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Welcome Message from Dr Stephen Votier 

 

 

 

 

 

 

 

 

 

 

 

 

 

At a time of unprecedented change in the marine environment, seabird populations 

are under severe threat. Therefore, it is all the more important that like-minded 

individuals are able to come together to discuss issues relating to seabirds and to 

help safeguard their future. The level of interest in this topic was typified by the 

>950 delegates who attended the first World Seabird Conference in Victoria, BC, 

Canada during September 2010. The 11th meeting of The Seabird Group meeting 

covers a range of themes including behaviour and monitoring, foraging, as well as 

impacts of environmental change. There are also three special themed sessions 

coordinated by guest editors on particularly topical issues: marine renewables and 

seabirds (Dr Rowena Langston); individual specialisations in seabirds (Professor 

Stuart Bearhop); and seabird migration (Dr Francis Daunt).  

 

The meeting will be opened with a key note talk by Professor Bob Furness (University 

of Glasgow) entitled “Seabird responses to environmental change: insights from 30 

years of PhD supervision”. We are delighted to be able to hear about Bob’s long and 

illustrious career; among his legacies is the supervision of 55 PhD students, many of 

whom are seabird biologists. Bob retired in July 2011 and we include a short 

biography on page 6 of this publication.  

This publication contains abstracts of the 

oral and poster presentations from the 

11th International Seabird Group 

Conference held at the University of 

Plymouth, UK during 2nd-4th September 

2011. The conference was co-organised by 

the Seabird Group and the Marine Biology 

& Ecology Research Centre, University of 

Plymouth. The Seabird Group Conference 

strives to bring together an international 

group of people with a shared interest in 

the study and conservation of seabirds. 
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During the next two days we will hear 40 oral presentations with speakers from 13 

countries and also and have the chance to study >35 posters. We received many 

more applications for oral presentations than there were spaces available – this 

made life difficult for the scientific committee but suggests that seabird research is in 

a healthy condition. The scientific committee and I would like thank all of the 

authors of the submitted abstracts for their interest in the conference and for 

submitting work of a very high standard.  

 

I would like to thank the scientific committee, organising committee, executive 

committee and the conference chairs for all their help in putting together the 

conference and conference programme. I am also grateful to the sponsorship 

contributions from the RSPB and the University of Plymouth Marine Institute, 

particularly given the current financial climate. I would also like to thank all of those 

people who helped with the planning of the conference (Linda Wilson, Eric Steinen, 

Kerry Leonard, Freydís Vigfúsdóttir and Sam Patrick) with particular thanks to Jen 

Brogan and Leon Thompson.  

 

Dr Stephen Votier 

Marine Biology & Ecology Research Centre 

Seabird Group 11th International Organising Committee 
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Sponsors 
 

It is a pleasure to acknowledge the support for our conference and sponsorship from 

the following organisations. The Seabird Group 11th International Conference 

organising committee would like to take the opportunity to thank all of the sponsors 

for their support and generosity. 

 

 
 
 
 

 
 
 

 

The RSPB speaks out for birds and wildlife, tackling the problems that threaten our 

environment and promoting the conservation of wild birds and their habitats. We 

are a charity supported by over one million members, based in coastal and rural 

areas as well as towns and cities.  

 
The RSPB speaks out for birds and wildlife, tackling the problems that threaten our 
environment and promoting the conservation of wild birds and their habitats. We 
are a charity supported by over one million members, based in coastal and rural 
areas as well as towns and cities.  
 

The RSPB’s work covers a wide range of issues including planning, climate change, 

energy, water, agriculture and marine issues. We have practical experience of 

managing land and coast for conservation, farming forestry and other enterprises. 

We undertake scientific and economic research to underpin our land management, 

policy analysis and advocacy. 

 

We also work with Birdlife International partners across the world to carry out 

crucial conservation projects and policy advocacy on a global stage. To find out more, 

please visit our website www.rspb.org.uk 
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The Marine Institute at the University of Plymouth represents a large pool of world-

leading experts whose breadth of marine knowledge and expertise is second to none, 

enabling us to understand the relationship between the way we live, the seas that 

surround us and the development of sustainable policy solutions. Our network of 

professionals is consulted globally and contributes towards practical solutions. We 

are integrating our multidisciplinary expertise in marine research, education and 

innovation to train new scientists, policy-makers, technicians and business 

managers of the future. 

 

For further information, please visit www.plymouth.ac.uk/marine 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://plymouth.ac.uk/pages/view.asp?page=30492
http://plymouth.ac.uk/pages/view.asp?page=30491
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Keynote Speaker Biography 
 

 

 
 

Bob decided to become an ornithologist under the inspirational influence of Peter 

Mawby, who took him to ring seabirds in Shetland. Bob has been returning to 

Shetland ever since, mostly to Foula. He trained at Durham University, and then took 

up a postdoc at Aberdeen University, from where he moved to Glasgow University, 

retiring in July 2011 and taking up a part-time post as Principal Ornithologist with 

MacArthur Green Ltd.  

 

During this time Bob has supervised an extraordinary 55 PhD students, many of who 

have gone to have successful academic careers and some of which are long-term 

supporters of the Seabird Group. He has published on topics as diverse as sex 

determination in sea turtles, goosander moult migration, use of garden bird feeders 

by siskins, subspecies of eiders, stable isotopes and fatty acids as markers of diet, 

mercury pollution, birds as monitors of environmental change, deer eating live 

seabirds, but mostly on seabird-fishery interactions. 

 

Bob is a Fellow of the Royal Society of Edinburgh, a member of BTO Council, a 

member of SNH Scientific Advisory Committee, and has chaired ICES Working Groups 

and a panel advising the Danish government on monitoring environmental impacts 

of marine wind farms. Unlike most people he actually likes Great Skuas. 

 
 
 
 

Professor Bob Furness 
 
“Seabird responses to 
environmental change: insights 
from 30 years of PhD Supervision” 
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Academic Programme at a Glance 

 

Friday 2nd September – Roland Levinsky Building, University of Plymouth 

1600 – 1800 Registration and mounting of posters  

1800 – 1900 Plenary Session Professor Bob Furness (University of Glasgow): 
“Seabird responses to environmental change: 
insights from 30 years of PhD supervision” 

19.00 – 1920 Seabird Annual General Meeting  

1900 – 2200 University of Plymouth Marine Institute funded Reception & Poster Session  

Saturday 3rd September– Roland Levinsky Building, University of Plymouth 

0800 – 0920 Late registration and welcome coffee  

Session 1 Marine Renewables and Seabirds Chair: Dr Rowena Langstone (RSPB, UK) 

0900 -  0920 Gannets and offshore wind farms – towards a tracking-based approach to the 
assessment of impacts 

Keith Hamer (University of Leeds, UK) 

0920 – 0940 Flight patterns of seabirds in an offshore wind farm in the Netherlands Ruben Fijn (Bureau Waardenburg, Netherlands) 

0940 -  1000 Seabird-windfarm interactions are revealed through GPS telemetry Chris Thaxter (British Trust for Ornithology, UK) 

1000 - 1020 Assessing the potential effects of marine renewable energy developments on black 
guillemots 

Elizabeth Masden 

(Environmental Research Institute, UK) 

1020 - 1040 Pre-construction monitoring of birds using Rhode Island’s offshore waters Peter Paton (University of Rhode Island, USA) 

1040 - 1120 Refreshment break and posters  
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Session 2 Behavior and Monitoring Chair: Professor Tim Guilford (University of Oxford, 
UK) 

1120 - 1140 Identifying dispersal behaviour in Leach’s storm-petrel Oceanodroma leucorhoa across 
the North Atlantic using traditional and Bayesian stable isotope analysis 

Anthony Bicknell (University of Plymouth, UK) 

1140 - 1200 The role of parasites in family conflict dynamics in the European shag Hanna Granroth-Wilding  

(University of Edinburgh, UK) 

1200 - 1220 

 

Extraordinary long persistence of maternal antibodies in a long lived seabird: 
implications from albatross conservation to comparative immunology 

Thierry Boulinier (CEFE-CNRS, France) 

1220 - 1240 Combining tracking and transect data to identify important foraging areas for terns Linda Wilson (JNCC, UK) 

1240 - 1300 

 

Intensive monitoring provides new insights into key flyways and foraging areas of the 
Balearic Shearwater in UK and French waters 

Russell Wynn (National Oceanography Centre, UK) 

1300 - 1400 Lunch and posters  

Session 3 Individual Specialization in Seabirds Chair: Professor Stuart Bearhop (University of 
Exeter, UK) 

1400 - 1420 Using isotopic tools to help evaluate the causes and consequences of individual 
dietary specialisation 

Seth Newsome (University of Wyoming, USA) 

1420 - 1440 Individual specialization in foraging behaviour in a wide-ranging marine predator Thomas Bodey (University of Exeter, UK) 

1440 - 1500 Specialization in foraging behaviour by thick-billed murres leads to dietary 
specialization  

Kyle Elliot (University of Manitoba, Canada) 

1500 - 1520 Long term individual migration tracking of the Manx shearwater Puffinus puffinus Holly Kirk (University of Oxford, UK) 

1520 - 1540 Migratory navigation in the Atlantic Puffin Fratercula arctica Tim Guilford (University of Oxford, UK) 

1540 - 1620 Refreshment break & posters  
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Session 4 Foraging Chair: Dr Richard Phillips (British Antarctic Survey, UK) 

1620 - 1640 Foraging behaviour within foraging trips for chick rearing common guillemot 
recorded with combined deployment of GPS and time-depth recorders. 

Tom Evans (Lund University, Sweden) 

1640 - 1700 Some like it hot and stratified: Influence of hydrographic features on seabird 
distribution in the German Bight in summer 

Franziska Guepner (Research and Technology Centre, 
University of Kiel, Germany) 

1700 - 1720 Foraging behaviour of rockhopper penguins during different years and breeding 
stages at New Island, Falkland Islands 

Katrin Ludynia (Max-Planck Institute for Ornithology, 
Germany & University of Cape Town, South Africa) 

1720 - 1740 Time-activity budgets and reproductive success in the black-legged kittiwake Lorraine Chivers (Queen’s University Belfast, Northern 
Ireland) 

1740 - 1800 Frequent locations of oceanic fronts as an indicator of seabird foraging habitat Peter Ian Miller (Plymouth Marine Laboratory, UK) 

1915 - 0000 Banquet at the National Marine Aquarium  

Sunday 4th September– Roland Levinsky Building, University of Plymouth 

0800 – 0900 Information desk and welcome coffee  

Session 5 Seabird Migration Chair: Dr Francis Daunt  

(Centre for Ecology and Hydrology, UK) 

0900 - 0920 Where do kittiwakes winter in the Atlantic? Simultaneous tracking of breeders from 
18 colonies.   

Morten Frederiksen (Aarhus University, Denmark) 

0920 - 0940 Dispersal patterns of fledglings and implications for the development of individual 
migration strategies in wandering albatrosses 

Richard Phillips (British Antarctic Survey, UK) 

0940 - 1000 Survival strategy of little auks facing the challenges of a North Atlantic winter Jérôme Fort (CEFE-CNRS, France) 

1000 - 1020 Understanding migration strategies of Lesser Black-backed Gulls with GPS telemetry Viola Ross-Smith (British Trust for Ornithology, UK) 

1020 - 1040 Persistent organic pollutant levels in a top marine predator in relation to wintering 
area and diet 

Eliza H K Leat (University of Glasgow, UK) 

1040 - 1120 Refreshment break & posters  
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Session 6 Seabird Migration II Chair: Dr Francis Daunt  

(Centre for Ecology & Hydrology, UK) 

1120 - 1140 Meta-population evidence of oriented chain-migration in Northern gannets David Grémillet (CEFE-CNRS, France) 

1140 - 1200 Consistent wintering behaviour and carry-over effects in a marine predator James Grecian (University of Plymouth, UK) 

1200 - 1220 Can we trace the migration of Atlantic seabirds using stable isotopes?     T Militão (University of Barcelona, Spain) 

1220 - 1240 Machine learning approaches to understanding migration and foraging behaviour Robin Freeman (University of Oxford, UK) 

1240 - 1300 

 

A newly described seabird diversity hotspot in the deep Northwest Atlantic identified 
using individual movement data 

Ewan Wakefield (University of Leeds, UK) 

1300 - 1400 Lunch & Posters  

Session 7 Impacts of Environmental Change I Chair: Dr Morten Frederiksen  

(Aarhus University, Denmark) 

1400 - 1420 Multi-trait ageing and differential impact of environmental variations in an extremely 
long-lived bird 

Deborah Pardo (CEBC-CNRS, France) 

1420 - 1440 Annual survival in rockhopper penguins and the influence of sea surface 
temperatures.  

Nina Dehnhard (Max Planck Institute for Ornithology, 
Germany) 

1440 - 1500 
 

Climate, fish stocks and fisheries and their effect on the long term population trends 
in the Black-Legged Kittiwake 

Tone Reiertsen  (Tromsoe University Museum, Norway) 

1500 - 1520 Size matters: Density-dependent responses to environmental change Rachel Davies (University of Leeds, UK) 

1520 - 1540 Arctic Terns in Iceland: causes and consequences of declines in productivity Freydis Vigfusdottir (University of East Anglia, UK) 

1540 - 1620 Refreshment break & posters  
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Session 8 Impacts of Environmental Change II Chair: Dr David Grémillet (CEFE-CNRS, France) 

1620 - 1640 Seabirds as bio-indicators of coastal ecosystem recovery following the Prestige oil spill Rocio Moreno (University of Barcelona, Spain) 

1640 - 1700 Modelling the climate change effect on apex predators in the Celtic Sea using a multi-
trophic level approach 

Valentina Lauria (University of Plymouth, UK) 

 

1700 - 1720 Informed dispersal and seabird population response to environmental change: how 
telemetry can help  

Aurore Ponchon (CEFE-CNRS, France) 

1720 - 1740 Long term effectiveness of MPAs: insights from a 16 year data set on summer foraging 
distributions of European shags 

Maria Bogdanova  

(Centre for Ecology & Hydrology, UK) 

1740 - 1800 Long-term decrease in egg size shared by contrasting populations of Atlantic Puffins 
Fratercula arctica in North Norway 

Robert Barrett  

(Tromsoe University Museum, Norway) 

1800 Conference close  
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List of Posters 
 

Banks AN & Clough SC New technology for age-old questions 

Bosman DS, Stienen, EWM & Lens L Migratory diversification in a closely-related species pair in relation to 
other life-history traits 

Cadiou BC, Pouline PP & Dugué LD Occurrence of marine debris in European shag’s nests as indicator of 
marine pollution 

Cama A & Arcos JM Incidence and causes of seabird mortality in Atlantic Spanish coasts: a new 
beached bird programme within FAME Project  

Cook ASCP, Parsons M, Mitchell I & Robinson RA Reconciling policy with ecological requirements in biodiversity monitoring 

Cook ASCP, Wright LJ & Burton NHK Flight heights and avoidance rates of seabirds in relation to offshore wind 
farms 

Cooke F, Cook ASCP, Barker S, Andrews J, Wright LJ & Burton NHK Standardised sea-watching measures the influence of environmental 
variables and season on bird abundance 

Cowen HC, Oppel SO, Hervias SH, Oliveira NO, Geraldes PG, van Heezik YvH & 
Brooke MB 

How to measure cat activity in shearwater colonies to explain variation in 
Cory’s shearwater nest survival? 

Edwards EWJ & Thompson PM GPS tracking of breeding northern fulmars (Fulmarus glacialis) – 
differences in distribution between Scottish colonies? 

Evans TJ, Baaij E, Shamoun-Baranes J, Hentati J, Bouten W & Åkesson S Foraging movements of breeding lesser black-backed gulls (Larus fuscus 
fuscus) at an island colony in the Baltic Sea using high frequency GPS data 

Frandsen MSF & Mosbech AM Composition of chick meals and foraging behaviour of little auks (Alle alle) 
from large breeding colonies in High Arctic Northwest Greenland  

Garcia-Tarrason MG, Bécares JB, Arcos JA, Bateman SB, Jover LJ & Sanpera CS Linking feeding ecology and habitat use in an endangered seabird: Stable 
Isotopes and GPS data in Audouin’s gull 

Guilford TC, Wynn R, McMinn M, Rodriguez A, Jones AR, Maurice LD & 
Suberg L 

Migratory movements of the critically endangered Balearic Shearwater 
revealed by geolocator tracking 
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Harris S, Quintana S & Raya Rey A 
 

Individual consistencies in search behaviour of breeding Imperial 
Cormorants (Phalacrocorax atriceps) at Punta León, Argentina 

Hawkins BF, Daunt F, Monaghan P, Newell M, Wanless S & Dawson A Nutritional stress and breeding failure in the black-legged kittiwake: a 
hormonal pathway? 

