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The North Sea

The North Sea is a semi-
enclosed, highly productive
(>300 g C m~2 yr1), relatively
shallow, temperate sea.

A variety of human activities
affect the marine ecosystem:
* nutrient enrichment,
* coastal developments,
* the fisheries.
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Fish as food

= World catch
= Around 85-90 million tonnes per year

= Importance as protein

= Globally accounts for around 15% of the protein in the diet (7—
8% In industrial countries) S—— |

= Other major health benefits
m PUFA, Omega-3

m Global population
= Growing at around 1.8% per annum

North Sea
= accounts for around 5% of global catch 7 f«j?;,,mgm
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http://wost.wok.mimas.ac.uk:8000/CIW.cgi?QBDvmYJYy4MAAE23OwM_CFF1937F_QBDvmYJYy4MAAE23OwM-0&Func=Abstract&doc=1/4
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Infamous quotes

"The cod fishery,

the herring fishery,

the pilchard fishery, the
mackerel fishery, and
probably all the great sea
fisheries, are inexhaustible".
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http://www.ucmp.berkeley.edu/history/thuxley.gif

North Sea Gadoid population sizes in the 20th Century
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® Gadoid outburst in 1960°s main change in
terms of numbers.

m Continual shift towards smaller size.
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North Sea flat-fish population sizes in the 20th Century
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Benthos (10° tonnes) consumed by 8 demersal fish species
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Increase in benthos consumed from 23 Mt
il In 1970 to 29Mt in 1993
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Variation

m Fishing pressure varies

m Fish stocks (predation) varies
m Climate varies

m Productivity varies

Closg A0as

FITHTTTRIIIN

k.4 4

& LIVERPOOL




Global Climate Change

*Clear evidence of warming 1850 2005

*Rate ot change 1s increasing

eKicks off in late 1970s
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CPR silk greenness —
index of phytoplankton

Time Series Plot of Mean Greenness

Month JaI n JaI n JaI n Jaln Jaln Jaln
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The Dove Time Series:
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= Buchanan initiated in Benth()s
1971-72 :

m Two stations remain ‘ ' | 5{0

. oA ¢ .
from an extensive grid =

m 6 and 12 miles offshore Q

m 50 and 70 m deep

m M1 sampled March and
September

m P sampled March

k.4 4 N

& LIVERPOOL




M1- 35 years of “natural” variation
Since September 1972

m Have missed 3 September (1987,1991,
2002) and 1 March (1998) sampling

m 516 taxa recorded

m Genera richness: Sept: mean 105 (70-129)
Mar: mean 94 (63-124)

m Abundance: Sept: mean 605 (224-1310)
(per grab) Mar: mean 380 (104-720)




Some biology

Worms dominate,

with brittlestars,
burrowing urchins and

clams (bivalve molluscs)

Prionospio
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http://www.mbari.org/benthic/images/Macrofauna_2/Levinsenia_gracilis.jpg
http://www.mbari.org/benthic/images/Macrofauna_2/New Pics/Prionospio delta.jpg
http://images.google.co.uk/imgres?imgurl=http://www.mbari.org/benthic/images/Macrofauna_2/Thyasira_flexuosa.jpg&imgrefurl=http://www.mbari.org/benthic/bivalves.html&h=393&w=432&sz=108&hl=en&start=1&tbnid=BuxA8YWefr--PM:&tbnh=115&tbnw=126&prev=/images%3Fq%3DThyasira%26svnum%3D10%26hl%3Den%26lr%3D
http://images.google.co.uk/imgres?imgurl=http://www.uwphoto.no/500/esv047cd01.jpg&imgrefurl=http://www.uwphoto.no/detail.asp%3FPRODUCT_ID%3Desv047cd01&h=374&w=500&sz=156&hl=en&start=15&tbnid=4qz_JRPRmK-V9M:&tbnh=97&tbnw=130&prev=/images%3Fq%3DAmphiura%26svnum%3D10%26hl%3Den%26lr%3D

M1 After 35 years: Top genera

Prionospio

Mean
indiv. m?

