskab til fordelinger af vandfugle i tyske farvande, både i Østersøen og i Nordsøen (Mendel et al. 2008). Det fremsatte
forslag til ændringer af fiskerilovgivningen er rettet mod beskyttelse af følgende fuglearter eller artsgrupper: lommer, lappedykkere, ederfugl, sortand,
fløjlsand og havlit. Begge arter af lom, som forekommer almindeligt i området (rødstrubet lom og sortstrubet lom) er omfattet af Fuglebeskyttelsesdirektivets bilag 1. De fire arter af havdykænder, ederfugl, sortand, fløjlsand
og havlit, har bestandsmæssige tilbagegange i Østersøen (Skov et al. 2011),
og arterne er på udpegningsgrundlaget for en række Fuglebeskyttelsesområder omfattet af dette forslag til lovændring.
På grundlag af grundige analyser af fordelingen af disse arter er særligt vigtige områder for disse arter igennem årscyklus blevet kortlagt (Sonntag et al
2012). Samtidig blev intensiteten af nedgarnsfiskeriet i de berørte farvande
beskrevet, inklusive årstidsvariationer. På det grundlag blev der foretaget
geografiske og tidsmæssige sårbarhedsanalyser (se Sonntag et al 2012). Analyserne er foretaget med det specifikke formål at beskrive behovet for administrative tiltag for at reducere omfanget af utilsigtede fangster af disse arter.
Forbud mod nedgarnsfiskeri om vinteren (alle Østersøområder) skønnes at
knytte sig til områder med mange overvintrende vandfugle. Områder med
forbud mod nedgarnsfiskeri om sommeren skønnes at være foreslået med
henblik på beskyttelse af forekomster af fældende vandfugle, specielt ederfugl og sortand. Disse vandfugle fælder alle håndsvingfjer synkront, og er
derfor uflyvedygtige i op til tre uger, typisk over sommerperioden. I fældningssituationen er arterne særligt sårbare overfor menneskelige forstyrrel-
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ser. Arterne forekommer generelt på lavere vanddybder i fældningsperioden, og dykker efter føde igennem hele fældningsforløbet.

DCE’s vurdering for havfugle
Det ornitologiske grundlag for de fremsatte forslag til ændringer af fiskerilovgivningen (Mendel et al. 2008, Sonntag et al. 2012) ser meget gennemarbejdet ud, og det vurderes at det faglige grundlag for forslaget er til stede.

Marsvin
I den medsendte begrundelse for lovændringen gives en fortrinsvis grundig
gennemgang af gældende lovgivning til beskyttelse af marsvin, som Tyskland er forpligtiget til at følge. Specielt vigtig i denne sammenhæng er Habitatdirektivet og ”Regulation (EC) 812/2004” om bifangst af hvaler. Bifangst i
nedgarn angives som en væsentlig trussel for gunstig bevaringsstatus for
marsvin i tyske farvande, fordi studier udført af Institute for Terrestrial and
Aquatic Wildlife Research, University of Veterinary Medicine Hannover, der
udfører den tyske N2000 overvågning af marsvin, indikerer at den nuværende bifangst overskrider de af ASCOBANS anbefalede 1 %. Det nævnes at
brugen af akustiske alarmer, de såkaldte pinger, ikke er et alternativ til forbud mod nedgarn, da de kan påvirke marsvinefordelingen negativt (ved at
skræmme dem ud af vigtige områder), ikke afhjælper bifangst af fugle og
derudover bidrager til støjforurening i havet. Forbuddet mod nedgarn i de
nævnte områder er derfor angivet som eneste løsning i begrundelsen.
Det nævnes, at undtaget fra forbuddet i lovændringen (§ 22) er nedgarn med
brug af en ny type akustisk pinger afprøvet i videnskabelige tests, PAL
(Porpoise ALarm), der udsender marsvinelignede lyde
Det konkrete område i Nordsøen med forbud mod nedgarn er del af N2000
området ”NTP S-H Wattenmeer und angrenzende Küstengebiete”. Området
er udpeget som ”walschutzgebiet” pga. høj tæthed af marsvin. For Østersøen, hvor områderne ellers hovedsageligt er rettet mod overvintrende og fældende fugle, nævnes det at synergieffekten for marsvin ved at indføre periodevise forbud for nedgarn, også er indgået i valget.