Huffeldt NH, Linnebjerg JL, Falk KF, Frederiksen MF & Merkel FM No apparent effect of sex on Brünnich’s guillemots’ (Uria lomvia) time-
budgets during incubating and chick rearing despite segregated 
attendance patterns at Kippaku, Northwest Greenland 

Inger R, Christen N & Bearhop S Quantifying the potential avian impacts of the world’s first commercial 
tidal current turbine: SeaGen 

Linnebjerg JL & Frederiksen MF Wintering areas of three sympatric breeding alcids 

Merkel FM, Huffeldt NH & Johansen KJ Estimating breeding success by remote time-lapse photography and GIS-
based analyses in a cliff-nesting seabird 

Morgan EM Interactions between puffins and Larus gulls on Burhou, Channel Islands: A 
review of the last five years of management 

Newell MA, Harris MP, Wanless S & Daunt F Validation of chick diet and provisioning rate of common guillemots using 
videos 

Nicoll MAC, Jones CG, Ratcliffe N, Tatayah V & Norris KJ The non-breeding season migration of the Round Island petrel 

Oppel S, Raine AF, Borg JJ, Raine H, Bonnaud E, Bourgeois K & Breton AR Low adult survival probabilities threaten the Yelkouan shearwater Puffinus 
yelkouan 

Perrins C Factors affecting weight and survival of fledgling Manx shearwaters 
Puffinus puffinus 

Peter HU, Kopp M, Phillips RA & Hahn S South polar skuas from a single breeding population overwinter in 
different oceans  

Quinn LQ, Cabot DC, Meharg AM, Phillips RP & Thompson PT Inter and intra-colony differences in wintering foraging area use by 
northern fulmars 
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Ramirez F, García-Tarrasón M, Rami L, Genovart M, Sanpera C & Jover L Nutritional constraints on egg size: the role of calcium in the intra-clutch 
pattern of egg size variation 

Reyes JM, Phillips RA & González-Solís J Activity patterns of pelagic seabirds during the nonbreeding period 

Soanes L, Dodd S, Arnould J & Green J How do we accurately estimate the foraging areas of seabirds? 

van Noordwijk HJ & Quillfeldt P Is fledging success determined by differences in maternal egg investment? 

Vera E, García-Tarrasón M, Blasco M, Genovart M, Jover L & Sanpera C Enrichment of short telomeres with aging in Audouin’s gull (Larus 
audouinii)  

Wade HM Spatial use of the marine environment by breeding great skuas 
Stercorarius skua and potential effects of marine renewable energy 
developments 

Waggitt JJ, Briffa M, Grecian WJ, Newton J, Patrick SC & Votier SC Do seabird breeding colonies function as information centres - as study 
with northern gannets Morus bassanus? 

Wright LJ, Cook ASCP, Thaxter CB, Moran NJ, Musgrove AJ, Cook F, Barker S, 
Andrews J & Burton NHK 

The value of sea-watching in monitoring seabirds 

Wright LJ, Ross-Smith VH, Cook ASCP & Burton NHK 

 

Strategic Ornithological Support Services for the Offshore Wind Industry 



 

Page | 15 

 

Plymouth, Devon 
 

Welcome to Plymouth 
 
 
 
 
 
 
 
 
 
 

 
Plymouth Hoe 

 
The largest city in Devon, Plymouth overlooks one of the world’s greatest and most 
beautiful natural harbours, Plymouth Sound. Plymouth’s past and present is connected with 
the sea and its shores have seen the departure of some of history’s greatest adventurers 
including the sailing the sailing of the Mayflower and founding of the New World, Sir Francis 
Drake’s defeat of the Spanish Armada, and Captain Cooks search round unmapped 
territories. 
 
An open plateau, Plymouth Hoe is an excellent spot for a picnic or spotting ships in 
Plymouth Sound. Historically renowned for Sir Francis Drake’s patronage and a game of 
bowls, Plymouth Hoe is also home to some favorite tourist attractions including Smeaton’s 
Tower, a lighthouse and work of engineering genius. 
  

Situated in Sutton Harbour, the Barbican has a charming 
ambience resplendent with old architecture and a 
historic site in its own right. It was from here Captain 
Cook’s adventures started and thousands of convicts 
were shipped off to Australia. The Pilgrim Father’s spent 
their last night here in 1620 in Island House, before 
setting sail on their North American Quest. You can visit 
the Mayflower Steps or the Plymouth Mayflower for 
more info on Plymouth’s nautical heritage, take a rest in 
the charming Elizabethan Garden or visit the Elizabethan 
House. Studded with cafés, restaurants and bars, the 
Barbican also vibrates at night. Just across from the 
barbican is one of Plymouth’s premier attractions, the 
National Marine Aquarium, the largest and most 
spectacular of its kind in Britain. 
       

The Barbican 
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Plymouth City Centre is a modern, pedestrianized area with a wide range of shops, cafes, restaurants 
and is also home to one of the UK’s BBC Big Screens which has become a focal point for the city’s 
open air entertainment since it was installed in 2008.  
 
Drake Circus is Plymouth's very own covered shopping centre. Opened in October 2006 it is home to 
a wide range of well-known high street and independent stores and restaurants. It has eight major 
stores plus over 48 shops, cafes and restaurants. It is full of modern facilities for shoppers, including 
1,270 car parking spaces, lavatories, lifts and disabled access. 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
  

 

Lido, Plymouth Hoe 

The Barbican 

Drake Circus Shopping Centre 

Plymouth City Centre 
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Conference Banquet – National Marine Aquarium 

Saturday 3rd September, 2011 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
The Conference Banquet on Saturday 3rd September is taking place in Britain’s most 

up-to-date aquarium, the National Marine Aquarium, with many spectacular 

underwater displays and wide-screen viewing windows, giving you an amazing close-

up of the fish. 

The National Marine Aquarium is located in the Coxside area of Plymouth. Follow the 

brown and white fish signs, which can be found on all entry roads into the city. 

The recommended route is the A38 to Marsh Mills (Sainsbury's) then along the A374 

Embankment Road. The route for the Aquarium and Barbican Car Park (main parking 

for the Aquarium) is signposted from here. If you have SAT NAV the postcode is:  

PL4 0DX.  The Barbican car park is pay and display and there are no change facilities.  

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Schedule: 

19.15 - Arrival and collect glass of wine 

19.30 - Private tour of aquarium 

20.15 - Sit down in restaurant inc wine 

22.30 - Meal end, move to Horizons bar area 

00.12 - Last orders at bar 

01.00 - Aquarium closes 

All tickets to be booked in advance 
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Conference Venue 
Roland Levinsky Building, University of Plymouth 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This award winning iconic building houses the Faculty of Arts and Peninsula Arts. It is 

complete with lecture theatres, a public art gallery and a theatre for performances. 

 

Completed in September 2007, this building was designed by Henning Larsen, 

famous for their work on the Royal Danish Opera House in Copenhagen, and as its 

facilities are open for use by the public, benefits the city of Plymouth and the South 

West region as a whole. 

 

Also housed in this building is the main university reception providing a friendly, 

professional information and signposting service. 
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University of Plymouth Campus Map 
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Accommodation at the University of Plymouth 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

www.plymouth.ac.uk/summeraccommodation 
 

Student Village Reception is 
located on Gibbon Street, 
Plymouth, and is open daily from 
0800-2200, check-in is from 1400. 
Please check-out by 1000 on the 
day of departure.  
 
If your arrival is outside of these 
times, please notify Reception on 
01752 582984.  Outside of 
Reception opening hours, you will 
need to contact our Security office 
on 01752 588400. 
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Seabird Group 11th International Conference 
2-4 September, University of Plymouth 

 
 

 

Book of Abstracts 
 

Oral Presentations 
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Long-term Decrease in Egg Size Shared by Contrasting 

Populations of Atlantic Puffins Fratercula arctica in 

North Norway 

Barrett, RB.1 and Anker-Nilssen, TAN.2 
1Univerity of Tromsø 
2Norw. Inst. for Nature Research 

e-mail: rob.barrett@uit.no; Tycho.Anker.Nilssen@nina.no 

Optimal parental fitness is compromised by investment in reproduction and entails a 

trade-off between the production of a maximum number of independent offspring in 

any one season and the parents’ self-maintenance and subsequent chances of future 

survival. Besides adjustments in brooding and feeding effort, offspring production in 

birds can be regulated through changes in clutch size or, for species that lay only a 

single egg, egg size.  

Proximate factors determining egg size are largely unknown although food quality 

and availability during the egg-formation period is considered important. Results of 

studies addressing the effects of climate change on egg size are equivocal with two 

studies showing a decrease and two an increase with increasing spring temperatures. 

This anomaly may be partly explained by some populations being unable to adjust 

for changes in the phenology of the nesting environment resulting in a mismatch 

between food availability and breeding dates. 

On this background, we address the last 30 years’ trend in egg size of the Atlantic 

Puffin Fratercula arctica breeding on two colonies in North Norway with very 

different population histories: the relatively small colony on Hornøya, where 

breeding numbers doubled over the period to ca. 10 000 pairs in 2010, and the huge 

colony at Røst, where the population decreased by 73%, from 1.4 million pairs to  

At these two colonies, Puffin egg volume declined by 0.13% and 0.10% p.a. 

respectively. Exploratory analyses have ruled out a corresponding decrease in adult 

body size or any change in laying date as the cause of these declines. Nor was there 

any evidence of changes in adult age structure of either population in the same time 

period. There were, however, significant negative correlations between egg volume 

and pre-breeding SSTs at Hornøya and Røst. Why egg volume should change with SST 

is discussed in the context of energetic constraints and prey stocks, but the results 

suggest it may be a response to climate change, most likely mediated through pre-

laying food quantity and/or quality. 

  



 

Page | 24 
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Procellariformes are long-lived and nest in a few densely aggregated places making 

them particularly vulnerable to the deleterious effects of global change, yet despite 

being one of the most threatened avian taxa in the world, we still know little about 

their dispersal behaviour. The successful dispersal of individuals between breeding 

colonies has implications for population dynamics, genetics and conservation of 

colonies under threat. It is therefore important to understand any behaviour, or part 

of the annual cycle, that may influence dispersal. For species where it is currently 

unsuitable or impractical to use direct tracking devices to monitor their movement, 

alternative indirect methods of identifying movement and behavior that may 

promote dispersal between breeding colonies must be adopted. Using carbon and 

nitrogen stable isotope values from breeding, non-breeding and wrecked Leach’s 

storm-petrels, and zooplankton from the Continues Plankton Recorder, in Canada 

and Europe we conducted traditional and Bayesian stable isotope analyses to 

identify two behaviours of non-breeding and breeding birds that potentially promote 

dispersal between largely spaced colonies in the North Atlantic and have led to the 

genetic similarity of these colonies.  
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It is becoming increasingly apparent that treating all animals in a population as 

ecological equivalents, particularly in studies of resource use, can mask individual 

level effects that have important implications for our understanding of demographic, 

ecological and evolutionary processes. Indeed, individual specialization appears to be 

a widespread phenomenon, and given its potential impact it remains surprisingly 

under-investigated. However, the generation and persistence of such specializations 

is likely to be strongly influenced by a number of factors, particularly interactions 

with conspecifics. Such effects should be especially apparent among centrally placed 

foragers such as breeding seabirds. Here we use a combination of remote tracking 

technologies and stable isotope techniques to examine the degree of specialization 

in the foraging behaviours and diets of individual Northern Gannets Morus bassanus 

from colonies of varying size. We found individual birds showed repeatable 

behaviours, but that consistent differences between individuals also existed, 

emphasising the role of individual divergence and the presence of more specialised 

individuals, a feature that would be masked through examining population level 

variation. Such individualistic responses to resources and environmental variation 

suggest a potential mechanism by which specializations can be maintained over large 

spatial scales. 
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The marine environment has experienced dramatic change in recent decades as a 

result of human activities and climate warming. Numbers of many seabird species 

have declined over the same period. A primary tool for safeguarding seabird 

populations in the breeding season is the designation of important habitats as 

Marine Protected Areas (MPAs). However, the identification of MPAs is complex, 

since population distributions may vary across seasons or years in relation to 

environmental conditions and mechanisms such as density dependence and intrinsic 

within-individual effects. Of particular concern is that MPAs that are designated 

based on a narrow range of past or current conditions may not be effective in the 

long term in a system experiencing major changes. It is therefore crucial to quantify 

the extrinsic and intrinsic determinants of foraging distribution and designate marine 

areas that are important over a broad range of conditions. However, this is rarely 

possible because of the shortage of long-term data on foraging distributions. In this 

study, we present the longest and most comprehensive data set on summer foraging 

distributions of a single seabird population available in the Northern Hemisphere. 

290 European shags breeding on the Isle of May were deployed with locational 

loggers in 16 breeding seasons from 1987 to 2010. Over this 23 year period, the 

population has experienced significant environmental change and shown a ten-fold 

range in population size and five-fold range in annual breeding success. Despite this 

substantial variation, we recorded strikingly consistent foraging distributions, 

enabling us to identify marine habitats that have been important in a range of 

conditions over a long time period. These results have profound implications for the 

designation of MPAs that remain effective in the long term in the face of climate 

change.  
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Seabirds are especially good models for studying the responses of populations to 

environmental changes, notably in food availability. But their extreme life histories 

may also be associated with some extraordinary physiological characteristics, such as 

particularities of their immune system. The evolution of different paces of life has 

been suggested as a major force constraining physiological mechanisms such as 

immunity. In some long lived oviparous species, a prolonged persistence of maternal 

antibodies in offspring could thus be expected in order to protect them over their 

especially long growth period. Using an intergenerational vaccination design, we 

explored the temporal persistence of maternal antibodies in offspring of the Cory’s 

shearwater (Calonectris diomedea) and found, as expected, that specific maternal 

antibodies can persist more than 40 days in the plasma of nestlings, with an 

estimated half-life of 25 days post hatching. This temporal persistence is much 

longer than previously known for any bird species, notably for quails (Coturnix 

coturnix) and black-legged kittiwakes (Rissa tridactyla), for which we have 

comparative data. We also show that maternal antibodies in the considered 

procellariiform species are functional as late as 20 days of age and that the impact of 

such effects on population viability could be dramatic, notably if vaccination was 

used for the conservation of populations threatened by infectious diseases affecting 

nestlings. These results have broad implications, from comparative immunology to 

evolutionary eco-epidemiology and conservation biology. 
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Seabirds are central placed foragers during the breeding season and, as marine food 

resources are highly patchy, flexibility in their diet and foraging behaviour may be 

particularly important in maintaining energy delivery rates to the nest. Kittiwakes are 

small, surface-feeding seabirds that particularly sensitive to changes in food 

availability as they have a limited ability to switch diet or vary their activity budgets. 

Rathlin Island, Northern Ireland, is a Special Protection Area for its large seabird 

assemblages; however, the black-legged kittiwake Rissa tridactyla has recently 

suffered low breeding success and, in some years, complete breeding failure at the 

site consistent with other colonies throughout the British Isles. This is the first study 

to use GPS and temperature-depth data-loggers jointly to demonstrate the 

relationship of between-year foraging variability and reproductive success in 

kittiwakes. In a year of poor breeding success, chicks starved and food delivery rates 

were low because foraging trips were longer in duration as birds travelled further 

than in a year of average breeding success. Nevertheless, kittiwakes spent the same 

amount of time attempting to catch prey and resting on the water and thus any 

increases in foraging trip duration was a consequence of increased flying time 

commuting to feeding grounds further from the colony. Consequently, we infer that 

the patchiness of marine resources may be highly variable not just in space but also 

in time. Variation in the availability of suitable kittiwake forage, relative to the 

location of a colony, is sufficient to influence reproductive fitness between years. 