495.11

10.09%

Levinsenia gracilis

257.79

5.26%

Chaetozone setosa

198.19

4.04%

Amphiura

193.54

3.95%

Thyasira

191.03

3.89%

Abra

186.98

3.81%

Mysella bidentata

158.62

3.23%

Phoronis muelleri

153.67

3.13%
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Pholoe

150.86

3.08%

=
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Nuculoma tenuis

140.81

2.87%

TOTAL

4906.64

43.35%




M1 Total Abundance —
altered variability and mean?

Time Series Plot of Total N
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Genera richness S
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Time Series Plot of Genera richness S
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Changes in time: M1

= No significant change In total abundance
over time nor between decades

m Indication of altered variability and multi-
annual shifts

m Significant change (ANOVA p<0.001) In
genera richness, significantly higher in the
1990s and 2000s.
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P- 36 years of variation

Since 1971
m Have missed sampling once (1998)

m 262 taxa recorded from 183 genera (or
higher)

m Genera richness: mean 53 (35-76)

m Abundance: mean 454 (165-1023)
(per grab)




The Top Ten

Mean % cumulative
Abundance contribution %
(ind. m2) contribution




P Total abundance (ind. m?)

Time Series Plotof N

5000 -

4000 -

3000 -

2000 -

1000 -

1971

1977

1983

1989
Year

1995

2001




P Genera Richness

Time Series Plotof S
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Changes in time: P

m Abundance was high In the early 1980s

m Both abundance and richness show a
decline in the late 1980s-early 1990s
(?regime shift)

m Both abundance and richness in the 00s
were similar to the 70s
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Biological detail




Top 2 taxa at M1

Time Series Plot of Prionospio all, Levinsenia gracilis
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The top three at P
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The North Sea Phase Shift

m A widely described change in the
planktonic components occurred around
1987-8

m \Was there a phase shift in the benthos?
m Journey Into Phase Space..
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Prinospio

Looking in Phase Space
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http://en.wikipedia.org/wiki/Image:STInBeauty.jpg

MDS ordination for P

Stn P 1971-2006

Transform: Log(X+1)
Resemblance: S17 Bray Curtis similarity

2D Stress: 0.16
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Shifts in community structure at P

m The clearest pattern Is the trend
from 1970s to 2000s from left to
lo]q]

m The 1980s are the most dispersed
decade with 1988 an outlier

m The biological assemblage has

changed over time and is now
distinct from that at the
EeOl start of the series




Drivers of Change
= Food & O

m Fishing

m Climate change

T ITITTS.

m Climate variation
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Food as a driver?
Stn P 1971-2006

Transform: Log(X+1)
Resemblance: S17 Bray Curtis similarity

2D Stress: 0.16
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Fishing History - ICES 39ES8 (Stn P)

Time Series Plot of Swept area
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Fishing Pressure

Stn P 1971-2006

Transform: Log(X+1)
Resemblance: S17 Bray Curtis similarity

2D Stress: 0.16
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Climate change - SST

Stn P 1971-2006

Transform: Log(X+1)
Resemblance: S17 Bray Curtis similarity

2D Stress: 0.16 || SST LMH
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MDS ordination for M1

Transform: Log(X+1)
Resemblance: S17 Bray Curtis similarity

2D Stress: 0.16
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Transform: Log(X+1)
Resemblance: S17 Bray Curtis similarity
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September — Decadal progression

Transform: Log(X+1)
Resemblance: S17 Bray Curtis similarity
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35 years of study shows..
*Decadal scale variation in total abundance,

species richness and commumty
0mpos1t1on at b()th statlons B
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And where next?




L&
)

e

UNIVERSITY

LIVERPOOL

PROTECTOR
CATAMARANS

13m Catamaran |
for Liverpool University |

PARTICULARS

PROFILE

SRS

MAIN DECK PLAN

~ LOWER DECK PLAN

13m CATAMARAN
GENERAL ARRANGEMENT

CAMARC DESIGN

CAMARC Ltd '
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