DCE’s vurdering for marsvin
Marsvin er udbredt i alle tyske farvande omend tætheden af dyr bliver lavere desto længere mod øst man befinder sig. I den tyske Nordsø er udført flere studier, der alle viser at marsvin forekommer i relativt høje tætheder i det
”walschutzgebiet” som lovændringen omfatter, men også at tætheden af
marsvin er langt højere i N2000 området ”Sylt Outer Reef” umiddelbart vest
for (Siebert et al. 2006, Gilles et al. 2011). Dette kunne indikere at et forbud
vil være mere effektivt længere vest på. Der er dog på Sylt fundet over dobbelt så mange strandede marsvin (hvilket evt. kan skyldes bifangst) som ved
hele resten af Schleswig-Holsteins vestkyst (1990-2001) og næsten halvdelen
af disse strandinger var kalve (Siebert 2006). Dette indikerer at farvandet ud
for Sylt er et vigtigt yngleområde og ydermere et område med mulig høj bifangstrate, hvilket understøtter valget af ”walschutzgebiet” som indsatsområde for bifangst.
I Østersøen, kan forekomme marsvin i alle de fire udvalgte områder. Dog
indikerer flere studier, at det er områderne nær Femern Bælt og Flensborg
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Fjord, der har højest tæthed (Verfuss et al. 2007, Scheidat et al. 2008, Sveegaard et al. 2011). Bifangstraten for marsvin i Østersøen er som i Nordsøen
ukendt, men kan ikke udelukkes at udgøre en trussel. Garnforbuddet gælder ikke hele året og er således ikke gældende i marsvins yngle- og parringsperiode (juni-august). Der er imidlertid ingen studier, der indikerer, at
marsvin er mere sårbare for at blive bifanget i denne periode, selvom det
muligvis er mere sårbart overfor forstyrrelser. DCE vurderer derfor at det er
en realistisk formodning at en positiv synergieffekt for marsvin kan forekomme ved periodevise forbud mod nedgarn rettet mod havfugle.
Alt i alt vurderes det, at grundlaget for forslag om ændring af fiskerilovgivningen i tysk Østersø og Nordsø, er fagligt velbegrundet i relation til beskyttelse af marsvin. Dog må områdernes relativt små arealer formodes at begrænse den overordnede betydning for marsvinebestandens bevaringsstatus
i tyske farvande. En reel kvantitativ vurdering af lovforslaget på marsvinebestanden forudsætter et kendskab til fiskeriindsats, garntyper (fx maskestørrelse) samt bifangstrate i områderne for at kunne udføres.
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We addressed the issue of bird bycatch in set-nets in the southern Baltic Sea by (i) assessing the vulnerability of diving birds to drowning by developing a vulnerability index based on weighted bird abundance, (ii) providing information on set-net ﬁshing activities, and
(iii) using a spatial overlap approach to indicate the potential conﬂicts between diving birds and ﬁshing activities. Birds and ﬁsheries
concentrated in the same areas. Vulnerability and potential conﬂict were highest during winter and spring in coastal waters and
around shallow offshore grounds. Local bycatch studies validated the usefulness of our approach, which can provide a valuable
tool for conservation purposes. Although the conﬂict analysis outlined the current extent of overlap between birds and ﬁsheries,
the vulnerability index indicated important areas and periods in terms of diving bird abundance, irrespective of ﬁsheries, and
enabled the development of appropriate conservation and management options. A suite of measures including temporal or spatial
restrictions can be derived, despite a scarcity of real data for bycatch rates. This approach is particularly useful for assessing
impacts that are difﬁcult to monitor and where mortality cannot be properly addressed, as in artisanal gillnet ﬁsheries. It is also generally applicable to any marine area or species worldwide.
Keywords: Baltic Sea, birds, bycatch, conservation, management, potential conﬂict, set-net ﬁsheries, spatial overlap, vulnerability analysis.

Introduction
Since the 1970s, increasing attention has been paid to the subject
of bird mortality in gillnets worldwide, and the high reported mortalities and their possible impact on the population level have
made bird bycatch an important issue in terms of species protection and nature conservation (e.g. ICES, 2008; Soykan et al., 2008;
Pedersen et al., 2009a). In Baltic Sea fisheries, the use of anchored
gillnets (set-nets) has increased substantially during the last two
decades. They are mainly operated in the coastal areas to target
Atlantic cod (Gadus morhua), Atlantic herring (Clupea harengus),
pike-perch (Sander lucioperca), flatfish, and salmonids, as well as
various freshwater or migratory species (ICES, 2007; Pedersen
et al., 2009b). Meanwhile, bird bycatch in set-nets has been documented from all countries bordering the Baltic Sea. The risk of
entanglement is particularly high for diving species, whereas
surface-feeding birds, which forage only at or a few centimetres

below the water surface, are less affected. A recently published
review of seabird mortality in gillnets summed up the results of
national and local studies to produce a conservative estimate of
at least 73 000 birds dying annually in gillnets in the Baltic Sea, a
figure which is, however, assumed to be an underestimate
(Žydelis et al., 2009).
In the southern Baltic Sea, diving piscivorous and molluscivorous bird species are particularly abundant. About 773 000 sea
ducks, 10 250 grebes, 5600 divers, and 5800 auks winter in the
German part of the Baltic Sea alone, whereas the area is used as
a moulting site during summer, for example, by sea ducks and
grebes (Mendel et al., 2008). The southern Baltic Sea is thus one
of the most important areas for birds in the western Palaearctic.
However, decreasing population sizes of many diving bird
species in the Baltic Sea have been reported recently, with some
species showing serious declines by more than 30% (Durinck
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by the countries themselves, although according to the EU
Birds Directive, member states are obliged to identify threats to
the conservation status of birds within EU SPAs and to develop
solutions to eliminate such threats. There is thus a strong need
to assess the impact of drowning in set-nets on bird mortality,
despite the lack of information on real set-net fishing effort
and actual bird bycatch rates for the southern Baltic Sea.
In this study, we map the vulnerability of diving bird species to
drowning in set-nets in the southern Baltic Sea by developing a
vulnerability index based on weighted bird abundance to
account for differences in species’ attributes. Furthermore, we
combine different available datasets on set-net fishing activities
to provide information on their distribution and intensity in
the southern Baltic Sea. In a consecutive step, we use a spatial
overlap approach to indicate the potential conflicts between
diving birds and set-net fishing activities, following the rationale
that overlap is proportional to bycatch mortality. The potential
of the presented approach to derive appropriate conservation
and management options for the SPAs is discussed, to quickly
meet obligations from the EU Birds Directive, given that a
comprehensive quantification of actual bird bycatch in set-nets
is unlikely to be obtained soon.