 

  



 

Page | 29 

 

Size Matters: Density-Dependent Responses to 

Environmental Change 

Davies, RD.1, Wanless, S.2, Lewis, S.3 and Hamer, KC.1 
1University of Leeds 
2Centre for Ecology & Hydrology 
3University of Edinburgh 

e-mail: bgy5rdd@leeds.ac.uk; swanl@ceh.ac.uk; Sue.Lewis@ed.ac.uk; 

k.c.hamer@leeds.ac.uk 

Intra-specific competition for food resources affects both foraging behaviour and 

population growth rates in many species. The productivity of marine ecosystems has 

been strongly affected by recent climate change, and these effects have been 

propagated up the food chain to higher predators, yet the role of density-

dependence in shaping predators’ responses to climate change has been largely 

overlooked. Here we examine trip durations, nest attendance patterns and colony 

growth rates of chick-rearing northern gannets at 10 colonies of varying size in the 

UK and Ireland in two years (2000 and 2009) with contrasting prey availability. 

Density-dependence was much stronger under poorer conditions, indicating that 

larger populations are more vulnerable to adverse impacts of environmental change. 

Our analysis also revealed a greater apparent effect of competition from 

neighbouring colonies under poorer conditions. We discuss the implications of these 

results within the context of impacts of environmental change on populations of 

different sizes and conservation status. 
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Southern rockhopper penguins (Eudyptes chrysocome chrysocome) are listed as 

vulnerable by the IUCN after a dramatic population decline during the 20th century. 

Knowledge about annual survival rates is essential to understand the species’ 

demography and the mechanisms behind the population decline. Since the breeding 

season 2006/07, we have marked a total of 526 adults and 215 chicks in our study 

colony on New Island/Falkland Islands with PIT-tags and recorded presence/absence 

throughout the following four breeding seasons. Our dataset allowed us to compare 

survival rates of different age groups and between males and females under 

different oceanographic conditions. Mortality mainly occurred in the non-breeding 

season, and was higher in females compared to males (average annual survival was 

90.7% for adult females and 93.1% for adult males). In the first three year-intervals, 

survival rates of adults as well as chicks and immatures were higher than any 

reported for crested penguins so far (maximum annual adult survival was 94.8% for 

females and 96.2% for males). This reflects generally good food availability during 

the study period and also gives hope for a slow recovery of population numbers. 

However, mortality was significantly higher in the last year, which was characterised 

by very low sea surface temperatures (SST). We found a quadratic relationship 

between average SST anomaly and survival rates, indicating a narrow optimum range 

for penguin survival. Together with previously observed population declines, the 

present data suggest rockhopper penguins to be highly sensitive to changes in sea 

surface temperatures and the underlying food-web, a worrying perspective in times 

of global climate change.  
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Seabirds are often characterized by groups of sympatric species that differ in diet. 

For example, thick-billed murres and common murres coexist, and when they do 

they differ in diet (common murres have thinner bills and are more piscivorous). 

Perhaps these assemblages have resulted from sympatric speciation through 

individual specialization. To examine the role of individual specialization in an Arctic 

seabird, we monitored diet for 19 years, foraging behaviour (accelerometers, GPS 

loggers or time-depth recorders) for 10 years and stable isotope signatures for 5 

years at a thick-billed murre colony in northern Canada. Diet was highly specialized, 

with many individuals showing significant levels of specialization that persisted 

across years. Although males specialized on “risk-averse” prey and females on “risk-

prone” prey, the majority of the specialization occurred at the level of the individual. 

Similarly, there was little evidence for a trajectory in specialization within individuals; 

foraging behaviour and diet did not change with age. Birds capturing particular prey 

items used particular stereotyped foraging behaviours, and those behaviours were 

maintained across time. We concluded that dietary specialization occurred through 

certain individuals returning to the same locations and foraging in a similar way 

across time. Nonetheless, specialization was not correlated with morphology 

(intestine length, bill depth, hematocrit) or fitness (reproductive success, survival). 

We concluded that although specialization was an important component of foraging 

ecology at our study site, there was no clear evidence that it played a role in 

sympatric speciation. 
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We studied the foraging behaviour of chick rearing common guillemot (Uria aalge) 

breeding at Stora Karlsö, an intermediate sized colony located in the Baltic Sea. To 

investigate activity within foraging trips we used a combined deployment of GPS and 

time-depth recorders, together providing high resolution activity data with major 

behaviour types (e.g. flight and diving) distinguishable. Foraging trips typically 

consisted of a short outward flight followed by a period sitting on the sea surface, 

‘splashdown’ (0.39 ± 0.48 h), after which several (5.3 ± 3.8) diving bouts would occur, 

which were interspersed with short flights and periods of water surface activity; 

after the final diving bout guillemots typically returned directly to the colony. 

Foraging was concentrated in the evening and morning, at these times diving 

frequency was high and dive depths shallower than midday or midnight. There 

appeared to be a bimodal foraging strategy with longer nocturnal trips departing in 

the evening and returning in the morning, and shorter daytime foraging trips. Flight 

ground-speeds are apparently affected by wind with outward flights (20.0 ± 2.8 ms-

1) aided by tailwinds and inward flights (15.1 ± 2.5 ms-1) into headwinds. Foraging 

area use may be affected by wind, as during our study most outward flights are to 

the North West which followed the wind direction; this could reflect a strategy to 

reduce crosswind drift, reducing orientation complexity. 
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The increasing demand for renewable energy implies that seabirds are facing 

increasing numbers of offshore wind turbines in their habitat. Offshore wind farms 

may affect seabirds by causing collisions, barrier effects, or disturbance. In the Dutch 

North Sea, flight patterns of seabirds were studied within the framework of a three-

year effect-study, following a two-year baseline study.  

Fieldwork was carried out between 2007 and 2010 in the Dutch Offshore Wind Farm 

Egmond aan Zee (OWEZ). Fluxes, flight altitudes and deflection of flight paths of local 

and migrating seabirds as well as migrating landbirds, were studied with both visual 

as well as continuous radar observations. Flight paths, being flight directions and 

routes through the wind farm area, were studied to assess the occurrence of 

deflection. Fluxes and flight altitudes were studied to quantify the number of birds at 

risk from collision with the turbines. Visual observations provided information at 

species level. Horizontal and vertical radar were equipped with Merlin (DeTect Inc.) 

to allow automated data recording and processing. These radars provided 

continuous data on flight paths, including data during nighttime and adverse 

weather.  

Flight paths of seabirds and other species were registered visually. Interspecific 

variation in reactions was considerable, while intraspecific variation was low. 

Reactions of the birds to the wind farm could be separated in four categories. Local 

seabirds either did avoid the wind farm (e.g. gannets) or did not (e.g. cormorants 

attracted to the wind farm from the main land). Similarly, migrant seabirds either did 

(e.g. scoters) or did not avoid the wind farm (e.g. terns). 

Seasonal and diurnal variations in bird activity were recorded in both flux and flight 

altitudes from sea level up to 1.5 km. Movements during the day at lower altitudes 

primarily included seabirds like marine ducks, gulls, cormorants and alcids. High 

altitude passages were mainly nocturnal migratory landbirds including waders and 

thrushes.  

This study was commissioned by ‘Noordzeewind’ (a joint venture of Nuon and Shell 

Wind Energy). 
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With an estimated global population of 80 million individuals, little auks (Alle alle) 

are among the world’s most numerous seabirds and a major component in pelagic 

food webs. These 150g birds feed on zooplankton, and winter offshore in some of 

the most inhospitable areas of the subarctic and arctic regions of the North Atlantic. 

How such a small, warm-blooded creature can survive the extreme cold, high winds 

and reduced food availability associated with a northern winter has long been a 

mystery. Using a multidisciplinary approach, we show how little auks ensure their 

winter survival by adopting specific migratory strategies allowing a balance between 

food intake and heat loss. Miniature electronic loggers deployed on little auks 

breeding in Greenland indicate a migration of >2000 km to winter in a restricted area 

off Newfoundland. Synoptic data available from the Continuous Plankton Recorder 

(CPR), indicate that this region harbours some of the highest densities of the 

copepod Calanus finmarchicus found in the North Atlantic during winter. 

Examination of large-scale climatic and oceanographic data suggests that little auks 

favour patches of high copepod abundance in areas where the air temperature 

ranges from 0°C to 5°C. These results greatly advance our understanding of animal 

responses to extreme environmental constraints, and highlight that information on 

habitat preference is key to identifying critical areas for marine conservation. 
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An understanding of the non-breeding distribution and ecology of migratory species 

is necessary for successful conservation. Many seabirds spend the non-breeding 

season far from land, and information on their distribution from ring recoveries and 

at-sea surveys is very limited. The black-legged kittiwake Rissa tridactyla is a 

widespread and numerous seabird in the North Atlantic and Pacific, but breeding 

populations throughout the Atlantic range have declined recently. To help 

understand the reasons for the decline, we tracked breeding adults from 18 colonies 

throughout the Atlantic range over the non-breeding season using light-based 

geolocation. Geolocation data loggers were deployed on breeding kittiwakes in 2008 

and 2009, and retrieved in 2009 and 2010. Data from 236 loggers were processed 

and plotted using GIS. Size and composition of wintering populations were estimated 

using information on breeding population size. Most tracked birds spent the winter 

in the West Atlantic, between Newfoundland and the Mid-Atlantic Ridge, including in 

offshore deep-water areas. Some birds (mainly local breeders) also wintered in the 

North Sea and west of the British Isles. There was a large overlap in winter 

distributions of birds from different colonies, with closer colonies showing larger 

overlap. We estimated that 80% of the 4.5 million adult kittiwakes in the Atlantic 

wintered west of the mid-Atlantic Ridge, with only birds from Ireland and western 

Britain staying mainly on the European side. The high degree of mixing in winter of 

kittiwakes breeding in various parts of the Atlantic range implies that the overall 

population is very sensitive to potentially deteriorating environmental conditions in 

the west Atlantic, e.g. due to lack of food or pollution. 
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As technological innovation has reduced the size and cost of various telemetry and 

biologging devices, the number of species and individuals being tracked during 

migration and foraging has grown significantly. The wealth of data this present can 

be hard to interpret using traditional analysis, but lends itself well to the application 

of machine learning and pattern recognition techniques. 

Here we present a variety of approaches to the investigation of at-sea behaviour in 

migratory seabirds using machine learning. We examine the objective identification 

of behavioural states during foraging behaviour, and explore the combination of 

unsupervised and supervised classification to identify marine stopovers during 

migratory journeys. We then present recent work on combining these approaches in 

multiple data series to gain a more detailed understanding of wintering distributions, 

migration and foraging behaviour. We discuss how these methods can be used to 

approach large datasets, and can reveal novel understanding of underlying 

behaviour, and finally how they may also allow researchers to reduce the negative 

impacts of larger devices. 
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Infection by parasites is commonplace and costly, with direct impacts on host fitness. 

Despite the potency of parasite infection as an ecological and evolutionary force, this 

aspect of seabird ecology has been largely overlooked. In terrestrial species, parasite 

burdens have been shown to affect pre- and post-mating reproductive success. One 

mechanism by which these effects may play out is the influence of parasites on 

conflict dynamics within the brood. The allocation of resources between siblings 

varies between brood members and is crucial to growth and recruitment. By 

changing their ability to compete for food, parasite burden in chicks could 

fundamentally alter whole brood success. 

European shags Phalacrocorax aristotelis provide an ideal model by which to address 

this question. The modal brood size of three gives rise to intricate but tractable 

within-brood interactions, and chicks are constantly exposed to gastrointestinal 

parasites through their food. This system also demonstrates individual variability in 

responses to infection as shag chicks of different rank and sex differ systematically in 

growth rate and survival. Moreover, previous work on shags has established that 

these parasites are integral to chick-rearing. We examined the interplay between 

infestation and brood dynamics by experimentally reducing the worm burden of 

broods of shag chicks on the Isle of May, south-east Scotland. Entire broods were 

dosed with ivermectin or sham-treated in early chick-rearing, and each individual's 

subsequent survival and growth rate were monitored. Being an exceptionally 

productive season, parasite treatment had no direct effect on survival. However, the 

effects of parasite treatment on growth rate varied strongly with rank and to a lesser 

degree with sex. Detailed behavioural observations using video cameras suggest that 

these patterns may be mediated by begging behaviour. Preliminary analysis indicates 

that stronger chicks beg at a higher rate, indicating that begging may be a signal not 

of need but condition. A comparison with dosing experiments from previous years 

suggests that the relationship shows very strong year effects. The impact of 

gastrointestinal parasites demonstrated here highlights the need for a deeper 

understanding of their role in seabird systems at large. 
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Individual fidelity to particular wintering locations is potentially widespread among 

migratory animals, yet is relatively poorly understood. Locating the optimum habitat 

during the non-breeding period is crucial for an individual to replenish resources lost 

during the previous breeding attempt, and therefore should be under strong 

selection. Indeed there is increasing evidence to suggest that the consequences of 

wintering habitat selection may carry-over to impact individuals in subsequent 

seasons. For marine vertebrates, while resources show high spatio-temporal 

variability at small scales, they occur within regions that are consistently productive 

at large-scales. Individual consistency in migratory strategy may allow individuals to 

return repeatedly to known foraging grounds. Furthermore, the development of 

persistent individual foraging specialisations may reduce competition during the 

wintering period. We combine two approaches to study the wintering behaviour of a 

migratory marine predator, the Northern gannet Morus bassanus: the use of 

geolocation sensors (GLS) to track individuals over multiple seasons, and the analysis 

of stable isotope ratios in consumer tissues to provide information on dietary 

preferences during the wintering period. This approach allows us to spatially resolve 

dietary information, and so compare foraging strategies both between and within 

wintering locations. We describe the migration strategies of gannets from two 

breeding colonies in the north-west Atlantic, and demonstrate that (1) individuals 

are consistent in both the location and size of wintering ranges across consecutive 
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seasons, (2) the isotopic values of feathers grown in consecutive winters are highly 

repeatable, (3) there are within-wintering location and between-individual isotopic 

differences that (4) reflect individually consistent strategies. Moreover (5), these 

strategies affect both the timing of arrival at the breeding colonies and body 

condition, which may have fitness consequences. We conclude that gannets adopt 

individual migratory and foraging specialisations that persist over multiple years, 

potentially allowing individuals to repeatedly target heterogeneously distributed 

resources during winter. These strategies interact with seasonal conditions and so 

have consequences for individual condition and phenology in the subsequent 

breeding season. These patterns may arise to reduce competition for resources such 

as food and space during the non-breeding period, or be the result of heritable 

migratory traits. 
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Increasing anthropogenic use of the North Sea and its resources requires a thorough 

understanding of factors and processes driving distribution patterns of seabirds at 

sea as an essential basis for future conservation and management measures. 

Large and small scale hydrographic structures, such as water masses, fronts, 

stratification phenomena are known to influence the distribution of seabirds either 

directly or indirectly through food availability. In the German Bight, previous studies 

on the link between hydrography and the distribution of seabirds were carried out 

based on limited spatial and temporal resolution of oceanographic data only. The 

present study concentrates on the habitat choice of seabirds at sea in the German 

Bight based on high-resolution hydrographic data in order to reveal the 

environmental characteristics that cause and drive distribution patterns. The 

connecting link between hydrographic features and seabird distribution will be 

shown in more detail using the example of the common guillemot (Uria aalge). 

To compare seabird distribution to hydrographic features, we carried out ship-based 

seabird counts simultaneously along with hydrographic measurements. 

Oceanographic data were collected by a towed undulating vehicle system. This 

system, known as `Scanfish', is able to measure hydrographic parameters 

continuously with a high spatial and temporal resolution throughout most of the 

water column. For this presentation, we analysed bird and hydrographic data 

collected during two summer cruises in 2009 and 2010 carried out in the framework 

of the COSYNA project of the Helmholtz-Zentrum Geesthacht. 

Preliminary data analysis revealed a strong correlation between the distribution of 

common guillemots and water temperature. Highest aggregations of guillemots 

were found in offshore areas with a strong thermal stratification. A high proportion 

of birds encountered consisted of chick-leading adults, some of which were observed 

to forage actively. We assume that stratified water bodies are of great importance 

for guillemots as foraging areas during the sensitive chick-rearing period. 
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Navigational control of avian migration is understood, largely from the study of 

terrestrial birds, to depend on either genetically or culturally inherited information. 

By tracking the individual migrations of Atlantic Puffins, Fratercula arctica, we 

describe migratory behaviour in a pelagic seabird that is apparently incompatible 

with this view. 

