Climate responses of avian predators

In a heavily exploited shelf sea:
Effects on trophic interactions and

consequences for ecosystem control in the
North Sea
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Massive media hype
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Ecology » [ish stocks and sea bird numbers plummet as soaring water temperatures kill off vital plankton

North Sea faces
collapse of
its ecosystem

By Richard Sadler and
Geoffrey Lean
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warming hits UK birds

BY MICHAEL MCCARTHY
Environmest Editor

HUNIHIEDS OF Ubousands of
sevitlash: westrds have faled 1o
birved this summer in o wildliin
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In what could be a sub-plot
frumm Ehe recent disaster movie,
The Day After Tomorrois, &
rise in s0a temperatans is be-
liewvedd tr have led to the mys-
terious disappearance of a oy
part af the marine food chain
the sandeel, the small fish
whose groat teeming shoals
have hitherts sustained larger
fish, marine mammals and
seabirds in their millions.

In Orkney and Shetland, the
sandee] stocks have been
shrinking for several years,
and this summer they have
disappeared: the result for
senbirds has boen mass star-
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Reproductive Failure Threatens Bird
Colonies on North Sea Coast

CaMBRIDGE, UK.—Warden Dervk Shaw
can’t believe what he’s not hearing as he
patrols the cliffs of Fair Isle. The usual
cacophony of 250,000 sea birds has been

renlaced by an serie silence a e

Disaster at sea: global

NEwsS

thev are now also succumbing is “causing
everyone consternation,” she says.

Experts say that the most likely causes
for the decline in sand eels are past overfish-
ing and rising sea temperatures. Previous re-
h has linked rising temperatires to de-

Sea birds
An RSPA sur

unprecedented in Europe.”

o edmg klttlwakes have expenenced a 30%
colonies since 1988.

- and the link to climate
change & beirg openly made by
scientists. 11 s bedieved that the
mscroscopic plankton on which
tiny sandeel larvae feod are
moving northwands as the sea
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North Sea pelagic food web
‘Wasp-waist’ trophic structure

Top predators (seabirds, seals, cetaceans, fish)

Industrial fishery

1 1

Forage fish (sandeels)

Secondary producers (copepods, gammarids, echinoderms, decapods)

|

Primary producers (dinoflagellates, diatoms)

A
v

Species diversity
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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
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Isle of May long-term studies

Isle of May

« 20 - 30 years data on:

« Demography (breeding
success and survival)

 Phenology

 Diet

 Local sandeel fishery operating 1990 — 1999
* Closed since 2000 because of concern about effects on predators
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Regional variation In climate
responses

« Comparative approach use
Information from across
breeding range

e Diet of birds varies among
colonies
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Puffins at Norwegian colony O - |
on Rgst feed on herring e T
(positive recruitment-SST
relationship)

2% O Puffins at Scottish and Welsh

el colonies feed on sandeels
(negative recruitment-SST
relationship)
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Puffin survival and climate © ===

Sandeel-dependent colonies — negative relationships
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e Long term data on e Long term data
plankton abundance on seabird

and biomass of larval productivity and
sandeels from sandeel size from
Continuous Plankton Isle of May
Recorder (CPR)
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Trophic interactions

 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

sConsistent with bottom-up control BUT

doesn’t explain poor performance in 2004
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Body condition of prey
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Population explosion of snake
pipefish (Entelurus aequoreus)

Since 2003 massive increase In
snake pipefish records from:-

 Fish surveys in northeast
Atlantic

e Seabird diet monitoring at
colonies in UK and Norway

Status changed from rare to
very abundant

Harris et al. (submitted)
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e Spring sea temperature risen by
0.05°C/year (Hadley Centre)

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

e 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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Phenology of North Sea sande
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
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Indirect measures of sandeel phenology

siuuaq Aoy oloyd

e 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



Index of sandeel phenology

Long —term decline in length

Length (mm)
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Within-year growth rate

1980 1990 2000

» Average annual decline in length (0.37mm/yr)

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

120 -

100 4
E 30 -
=

20 A

1988 (example)

8-Jun

18-Jun 28-Jun 8-Jul

» 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

adult 0 group _ _ _

- Climate-induced mismatch

% might occur if:

z;s e Sandeels miss the peak
In plankton availability if
they emerge at the wrong

May June July Aug time

e Seabirds miss the
sandeel peak If they
breed too early or late
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