Methods
Study area and species investigated
The study area was the German part of the Baltic Sea, with a focus
on both territorial waters (0– 12 nautical miles distance from the
coast) and offshore waters of the EEZ (12 –200 nautical miles,
Figure 1). Very shallow nearshore waters up to 5-m depth could
not be included in the study due to the draught of the survey
vessel. Large areas of the coastal and offshore waters have been
designated as SPAs within the EU Natura 2000 network of
protected areas (Figure 1). They comprise 45% of the total
German Baltic Sea area.
Only species that forage by diving, including either pursuit or
bottom diving, were considered. We included only those diving
species occurring regularly at sea (defined here as the area
located at least 1 km off the coast) and with an average total of
at least 100 individuals in the German Baltic Sea.

Figure 1. Study area in the southern Baltic Sea with localities referred to in the text: (1) Kiel Bight, (2) Mecklenburg Bight, (3) Darss-Zingst
peninsula, (4) Island of Rügen, (5) Greifswald Lagoon, (6) Usedom peninsula, (7) Odra Bank, and (8) Adlergrund. The spotted box deﬁnes the
Pomeranian Bight. Dotted areas indicate SPAs in the coastal and offshore zones, designated within the EU Natura 2000 network.
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et al., 1994; Skov et al., 2011). According to Žydelis et al. (2009),
bycatch mortality in gillnets exceeds the level of human impact
that could be considered sustainable in at least two bird species
in the Baltic Sea.
Beside large numbers of diving birds, the southern Baltic
Sea also holds an intensive set-net fishery operating in coastal
and offshore waters. Detailed information on distribution and
effort of these fishing activities, however, is not yet available.
Furthermore, a comprehensive quantification of bycatch mortality
in set-nets in the southern Baltic Sea remains a real challenge.
Fishers are not obliged to report bird bycatch and there are no
adequate monitoring programmes. Though local studies prove
high losses of birds in set-nets, overall figures are unavailable
and almost impossible to obtain. Recent calculations suggest an
annual bycatch of 20 000 birds in the eastern part of the
German Baltic Sea alone (Bellebaum, 2009).
In 2004, Germany reported six Natura 2000 sites in its
Exclusive Economic Zone (EEZ) of the Baltic Sea to the
European Union (EU) commission (BMU, 2004). One of these
areas was designated in May 2005 as Special Protection Area
(SPA) for the protection of seabirds according to the EU Birds
Directive (Council Directive 79/409/EEC; EU, 2009; www.
habitatmare.de). The Federal Agency for Nature Conservation,
which is responsible for the designation and management of
SPAs within the German EEZs, is currently in the process of
formulating management measures to achieve the conservation
objectives within the protected area. In this context, the
International Council for the Exploration of the Sea (ICES) was
asked to initiate the research project EMPAS (Environmentally
Sound Fisheries Management in Marine Protected Areas), with
the major aim of analysing to what extent specific fishing activities represent a significant threat to achieving the conservation
objectives within the German Natura 2000 sites (ICES, 2008;
Pusch and Pedersen, 2010). The bycatch of seabirds in static
fishing gear (especially bottom-set gillnets) in the Baltic Sea
was recognized a major conservation issue (ICES, 2008), and
the highest conflict was identified for the SPA Pomeranian Bay,
which has been designated as one of the areas with the highest
concentrations of diving seabirds in the German EEZ of the
Baltic Sea (Garthe et al., 2012). However, fishery regulations in
European EEZ waters can only be implemented by the EU, not
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Recording of birds at sea

Vulnerability of birds to drowning

The distribution of birds at sea was studied by ship-based transect counts following an internationally standardized method
for northwest European waters (e.g. Tasker et al., 1984;
Camphuysen and Garthe, 2004). All flying and swimming
birds were recorded during successive 1-min time intervals
from the top deck or bridge-wing of the research vessel. The
length of the transect segments ahead of the ship was the distance the ship covered each minute and therefore depended on
ship speed. The observers searched for birds with the naked eye,
but the census area was also regularly scanned with binoculars
to search for individuals diving or flushing in front of the
approaching vessel. Geographic positions were recorded in
1-min time intervals to link all bird observations to their
respective positions at sea.
All bird data used in the present study were taken from the
German Seabirds-at-Sea database version 5.12 (June 2008),
which contains more than 30 000 travelled ship kilometres in the
southern Baltic Sea for the period 2000–2008. For this study, all
birds seen were analysed, correcting for effort by the distance
sailed by the boat. Counts in unfavourable conditions (e.g. sea
state higher than 5 and visibility ,1.1 km) were excluded from
further analyses.

The vulnerability of birds to drowning in set-nets was analysed by
applying a species-specific weighting factor (WF) to bird abundances to account for differences in ecological and life-history
traits of diving birds in relation to set-net fisheries and for population size and conservation status of the species (Garthe and
Hüppop, 2004). The WF was composed of five factors:

To account for intra-annual variability in the occurrence of
birds and fishing effort, bimonthly averages for the entire
period from 2000 to 2008 were chosen as a reasonable seasonal
resolution to provide a spatial coverage for most of the area
covered by the German Baltic sector, compatible with the
vessel monitoring system (VMS) records (Herr et al., 2009).
For the spatial resolution, grid-cell size was defined as 2′
longitude × 3′ latitude (amounting to a total grid size of
ca. 12 km2).