Until recently the overwintering behaviour of the Puffin remained poorly understood 

largely because of a paucity of ringing recoveries. Using miniature archival light 

loggers (geolocators) we tracked birds breeding at Skomer Island, Wales, UK, many 

over two successive years. Puffins do not migrate to a single overwintering area, but 

follow a dispersive pattern of movements changing through the non-breeding period, 

showing great variability in travel distances and directions. Despite this within 

population variability, individuals show remarkable consistency in their own 

migratory routes among years. This combination of complex population dispersion 

and individual route fidelity cannot easily be accounted for in terms genetic 

inheritance of compass instructions, or cultural inheritance of traditional routes. We 

propose an alternative hypothesis, suggesting that a mechanism of individual 

exploration and acquired navigational memory may provide the dominant control 

over Puffin migration, and potentially other pelagic seabirds, despite the apparently 

featureless nature of the ocean over which they travel. 
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In the face of climate change due to anthropogenic greenhouse gas emissions, the 

European Union has required that its member states meet 15% of their energy needs 

from renewable sources by 2020. In response, the planning and construction of 

offshore renewable projects has burgeoned. Most ambitious of all are UK proposals, 

which, if fully realised, will see an order-of-magnitude increase in the number of 

wind turbines operating in British waters. The impact these developments will have 

on the internationally import populations of UK seabirds remains to be seen but 

evidence from onshore wind farms shows that, for some species, disturbance and 

mortality due to direct collisions could be significant. These must be weighed against 

beneficial effects, principally the mitigation of climate change. To-date, impact 

assessments for proposed wind farms in UK waters have relied heavily on analysis of 

aerial and boat-based survey data. While this approach gives a synoptic view of the 

entire seabird assemblage within a proposed development area, it suffers from a 

number of limitations, i.e. the provenance, sex and breeding status of birds observed 

at sea are usually undetermined; behavioural information is limited; and movement 

data, crucially including flight height, are recorded subjectively. We suggest that 

seabird telemetry can be used in a complementary way to correct these 

shortcomings.  

The northern gannet Morus bassanus is a large, wide-ranging, aerial seabird. These 

traits, together with the fact that 55% of its population breeds around the British 

Isles, mean the potential for adverse, population level, effects from wind farms need 

to be assessed. Here, we present detailed tracking data for gannets breeding at two 

colonies bordering the North Sea (Bass Rock and Bempton Cliffs); including high-

resolution three-dimensional foraging tracks, and discuss how such data can be used 

to assess the potential impacts of wind farm developments on seabirds from these 

colonies and beyond.  
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The last few years have seen an extraordinary growth in the study of animal 

migration, accelerated by the miniaturisation of individual tracking technology. 

These techniques have been particularly valuable in studying pelagic seabird species 

renowned for their elusive and far-ranging migratory behaviour. Previous work using 

geolocators (small archival light loggers; British Antarctic Survey) has confirmed that 

Manx shearwaters (Puffinus puffinus) conduct a trans-equatorial, trans-Atlantic 

migration to overwintering areas on the Argentinean Patagonian shelf after breeding 

in Wales. This journey covers some 10000 km, returning via the Caribbean, possibly 

stopping over to refuel in the North Atlantic on the way. Since 2006 we have been 

following the migration of the Manx shearwater using geolocators. We report data 

from repeated migration trips of over twenty individuals breeding on Skomer Island 

(Wales), some covering four consecutive years. We explore variation in migratory 

routes, migratory phenology, and overwintering destinations between individuals 

and within individuals across multiple years. In particular we focus on individual 

spatial and temporal fidelity, and apparent southwards progression in the core 

overwintering area, mid-ocean stop-over behaviour during return migration, and an 

apparent period of reverse migration prior to breeding.  
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Marine ecosystems are exposed to pressures exerted by climate change and fisheries. 

Determining the impacts of these stressors remains a major goal for both population 

biologists and applied ecologists. Over the last 20 years, changes in abiotic factors in 

the North-east Atlantic have been linked to changes in the diversity and abundance 

of plankton communities. Climate also has profound effects on the demography and 

population dynamics of marine apex predators such as seabirds. It is important to 

understand how bottom-up effects will influence higher trophic level populations 

such as fish and apex predators. This is, however, difficult due to the complexity of 

the structure and functioning of marine ecosystems. Research is needed to 

understand the mechanisms that link different trophic levels and to quantify the 

effects of these anthropogenic disturbances on populations of predators.  

The aim of this study is to investigate the effect of climate change on the pelagic 

food web in the Celtic Sea. We examined the bottom-up forcing through four trophic 

levels from plankton to apex predators using long-term datasets. Each trophic level 

was tested for climatic effects (changes in food availability, sea surface temperature 

and North Atlantic Oscillation). For seabirds, two demographic parameters were 

used: breeding success and population growth rate, to test if populations were also 

regulated by intrinsic factors (such as population density).  

Our results indicate that the Celtic Sea food web shows a weak signal of climate 

forcing. Seabird populations are influenced from direct and indirect effects of climate 

change and intrinsic factors, however their responses vary according to the species. 

Analysis of long-term data appears to be essential in understanding ecosystem 

structure and response to changes. The research reported here highlights the 

potential use of prediction tools for decision support within marine biodiversity 

conservation.  
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Top marine predators, including seabirds, are regularly sampled to monitor levels of 

persistent organic pollutants (POPs) in the marine environment. Despite restrictions 

on use and production of many POPs, and declines in some legacy POPs in the 

environment, concern remains about levels of these chemicals in marine biota and 

their potential toxicity. Many species of seabird are migratory, however there is a 

lack of studies investigating the possible contribution of time spent in their wintering 

area to their POP burdens as sampled during the breeding season. Advances in 

technology now mean it is possible to link the POP levels of individual birds to their 

wintering area, recorded using geolocators. The great skua (Stercorarius skua) was 

chosen as study species as it is a top predator with high levels of POPs (Leat et al. 

2011 Environ. Pollut. 159:1222-1228), and has breeding populations that contain 

individuals which winter in geographically diverse locations. Of 10 loggers recovered 

from the Icelandic population 5 birds wintered in North America in the Grand Banks 

area, 4 wintered in the eastern Atlantic and one crossed the Atlantic from North 

America to Iberia during the winter. Great skuas from Bear Island show similar 

patterns whereas those from Shetland all winter of southern Europe and NW Africa. 

Differences in regulation of POP use between North America and Europe give rise to 

differences in POP levels recorded in the western and eastern Atlantic which may be 

reflected in the great skua. Another aspect of variation which is known to effect POP 

levels in biota is diet. Lipophilic POPs tend to bioaccumulate. Little is known about 

the diet of great skuas in their wintering areas, therefore δ13C and δ15N stable 

isotopes were measured in the 8th primary feather of birds sampled to evaluate any 

potential relationships between diet and POP levels. This paper will present POP 

levels in great skuas in relation to their differing migrations, wintering areas, and diet. 
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During the past decades, the population of the southern rockhopper penguin 

(Eudyptes chrysocome chrysocome) on the Falkland Islands has decreased stepwise 

to less then 20 % of its original size in the 1930s. These changes in numbers are 

believed to be related to altered environmental conditions and food availability. 

During the incubation period, birds are known to spend longer periods away from 

the colony, thus being able to reach more distant and possibly more productive 

areas at sea. During guard and crèche stages, penguins are limited to foraging areas 

closer to the colony, having to return more frequently to feed their chicks. We 

studied the foraging behaviour of rockhopper penguins using GPS data loggers 

during three breeding seasons between 2008/09 and 2010/11 at New Island, 

Falkland Islands. Our aim was to identify differences in foraging behaviour between 

breeding stages and years and relate these to oceanographic and feeding conditions. 

Differences in foraging behaviour during the incubation period may also be related 

to different energetic needs in males and females during the subsequent breeding 

stages. Male penguins travelled large distances foraging over the Patagonian shelf 

during the incubation periods in both years studied (300-400 km away from the 

colony), while females presented shorter foraging trips, staying closer to the island. 

Males presumably forage in more productive waters further away from the colony to 

be able to fast again during the chick guard stage. Females continued to forage in 

close vicinity to the island during the guard stages of all three years studied (average 

distance to the colony of 30 km for 1-day trips), mostly presenting daily returns to 

the colony. The foraging effort was lower during crèche when both partners were 

involved in chick provisioning. Rockhopper penguins at other breeding sites in the 

South Atlantic have been found to stay at sea for longer periods, presumably due to 

unfavourable environmental conditions. Relatively short foraging trips as well as the 

lack of major inter-annual differences indicate favourable feeding conditions for 

rockhopper penguins at New Island during the three consecutive breeding seasons 

studied.   
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As governments pledge to combat climate change, renewable energy developments 

are becoming common features of terrestrial and marine environments. The 

Pentland Firth in the north of Scotland is no exception, with sites recently leased for 

wave and tidal renewable energy developments. The Pentland Firth provides 

habitats for breeding seabirds, and although wave and tidal energy are perceived as 

‘green’, international legislation requires that seabirds are not negatively impacted 

by the developments. As yet, many of the environmental effects of marine 

renewable energy devices are unknown. For diving seabirds, the main concerns are 

likely to be displacement from habitat and collision with devices. One species known 

to forage in high flow environments and dive to depths at which tidal turbines are 

proposed to be deployed is the black guillemot Cepphus grylle. There is limited 

ecological information available for this species. At two leasing sites (the Inner Sound 

and the Ness of Duncansby), tidal energy devices to be deployed have exposed 

turbine blades, but there is minimal information on the vertical distribution and 

swimming behaviour of black guillemots within the water column i.e. dive profiles. 

Consequently, at present it is impossible to estimate (with confidence) collision risk 

posed to marine birds by tidal devices. Similarly, little is known of the small scale 

distribution of individuals in areas of proposed developments. Therefore it is 

impossible to assess with any certainty the potential disturbance and displacement 

impacts of tidal devices on black guillemots. 

We present preliminary results from the first year of study (summer 2011) into the 

horizontal and vertical movements of black guillemots around the island of Stroma 

and the Inner Sound of the Pentland Firth using temperature depth recorders (TDRs) 

and GPS loggers. The results of this project will provide information on the potential 

impact of tidal energy devices on black guillemots. More generally, the results will 

provide ecological information on the spatial and temporal variation in habitat use 

by black guillemots. This information will aid marine planning and more specifically, 

the development of marine protected areas.  
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Tracking devices, such as geolocators, are revealing many new aspects of the 

migratory dynamics of seabirds but it is expensive to use them in large numbers, and 

unfeasible to deploy on very small species. In these occasions intrinsic markers, such 

as the analysis of stable isotope ratios of feathers, can be a useful alternative to 

trace migratory movements. In contrast with the terrestrial environment we still 

have insufficient baseline knowledge for linking isotopic signatures of different 

feathers to movements amongst distinct water masses. In this study we linked the 

carbon and nitrogen signatures of feathers from tracked birds to specific water 

masses in the Atlantic Ocean. We analyzed the isotopic signatures of feathers in 

three Procelllariiforme species: the great (Puffinus gravis from Gough Island), the 

Manx (P. Puffinus from Iceland) and the Cory’s (Calonectris diomedea borealis from 

Canary Islands) shearwaters and 2 Charadriiforme species: Black-legged Kittiwake 

(Rissa tridactyla, from Norway) and Common Tern (Sterna hirundo, from Germany). 

These species breed in different archipelagos but share several feeding grounds 

throughout the Atlantic (e.g. the Arctic Atlantic or the Patagonian shelf) in different 

periods of their annual cycle. Stable isotope signatures in different feathers 

corresponded well with the areas in which we inferred that they were grown. Thus, 

stable isotope analysis of feathers is a powerful tool to trace the migratory 

movements of seabirds in the Atlantic. 
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We have studied the distribution of oceanic fronts observed by satellite as a proxy 

for enhanced pelagic biodiversity. These maps can then be applied to assist in the 

designation of Marine Protected Areas (MPAs) and site selection for marine 

renewable energy installations (MREIs). It is already known that frequent front zones 

are associated with higher abundance and diversity of phytoplankton, zooplankton, 

certain pelagic fish and megafauna such as cetaceans and basking sharks. We are 

now seeking to use fronts to help understand the foraging hotspots of seabirds, from 

tagging and sightings datasets. A 10-year time-series (30,000 satellite images) was 

processed and aggregated to generate a front climatology of the UK continental shelf, 

indicating the regions where strong fronts are most frequently observed during each 

season. A UK government (Defra) project has used these results to advise the 

selection of potential MPAs.  

The excellent spatial and temporal coverage of satellite data suggest important 

applications for the marine renewable industry. The site selection procedure for 

potential MREIs could exploit frontal indicators as a cost-effective initial risk 

assessment of impacts to seabird migration. This research is based on the composite 

front map approach, which is to combine the location, strength and persistence of all 

fronts observed over several days into a single map, improving interpretation of 

dynamic mesoscale structures (Miller, 2009). These techniques are robust and 

applicable to any geographic area. 

Miller, P.I. (2009) Composite front maps for improved visibility of dynamic sea-

surface features on cloudy SeaWiFS and AVHRR data. Journal of Marine Systems, 

78(3), 327-336. doi:10.1016/j.jmarsys.2008.11.019 
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In November 2002 and just three years after the Erika spill, the tanker Prestige was 

wrecked off the Atlantic north-west coast of Spain (Galicia), releasing approximately 

60.000 tonnes of oil products, which dispersed from Northern Portugal to France and 

contaminated key marine ecosystems such as the Parque Nacional de las Islas 

Atlánticas. Here we used the two main species breeding in the National Park, the 

European shag (Phalacrocorax aristotelis) and the yellow-legged gull (Larus 

michahellis), to gain insights into long-term alterations in food web dynamics and to 

investigate the persistence of oil pollution in the affected coastal ecosystem. In order 

to achieve that, we analyzed stable isotopes (δ13C, δ15N and δ34S) and heavy metal 

concentrations (Hg, Cu, Pb, Zn, Cr, V and Ni) in chick feathers sampled at three 

affected colonies during seven post-spill years (from 2003 to 2009), and compared it 

with pre-spill values (spring/summer 2002) obtained from feathers of juvenile shag 

corpses collected at the time of the incident. Although most short-term studies 

published until today indicate a strong initial impact during the first year after the 

spill with recovery by 2004, δ15N and Hg, Pb and Cu concentrations of yellow-legged 

gulls and European shags indicate changes in the food web structure and chronic oil 

pollution in the affected area for at least three years, and provides the strongest 

evidence to date on the lasting impact of the Prestige incident in the Galician marine 

ecosystem. 
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A main goal in ecology is to predict the ecological consequences of global changes. 

Inter-individual variability observed within populations complicates the 

understanding of their dynamics and can lead to false predictions. Currently, a 

growing number of studies are highlighting the effects of ageing in wild populations. 

In the context of increased rates of extinction of species and global changes, it seems 

paramount to consider how individuals differentially respond to environmental 

variations according to their age.  

Black-browed albatrosses are long-lived and have been studied intensively in the 

French Southern territories since 1969, the oldest individual being 35. First, we 

investigated how age affects 7 demographic, morphometric and life history traits 

within both the maturation and the senescence phases. Second we looked for 

differential impacts according to age of an array of environmental covariates 

including climate and fisheries in both breeding and wintering zones.  

Age effects: All survival and reproductive parameters increased at younger ages, 

except chick body condition and structural size, suggesting that younger parents had 

already acquired good foraging capacities. Failure during incubation was the main 

cause of the poor breeding success of young breeders. There was evidence for 

reproductive and actuarial senescence at advanced ages, well after the mean age at 

first reproduction. A drop in chick body condition at fledging strongly suggests 

decreased foraging capacities of old individuals. 

Environmental effects according to age: Survival and breeding success were strongly 

positively linked to sea surface temperature in summer. Longline effort in winter 

improved breeding success and chick body condition the following year, probably 

because of the food offered by discards. Finally, breeding success was affected 

negatively by longline effort in summer. Age classes were affected differently: older 

birds had greater responses to environmental covariates than younger ones, which 

in turn were more affected than middle-aged individuals. 

We discuss these findings in the light of environmental canalization, where survival is 

predicted to be strongly canalised, especially in the most important part of the 

population: middle-aged individuals.  
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There currently are no offshore wind farms in the United States, but two wind 

facilities (5-6 wind turbines [30 MW] and up to 200 wind turbines [1000 MW]) are 

planned for Rhode Island. The Rhode Island Ocean Special Area Management Plan 

(RI OSAMP) is an adaptive management plan that will define use zones for Rhode 

Island and Block Island Sounds through a standardized research and planning process. 

