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Summary 

 

Interactions between small cetaceans and fisheries are a major concern of 

fisheries management. Both strive for the same resource fish. Incidental by-

catch and competition for food are considered as main interactions. The 

occurrence of porpoises in relation to fisheries were compared both 

temporarily and spatially. VMS data from 2006 and fisheries surveillance data 

from 2002-2006 were acquired to describe fishing effort. Aerial survey data 

from 2002-2006 were analysed to evaluate porpoise distribution. Harbour 

porpoise distribution and abundance proved to be positively correlated with 

sand eel fisheries during all seasons. Association also appears to be positive 

with gill net fisheries and negative with large beam trawl fisheries in summer. 

Overlaps with gill net and sand eel fisheries bear the potential of impact on 

harbour porpoises, both in terms of incidental by-catch and competition for 

food in particular during summer. 
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Introduction 

 

Adverse effects of fisheries on small cetaceans include their by-catch (Jefferson & Curry 

1994), food depletion (Dayton et al. 1995, DeMaster et al. 2001), entanglement in ghost nets 

(Fertl & Leatherwood 1997), pollution (Scheidat & Siebert 2003), noise pollution (Jepson et 

al. 2003, Scheidat & Siebert 2003) and stress (Aubin 2002). In turn, marine mammals may 

have a negative impact on fisheries in terms of resource competition and depredation 

(DeMaster et al. 2001, Bearzi 2002). Both sides of the interaction have been the cause for 

major concern in past decades (DeMaster et al. 2001, Bearzi 2002).  

 

The only abundant cetacean species in the German North Sea is the harbour porpoise 

(Phocoena phocoena L.). In Europe, it is among the species listed in Annex II of the EC 

Habitats Directive (Council Directive 92/43/EEC) and thus deserves particular attention with 

respect to conservation issues, e.g. when Marine Proteced Areas (MPAs) are designated, or 

the construction of offshore wind farms is authorized. Since the 1990s, interactions of 

fisheries and harbour porpoises have been a focus due to high by-catch mortalities of 

porpoises in trammel nets, tangle nets and bottom set gill nets over most of their range (Perrin 

et al. 1994, Northridge & Hammond 1999, Vinther 1999, Vinther & Larsen 2004), but 

especially in British and Danish waters (Berggren & Carlström 1999; Northridge and 

Hammond 1999; Vinther 1999, Vinther & Larsen 2004). Recently, interaction analyses have 

concentrated on assessing by-catch rates, evaluating the impact of certain gear types on 

harbour porpoise and defining appropriate limits to by-catch levels (ICES 2007). Areas of 

potential conflict, as indicated by the overlap in distribution of fishing activities and porpoise 

abundance, have found little attention.  

 

Both cetaceans and fisheries are attracted by areas of high fish density (Fertl & Leatherwood 

1997). Thus, temporal and spatial overlap between the two is inevitable. Interactions are 

likely when species targeted by both are the same. Seasonal variation in prey preference and a 

changing availability of fish may lead to temporary and spatially changing overlap between 

fisheries and harbour porpoise  

 

In this study, we present preliminary results of an analysis of high resolution porpoise and 

fisheries data to reveal spatial and temporal interaction patterns between the two. 
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Material & Methods 

 

Fisheries data 

Fisheries data were aggregated in parcels of app. 6 by 6 nm. Small beam trawlers, operating 

mainly inshore, were not considered in this analysis. Three types of fisheries data were 

considered and regarded as proxies for actual effort in a specific fishery. First, effort was 

calculated from VMS (Vessel Monitoring System) data for the year 2006. Effort was 

separated by gear type and season for vessels using large bottom trawls (TBBL), gill nets 

(GN) and unspecified trawling gear (TX) according to the protocol developed by Fock (2008). 

VMS data were likely to represent the complete set of fisheries data for vessels larger than 15 

m in the German Exclusive Economic Zone (EEZ). VMS positions were available from all 

vessels, independent of their nationality. As analysis was vessel-based, vessels lacking log-

book information were classified according to fishing patterns, speed profiles and expert 

information (ICES 2007, Fock 2008). This was possible as, despite some inter-annual 

variability, the basic fishing pattern of respective vessel types  are consistent over time (Fock 

2008).  

 

Positions of inspected industrial fishing vessels for sand eel were aggregated from fisheries 

surveillance reports to grid cells for the period 2002-2006 (Fig. 1). VMS fishing positions of 

vessels known to be industrial fishing vessels were aggregated in the same way for the year 

2006. Even so, data on inspected sand eel fishing vessels and VMS fishing positions were 

incomplete, since not all industrial fishing vessels are inspected. The category TX is likely to 

comprise much of the sand eel fisheries in the German Bight, mainly carried out by Danish 

vessels for which log book information was not available. A comparison of TX patterns and 

those from the inspected sand eel fisheries was undertaken to solicit this assumption. We were 

unable to resolve seasonal patterns in the sand eel fishery and of industrial fishing vessels due 

to the limited temporal coverage of the data. 