(b) Aggregation behaviour: Bird species that aggregate in large
flocks were assumed to be more vulnerable to set-net mortality
than birds that occur singly or in small groups, as a more individuals is simultaneously at risk on a small or medium scale.
(c) Adult survival rate: Species with high annual adult survival
rates are more affected by additional mortality in set-nets
than species with low adult survival rates. Values for the
annual adult survival rate were taken from the references
listed in Garthe and Hüppop (2004), except for goosander
(Pearce et al., 2005), common goldeneye (Sæther, 1989),
greater scaup (Cramp and Simmons, 1977), black guillemot
(Frederiksen and Petersen, 1999), and long-tailed duck
(Boyd, 1962). As no data exist for red-breasted mergansers,
red-necked grebes, Slavonian grebes, and velvet scoters,
values from closely related species had to be taken.
(d) Biogeographic population size: Species with lower biogeographic population size were assumed to be more vulnerable
to set-net mortality than birds with higher population sizes.
Biogeographic population sizes of auks were taken from
Bellebaum et al. (2006), those of all other species from
Wetlands International (2006; Table 1).

Table 1. Estimates of mean mid-winter numbers of diving seabirds and waterbirds in the German Baltic Sea, taken from Mendel et al.
(2008).
Species
Common eider (Somateria mollissima)
Greater scaup (Aythya marila)
Common scoter (Melanitta nigra)
Goosander (Mergus merganser)
Long-tailed duck (Clangula hyemalis)
Razorbill (Alca torda)
Red-breasted merganser (Mergus serrator)
Slavonian grebe (Podiceps auritus)
Velvet scoter (Melanitta fusca)
Common goldeneye (Bucephala clangula)
Common guillemot (Uria aalge)
Great cormorant (Phalacrocorax carbo)
Great crested grebe (Podiceps cristatus)
Red-necked grebe (Podiceps grisegena)
Red-throated diver (Gavia stellata)
Black guillemot (Cepphus grylle)
Black-throated diver (Gavia arctica)

Number in German
Baltic Sea
190 000
66 000
230 000
22 500
315 000
3 600
10 500
1 000
38 000
38 500
1 500
10 500
8 500
750
3200
700
2 400

Size of biogeographic
population
760 000
310 000
1 600 000
266 000
4 600 000
55 000
170 000
14 200 –26 000
1 000 000
1 000 000 – 1 300 000
50 000
380 000 –405 000
290 000 –420 000
42 000 –60 000
150 000 –450 000
75 000
250 000 –500 000

Proportion of biogeographic
population (%)
25
21.3
14.4
8.5
6.8
6.5
6.2
5
3.8
3.4
3
2.7
2.4
1.5
1.1
0.9
0.6

WF
8
11
8
11
4
11
11
9
8
5
10
11
8
7
10
14
10

Numbers for common goldeneye and goosander are taken from Garthe et al. (2003). Only species regularly occurring at least 1 km off the coast and with an
average total of at least 100 individuals were considered. Biogeographic population sizes were taken from Wetlands International (2006), those of auks from
Bellebaum et al. (2006). For calculation of the weighting factor (WF), see methods.
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Determining the resolution of the analysis

(a) Diving behaviour: This factor considered diving properties
of the different species with regard to the potential risk of
entanglement in set-nets. Birds that forage by (horizontal)
pursuit diving were assumed to be more vulnerable to
set-net mortality than (vertical) bottom diving species.
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(e) European conservation status (Species of European
Conservation Concern, SPEC): This factor reflected the classification of bird species by BirdLife International (2004),
according to their proportion of the global population concentrated in Europe and their European conservation status.
Each species was scored and the five factors were organized into
the two groups “behaviour” (factors a and b) and “status” (factors
c –e). For each group, an average score was calculated and subsequently multiplied by each other to produce the weighting factor
WF for each species i, according to the development of a wind
farm sensitivity index by Garthe and Hüppop (2004):
WFi =

ai + bi ci + di + ei
×
.
2
3

Vc,s =



Nc,i,s × WFi .

i

Vulnerability was classified on a 5-point scale according to the
quartiles of its distribution: none, 0; low, .0 –14.81; moderate,
.14.81 –65.19; high, .65.19 –274.95; and very high: .274.95.

Set-net ﬁshing activities
In the Baltic Sea, set-nets are mainly applied in the herring and cod
fisheries, with mesh sizes of 50– 60 and .110 mm, respectively.
Three different fleets undertake set-net fishing in German waters
of the Baltic Sea (Table 2), each featuring different levels of information: vessels smaller than 7.5 m only provide sales slips, vessels
between 7.5 and 15 m length must present logbooks, and vessels of
and above 15 m must have logbooks and automatic vessel monitoring data [VMS; regulations (EEC) 2847/93; (EC) 2244/2003
and last modified in (EC) 1224/2009]. Whereas information on
fishing gear, mesh size, date of fishing, and place are mandatory
in logbooks, only landed species by gear type (i.e. set-net) are
being reported in sales slips. In any case, information on soaking
time and size of the gear is only optional. We assume that the category ,15 m comprises German vessels only, whereas an international fleet is present for vessels .15 m operating VMS.
Set-nets are marked by flags, and for boats ,15 m, fishing effort
Table 2. German gillnet ﬂeet structure in 2008.
Number of German vessels
Area
Baltic-MVP
Baltic-SH
North Sea

<7.5 m
length
591
463
30

7.5 –15 m
length
271
103
20

>15 m
length (VMS)
–
6
1

MVP, Mecklenburg– Vorpommern (eastern section of the study area);
SH, Schleswig–Holstein (western section of the study area).