These zones are intended to protect wildlife, commercial and recreational uses, 

while providing for future activities, such as renewable energy development. To 

quantify spatial and temporal distribution, abundance and flight ecology of birds 

using this study area, we conducted a combination of land-based seawatches, ship-

based line-transect surveys, aerial line-transect surveys and land-based radar surveys 

from 2009 to the present. Land-based sea watches allowed us to assess spatial 

variation, the relative abundance of birds, flight ecology (both flight altitude and 

direction), and to model the phenology of common species using nearshore waters. 

Ship-based and aerial surveys allowed us to develop density surface models of the 

spatial and temporal distribution of common avian species across the 3,800 km2 

study area using Program Distance. Our results documented considerable seasonal 

and spatial variation in avian abundance and we are presently conducting aerial line-

transect surveys across the study area to further capture this temporal and spatial 

variability. All biological data, including our avian data, collected as part of the 

OSAMP will be included in an Ecological Value Model (EVM) that will rank biological 

importance on a fine spatial scale across the study area to help guide regulators and 

developers. Our presentation will focus on those survey and analytical 

methodologies of interest to seabird biologists and explore how these types of avian 

data can be used in the context of future marine spatial planning. 
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Oriented migrations have been identified in a large number of terrestrial bird species. 

Conversely, seabird post-breeding movements are generally regarded as dispersive. 

New biotelemetry technologies allow researchers to challenge this assumption, yet 

recent work mainly focuses on single seabird populations. Here we used 

miniaturized geolocators to reveal inter-breeding movements and winter 

distribution of northern gannets (Morus bassanus) at a meta-population scale. We 

focused on five major breeding colonies distributed along a latitudinal gradient of ca. 

2500 km, including the southern- and the northernmost European breeding sites. 

Our data collected for 86 individuals show that European gannets mainly winter off 

Western Europe and West Africa, two of the most productive areas of the North 

Atlantic. Breeding and wintering grounds are connected by a major gannet flyway 

running along the coasts of Western Europe and Africa, from Shetland to Senegal. 

Crucially, maximum winter range was similar across colonies (3500 km) despite their 

wide latitudinal range. This strongly suggests chain-migration, and is opposed to the 

general opinion that large pelagic birds such as gannets enjoy unlimited range 

outside of the breeding season. Our study therefore demonstrates oriented 

migration in gannets, and highlights the benefit of meta-population approaches of 

seabird movements. It is essential to include such processes in marine management 

plans, especially in the design of adaptive pelagic protected areas due to improve the 

conservation of marine biodiversity.  
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Seabirds are very long-lived, and some species spend >10 years at sea acquiring the 

experience, flight, foraging and navigational skills that are necessary for successful 

breeding. During this time, juvenile survival rates are typically much lower than 

adults, but whether this reflects selection against those that disperse to poorer 

quality habitats, have poor foraging proficiency or flight skills at the outset, or learn 

or mature too slowly, is unknown. We deployed combined geolocator-immersion 

loggers in 2000 and satellite-transmitters in 2009 on fledgling wandering albatrosses 

from Bird Island, South Georgia. Just fewer than half the birds fitted with loggers 

were seen back at the colony 4-6 years later, and 17 of the devices recovered 

provided 24 to 769 days of data (mean ~ 12 months). Satellite-transmitters provided 

higher resolution data for 11 fledglings for 21-334 days. Fledglings tracked in 2000 

dispersed widely in the Southern Ocean, and had a distribution similar to that of 

nonbreeding adults. By comparison, birds tracked in 2009 did not travel nearly as far 

within an equivalent time period post-fledging. Unlike nonbreeders, fledglings 

showed no consistent sexual segregation in latitude. Dispersal patterns of fledglings 

showed a striking degree of individual variability, but by comparison with most 

studies of nonbreeding adult seabirds, there was little evidence of regional site 

fidelity between years. By two months post-fledging, satellite-tracked fledglings flew 

as fast, on average, as adults, suggesting that high flight proficiency develops 

relatively quickly. Analysis of the distribution of flight times based on immersion data 

suggested that individual variation in activity patterns of fledglings (or at least, those 

that survive) is as large as the variation between fledglings and nonbreeding adults, 

and between adult males and females. These results will be discussed in the context 

of the development and heritability of individual migration strategies in albatrosses 

and other seabirds. 
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In a context of large scale environmental changes, movements related to dispersal of 

individuals among populations are important to consider, notably because of their 

potential consequences on the spatial distribution of species range, but also on the 

dynamics of colonisations/extinctions within a metapopulation framework. In a 

variable and heterogeneous environment, numerous species have developed 

behavioural adaptive strategies to choose suitable habitat patches before dispersing, 

relying on environmental and social cues. In particular, some seabirds are known to 

use social cues based on conspecifics reproductive success to assess the local quality 

of potential breeding patches by displaying prospecting behaviours, i.e. by visiting 

breeding patches without breeding there. However, little is known about the role 

that such behaviour could play at larger scales and the consequences they could 

have on the adaptive strategies of dispersal in response to environmental changes. 

Here, we outline the use of available biotelemetry tools to explore behavioural 

strategies followed by individuals during breeding habitat selection, notably when 

visiting potential breeding habitat at a hierarchy of spatial scales. To illustrate the 

potential offered by such approaches, we present the results of a study combining 

GPS and satellite tracking with an experimental approach based on the manipulation 

of individual breeding success to explore the behavioural response of individuals in 

terms of prospecting strategies but also of foraging strategies at a hierarchy of 

spatial scales in a colonial seabird species, the Black-legged kittiwake (Rissa 

tridactyla).  
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the Long Term Population Trends in the Black-Legged 
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Over the last two decades, many seabird populations have declined greatly along the 

coast of Norway and some colonies have either become extinct or are on the verge 

of extinction. One major concern is an increase in SST and increased fluctuations in 

important prey fish stocks. In general, seabirds feed on small pelagic fish stocks 

and/or young age classes of larger predatory fish. For the Barents Sea area there is 

good evidence that climatic fluctuations, commercial fisheries and interactions 

between fish species and the environment may cause pronounced spatial and 

temporal variation in prey fish abundance. In the present study we have analysed 

the yearly population fluctuations and the variance in demographic traits in the 

black-legged kittiwake in a colony in the southern part of the Barents Sea (Hornøya). 

We analyse the effect of small and large scale variation in SST as well as the yearly 

variation in important prey fish stocks and their interaction with the fisheries. The 

kittiwake population strongly declined from ca 20 000 breeding pairs in 1980 to ca 10 

000 pairs in 2010. Over the same time period there was a negative trend in breeding 

success which closely correlated with an increase in the SST in the Barents Sea. There 

is also evidence that capelin Mallotus villosus and herring Clupea harengus fisheries 

have contributed to a reduced breeding success. Adult survival declined over time 

and correlated positively with the variation in the total capelin stock. Matrix 

population models showed that both reduced recruitment and fluctuations in adult 

survival contributed to the downward population trend. We will demonstrate that 

further warming of the sea and the strong fluctuations in important prey species as 

well as the interaction with fisheries may be a serious threat to this population.  
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Although information on the annual movements of Lesser Black-backed Gulls has 

long been available through ringing studies, the details of their migratory behaviour 

is less well understood. We therefore attached GPS tags (recording over an annual 

cycle) to 11 breeding adults in 2010 and 14 in 2011 at Orford Ness, UK. We sought to 

(1) quantify migration routes, timings and flight heights, (2) assess intraspecific 

differences in migratory behaviour, and (3) investigate birds’ destinations and 

habitat use when not breeding or migrating.  

Preliminary investigations of birds tagged in 2010 revealed considerable variation in 

the timing of migration, with birds dispersing from the colony between 17/07/10 and 

24/08/10, and leaving the UK between 25/07/10 and 27/11/10. All gulls reached 

their overwintering grounds in Morocco between 09/08/10 and 04/12/10, while one 

individual visited Mauritania. At 18.31±12.66 days, outward migration routes were 

longer and more varied in duration than return journeys (12.62±2.32 days). Some 

birds selected fast and relatively direct routes to their wintering grounds (minimum 

2.05 days), crossing the Bay of Biscay between Brittany and Galicia, before following 

the Iberian coast southwards and flying from Cape St Vincent to Casablanca. Other 

birds travelled south in stages, hugging the coast (maximum outward migration, 

36.52 days). Birds spent approximately five months at their wintering grounds 

(149.52±59.59 days), during which time beaches, landfill sites, reservoirs, ports and 

flood plains were frequented. Nights were often spent on roof-tops or resting just 

offshore. Some birds returned to Orford Ness along routes similar to their outward 

journeys, although two birds selected a different path and migrated across central 

Spain. Birds arrived at the breeding colony between 20/03/11 and 12/04/11.  

These data highlight the value of using GPS data to assess migration routes. Inclusion 

of further data from birds marked in 2011 will enable the use of habitat association 

modelling and assessment of movements in relation to weather patterns. This study 

will provide a holistic understanding of migratory behaviour in this species.  
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Iceland is home to internationally important populations of many seabirds, and the 

productive waters of the Atlantic and Arctic oceans that surround Iceland provide 

the resources to fuel their productivity. However, recent breeding failures among 

many seabird populations are suggesting rapid and severe changes in prey resources 

in Icelandic coastal waters. 

Around 20-30% of the world’s Arctic terns breed in Iceland, in colonies ranging from 

tens to tens of thousands of pairs. In recent years, there has been growing evidence 

of declining productivity but the cause of these declines is not known. Since 2008, 

we have explored potential causes and consequences of changes in Arctic Tern 

productivity by quantifying 1) the scale and synchrony of chick mortality among 

colonies, 2) regional and local-scale variation in diet and prey delivery and 3) links 

between provisioning rates, chick growth, chick mortality and conspecific 

kleptoparatism.  

Persistent food shortage throughout the season was indicated by low provisioning 

rates, low growth rates of chicks and high chick mortality throughout the breeding 

season. However, geographic variation in growth rates and diet suggested between-

colony differences in the availability of differing prey types, with inshore colonies 

typically experiencing greater success than colonies with more exposed feeding 

grounds. In addition, large colonies experienced higher levels of breeding failure and 

higher rates of conspecific kleptoparatism, indicating potential density-dependent 

influences on breeding success. These findings suggest that widespread resource 

limitation is driving declines in Arctic Tern productivity, and that the huge colonies 

which are reliant on marine resources may be experiencing the most severe impacts. 

Given the importance of Iceland as breeding area for this species, these findings are 

alarming and stress the need to understand changes in the availability of marine 

prey resources in Icelandic waters. 
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Pelagic seabirds are one of the planet’s most widely distributed and far-ranging 

groups of animals but also one of its most endangered. Recent declines in numbers 

have largely been attributed to fisheries bycatch but seabird populations are also 

sensitive to climatic variability, suggesting that they may be impacted by future 

climate change. In order to understand these threats and to design bycatch 

mitigation measures such as pelagic Marine Protected Areas (MPAs) it is necessary to 

determine the distribution of seabirds at sea. Ship-based surveys have provided 

reasonable coverage within many national Exclusive Economic Zones and large-scale 

studies have been carried out in parts of the Southern Ocean and North Pacific. 

However, surprisingly little is known about the drivers of seabird diversity and 

distribution in the high seas of the North Atlantic. We therefore used individual 

movement data from 16 species to quantify the mesoscale diversity and relative 

abundance of seabirds in the North Atlantic’s oceanic waters. All tracked birds were 

adults, representing 30 populations of North Atlantic breeders and southern 

hemisphere migrants. Tracking data, mainly recorded during the inter-breeding 

period using light-based geolocators, reveal a hitherto undescribed seabird hotspot 

in deep (>3000 m) waters between the Grand Banks and the Mid-Atlantic Ridge 

(MIR), south of the Charlie Gibbs Fracture Zone (CGFZ). The hotspot, which is 

approximately 1000,000 km2 in extent and lies entirely in international waters, was 

used by 15 of the tracked species during one or more key life history stage (i.e. 

breeding, wintering or staging). Despite considerable variability between species, 

populations and individuals, the hotspot persisted throughout the year, its location 

coinciding with the sub-Polar Frontal zone. Here the North Atlantic Current diverges 

due to the topographical constraint of the MIR and CGFZ causing intense mesoscale 

turbulence. We hypothesise that these conditions give rise to persistently high, 

spatiotemporally predictable prey abundance. In addition to seabirds, the hotspot is 

used by other wide-ranging megafuana, including turtles, cetaceans and bluefin tuna. 

The latter are targeted by a burgeoning longline fishery. Given the threat this poses 

and the hotspot’s high diversity, we suggest it should be made an MPA. 
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To date, most studies on the at-sea distributions of seabirds have been based 

exclusively on data collected using either transect surveys or, more recently, tracking 

methods (e.g. radio-telemetry, GPS loggers, satellite transmitters). While the former 

provides information at the population level, the latter provides information at the 

individual level. Although it is acknowledged that both types of data are 

complimentary, they have only rarely been used in an integrated manner and this 

has been largely limited to longer-range foragers such as shearwaters. The Joint 

Nature Conservation Committee is currently undertaking survey and analysis to 

identify important marine areas around the UK for terns Sterna spp. during the 

breeding season which may be suitable for designation as Special Protection Areas. 

Both transect and visual-tracking data have been collected concurrently, or in some 

cases across different years, within the same area and for several study colonies. This 

paper will outline the analytical and interpretational issues of each type of data and 

present how we propose to use both datasets to help address these in an integrated 

way. This will be done in the context of how tracking and transect datasets for 

relatively short-range foragers such as terns can be used to inform the identification 

of protected areas. 
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Recent studies have revealed that the core post-breeding distribution of Balearic 

Shearwaters in northeast Atlantic waters has shifted northwards in the last two 

decades. As a consequence, internationally important numbers of this Critically 

Endangered seabird can now be encountered off southwest UK and northwest 

France during summer and autumn. In order to assess the numbers of birds involved 

and identify their favoured flyways and foraging areas, a five-year monitoring 

programme for Balearic Shearwater started in January 2007 as part of the SeaWatch 

SW project. 

Over 4500 records have been collated from UK and Ireland since 1 Jan 2007. Boat-

based monitoring off southern England by Marinelife has provided additional data 

from offshore. Balearic Shearwaters are now seen throughout the year in UK waters, 

although the largest numbers occur from July to September. About 70% of records 

are from southwest England. Foraging hotspots have been identified, although most 

aggregations are of  

Effort-based visual monitoring has also been undertaken at the southwest tip of the 

UK mainland. In the period 2007-10 almost 4000 hours of observations were made 

from this strategic watchpoint between 15 July-15 Oct. This unique dataset has 

shown that Balearic Shearwaters are seen passing offshore almost every day, with a 

peak day count of 268 on 18 Sept 2010. Large movements only occur for one or two 

days and are not generally associated with large numbers of wind-driven seabirds; 

they are therefore interpreted to be foraging movements involving birds from 

northwest France. 
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Finally, increased collaboration between UK and French ornithologists is providing 

new information on the species’ occurrence off northwest France. In 2010, up to 

5700 birds were recorded simultaneously off northern Brittany, equating to about 

25% of the World population. Foraging aggregations have been observed in nutrient-

rich coastal waters from Bay of Morlaix to Bay of Mont-Saint-Michel. It is thought 

that these birds are dominantly non-breeders, and further collaborative work is 

planned to better understand their at-sea distribution and foraging ecology in this 

region. 
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The offshore renewable energy industry has grown rapidly over the last decade and 

advances in digital and optical technology have been exploited for use in offshore 

surveys of seabirds, particularly in relation to wind energy and wave / tidal power. 

Historically, seabird surveys have relied upon observer-based visual transect 

methods. As technology has evolved, drawbacks from visual methods have been 

overcome by new digital methods, and we here discuss application of these methods 

to aerial seabird surveys in marine areas. These techniques have been applied 

successfully to generate population estimates and describe distribution for several 

offshore wind farm sites in the UK. Obtaining accurate and precise estimates of bird 

abundance is crucial to determining and measuring effects of offshore wind farm 

construction, whilst exact geo-referenced locations of birds can inform decisions on 

spatial planning. Such data lend themselves to spatial modelling, which allows 

smoothed density surfaces to be produced. Furthermore, new innovations allow 

increasingly large amounts of supplementary data to be collected; for example, flight 

height of birds can be estimated in a repeatable and testable way. New technology 

can therefore answer essential questions about the impact of offshore development 

on seabirds; with further advances in technology, we anticipate methods continually 

improving, both in terms of image quality and realistic survey coverage. New 

innovations will further help to meet the task of surveying seabirds in challenging 

environments and provide answers to impact questions posed by large-scale 

renewable energy expansion. 
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Migration is a widespread phenomenon that transcends taxonomic boundaries, 

albeit associated with extensive behavioral and life-history variation among species. 