 

Porpoise data 

Data on porpoise distribution  were available from aerial surveys conducted by the Research 

and Technology Centre Westcoast (FTZ) of the University of Kiel from 2002 to 2006. Line 

transect distance sampling surveys (Buckland et al. 2001) covering the entire German North 

Sea have been conducted by the FTZ in the context of several projects analysing porpoise 

distribution with respect to both the position of future offshore wind farms and the nomination 
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of FFH (Flora-Fauna-Habitat) conservation areas. Data were obtained according to standard 

line transect distance sampling procedure (Buckland et al. 2001). Sighting condition related 

strip width and g(0) estimation allowed for precise effort correction. Sighting and effort data 

of all 5 years were pooled and aggregated to the same 6 by 6 nm grid as the fisheries data. 

Mean animal densities were calculated for each grid cell for spring (March-May) summer 

(June-August) and autumn (September-November). Coverage during winter months was not 

sufficient  due to unfavourable weather conditions. 

 

Results 

 

Seasonal patterns of fishing effort and porpoise density 

Large beam trawlers (TBBL) constituted the largest single fleet spending 105,000 hours 

fishing in offshore waters of the German Bight in 2006. Large beam trawlers comprise vessels 

of engine power higher than 300 HP usually operating 2 beam trawls, each of 12 m width. 

Their area of operation is restricted to offshore waters. With modified gear and engine power, 

permissions may entitle vessels to also fish closer inshore. In spring 2006, the outer parts of 

the German EEZ were fished, concentrating in particular on the Dogger tail end and the area 

west of the Sylt Outer Reef. During summer and autumn 2006, an intensive fishery in the 

centre of the German Bight developed (Fig. 2 A).  

 

Gill net fishing effort was only indirectly represented by means of vessel based effort 

estimates. The Dogger tail end and areas east of Borkum Reef ground and north of Sylt Reef 

ground were targeted in spring 2006. Fishing switched to Sylt Outer Reef and the coastal zone 

up to Borkum Reef ground in summer and autumn 2006 (Fig. 2 B).  

 

Unspecified trawling (TX) in summer (Fig. 2 C) resembled the pattern of sand eel fisheries 

(Fig. 1). During spring 2006, effort was concentrated on the Dogger tail end, whereas in 

summer Sylt Outer Reef, Borkum Reef ground and the area around Helgoland, were targeted. 

These regions are typical fishing grounds for industrial fisheries.  

 

Porpoise distribution and abundance in the German North Sea proved to be subject to strong 

seasonal changes. Harbour porpoises occurred in large numbers within the EEZ in spring, 

with well defined areas of particularly high densities. The area of Sylt Outer Reef was the 

largest aggregation zone, Borkum Reef ground off the island of Borkum a smaller one. Other 
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high density areas were found at the Dogger tail end (Fig. 3A). Overall porpoise density in the 

German EEZ reached its maximum in summer. Highest densities were again found around 

Sylt Outer Reef, while the aggregation around Borkum Reef ground had disappeared.  Areas 

of high density also remained at the Dogger tail end (Fig. 3B).  

 

In autumn, harbour porpoises were more evenly dispersed throughout the EEZ. Aggregations 

like in spring and summer were not apparent. Overall porpoise density was much lower than 

in spring and summer. Highest densities were still found in the area of Sylt Outer Reef and at 

the Dogger tail end. In comparison to summer, more porpoises were found in the southern 

part of the study area, although the overall density was much lower than in spring or summer 

(Fig. 3C). 

 

Relationships to fisheries 

Considerable overlap with porpoise distribution was found for gill net fisheries and 

unspecified trawling in summer. Given the high resemblance between TX and sand eel 

fisheries during summer, the temporal and spatial agreement of TX, sand eel fisheries and 

harbour porpoise suggests a seasonal dependency of both on the same resource, i.e. sand eels 

(Ammodytes spp.). The sand eel fishery is the largest single-species fishery in the North Sea 

(Furness 2002). It is the fishery with the largest potential for competition with harbour 

porpoise. Sand eels form an important part of the diet of harbour porpoise, and for most other 

top predators (Greenstreet et al.1998, Wright et al. 2000, Furness 2002, Fredriksen et al. 