Recording of set-net ﬂags during seabird surveys
During the ship-based seabird counts described above, the occurrence of set-nets was recorded as the number of flags per 1-min
time interval. The flags were recorded systematically along the
survey line on both sides of the vessel as far distant as visible
with the naked eye. For the present study, data from the German
Seabirds-at-Sea database were analysed, containing information
on set-net flag distribution in the southern Baltic Sea area for
the years 2000–2008. Data for the eastern part of the study area
from an ecological impact assessment study 2006– 2008 were
also included. However, the set-net flags in that study were only
recorded on one side of the survey vessel, and we therefore multiplied their abundance by 2 to correct for the unequal counting
methods between the two datasets. The total abundance
(number of flags per distance travelled) was calculated based on
the combined datasets. Set-net flag data collected in unfavourable
counting conditions (i.e. sea state higher than 5 and visibility
,1.1 km) were excluded from the analysis. Annual counting
effort varied substantially between months and years, ranging
from 40 km travelled in May–June 2000 to 1961 km in July–
August 2003. Total counting effort for each 2-month period combined for the years 2000–2008 was 6005 km in January –February,
10 279 km in March–April, 3968 km in May–June, 5341 km in
July–August, 4159 km in September–October, and 7705 km in
November– December.

Vessel monitoring system
Since 2005, all vessels larger than 15 m total length must operate
VMS. Before 2006, only position and time data were available
for foreign vessels within EEZ bounds. From 2006 onwards,
complete data including vessel code, position, time, speed, and
direction are available to EU member states both for their national fleet and for foreign vessels within their national EEZs.
For the present study, we analysed all available VMS data for
set-net vessels in the German Baltic Sea for the years 2005–
2007, applying a protocol developed by Fock (2008). VMS
data were filtered by ship speed to exclude steaming vessels
from the analysis. Most VMS recordings were made at 1 and
2 h intervals, but shorter intervals were also applied. Data
were averaged over the period 2005–2007, counting the
number of days with VMS records. This parameter of
VMS-positive days per grid cell was chosen because set-net
fishing effort is not well represented by the sheer VMS signal
without further information on soaking time being available
(see Fock, 2008, for deeper discussion on method).

Combination of the different datasets
for ﬁshing activities
Information on fishing activities based on either gear information (i.e. flag counts, which are roughly related to net length
but not to soak time) or vessel activity information (i.e.
VMS-positive days) were combined to obtain an overall
measure of fishing effort. The rationale behind combining
VMS-positive days (hereafter VMSp) and flag counts is that
both types of data should be available for VMS-equipped
vessels in the same area unit, with a linear relationship
between them. However, in mixed fisheries, especially in
inshore areas, additional flag counts originating from the
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To determine the vulnerability of each species towards drowning
in set-nets, bird abundance per 2 × 3 grid cell was calculated by
dividing the sum of individuals counted by the total distance travelled. Therefore, data were corrected for unequal counting effort.
The abundance N of each species i was than multiplied by its
respective weighting factor WF and subsequently summed over
all species to produce a vulnerability index for each grid cell c
and bimonthly period s:

can be assessed by a gear-related measure, i.e. counting of flags,
after correcting for effort from VMS vessels.
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values for area 2 (Adlergrund) and only little influence of
including unbalanced areas.
The following combination rules for the datasets were used to
calculate combined set-net fishing effort for both the EEZ and the
territorial waters:
(i) If VMS data but no flag counts were available, fishing effort E
per grid cell c and seasonal period s in terms of flag counts was
calculated from the regression parameters for the offshore
relationship:
Ec,s = VMSp × 0.0203.

(ii) If both flag counts and VMS data were available, then flag
counts were taken under the assumption that both fleet
segments were represented properly, i.e.
Ec,s = flag counts per cell per season.

Intensity of conﬂict
Based on data for fishing effort and on the vulnerability of diving
bird species, potential conflict was calculated by the overlap of
birds and set-net fishing activities. For each grid cell c and seasonal
period s, the vulnerability index of all diving species Vc,s was multiplied by the combined fishing effort Ec,s to obtain the potential
conflict value PCc,s:
PCc,s = Vc,s × Ec,s .
PC was classified on a 5-point scale according to the quartiles of
its distribution: none, 0; low, .0 –1.41; moderate, .1.41 –7.69;
high, .7.69 –38.64; very high, .38.64.

Modelling the effects of water depth and season
on bird abundance and ﬁshing activities
Generalized additive models (GAMs) were applied to test for an
influence of water depth on bird abundance and of water depth