A vast amount of past and present research has illustrated the adaptive role of 

migration in response to seasonal and spatial variations in environmental conditions, 

but only recently in relation to other life-history traits. Studies on differential 

migration, defined as ‘the situation in which migration in some distinguishable 

classes (ages, sexes, races) differs with respect to distance, timing or both’, in 

particular, have revealed how migratory behavior may trade-off with other costly 

activities in the annual cycle of species. Life history trade-offs, which are a key 

assumption underlying optimality models of life history evolution, play a prominent 

role in the interpretation of life history variation within populations. As a result, 

various properties of migratory behavior, such as migration distance, timing of 

departure or arrival, or habitat use outside the breeding season, have been 

predicted to differ between ages and sexes, possibly caused by different life-history 

decisions when allocating critical resources to other annual routines such as 

breeding. Comparison of life-history traits between closely-related species is 

considered a strong approach for studying the nature of trade-offs underlying life-

history variation between and within species. Following this approach, we studied 

age- and sex-related variation in migratory behavior of Herring gulls (Larus 

argentatus) and Lesser black-backed gulls (Larus fuscus), two phylogenetic and 

ecological closely-related species that occur in sympatry in NW Europe. Despite the 

fact that both species breed in mixed colonies, show a comparable degree of sexual 

size dimorphism, mature after 3-7 years with four age classes recognizable on 

plumage features, and are equally long-lived, they differ in their annual migration 

pattern along the western coastline of continental Europe. 
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European shags Phalacrocorax aristotelis, as many other seabird species, frequently 

use marine debris (synthetic ropes, fishing nets, etc.) as nesting materials. A simple 

method, based on visual investigation, was developed to assess occurrence and 

abundance of marine debris in shag’s nests during annual census of breeding pairs. 

Data were recorded in 2010 and 2011 in different colonies located in the Iroise 

Marine Natural Park, western Brittany, France. Results pointed out high variability 

between colonies, with only a few percent of nests containing debris in some 

colonies or only a few percent of nests without debris in other colonies. A few cases 

of entangled birds have been reported. Samples of debris were also collected after 

fledging of young and classified into different categories according to the OSPAR 

classification of marine litter, in order to identify their origin (fishery activities, 

domestic use, etc.). This indicator of marine debris in shag’s nests was included in 

the management plan of the Iroise Marine Natural Park, and could be used to 

monitor marine pollution as well as to monitor potential effects of awareness 

campaign to reduce plastic pollution in the marine environment. Such campaign 

could be carried out at the scale of the Iroise Marine Natural Park for some sources 

of debris identified, especially those arising from local fisheries. Further 

developments would also investigate marine currents in the study area, which could 

explain the location of higher densities of floating debris in the vicinity of some 

breeding colonies. 
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Beached birds surveys have been extensively used to monitor seabird mortality 

incidence and distribution, as well as to ascertain causes of such mortality. In Spain 

this survey method has been used to conduct the ICAO (Beached Bird Coastal 

Inspection) since the 1980’s, an annual survey that aims to cover as much Spanish 

coast line as possible. Despite the valuable information provided by this programme, 

there are a few weaknesses worth to be noted: (1) the survey takes place only once a 

year; (2) it is conducted by volunteers, and the effort largely varies between years for 

this cause; (3) many corpses are just noted without ascertaining the cause of the 

death; and (4) original data are dispersed and very difficult to compile. Thus, to 

complement the information supplied by the former program, a new beached bird 

programme began in May 2011 in the Spanish Iberian Atlantic and Cantabria coasts, 

within the frame of the InterReg Project FAME project (www.fameproject.eu). The 

programme aims to assess reference mortality levels and the main seabird causes of 

death to detect site and species specific and global seabird threats. The project 

consists in monthly beach surveys in 15 representative areas that include ca. 10 km. 

of sandy shoreline each. The novel objective of determining the main causes of 

death is achieved by on-field necropsias and with the collaboration of wildlife 

recovery centres. The preliminary results of the first surveys will be presented. 
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The UK and Ireland are home to a number of internationally important populations 

of breeding seabirds. There is a statutory requirement to monitor these populations 

as a part of national biodiversity strategies and Article 4 of the EU’s Directive on the 

Conservation of Wild Birds (EC/79/409). Consequently, for the past 21 years 

individual colonies have been monitored as part of the Seabird Monitoring 

Programme, with additional data contributed by periodic whole population censuses. 

Currently population trends for breeding seabirds are produced at a variety of scales, 

covering the UK and Ireland as a whole, their constituent countries and a number of 

regional monitoring schemes. However, there is concern that these regions reflect 

policy requirements rather than ecological relevance, particularly for mobile species. 

The foundations for these monitoring schemes are considered and evaluated in 

relation to the results from an analysis of regional variation in seabird population 

trends. This analysis sought to identify a series of ecologically coherent regions in 

which trends in abundance and breeding success varied in a consistent fashion. The 

number of ecologically coherent regions identified varied from two in the Northern 

gannet and common guillemot to seven in the great cormorant. Trends imputed for 

ecologically coherent regions more closely matched those observed between whole 

population censuses and were more consistent than those identified for more policy-

driven monitoring regions. By accounting for ecology in the design of monitoring 

regions population variation in mobile species can be more accurately represented, 

leading to the design of more realistic monitoring regions. 
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One of the potential impacts on birds from offshore wind farms in the mortality 

associated with collisions with turbine blades. Whilst there have been considerable 

advances in the development of statistical techniques to estimate potential collision 

related mortality, there are still significant gaps in knowledge surrounding flight 

heights and avoidance rates of seabirds in relation to offshore wind farms.  

An extensive literature review was undertaken to investigate flight heights and 

avoidance rates of seabirds in relation to offshore wind farms. The proportion of 

birds recorded flying at heights which placed them at risk of collision varied by 

species, with gulls being particularly susceptible to collisions. Whilst the proportion 

of some species, such as gulls and terns, flying at collision risk height was highly 

variable between sites, for other species, such as divers and auks, there was 

relatively little variability.  

Studies of avian interactions with wind farms have tended to focus on collision and 

mortality rates rather than actual avoidance rates. Whilst these provide a surrogate 

for avoidance rates, they do not necessarily reflect true avoidance rates as not all 

birds which fail to take avoidance action will collide with turbine blades.  

Avoidance behaviour varies in response to distance from turbines, and it is important 

to distinguish between macro-avoidance of the whole wind farm (i.e. effectively 

displacement) and micro avoidance of individual birds within a wind farm. However, 

studies of avoidance have varied in their approaches, in particular, in the distances at 

which avoidance is measured and thus the avoidance rates reported are not strictly 

comparable.  

There is an urgent need for further research into the flight heights and avoidance 

rates of seabirds in relation to offshore wind farms. Ideally, this would include direct 

measurements of these variables through the tagging of individual birds and the 

monitoring of movements at a broader scale through the use of technologies such as 

radar.  
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Sea-watching represents an under-used and potentially valuable resource for 

exploring patterns of seabird occurrence around the UK coast and as a tool for 

monitoring species using the marine environment. One of the most comprehensive 

UK sea-watching datasets has been collected from the Norfolk Ornithologists’ 

Association’s (NOA) Holme Bird Observatory through standardised observations 

undertaken since May 2005. We present the preliminary outputs of a collaborative 

project between NOA and BTO investigating this dataset. We explore the outputs 

that standardised sea-watching data at bird observatories can provide on a site-level 

in a format that is readily accessible to amateur and professional ornithologists alike. 

Analyses summarise seasonal and annual variation in numbers of key species 

recorded at Holme Bird Observatory throughout the year. Species recorded at Holme 

include those that winter in the area, those that breed in the area and passage 

migrants whose numbers peak in spring and autumn. The most commonly recorded 

species were seabirds including Herring Gull, Gannet and Sandwich Tern. However, 

significant numbers of other species were also recorded including Dark-bellied Brent 

Goose, Wigeon, Common Scoter and Red-throated Diver. Statistical modelling 

analyses are used investigate how the numbers of a subset of four commonly 

recorded species – Gannet, Red-throated Diver, Kittiwake and Sandwich Tern – 

varied in relation to environmental factors, as collected on the standardised 

recording forms by observers. These species were selected as they were felt to be 

representative of different ecological groups occurring around Holme Bird 

Observatory. Species abundances were most strongly influenced by seasonality, but 

also by wind speed and direction. Trends in abundance across years are also 

presented. These preliminary analyses have shown that modelling can be used to 

investigate the factors causing variability in the numbers of seabirds observed at 

Holme Bird Observatory, and have demonstrated the value of standardised sea-

watching in understanding the factors that affect birds’ use of the marine 

environment.  
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Shearwaters are vulnerable to predation by introduced mammals during the 

breeding season. In particular, feral cats (Felis catus) can prey on chicks, and nest 

survival may be lower in areas with higher cat activity or density. However, there is 

no standard method for measuring cat activity around shearwater colonies. We 

evaluated the explanatory power of five different measures of cat activity on Cory’s 

shearwater (Calonectris diomedea borealis) nest survival on Corvo Island, Azores. In 

2010, we deployed 24 infrared camera traps and conducted scat transect surveys 

around six Cory’s shearwater colonies in which we monitored the fate of 154 nests 

during the breeding season. Based on camera trap and scat survey data we derived 

the following indices of cat activity for each colony: the number of individual cats, 

number of cats/ camera trap day, scats / day and transect, and two estimates of cat 

density obtained from spatially explicit capture-recapture models and from the daily 

movement rates of cats. We then evaluated the support for each of these cat 

measurements in models describing the weekly nest survival of Cory’s shearwaters. 

Cory’s shearwater nest survival was 0.459 (95% CI, 0.159 to 0.680). Weekly nest 

survival varied during the season, with generally high weekly survival rates during 

early incubation and the weeks before fledging, but low weekly survival rates around 

hatching. There was limited support for any of the cat measures. The simple 

cats/trap day index explained as much variation as more labour intensive methods. 

Scat transect counts explained the least variation in Cory’s nest survival. All our cat 

measurements provided one estimate per colony over the whole season and may 

therefore have been suboptimal for explaining temporal fluctuations in nest survival. 

As nest survival varied strongly throughout the season, we recommend cat activity 

indices that can provide data at a weekly temporal resolution to explain the 

fluctuation in predation events. Cameras fixed in specific places over the breeding 

season, providing a simple index of cat number per day, may be more useful for 

explaining nest survival than estimates of cat density that require long sampling 

intervals and therefore cannot track temporal fluctuations.  
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The northern fulmar is one of the most abundant seabirds in the North Atlantic. 

Having undergone a well-documented population expansion over the last 200 years, 

fulmars breed ubiquitously on coasts from north of the Arctic Circle to Spain. They 

are wide-ranging marine predators and scavengers, and one common theory put 

forward to explain the expansion is that they have benefitted from the provision of 

an energetically cheap and easily available food source in the form of discards from 

the whaling and fishing industries. In recent years, some fulmar populations have 

been in decline, which may be attributable to changes in environment or fishing 

practices. Recent technological advances have enabled tracking of seabirds in greater 

numbers and on smaller budgets than previously possible. Previous dietary studies 

have shown variation in use of fisheries discards between breeding colonies, but this 

has not previously been linked to heterogeneity in foraging areas. Fulmars were 

tracked using GPS loggers during early chick-rearing at breeding sites in Orkney 

(2010 and 2011) and on St Kilda (2011) to assess the degree of overlap of foraging 

range for birds from two oceanographically distinct Scottish colonies whilst 

constrained by breeding. I present some early results and analysis from my first field 

season. 
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The eastern race of the lesser black-backed gull (Larus fuscus fuscus), is listed as near 

threatened in Sweden, having undergone a steep population decline in recent 

decades. This contrasts with stable or increasing populations in the other European 

races (L. f. intermedius and L. f. graellsii). This study uses a solar powered remote 

download GPS device to study the movement ecology of a population during the 

breeding period at Stora Karlsö Island, a Baltic Sea colony. High frequency position 

data (< 10 s) allows very detailed information on foraging behaviour to be gained, 

indicating places of area restricted search (ARS) behaviour in addition to larger scale 

activity, such as geographical distribution of foraging effort. Here we present some 

of the initial results from the 2011 field season. Including individual foraging 

strategies (pelagic vs. arable); changes in foraging area use through the breeding 

season; and individual field use of arable land. 
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Only few little auk studies have focused on the largest breeding population in the 

high arctic northwest Greenland where 80 % of the little auks are estimated to breed. 

This study reports on the chick diet composition from one of the main colonies, the 

Paakitsoq colony, located on the southeaster margin of the North Water Polynya. 

Results revealed the highest proportion of the large high arctic copepod Calanus 

hyperboreus reported for any little auk colony. Species diversity in the chick meals 

was low which could reflect a high availability of few preferred prey species. 

However, individual chick meals were generally low in number of prey items and 

total energy content compared with published results from other colonies. This 

surprising result may be explained by the late sampling time corresponding to the 

chick mass-recession period where chicks are feed less. This interpretation is 

supported by TDR data showing that birds only showed moderate diving effort. The 

composition of chick meals reflects the availability of prey items. Prey item 

distribution is closely linked with water temperatures which strongly affect the 

foraging pattern of the little auks. Results of the foraging strategy analysed in this 

study revealed a bimodal distribution of trip duration. Long trips lasted between 9.6 

and 17.4 h while short trips lasted between 0.7 and 6.6 h. The total flight duration 

differed between the two trips types. Birds on a long foraging trip spent significant 

more time flying than birds on short foraging trips. Flight duration corresponded to a 

maximum foraging range of 120.4 km (mean long trips = 69 km; mean short trips = 

26.5 km). Water temperature was equal for dives performed on long and short trips 

which might suggest that the general foraging strategy did not differ between the 

trip types. These results are compared with studies of little auk foraging behaviour 

from colonies in eastern Greenland and Svalbard where the birds have different 

oceanographic conditions. 
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Audouin’s gull (Larus audouinii) is an endemic breeding seabird to the 

Mediterranean region, which is catalogued as Near Threatened at global level by the 

International Union for the Conservation of Nature (IUCN). The bulk of the 

population breeds in Spain (>90%), with about 2/3 concentrated in the Ebro Delta 

(10,000-15,000 pairs). The relevance of this colony for the conservation of the 

species is therefore crucial, and conservation measures there must be based on solid 

knowledge to be effective. Several studies have been carried out on this regard, 

mostly based on breeding performance, but still little is known about the detailed 

distribution patterns and their link with the feeding ecology of the species. To this 

aim, we tagged 60 adult birds with GPS loggers during 10-15 days, coinciding with 

the incubation period in 2011. Blood samples (1 ml) were taken after retrieval of the 

GPS, to carry out the Stable Isotopes Analysis (SIA). GPS data revealed a wide habitat 

use by Audouin’s Gull in the Ebro Delta, ranging from exclusively marine individuals 

to ricefield specialists, all the way up to intermediate situations. Some individuals 

went as far as 200 km from the colony and stayed more than two days outside. 