2006), especially in summer (quarters 2 and 3) (Santos et al. 2004) when sand eels are 

exceptionally rich in energy (Hislop 1991). They are more easily available for predators 

compared to the rest of the year when they spend much time feeding in the upper layers of the 

North Sea (Furness 2002, Vorberg & Breckling 1998).  

 

Evidence for a similar relationship between harbour porpoise and gill net fisheries during 

summer remained equivocal. Our analysis either suggests a preference for similar target 

species/diet in summer by fisheries and cetaceans, or in turn potential depredation of harbour 

porpoise on gill nets. Next to sand eel and herring harbour porpoise feed extensively on 

gadids (Aarefjord et al. 1995, Santos et al. 2004) in the North Sea, which are among the target 

species of gill net fishing. 

 

Little overlap was found between activities of large beam trawlers and porpoise distribution.  
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Conclusion 

 

Potential impacts on the harbour porpoise population 

 

Porpoises in the German EEZ face a variety of anthropogenic impacts (Hutchinson et al. 

1995, Kaschner 2001, Scheidat & Siebert 2003), the cumulative effects of which remain 

unknown. Mit dem folgenden Satz konnte ich mich nicht einverstanden erklären. In der 

Abänderung ist er ok. ( Fields of potential conflict between human activities and porpoises are  

known(Scheidat & Siebert 2003) but it is difficult to assess what impact a possible conflict 

might have on harbour porpoise. We have analysed three major fisheries in the North Sea in 

order to identify to what extent these fisheries might have an impact on harbour porpoises.  

 

About 20 % of the Dutch gill netters report by-catches of 1 or more porpoises per year 

(Osinga et al. 2007). Vinther (1999) estimated an annual by-catch of 6785 porpoises by 

bootstrapping in various Danish gill net fisheries in the North Sea and the Skagerrak-Kattegat 

from 1992 to 1998. The German bottom – set gill net fishery in the North Sea is 

comparatively small. Its by-catch was estimated at 30 porpoises per year in 2003 (Kock and 

Flores 2003). Our results underlined that a close relationship between gill net fisheries and 

harbour porpoise distribution in the North Sea exists especially in summer. As the overlap 

occurs mainly in summer temporary restricted conservation measures may reduce the risk of 

by-catch.  

 

Competition for the same resource may be considered as another area of potential conflict 

with respect to sand eel fisheries. Danish catches of sand eel in the North Sea amount to 

500,000 - 900,000 metric tonnes and constitute a major removal of fish biomass from the 

ecosystem (Nielsen & Mathiesen 2006). The absence of sand eel in Scottish waters was 

associated with increased starvation of porpoises (Macleod et al. 2007) and a failure in 

breeding success of seabirds (Mavor et al. 2005). Given their limited capacity to store energy 

harbour porpoises have to feed regularly without longer periods of fasting (Koopman et al. 

1996). A temporary shortage of prey could thus negatively impact on the animals. A potential 

competition between fisheries and porpoises for sand eels should be considered with  concern 

and requires further investigation. Measures, such as the establishment of a “sand eel box” 
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like in Scottish waters (Monaghan 1992, Nielsen & Mathiesen 2006) may be considered as 

one means to reduce future competition between the two.  

 

Acknowledgements 
 
Data on porpoise distribution was collected during projects MINOS and MINOS+ (Marine Warmblüter in Nord- 
und Ostsee: Grundlagen zur Bewertung von Windkraftanlagen im Offshore-Bereich, http://www.minos-
info.org), financed by the Federal Ministry for the Environment, Nature Conservation and Nuclear Safety 
(BMU) and co-ordinated by the National Park Office Schleswig-Holstein Wadden Sea (NPA) as well as the 
project EMSON (Erfassung von Meeressäugetieren und Seevögeln in der AWZ der Nord- und Ostsee, 
http://www.habitatmare.de), financed by the Federal Agency for Nature Conservation (BfN).  
We’d like to thank Meike Scheidat for the initiative idea of this project. We owe special thanks to the pilots of 
the survey planes, especially Peter Siemiatkowski and his crew from Sylt Air and Leif Petersen from the Danish 
Air Survey. Furthermore, data collection was only possible due to the dedication of the observers and navigators 
Jörg Adams, Anita Gilles, Amaia Gomez, Iwona Kuklik, Kristina Lehnert, Linn Lehnert, Maik Marahrens, 
Carsten Rocholl, Meike Scheidat, Thorsten Walter and Solvin Zankl.  