Figure 2. Distribution of normalized log-ratios for the relationship VMS over ﬂag counts without seasonal resolution in the southern Baltic
Sea. Small squares indicate negative values ,20.5, indicating relatively more ﬂag counts than VMS. Small circles indicate values .0.5,
indicating much higher VMS compared with ﬂag counts. Large squares (20.5 to 0) and large circles (0 –0.5) indicate values around the mean,
in support of a linear relationship. Three areas (3, 5, and 7) showed mainly negative logs with a likely high contribution of non-VMS vessels.
Only data from areas 1, 2, 6, and 8 were used in the regression analysis to calculate the conversion factor between VMS and ﬂag counts.
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inshore fleet without VMS recorders are likely to impose a bias
on the VMSp-flag count conversion, leading to a relatively low
VMSp-to-flag count ratio. The first step in deriving a conversion
factor involves mapping the distribution of the VMSp-to-flag
count ratios to determine if the basic rationale is applicable
(Figure 2). The ratio is relatively lognormal, and the normalized
log of the ratio (mean zero unit variance) is separated into four
categories: ,20.5 indicating predominance of flag counts,
20.5 to 0 and 0 – 0.5 supportive of a linear relationship with
variability, and .0.5 predominance of VMS data. Three
inshore areas had mainly negative logs, showing a predominance
of flag counts in line with the underlying assumption of a strong
inshore influence of vessels without VMS (areas 3, 5, and 7 in
Figure 2). In contrast, four areas (areas 1, 2, 6, and 8 in
Figure 2) show a balanced combination of negative and positive
logs. Two of the areas (6 and 8) were in concordance with the
German gillnet fleet structure in 2008 (Table 2), indicating that
the domestic VMS vessels likely operate to some degree in the
western section of the investigation area. In turn, the eastern
part of the German fleet is characterized by an increasing
number of small vessels in the 7.5 – 15 and ,7.5 m categories.
These small vessels probably prefer inshore waters, and inshore
fishing effort should be more conspicuous in the respective
areas. The international fleet, however, mostly operates offshore
beyond the 12-nautical mile line represented by the remaining
two log patches (areas 1 and 2 in Figure 2).
The second step in the derivation of the conversion factor
involved regression analysis of seasonally resolved averages for
VMS and flags for areas 1, 2, 6, and 8. The areas and periods
are listed in Supplementary Table S1. The regression was
forced through the origin to avoid the calculation of spurious
flag counts when no vessel was present. Two different SAS
regression algorithms were applied to evaluate the robustness
of the results depending on the optimization method (SAS
proc reg and proc robustreg, SAS Institute Inc., 2003).
Robustreg estimates for the conversion factor ranged from
0.012 to 0.034, reflecting high variability in the regression
data, though the regressions were significant always. The
least-squares estimate of 0.0203 from the balanced areas was
used for further analysis. Including all data shown in Figure 2
yields 0.0197, partly reflecting leverage from the high VMSp

N. Sonntag et al.

583

Seabirds, set-nets, and conservation management
and season on set-net fishing activities. The models were developed using the mgcv package (Wood, 2000) in version 2.10.1 of
the open-source software R (R Development Core Team, 2008).
A thin plate regression spline was used as a smoothing function
for the covariates and the best model fitting was derived by comparisons of the mean residuals. As the dataset was based on count
data, the “Poisson” function should usually form the basis of the
analysis (Zuur et al., 2007). However, to prevent overdispersion,
“quasi-Poisson” was selected as the underlying function in the
model frame. No spatial autocorrelation was detected in the residuals of the model, and autocorrelation was therefore not considered further in our model structure.

Results
WF and vulnerability assessment

Set-net ﬁshing activities in the southern Baltic Sea
Set-net flags were most abundant along the coastal areas of Rügen
and Usedom in the eastern part of the study area, where they were
recorded throughout the year (Figure 4). Particularly large concentrations occurred in the Greifswald Lagoon and along
Usedom Island in spring. High or moderate numbers of flags
were also found locally along the coastal areas of Kiel Bight and
Mecklenburg Bight in winter and spring. In the offshore areas,
set-net flags were observed around the Adlergrund from January
to June and in the Odra Bank area in late spring and summer.

Figure 3. Seasonal vulnerability of birds towards set-net mortality in the southern Baltic Sea 2000 –2008, based on weighted abundance of 17
species of diving birds. Vulnerability was classiﬁed on a 5-point scale according to the quartiles of its distribution January – December 2000–
2008: none (green), 0; low (yellow), .0 – 14.81; moderate (orange), .14.81– 65.19; high (red), .65.19 –274.95; very high (dark red), .274.95.
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Seventeen species of diving seabirds and waterbirds regularly occurred in the coastal and offshore waters of the southern Baltic
Sea. The winter period was of major importance, when their
numbers totalled almost one million individuals. Fifteen species
occurred in numbers representing .1% of their respective biogeographic populations and numbers of three species exceeded 10%
(Table 1).
Species-specific WFs were highest for black guillemot, followed
by greater scaup, razorbill, goosander, red-breasted merganser,
and great cormorant, indicating highest susceptibility of these
species towards drowning mortality in set-nets. Long-tailed
ducks and common goldeneyes exhibited lowest WFs (Table 1).
The vulnerability maps indicated distinctive spatial and temporal