Individuals expending the most of the time at sea showed the highest δ13C values 

and the lowest δ15N ones. On the other hand, ricefield specialists presented the 

lowest δ13C values and the highest δ15N ones. These elevated N values in the 

ricefields are presumably due to eutrophication of the system and not to a longer 

trophic chain. The combination of SIA and GPS data provides a great potential for the 

comprehension of the foraging ecology of the species on an individual basis, and will 

strongly contribute to design conservation measures for the species.  
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The Balearic Shearwater Puffinus mauritanicus is a small (500g) Procellariform 

endemic to the Mediterranean’s Balearic Islands, and is currently regarded as 

critically endangered because of its small and declining breeding population. At-sea 

movements of this species are poorly understood, but changes in the patterns of 

sightings in recent years suggest that migratory movements may be undergoing 

significant change. Using miniature on-board archival light-logging devices 

(geolocators), we investigated the long-distance movements of birds breeding at the 

largest known colony of shearwaters on Mallorca. Geolocators were deployed on 34 

birds (17 nesting pairs) in April 2010, and data recovered from 29 devices in March 

2011 were used to reconstruct the migratory movements of birds outside the 

breeding season. Here we present the first data describing individual migratory 

movements and phenology of birds as they leave their Mediterranean breeding 

grounds to spend the late summer at sites concentrated off the Atlantic coasts of 

Iberia and France, before returning to the Mediterranean in late autumn. Some 

implications for population migratory dynamics, and issues of at-sea conservation, 

will be discussed. Details of pre-breeding season visits to the colony are also 

revealed. The impacts of such telemetry studies on tagged birds will also be 

evaluated. 
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The few studies to date indicate that foraging behaviour on successive trips taken by 

individual seabirds is more consistent than would be expected if they represented 

random samples from a given population. Individual consistencies could result from 

prey specialization or limited variation in the surrounding environment over short 

temporal scales, as well as the forager’s sex, age, life history and current 

physiological and behavioural restrictions. Behavioural consistency has been linked 

to time elapsed between events, being stronger at shorter time intervals. During the 

2009 breeding season at the Punta León colony (64° 29.75 W;43° 04.6 S), twenty-two 

breeding Imperial Cormorants (Phalacrocorax atriceps) (twelve females and ten 

males) were equipped with mini GPS loggers to record their position (at 1 Hz) during 

two foraging trips on consecutive days. Thirteen of these individuals (seven females 

and six males) were fitted with loggers during a second period, twelve days later, 

again for two consecutive foraging trips. Several parameters were extracted from the 

foraging trips to evaluate individual consistency. On consecutive days, there was a 

high degree of similarity in the trips of individual females in terms of the maximum 

distances from the colony and shore, sinuosity, and area covered relative to the 

maximum distance reached. In contrast, although individual males showed similar 

trip durations on consecutive days, in general they tended to increase the maximum 

distance reached from the colony and the shore as well as the percentage of time 

flying on the second day. In addition, females tended to be more consistent than 

males in most foraging trip parameters during the second series of deployments. 

However, considerable behavioural variability between individuals was detected for 

both sexes. An increase in food demand by the growing offspring, as well as changes 

in the environment as the season progresses, may have different impacts on females 

compared with males, potentially exerting greater pressure on females to optimize 

their behaviour or providing them with less flexibility than males in terms of foraging 

opportunities.   
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In order to understand recent declines in North Sea populations of black-legged 

kittiwakes (Rissa tridactyla), within-individual physiological responses to 

environmental change must be considered. Kittiwake body mass and breeding 

activity has been recorded on the Isle of May, Scotland for over 20 years. These data 

have allowed exploration of the relationships linking fisheries and oceanographic 

factors to productivity and life history decisions. Breeding success has varied over 

this period between 0.02 and 1.38 chicks fledged per nest and there is a positive 

relationship across years between average body mass and breeding success. In 2010, 

a detailed study was undertaken to assess the links between nutritional stress and 

subsequent breeding failure. Nest were monitored daily and breeding adults were 

caught during incubation and chick rearing in order to measure body condition and 

take blood samples for hormone analysis. We examined whether changes in a stress 

hormone (corticosterone) and a hormone linked to parental behaviour (prolactin) 

related to body condition and timing of breeding failure. This question is of 

fundamental importance to our understanding of climate effects on seabirds. 

Changes in these two hormones are likely to underpin the resolution of the trade-off 

between reproduction and survival, and how individuals vary in their responses to 

the currently challenging conditions during breeding in the North Sea. 
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Time-budgets of male and female Brünnich’s Guillemots (Uria lomvia) from Kippaku, 

Northwest Greenland were compared throughout the 2010 breeding season using 

direct observations and time-depth recorders. Time-budgets are considered as one 

of the most useful parameters for seabird monitoring to detecting, and 

understanding environmental change. Uria sp. have recently been shown to have 

differences in aspects of their time-budgets between males and females, and 

between incubation and chick rearing. Therefore, understanding time-budgets 

between males and females throughout the breeding season is important in 

understanding how a colony may responds to environmental change, and to 

illuminate if sexes differ in their allocation of time to certain behaviours. The results 

were tested using linear mixed effect models. Diurnal attendance differed between 

the sexes, with males incubating/brooding primarily during day hours, while females 

were there during the “night” hours. Females and males differed in attending their 

mate at the colony. Otherwise, we found no overall sex effects for the Kippaku 

colony, but proportion of trips spent foraging and resting on the water were found 

to be different for the sexes when chick age was accounted for. The sexes 

provisioned their chick equally per day. However, there were significant differences 

in time-budgets between incubation and chick rearing stages when sex was not 

considered. For this colony it appears that males and females use similar effort 

during the breeding season, but change how they spend their time between 

incubation and chick rearing. 
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It is clear that there must be a paradigm shift in energy production from fossil fuels 

to alternative energy sources to mitigate the effects of anthropogenically induced 

climate change. The marine environment is a virtually untapped source of energy 

and marine renewables are likely to provide a substantial component of these novel 

energy sources.  

 

Marine renewable energy installations can broadly be categorised as those exploiting 

the power of the wind, waves and the tides. Tidal current stream turbines harness 

the power of the latter, and the world’s first commercially viable device is currently 

installed in the mouth of the UK’s largest sea lough, Strangford in Northern Ireland. 

While much of the concerns of the potential environmental impacts of SeaGen have 

concentrated on the effect on marine mammals, there exists the possibility that such 

devices may also impact on local avian populations, particularly diving species. 

 

Initial monitoring of the SeaGen site before and after installation of the device 

revealed a slight displacement effect on some species, although this is thought to be 

biologically insignificant. While single devices are unlikely to detrimentally affect 

avian populations, arrays of such devices, which are planned for the future, have the 

potential to produce additive effects, which might prove to have significant impacts. 

In this study we aim to identify the more subtle displacement effect and behavioural 

changes that SeaGen may be having on local avian populations and use these data to 

extrapolate the effects to arrays of devices. 
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The archipelago Kitsissut Avalliit off south Greenland holds an unusually high 

diversity of breeding seabirds, including five sympatric breeding alcids. Limited 

ringing recovery data suggest that Brünnich’s guillemots move north to winter off 

the western coast of Greenland as well as off Newfoundland; and common 

guillemots winter off west Greenland. We used geolocators to identify the migration 

routes and wintering areas of adult breeding Brünnich’s guillemots, common 

guillemots and razorbills from 2009-2011. Most birds were followed for two years, 

and preliminary results from the first winter show large variation between species. 

As expected, Brünnich’s guillemots migrated north after the breeding season where 

they stayed until the return to the breeding area in early April. Common guillemots 

had two distinct migration routes. One wintering area was just off the coast of south-

west Greenland, while the other route brought the birds to east Greenland. 

Razorbills migrated to Newfoundland, where some individuals stayed for the entire 

non-breeding period, some stayed for a while before continuing to Nova Scotia, 

while others flew straight to Nova Scotia, before heading back to south Greenland. 

We compare the full migration schedules over two years of known-sex birds of all 

three species. 
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Breeding success is an important reproductive measurement in most seabird 

monitoring programs. It is a valuable predictor of future population development 

and is sometimes used in adaptive management to adjust harvest levels. At the same 

time, it is useful as an indicator for environmental change. The measurement is 

widely used, easily compared between years and locations and there is a long 

tradition for measuring breeding success. In practice, however, breeding success is 

one of the most work-intensive measurements to collect as it requires several 

observation periods over the breeding season. As seabirds often nest in remote 

logistically challenging locations that usually imply expensive use of man-hours and 

solid funding. 

In this study we propose an alternative “no-fieldwork-required” method to estimate 

breeding success using remote time-lapse photography and GIS-based analyses. 

With this method a single visit every second or third year is adequate in the 

collection of annual data covering the entire breeding season. In this case study of 

Brünnich’s Guillemots (Uria lomvia) in West Greenland, we used photos taken once 

an hour from the 30th of June until the 30th of July 2010 (n = 730) and in the same 

period we made direct observations to be able to verify the method. For each photo, 

all birds within the study plot were identified and recorded in a GIS. On the basis of 

spatial analyses of these data, the breeding sites in the plot were identified. 

Subsequently, breeding success at the individual sites was evaluated from analyses 

of continuity in attendance. Preliminary results indicate that this is a promising 

method to estimate breeding success, potentially applicable to other species of 

gregarious birds. The method serves multiple purposes as it automatically generates 

data on bird numbers and colony attendance in addition to information on breeding 

success. 
  



 

Page | 83 

 

Interactions between Puffins and Larus gulls on Burhou, 

Channel Islands: A Review of the Last Five Years of 

Management. 

Morgan, EM. 

Alderney Wildlife Trust 

e-mail: ecologist@alderneywildlife.org 

One of the most southerly breeding colonies of Atlantic Puffin (Fratercula arctica) in 

the East Atlantic is located on Burhou (Alderney, Channel Islands). Puffin numbers in 

this area declined severely from around 1970-1980, probably due to the effects of oil 

spills and human disturbance. Since the 1980s Puffin numbers on the island 

remained relatively stable. The number of Larus Gulls (especially Lesser-Black Backed 

Gulls (Larus fuscus)) nesting on the island over this period, however, has increased 

dramatically. Due to concerns that an increasing gull population could be limiting the 

chance of Puffin population recovery, a management strategy was set up in 2007 to 

try and facilitate an increase in the number of breeding Puffins on Burhou. This 

strategy involved some habitat management work (namely bracken control) and the 

setting up of ‘gull exclusion zones’ within approximately 50m of the main puffin 

colonies. Within these zones gulls were discouraged from nesting and any nesting 

attempts were removed. 

Five years on we review the successes and limitations of this management strategy. 

Preliminary findings are indicative of a small rise in apparently occupied Puffin 

burrows (AOB). In 2005-2007 an average of around 120 pairs of Puffin bred on the 

island, by 2010 this figure had risen to around 150 pairs. Though this increase is not 

significant (r=0.7, p=0.19) there appears to have been a shift in the distribution and 

density of AOBs on the Island. Fewer puffins appear to be nesting in the East and 

West ends of the Island and there has been an increase in numbers using the more 

central colonies where management efforts have been more heavily focused. 
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Chick diet and provisioning rate in bill-loading seabirds is typically recorded from 

direct observations of breeding birds returning to the colony with prey. However, 

validation is important to quantify any error or bias associated with this method. In 

this study, we carried out a dawn to dusk observation watch of 99 pairs of common 

guillemot Uria aalge breeding on the Isle of May on 22nd June 2009, and 

simultaneous video recording of a subset of the study group (n = 36 pairs). For each 

arrival of a bird returning to provision the chick, we recorded the time, the nest site 

identity and prey species and size. Whilst the video recording was not of sufficient 

quality to identify prey species or size, it was able to validate the provisioning rate 

and nest site identity. Thus, we ascertained the percentage of arrivals that were 

missed by observers and of nest sites that were correctly identified. Validation of 

provisioning rate is important in parameterising consumption models, and accurate 

nest site identification enables appropriate testing of important potential 

determinants of diet and provisioning rate such as nest site characteristics, past 

success rate and chick age. 
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The Round Island petrel is a medium sized petrel that breeds on Round Island, 

Mauritius, in the Western Indian Ocean. The population breeding on Round Island is 

actually a species complex, consisting of one Atlantic species, two species from the 

South Pacific, and inter-specific hybrids and therefore consists of individuals with a 

range of genetic and hence geographic origins dictated by its evolutionary history. As 

one component of a wider programme of research we are interested in 

understanding if an individual’s origin affects at sea distribution patterns, particularly 

in the non-breeding season. Therefore, from November 2009 - February 2010 we 

deployed 135 MK15 British Antarctic Survey (BAS) geolocators on adult petrels on 

Round Island and here we report the recorded migration routes. Between October 

2010 and February 2011, 75 of these geolocators were recovered and we were able 

to obtain data from 63 of the tags using the relevant BAS software, whilst the 

remaining 12 failed during deployment. For each petrel the over-winter migration 

period was established by examining the activity (time on/off water in a 24 hour 

period) and light transition data to determine the appropriate start/end dates and 

the most probable track was estimated using the analytical package ‘tripEstimation’ 

in R 2.11.1. Tagged petrels left Round Island between 28/11/2009 and 29/08/2010 

and were at sea for on average 192 days (+/- 40days, range 130-323 days) before 

returning between 20/05/2010 and 21/01/2011 having covered on average 27307 

km (+/- 6709km, range 12804-43615 km). The tracks from the 63 petrels covered the 

majority of the Indian Ocean north of 40oS (excluding the Bay of Bengal and the 

south-western section of the Somali basin), the Arabian Sea and the Gulf of Oman. 

Preliminary mapping of the data revealed extensive between-individual variation, 

but ‘population-level’ concentrations of activity in and around the Arabian basin, the 

Mascarene basin/ridge, the southern end of the mid-Indian basin and the Cocos 

(Keeling) Islands. We suggest that the majority of tracked petrels are targeting 

productive ocean areas and that their use of these areas may coincide with seasonal 

phytoplankton blooms and favourable wind conditions. 
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Many seabird species are experiencing population declines, with key factors being 

high adult mortality caused by fishery by-catch and predation by introduced 

predators on nesting islands. In the Mediterranean, both of these pressures are 

intensive and widespread. We studied the adult survival of an endemic 

Mediterranean seabird, the Yelkouan shearwater (Puffinus yelkouan), between 1969-

1994 and 2007-2010 in Malta and between 2004-2010 in France using mark-

recapture methods. Mean annual survival probabilities for breeding adults were 

below 0.9 for all colonies and periods. Between 1969-1994, annual survival for adults 

of unknown breeding status was on average 0.74 (95% confidence interval: 0.69-

0.80) in Malta, possibly as a result of various human disturbances (including illegal 

shooting), light pollution and fisheries by-catch. Over the period 2004-2010, we 

found strong support for variation in adult survival probabilities between breeders 

and non-breeders, and islands with and without introduced predators in France. 

Survival probabilities for non-breeders (0.95, 0.81-1.0) appeared to be higher than 

for breeders (0.82, 0.70-0.94), but were imprecise partly due to low recapture 

probabilities. In Malta, we found evidence for heterogeneity in survival probabilities 

between two unknown groups (probably breeders and non-breeders), and seasonal 

variation in survival probability. Birds were more likely to survive the period 

including the peak breeding season than an equally long period during which they 

roam widely at sea. Although annual adult survival probability was still low (0.85, 

0.58-1.0), colony protection measures appear to have reduced mortality at nesting 

cliffs. Our estimates of adult survival probabilities over the past four decades are 

consistent with overall population declines. Threats to Yelkouan shearwaters require 

immediate management actions to avoid ongoing population declines in the western 

Mediterranean.  
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Fledgling Manx Shearwaters come to the surface in late August and through 

September. They are present on the surface for a few dark nights before departure. 

The first fledglings come to the surface around the 20th August and most have 

departed by 10th September, though in some recent years fledging seem to have 

been a bit later than this. They leave on their own, their parents having already left. 

Manx Shearwaters were studied intensively on Skokholm Island during the decade 

1964-74. During that time more than 70,000 fledglings were ringed. Of these more 

than 11,000 were encountered again, mostly on the island, but others elsewhere 

(recoveries in the calendar year of hatching were excluded). In addition, in the three 

years 1965-67 more than 11,000 fledglings were weighed. Recaptures on Skokholm 

ceased when the island ceased to be a Bird Observatory. Recoveries from elsewhere 

continued for some years and although a few of the birds are probably still alive, 

recoveries elsewhere have now ceased because the rings became worn and fell off. 

There is a steady decline in fledging weight through the season. This analysis shows 

that both date of fledging and weight of the young birds affect their chance of future 

survival. 

Further, there is evidence that fledging weight has declined with time and the birds 

fledging today are lighter than they were in the 1960s. This may have implications 

for the future health of these large colonies. 
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Seabirds in seasonal environments are often long-distance migrants and, for many 

species and populations, ranges throughout the non-breeding period are unknown. 

As conditions during the non-breeding season often affect subsequent performance, 

the choice of migration strategy can have major implications for timing of breeding 

and success and, ultimately, population dynamics.  