 8

References 
 
AAREFJORD H., BJOERGE A., KINZE C. C., LINDSTEDT I. (1995) Diet of the Harbour porpoise Phocoena 
phocoena in Scandinavian waters. Report to the international Whaling Commission 16:211-222 
 
AUBIN DJ (2002): Further assessment of the potential for fishery induced Stress on dolphins in the eastern 
tropical pacific. Report to the Southwest Fisheries Science Center National Marine Fisheries Service, NOAA 
8604 La Jolla Shores Drive La Jolla, CA 92037 
 
BEARZI G. (2002) Interactions between cetaceans and fisheries in the Mediterranean Sea. In: Notarbartolo di 
Sciara G (ed) Cetaceans of the Mediterranean and Black Seas: state of knowledge and conservation. 
ASCOBANS Secr., Monaco, p Section 9 20p. 
 
BERGGREN P. & CARLSTRÖM J. (1999) Estimating the size of porpoise bycatch in the 
Skaggerak and Kattegat Seas. Assessment and reduction of the bycatch of small cetaceans in European waters 
(BY-CARE). J. Harwood, ed. NERC Sea Mammal Research Unit, St. Andrews, Scotland. 
 
BUCKLAND S.T., ANDERSON D.R., BURNHAM K.P., LAAKE J.L., BORCHERS D.L., THOMAS L. 
(2001) Introduction to Distance Sampling. Estimating Abundance of Biological Populations. University Press, 
Oxford. 
 
DAYTON P., THRUSH S., AGARDY T., HOFMAN R. (1995) Environmental effects of marine fishing. 
Aquatic Conservation: Marine and Freswater Ecosystems 5:205-232 
 
DEMASTER D. P., FOWLER C. W., PERRY S. L., RICHLEN M. F. (2001) Predation and competition: The 
impact of fisheries on marine-mammal populations over the next one hundred years. Journal of Mammalogy 
82:641-651 
 
FERTL D. & LEATHERWOOD S. (1997) Cetacean Interactions with Trawls: 
A Preliminary Review. Journal of Northwest Atlantic Fishery Science 22: 219–248 
 
FREDERIKSEN M., EDWARDS M., RICHARDSON A.J., HALLIDAY N.C., WANLESS S. (2006) From 
plankton to top predators: bottom-up control of a marine food web across four trophic levels. Journal of Animal 
Ecology 75: 1259-1268 
 
FURNESS R.W. (2002) Management implications of interactions between fisheries and sandeel-dependent 
seabirds and seals in the North Sea. – ICES Journal of Marine Science, 59: 261–269. 
 
FOCK H. O. (2008) Fisheries in the context of marine spatial planning: Defining principal areas for fisheries in 
the German EEZ, doi:10.1016/j.marpol.2007.12.010. Marine Policy in press 
 
GREENSTREET S. P. R., MCMILLAN J. A., ARMSTRONG E. (1998) Seasonal variation in the importance of 
pelagic fish in the diet of piscivorous fish in the Moray Firth, NE Scotland: a response to variation in prey 
abundance? ICES Journal of Marine Science 55:121-133 
 
HISLOP J.R.G., HARRIS M., SMITH J.G.M. (1991) Variation in the calorific value and total energy content of 
the lesser sandeel (Ammodytes marinus) and other fish preyed on by seabirds. Journal Zoology London 224: 501-
517 
 
HUTCHINSON J., SIMMONDS M., MOSCROP A. (1995) The harbour porpoise in the North Atlantic: a case 
for conservation. Conservation Research Group, University of Greenwich. London, January 1995. Report to 
Stitching Greenpeace Council: 90 pp. 
 
ICES (2007) Report of the Workshop on Fisheries Management in Marine Protected Areas (WKFMMPA). 
Report No. ICES CM 2007/ MHC:06, ICES, Copenhagen 
 
JEFFERSON T. A., CURRY B. E. (1994) A Global review of Porpoise (Cetacea: Phocoenidae) Mortality in Gill 
Nets. Biological Conservation 67:167-183 
 
JEPSON P.D., ARBELO M., DEAVILLE R., PATTERSON I.A.P., CASTRO P., BAKER J.R., DEGOLLADA 
E., ROSS H.M., HERRAEZ P., POCKNELL A.M., RODRIGUEZ, F., HOWIE, F.E., ESPINOSA, A., REID, 



 9

R.J., JABER, J.R., MARTIN V., CUNNINGHAM A.A., FERNANDEZ A. (2003) Gas-bubble lesions in 
stranded cetaceans. Nature 425: 575–576 
 
KASCHNER K (2001) Harbour porpoises in the North Sea and Baltic - bycatch and current status. Report for 
the Umweltstiftung WWF - Deutschland: 82 pp. 
 