variations (Figure 3). In autumn, vulnerability was especially
high in the western coastal areas and offshore in the Pomeranian
Bight. In winter and spring, it was high or very high in many
coastal areas and in large parts of the Pomeranian Bight, especially
around the shallow offshore grounds of Odra Bank and
Adlergrund and within the Greifswald Lagoon. In areas with
deeper water (e.g. Arkona basin north of Rügen) vulnerability
was considerably lower. During summer, vulnerability was low
in many parts of the study area, except around the Odra Bank,
where the year-round presence of diving birds resulted in continued vulnerability. GAMs demonstrated that bird abundance gradually decreased with increasing water depth (F ¼ 84.24, p ,
0.001). Although bird distribution and abundance may exhibit
some variability, large- and mesoscale patterns are relatively
stable. Variability is generally more pronounced between different
seasons compared with between years (Garthe et al., 2012).
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VMS data indicated the occurrence of set-net fisheries in large
parts of the study area from November to April (Figure 5), with the
highest intensities in the offshore areas of Kiel Bight and
Mecklenburg Bight and around the Adlergrund during midwinter.
From May to October, VMS data were mainly recorded from the
northeastern offshore areas, especially around the Adlergrund and
north of Rügen. Although large numbers of set-net flags were
recorded along the coast of Kiel Bight and Pomeranian Bight,
set-net fishing activities indicated by VMS records were very low
in these areas.
GAMs demonstrated that set-net fishing activities varied
significantly among seasons; fishing effort was lowest in summer
and autumn, increased during winter and peaked in spring (F ¼
115.7, p , 0.001). Furthermore, fishing activities were highest in
waters up to 10 m deep and gradually decreased with increasing
water depth (F ¼ 286.6, p , 0.001).

Intensity of conﬂict
The potential conflict between diving birds and set-net fisheries
was most pronounced in winter and spring, with moderate to
very high values in many coastal waters and in the offshore areas
of the Pomeranian Bight, particularly around the Adlergrund
(Figure 6). In March and April, conflict values were remarkably
high in the Greifswald Lagoon and along the coast of Usedom.
Apart from a few locally high values, no conflicts existed in the
western part of the study area in summer and autumn.
However, it was moderate to very high in some coastal and offshore areas of the Pomeranian Bight, indicating a high year-round
local potential conflict in this area.

In April 2005, very high abundances of set-net flags were
recorded in the Greifswald Lagoon. At the same time, large
numbers of long-tailed ducks appeared in this area and
were often observed in the direct vicinity of set-net flags
(Supplementary Figure S2a). During a survey in May 2005, large
numbers of common scoters and set-net flags were recorded simultaneously around the Odra Bank area (Supplementary Figure
S2b). Both surveys were representative for the distribution of the
species in the studied areas and seasons.

Discussion
Methodical considerations
Inshore and offshore set-net fishing in the southern Baltic Sea
overlap. Due to data constraints, only a proxy for fishing effort,
i.e. the VMS flag converted effort, can be obtained, providing
neither full information on mesh and gear size nor on soaking
time. The precision of flag sightings depends on survey coverage
and survey intervals, so some activities are inevitably overlooked.
In turn, the precision of VMS-based patterns depends on using
the correct algorithms to distinguish fishing activity from other activities during the observation period, and effort might therefore
be over- or underestimated. Whereas counts of set-net flags in
any given area are likely related to the length of the nets set,
VMS records indicate only the duration of the activity for a
vessel, irrespective of the size of the nets and the soaking time.
The provision of size and soaking time data is only optional for
European fishers. For the German fisheries, some data were available for the fleet segment 8 –15 m and only for one vessel in the
larger category operating VMS. The quality of this optional
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Figure 4. Seasonal distribution of set-net ﬁshing activities in the southern Baltic Sea, based on ship-based counts of set-net ﬂags in the period
2000 –2008.
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information is critical and many unreasonable cases were omitted
from the analysis. Therefore, it was not possible to include gear size
and soaking time effects in the conversion of VMS-based effort
into flag-based effort. Analysis within the fleet category 8 –15 m
indicates that larger vessels deploy larger nets and therefore the
conversion factor of 0.0203 of VMS into flags likely underestimates
the effect of larger vessels, since the conversion assumes equal
effects for all size classes. However, both the significant flag
count-VMS regression and the field distribution of effort ratios
suggest that the combined index, although being a proxy for
fishing effort, provides a valuable (and the only currently available) basis for the assessment of overall set-net fishing activities
in the German Baltic Sea.
Due to a high variety of target fish species, set-nets operated in
the southern Baltic Sea can comprise different net types and mesh
sizes. However, based on questionnaires for fishers and on-board
scientific observers for a subset of German set-net fisheries in
the eastern part of the German Baltic Sea, Bellebaum (2009) indicated that mainly two types of set-nets are used, bottom set-nets
with mesh sizes of 110 –120 mm, irrespective of target fish
species, and pelagic set-nets with mesh sizes .32 mm to target
Atlantic herring and garfish (Belone belone). Diving birds get
entangled in both net types (Bellebaum, 2009; Sonntag and
Garthe, unpublished data) and we therefore considered it appropriate to pool all types of set-nets.

Vulnerability and conﬂict
Bycatch in fishing gear is one of the most important pressures
on birds in coastal seas and has been suggested to be responsible
for some local population declines (e.g. Strann et al., 1991;