We equipped adult Skuas with geolocators (MK5 and MK9; British Antarctic Survey, 

Cambridge) during four breeding seasons (2006-2009) at King George Island in the 

Maritime Antarctic (62°12’S, 58°58’W). Sixty-five individuals were recaptured at the 

same breeding site during consecutive seasons until 2011, resulting in 85 annual 

tracks, in some cases three consecutive years for one bird. Overall, 72% of individuals 

migrated to the Atlantic, and 28% to the Pacific Ocean. Individuals choose the same 

ocean in consecutive non-breeding seasons. Ninety-two percent of Skuas 

overwintered in the northern hemisphere, in three regions in the Atlantic and two in 

the Pacific. Despite migrating to different oceans, birds showed a similar figure-of-

eight flight pattern, and equivalent residency periods in the main wintering areas. In 

addition, 87% of the migrants used stopped-over at terminal staging sites off South 

America shortly before return to the breeding site.  

The remarkable diversity of migration patterns recorded in this study suggests that 

nonbreeding Skuas experience a wide range of environmental conditions, as 

oceanography and climatic oscillations differ fundamentally between the north 

Pacific and Atlantic. This suggests a degree of flexibility in terms of habitat 

requirements, which might buffer this species from possible adverse of future 

climate change or other anthropogenic threats in wintering grounds. Nevertheless, 

as conditions experienced during one stage of the annual cycle can have 

repercussions, the adoption of a particular migration strategy may affect body 

condition on return to the colony, laying date, breeding success or survival. If so, as 

environmental conditions change over time, certain strategies will offer a selective 

advantage. Assuming, as seems likely, the migration pattern is heritable, this has 

implications for population dynamics and genetic structure in the future. 
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Light-based geolocators are revolutionising our understanding of seabird foraging 

and habitat use over the non-breeding period. Increased information of this time 

period will be an important part of understanding a species’ overall dynamics. 

Northern fulmars, though still numerous in the UK, are nevertheless experiencing 

declines in several UK and Irish colonies. Investigating differences in wintering 

foraging areas both within and between colonies and characterizing an individual’s 

wintering area will potentially aid in understanding differences in breeding success 

and population dynamics of the fulmar. We employed GLS loggers to track northern 

fulmars at both a Scottish (Eynhallow, 2006-2011) and Irish (Little Saltee, 2010-2011) 

colony. Locations obtained from geolocator data demonstrate individual, sex, pair 

and inter-annual differences in the extent to which birds use wintering foraging 

areas in the North Atlantic. Consistency in wintering foraging area use is shown and 

inter-colony comparisons will also be discussed. Work in identifying an individual’s 

wintering habitat may help explain why the northern fulmar in the North Sea is 

currently experiencing such declines. 
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Mechanisms of resource acquisition and allocation to egg formation are crucial for 

the comprehension of avian reproductive strategies. However, little is known about 

how egg formation in wild birds might be constrained by the availability of specific 

nutrients such as calcium (Ca). We investigated the relationship between plasma 

levels of Ca (mg/dL) in incubating Audouins’ Gulls (Larus audouinii) and egg size 

(total egg weight, g). Female plasma levels of Ca were adjusted by the number of 

days elapsed between clutch completion and the capture of individuals (i.e. days of 

incubation) to account for observed negative trend of Ca values throughout 

incubation (slope 95% CI = -0.24, -0.07). Subsequently, we investigated the 

relationship between adjusted plasma levels of Ca and the size of particular eggs 

within the laying sequence (first-, second, and third/last-laid eggs). Adjusted Ca 

levels were positively related to the size of third-laid eggs (slope 95% CI = 1.06, 4.12), 

whereas no significant relationships were observed for the first- and second-laid 

eggs. Accordingly, the intra-clutch pattern of egg size (commonly based on the 

relatively smaller size of last-laid eggs) varied according to female plasma levels of Ca 

with a less pronounced intra-clutch profile for females with higher Ca levels. Results 

suggest that the availability of Ca for breeding females may play a fundamental role 

in determining the relative size of the last-laid egg and, therefore, to the intra-clutch 

pattern of egg size variation. 
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At-sea activity budgets of pelagic seabirds remain largely unknown, especially during 

the non-breeding period. Recently, the development of combined geolocator-

immersion loggers has made it possible not only to determine location but also the 

proportion of time spent flying and resting, as well as the frequency of takeoffs and 

landings over the entire annual cycle. This information is critical not just for 

reconstructing general activity budgets, including during long-distance migration, but 

for a better understanding of the role that foraging mode plays in determining the 

ecological niche. The main aim of this study was to compare the activity budget of 

shearwaters and petrels during the non-breeding period. We deployed geolocators 

on Cory’s (Calonectris diomedea borealis), Scopoli’s (C.d. diomedea), Cape Verde (C. 

edwardsii), Cape Verde little (Puffinus boydi), Macaronesian (P. baroli), great (P. 

gravis) and Manx (P. puffinus) shearwaters, and on Bulwer’s petrels (Bulweria 

bulwerii). We recorded a broad spectrum of activity budgets, ranging from mainly 

diurnal to mainly nocturnal species, revealing a temporal axis of trophic segregation 

among northeast Atlantic seabird species. Activity during long-distance migration in 

some species was also clearly influenced by the moon. 
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Seabirds breeding on Puffin Island, Anglesey were tracked during the breeding 

season using IgotU GPS loggers to determine their foraging areas. GPS loggers were 

deployed for two to six days which recorded 2-15 foraging tracks per individual. Two 

seabird species were tracked, a coastal benthic feeder – the European shag 

Phalacrocorax aristotelis and an offshore surface feeder- the Black-legged kittiwake 

Rissa tridactyla. The R package Adehabitat was used to perform kernel density 

analysis for each species using cumulative trips per individual and cumulative 

numbers of individuals, our aim was to determine the minimum number of foraging 

trips or individuals that could accurately estimate an individual’s or population’s 

foraging area. This work will aid the planning stages of future spatial analysis studies 

which are often limited by time and financial resources. It will also have implications 

for studies determining inter-individual specialisation and the use of tracking data to 

define important foraging areas. 
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The UK Government has a commitment to obtain 15% of the country’s electricity 

from renewable sources by 2020. Thus many wind farms are currently under 

construction, and several more are proposed. Wind farms may impact bird 

populations directly, through displacement, presenting barriers to movement and 

collision mortality, as well as indirectly through changes to habitat or prey. We 

report on preliminary investigations into the foraging behaviour of Lesser Black-

backed Gulls and Great Skuas, that are features of UK Special Protection Areas (SPAs) 

to understand (1) their connectivity with consented and proposed wind farm 

development zones, (2) the extent of use of such zones, and (3) flight altitudes that 

could inform collision risk modelling. In summer 2010, GPS tags were fitted to 11 

Lesser Black-backed Gulls at Orford Ness, part of the Alde-Ore Estuary SPA, and four 

Great Skuas on the Foula SPA in Shetland. For Lesser Black-backed Gulls, 70 out of 

352 foraging trips contained a marine component (maximum foraging range, 159 

km). However, some birds never foraged offshore, while others spent more than half 

their time at sea. For those foraging offshore, considerable temporal and spatial 

overlap was recorded with Round 1 and 2 wind farms currently under construction, 

as well as with proposed Extensions and Round 3 development sites (maximum 95% 

kernel density estimate per bird = 49%). Great Skuas had a maximum foraging range 

of 219 km (88 marine foraging trips), but no overlaps with wind farms were recorded, 

as there are none within the vicinity of the colony. However, Great Skuas may 

interact with wind farms outside the breeding season on their migrations (a subject 

of further investigation). Preliminary assessment of precision and accuracy of 

altitude measurements revealed that both species often flew at altitudes where they 

might be vulnerable to disturbance by wind turbines. These initial analyses show the 

value of GPS data in assessing connectivity and potential interactions between SPA 

features and offshore wind farms. Further data are currently being collected, 

including assessment of migration routes, which will provide a much clearer 

understanding of seabird-windfarm interactions. 
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Seabirds often live in fluctuating environments where food availability during a 

season can be unpredictable as well as large fluctuations between breeding seasons 

occur. Within such a system we investigated if we could explain differences in 

reproductive output between breeding seasons by differences in maternal 

investment under different environmental conditions. Females might alter their 

offspring’s phenotype, independent of genes, by the amount they invest in egg size, 

egg composition of yolk and albumen in nutrient content, but also in the hormone 

content, and even by laying earlier or later in the season. All these factors can have 

long lasting effects on the growth and behaviour of their offspring and on its survival 

in the short and long term.  

We collected data in three consecutive breeding seasons 2006/07, 2007/08 and 

2008/09 on Imperial Shags (Phalacrocorax albiventer atriceps) on the Falkland 

Islands. As an indicator for the environment we used sea surface temperature (SST) 

data. The SST was significantly lower during egg laying in the year that stable isotope 

analyses of eggshells revealed that females had foraged on a higher trophic level 

during laying. This year also had earlier laying dates. Egg mass was not significantly 

higher in this year, but interestingly, eggs hatched heavier chicks. Suggesting the egg 

composition was different. The fledging success in this year was also significantly 

higher with 1.9 nestlings per nest than in the other breeding seasons with 1.3 and 

1.4 nestlings per nest. But, although the year with the higher fledging success had 

earlier laying dates and higher hatching masses, individual variation of these factors 

had no direct influence on fledging. We therefore argue that laying date and the 

relation between egg mass and hatching mass are indicators of environmental 

quality but not themselves determining fledging success. 
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Telomer are short tandem repeated sequences of DNA that cap eukaryotic 

chromosomes and function in stabilizing chromosome end integrity. Telomere 

shortening has been included among the intrinsic factors involved in the rate of 

aging in several species of birds and mammals. Up to now, the main assay to 

determine TL (telomere length) in avian studies in the wild has been the TRF 

(Telomere Restriction Fragment) carried on nucleated erythrocites. However, TRF 

can only report an average value of telomere length for the whole cell sample and 

includes also subtelomeric sequenceswhich vary in length. 

In the present study we analysed TL dynamics in Audouin’s gulls of known age and 

sex. We used the High throughput Q-Fish method (HTQ-FISH) on PBMC (PerIpherical 

Blood Mononucleated Cells) which provides a quantification of individual telomere 

spots within the nuclei. We discuss the relationship between age and several 

location measures of individual telomere length distribution. As short telomeres are 

the direct responsible for telomere dysfunction we were particularly interested in 

relate aging to the percentage of short telomeres as a more sensible measure of 

telomere variation. Gender differences at several age classes on both, TL and the 

percentage of short telomeres are also assessed.  
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The marine renewable energy industry is growing rapidly in Scotland, with areas of 

the Pentland Firth and Orkney waters proposed to become ‘the Saudi Arabia of 

renewable energy’. Commercialization of wave energy converters could result in 

large areas of the ocean being used as wave farms, with numerous devices 

occupying the sea surface. It is largely unknown how seabirds focus their foraging 

efforts in the marine environment and which areas are key for foraging activity. 

Evidence from the offshore wind energy industry suggests that seabirds may be 

affected by marine renewable energy developments (MREDs) through disturbance 

and displacement from areas of the marine environment. Should MRED sites overlap 

with key foraging locations there are potential implications for seabird populations.  

The Pentland Firth and Orkney waters are important areas for breeding great skuas, 

many of which nest in Special Protection Areas (SPAs). Several of these SPAs are 

located in the vicinity of sites leased for development of marine renewable energy. 

As approximately 60% of the global great skua population breeds in Orkney and 

Shetland it is essential that this population is not negatively impacted by MREDs. In 

addition, great skuas are known for their prey switching ability, which may have 

wider implications for other seabird populations should MREDs displace great skuas 

from foraging areas and alter their behaviour. At present, our knowledge of great 

skua foraging activity and how great skuas utilise the marine environment is limited.  

Using biologging technology, this project aims to identify foraging locations and 

establish how great skuas utilise the marine environment. Ten solar-powered data 

loggers will be deployed on breeding great skuas from a colony on Hoy, Orkney. High 

resolution GPS data will provide information on the distances that great skuas travel 

to forage during the breeding season and locations of foraging activity. Tri-axial 

accelerometer data will provide an insight into the fine-scale foraging and prey-

search behaviour of breeding great skuas. Information about foraging locations could 

inform marine spatial planning and recommendations for locating marine 

development sites that minimise associated seabird population impacts. 
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An estimated 96% of seabird species form dense and highly aggregated breeding 

colonies. It is widely assumed that their colonies function as ‘information centres’ 

where information on the whereabouts of prey patches is exchanged among colony 

members, although robust empirical tests of this are scarce. This presumably reflects 

previous difficulties when tracking seabirds between their terrestrial nest sites and 

pelagic foraging grounds. Here we employ a number of techniques to overcome 

these difficulties. Using a combination of miniaturised GPS loggers, stable isotope 

analysis of blood plasma and conventional in-situ observations, we examine whether 

a large colony of northern gannets Morus bassanus functions as an information 

centre. To do this, we test the hypothesis that knowledge of prey patches are 

exchanged among neighbours - leading to neighbours having similar foraging tactics. 

However, our studies revealed: (1) neighbours tended to disperse widely over the 

first few minutes of their foraging trips, (2) there was no evidence of following 

behaviour, (3) most neighbours commuted towards different prey patches, (4) most 

neighbours encountered different prey patches and (5) most neighbours exploited 

different isotopic niches over the preceding 4-5 days. In short, our results provide 

very weak support for the hypothesis that knowledge of a prey patch is exchanged 

among neighbours. Instead we propose that because of resource dynamics and 

interference competition, individual or low density foraging may be adaptive for this 

species. 
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The United Kingdom is of international importance for its colonies of breeding 

seabirds, and the majority of populations at these sites are well monitored and 

protected. However, sea-watching, which is carried out at many coastal locations 

around the UK and nearby countries, has the potential to provide considerable 

information on the distribution and movements of seabirds away from their colonies 

throughout the year. 

One of the most comprehensive UK sea-watching datasets has been collected from 

the Norfolk Ornithologists’ Association’s (NOA) Holme Bird Observatory through 

standardised observations undertaken since May 2005. We present the preliminary 

outputs of a collaborative project exploring the potential of sea-watching data, using 

NOA’s Holme Bird Observatory dataset as a case study. Analyses are used to develop 

preliminary annual indices of species abundance, taking into account a range of 

environmental factors that caused observed bird numbers to vary. 

Annual abundance indices at Holme provided a good match to observed regional 

population trends derived from national surveys such as the Seabird Monitoring 

Programme and Wetland Bird Survey. Models considering environmental factors 

typically matched population trends derived from national surveys more accurately 

than those which did not, indicating the value of correcting for these variables. 

These findings demonstrate the potential value of sea-watching as a wider 

monitoring tool. They are discussed in light of the conclusions of a successful 

workshop that brought together representatives of bird observatories and other sea-

watchers from around the UK and Republic of Ireland, statutory nature conservation 

bodies and academics to review the potential for setting up a national sea-watching 

monitoring scheme. 
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Renewable energy generation is widely recognised as a critical component of the 

effort to minimise the effects of climate change. The UK government is committed to 

reducing greenhouse gas emissions by 80% by 2050, and producing 15% of UK 

energy from renewable sources by 2020, including an estimated 25 GW of offshore 

renewable wind energy. The scale of offshore wind farm development currently 

proposed around the UK is unprecedented and raises a number of challenges. One of 

the key issues is the potential impact of wind farms on bird populations. Offshore 

wind farms may affect birds through displacement of individuals, direct mortality 

due to collisions, indirect changes to habitat or prey abundance and barrier effects 

for migrating birds or those making regular movements (for example, between 

breeding colonies and foraging sites). However, a number of uncertainties exist in 

assessing the likely magnitude of these effects, for example in relation to the 

distribution of many bird species with respect to development zones, and the extent 

to which their behaviour may place them at risk during construction and operation. 

These uncertainties create potential for consenting delays and may prevent 

regulatory authorities from granting consents. 

In this light The Crown Estate and British Trust for Ornithology are collaborating with 

representatives from the offshore wind industry, as well as regulators and advisory 

bodies, to provide independent strategic ornithological support services to the wind 

farm industry. The group aims to identify and develop key pieces of research to 

address strategic ornithological issues in relation to offshore wind farm development, 

to improve our understanding of the impacts of offshore wind farms on birds and 

thus reduce the consenting risk posed by the current uncertainties in this field. The 

outcomes of initial projects, and the current priorities of the group, are summarised 

here. 
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