KOCK K.-H. & FLORES H., (2003) Fang und Beifang der deutschen Stellnetzfischerei in der Nordsee. 
Projektbericht, Ministerium für Verbraucherschutz, Ernährung und Landwirtschaft 1–52 (available through K.-
H. Kock), unpublished. 
 
KOOPMAN H.N., IVERSON S.J., GASKIN D.E. (1996) Stratification and age-related differences in blubber 
fatty acids of the male harbour porpoise (Phocoena phocoena). Journal of Comparative Physiology B 165: 628-
639 
 
MACLEOD K., FAIRBAIRNS R., GILL A., FAIRBAIRNS B., GORDON J., BLAIR-MYERS C., PARSONS 
E. C. M. (2004) Seasonal distribution of minke whales Balaenoptera acutorostrata in relation to physiography 
and prey off the Isle of Mull, Scotland. Marine Ecology Progress Series 277:263-274 
 
MAVOR R., PARSONS M., HEUBECK M., SCHMITT S. (2005) Seabird Numbers and Breeding Success in 
Britain and Ireland, 2004. UK Nature Conservation Report. no. 29. Joint Nature Conservation Committee, 
Peterborough 
 
MONAGHAN P. (1992) Seabirds and sandeels: the conflict between exploitation and conservation in the 
northern North Sea. Biodiversity and Conservation 1:98-111 
 
NIELSEN J. R., MATHIESEN C. (2006) Stakeholder preferences for danish fisheries management of sand eel 
and Norway pout. Fisheries Research 77:92-101 
 
NORTHRIDGE S.P. &. HAMMOND P.S (1999) Estimation of porpoise mortality in UK 
gill and tangle net fisheries in the North Sea and west of Scotland. Paper SC/51/ SM42 submitted to International 
Whaling Commission Scientific Committee. 
 
OSINGA N., BERENDS D. J., 'T HART P., MORICK D. (2007) Bruinvissen in Nederland - Populatie, 
pathologie en visserij, Zeehondencreche Lenie 't Hart - Nederlandse Visserbond, Pietrburen 
 
PERRIN W., DONOVAN G. P., BARLOW J. (1994) Cetaceans and Gillnets. Reports of the 
International Whaling Commission. Special issue: 15. G. P. Donovan, ed. IWC, 
Cambridge, UK, 629 pp. 
 
SANTOS M. B., PIERCE G. J., LEARMONTH J. A., REID R. J., ROSS H. M., PATTERSON I. A. P., REID D. 
G., BEARE D. (2004) Variability in the diet of Harbor porpoises (Phocoena phocoena) in Scottish waters 1992-
2003. Marine Mammal Science 20:1-27 
 
SCHEIDAT M. & SIEBERT U. (2003) Aktueller Wissensstand zur Bewertung 
von anthropogenen Einflüssen auf Schweinswale in der deutschen Nordsee. Seevögel 24: 50-60 
 
VINTHER M. (1999) Bycatches of harbour porpoises (Phocoena phocoena) in Danish set-net fisheries. Journal 
of Cetacean Research and Management. 1:123-135 
 
VINTHER M. & LARSEN F. (2004) Updated estimates of harbour porpoises (Phocoena phocoena) bycatch in 
Danish North Sea bottom-set gillnet fisheries. Journal of Cetacean Research and Management 6:1 19-24 
 
VORBERG R, BRECKLING P (1998) Atlas der Fische im schleswig-holsteinischen Wattenmeer. Nationalpark 
Schleswig-Holsteinisches Wattenmeer. Schriftenreihe. Heft 10 
 
WRIGHT P., JENSEN H., Tuck I. (2000) The influence of sediment type on the distribution of the lesser 
sandeel, Ammodytes marinus. Journal of Sea Research 44: 243-256 
 
Figures 
 
 



 10

 

 
 
Fig 1 : German Bight with German Exclusive Economic Zone (EEZ). Seaside border is 
indicated by bold broken line. Designated marine protected areas under the EC Habitats 
Directive (Council Directive 92/43/EEC) are outlined. Positions of controlled sand eel 
fisheries are indicated by small squares.  
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Fig 2 : Summer fishing effort for (A) large beam trawlers (TBBL), (B) gill net fisheries (GN) 
and (C) unspecified trawling (TX) in the German Bight. Values inside the EEZ comprise all 
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vessels, values outside the EEZ represent German vessels only. Effort calculations based on 
VMS data. Effort in hours per parcel per year. Designated MPAs are indicated (see Fig. 1). 

 
 

 
 

 
 
 
Fig 3 : Distribution of harbour porpoise in the German EEZ. Density in animals per km² for 
each cell. Note that scale is different for autumn figure. 
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