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• Semi-enclosed, small, 
shallow shelf sea
• Tides - vertical and 
horizontal mixing and basic 
circulation pattern
• Highly seasonal -
pronounced spring bloom
• Rising sea temperatures –
0.5oC/decade winter and 
1.5oC/decade summer
• Changes in plankton 
community

North Sea ecosystem



• Major seabird 
colonies down 
east coast UK

Avian predators



• Intense fishing 
pressure – simplified 
trophic structure –
decreased resilience to 
environmental 
perturbations (Pauly & 
Maclean 2003)

Anthropogenic pressures



Massive media hype



North Sea pelagic food web
‘Wasp-waist’ trophic structure

Top   predators    (seabirds,   seals,   cetaceans,   fish)

Secondary producers (copepods, gammarids, echinoderms, decapods)

Primary    producers    (dinoflagellates,    diatoms)

Forage fish (sandeels)

Species diversity

Industrial fishery



Sandeels and climate

• Cold water species

• Recruitment lower when sea 
temperature higher (Arnott & 
Ruxton 2002) 

• Predict higher temperatures will 
have a negative effect on 
seabird performance



Isle of May long-term studies

• 20 - 30 years data on:
• Demography (breeding 

success and survival)
• Phenology
• Diet

Isle of May

• Local sandeel fishery operating 1990 – 1999
• Closed since 2000 because of concern about effects on predators



Climate and fishery effects
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Regional variation in climate 
responses

• Comparative approach use 
information from across 
breeding range

• Diet of birds varies among  
colonies

• Recruitment – temperature 
response differs between prey 
species

Photo AkinoriTakahashi



Puffins at Norwegian colony 
on Røst feed on herring 
(positive recruitment-SST 
relationship)

Puffins at Scottish and Welsh 
colonies feed on sandeels 
(negative recruitment-SST 
relationship) 



Puffin survival and climate
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Harris et al. (2005)



Multi-trophic interactions

• Long term data on 
plankton abundance 
and biomass of larval 
sandeels from 
Continuous Plankton 
Recorder (CPR)

• Long term data 
on seabird 
productivity and 
sandeel size from 
Isle of May



Trophic interactions

Copepod biomass
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• Positive correlations between larval 

sandeel biomass and planktonic prey

• Positive correlations between seabird 

productivity (5 species) and larval sandeel 

abundance with a 1-year lag 

•Consistent with bottom-up control BUT 

doesn’t explain poor performance in 2004
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• Energy value greatly 
reduced in 2004 

• Indicative of problems 
lower down the food 
chain

Wanless et al. (2005, updated)

Body condition of prey



Population explosion of snake 
pipefish (Entelurus aequoreus)

Since 2003 massive increase in 
snake pipefish records from:-

• Fish surveys in northeast 
Atlantic

• Seabird diet monitoring at 
colonies in UK and Norway

Harris et al. (submitted)

Status changed from rare to 
very abundant



Pipefish as food for seabirds
Photo M

ark N
ew

ell

• Poor substitute for sandeels – low energy value and 
difficult for chicks to swallow

• Trophic dead end?
Harris et al. (submitted)



Phenology and climate change

• Extensive evidence of climate-
induced changes in phenology

• Do these match environmental 
change?
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Phenology and the North Sea

• Spring sea temperature risen by 
0.05oC/year (Hadley Centre)

• No trend in seasonal peak of phytoplankton 
(diatoms) (Edwards & Richardson 2004)

• Seasonal peak of decapod larvae 4 – 5 
weeks earlier (Edwards et al 2006)

• BUT also shift from cold-water, early 
peaking copepod (Calanus finmarchicus) to 
warm-water, later peaking species (C. 
helgolandicus) (Edwards et al 2006)



Trends in seabird breeding phenology
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Photo Akinori Takahashi

Guillemot – 4.6 d/decade

Kittiwake – 7.1 d/decade
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Phenology of North Sea sandeels

• Closely associated with sandy 
substrates

• Winter spawning

• Adults active in water column 
April – June

• Larval fish metamorphose May, 
feed until late summer

• No direct data on phenology



Indirect measures of sandeel phenology

• Sampling of fish brought in by puffins, mid May –
early August for 30 years

• 0 group length at 1 July, 1 group length at 1 June
• Larval sandeel lengths in CPR
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• Average annual decline in length (0.37mm/yr)

• Average within-year growth rate (0.409 mm/d)

• Date a given size reached delayed by 9 d/decade (0.37/0.409*10)

• Approach does not separate phenology and growth rate

• Kittiwake tracking changes but effects less clear for other species
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Sandeel – seasonal availability
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might occur if:

• Sandeels miss the peak 
in plankton availability if 
they emerge at the wrong 
time

• Seabirds miss the 
sandeel peak if they 
breed too early or late
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Photo AkinoriTakahashi

Summary
• North Sea seabirds currently 
dependent on a cold water 
species (lesser sandeel) and 
warmer winters associated with 
poorer performance

• 2004 exceptionally bad 
breeding season. Evidence 
of major hydrobiological
change

• Contrasting patterns of 
phenological change across 
functional groups. Classic 
conditions for climate change 
induced trophic mismatching
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