Stempniewicz, 1994; van Eerden et al., 1999; Österblom et al.,
2002). Many published studies have documented that diving
birds are accidentally killed in gillnets in nearly all Baltic Sea
regions (reviewed in Žydelis et al., 2009). The overall extent and
importance of bycatch, however, has not yet been assessed.
Studies of bird bycatch to date have been carried out locally, and
the different methods and approaches used prevent the calculation
of more comprehensive figures and the evaluation of actual effects
on population levels (Žydelis et al., 2009). The best indications of
the extent of bird bycatch in set-nets in the southern Baltic Sea are
available from Kirchhoff (1982) and Schirmeister (2003), but these
studies only focus on small parts of the German waters.
With a lack of large-scale bycatch studies, the presented
approach of assessing diving bird vulnerability towards bycatch
in set-nets while accounting for species-specific behaviour, lifehistory traits, and conservation status enables a corresponding
spatial and temporal evaluation of different areas in the southern
Baltic Sea. Furthermore, the use of spatial overlap of fishing effort
and bird data enables the description of areas of potential conflicts,
under the assumption that true bycatch is proportional to overlap,
and thus confirms that bird bycatch in set-nets is an issue of high
relevance in the southern Baltic Sea. Overlap has already been
applied to indicate potential interactions between fisheries and
marine mammals (Herr et al., 2009) and is an essential element
of ecological risk assessment (Fock, 2011). Simultaneous observations of birds and set-net flags in the current study demonstrate
that a direct overlap between bird occurrence and set-net fisheries
does de facto exist and is not created artificially as a result of
pooling data. Because both birds and fishing activities are concentrated in shallow-water areas during winter half of the year, many
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Figure 5. Seasonal distribution of set-net ﬁshing activities in the southern Baltic Sea, based on VMS records during the period 2005 – 2007.
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coastal areas and areas around shallow offshore banks (Odra Bank
in the Pomeranian Bight, Adlergrund) were identified as the main
conflict areas in winter and spring. In one of the few bycatch
studies performed in German Baltic Sea waters, Schirmeister
(2003) concluded that more than 10 000 birds drowned in
set-nets along the coast of Usedom Island in the period from
September to May 1989–2001, with further victims collected
each following winter (B. Schirmeister, pers. comm.). This, together with the study of Kirchhoff (1982), confirms that birds
are killed in set-nets in areas where our maps indicate high conflict
potential, thus validating the theoretical approach used in the
current study. The Greifswald Lagoon, another area with high
overlap, is one of the most important spawning sites of the
western Baltic spring-spawning stock of Atlantic herring
(Gröhsler, 2003). This results in a very high set-net abundance
in the lagoon in March and April (up to 70 flags km21), as well
as in attracting large numbers of long-tailed ducks, which use
herring spawn as an additional food source in spring (Leipe,
1985) and thereby get caught in the nets (e.g. Bellebaum, 2009;
Garthe and Sonntag, unpublished data). Set-net fisheries and
diving bird occurrence in other lagoons around Rügen and in
the very shallow waters off the Darss-Zingst peninsula are not
represented in our maps because these areas could not be surveyed
by ship. However, these fisheries are responsible for the drowning
of large numbers of diving ducks (Bellebaum, 2009). This also
applies to other very shallow water areas in the German Baltic
Sea that hold large numbers of diving ducks but could not be
surveyed due to the draught of the vessel (e.g. Kirchhoff, 1982).

Fishing activities can change from day to day, based on weather
conditions and fish availability, as well as yearly, depending on
factors such as total allowable catch and effort allocation, market
and fuel prices, or catchability (ICES, 2008). Similarly, bird occurrence exhibits variability. The conflict maps are thus primarily representative for the studied period. Our comprehensive dataset,
however, indicates that variability in the distribution of fisheries
and particularly of diving birds is much more pronounced
between seasons than between years, recently confirmed by
multiyear analyses in the context of marine protected areas
(Garthe et al., 2012). Nevertheless, VMS data only comprise
larger vessels and flag counts only represent the situation during
the surveys; some conflict areas might thus remain undetected.
Consideration of conflict maps alone might therefore lead to misinterpretation of the actual threat to birds. Diving species concentrate in nearly all coastal areas and around shallow offshore
grounds, as indicated by the vulnerability maps and proven by
the statistical analysis. Considering the main diving depth of the
birds to be up to 20 m and an average net height for bottom
set-nets of 6 m, all waters up to 26 m water depth are potential
areas of conflict, and mortality is likely to occur whenever
set-net fishing takes place. Due to greatest abundances of sensitive
species in winter and spring, vulnerability is most pronounced at
these times of the year. Because set-net fishing activities also concentrate in shallow areas and are highest during winter and spring,
bycatch risk is consequently highest in these areas and seasons. It is
comparatively low in deeper waters, though some species (e.g.
auks) and some set-net fishing activities also occur in these
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Figure 6. Seasonal overlap of set-net ﬁshing activities and vulnerability of diving bird species in the southern Baltic Sea 2000 – 2008, illustrated
as potential for conﬂict (PC). PC was classiﬁed on a 5-point scale according to the quartiles of potential conﬂict January – December 2000–
2008: none (green), 0; low (yellow), .0 – 1.41; moderate (orange), .1.41 – 7.69; high (red), .7.69– 38.64; very high (dark red), .38.64. Note
that very shallow waters have not been surveyed by ship.
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areas. Furthermore, the Odra Bank in the offshore area of the
Pomeranian Bight is of great importance not only in winter and
spring but all-year round. During summer, the area is used as a
moulting site by sea ducks (Sonntag et al., 2004), as well as by
an unknown number of grebes (N. Sonntag and S. Garthe, unpublished data). Consequently, any set-net fishing activity on the Odra
Bank at any time of the year has the potential to result in high
seabird mortality, a fact that could not have been derived by considering conflict maps alone.

Implications for conservation management

Supplementary material
Supplementary material is available at the ICESJMS online version
of the paper. It contains a table providing information on areas
and periods selected to calculate the conversion factor for
set-net flag abundance vs. VMS data. Furthermore, a figure is
provided, picturing the simultaneous observations of birds and
set-net flags in the southern Baltic Sea to demonstrate a direct
overlap between bird occurrence and set-net fisheries.
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