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Global Environmental Change
Climate:

Not just temperature 
But also storms, precipitation, 
frequency of extreme events, 
NAO index (more positive yrs)

(Reduced alkalinity a much longer-term problem)

Will influence biodiversity: 
• Shifts in environmental gradients (desiccation, wave action, 

stratification, salinity etc)
• Changes in frequency of disturbance events 
• Poleward migration of species
• Changes in assemblage composition & interactions (often via 

recruitment regimes)
• Greater  likelihood of non-native invasions  



Climate Change in the N.E. Atlantic

Particularly strong warming 
has occurred in the North 
Atlantic since the mid-
1980s (35° to 65°N, 0° to 
35°W)

This is 2 x rate of any 
previous warming event   
on record, 0.5-1°C in last   
20 years

Exceeds global average

IPCC Climate Change 2001 The Scientific Basis



Physical changes in the 
marine environment

• Substantial fluctuations in sea temperature over the 20th C

• SST may be linked to solar activity (sunspots) (Southward 1980, Nature)

• Intensity of North Atlantic Oscillation

• Accelerating warming since 1980s

• Predicted warming scenarios of:
low 1.1-2.9 °C (B1)
high 2.4-6.4 °C (A1FI)
Over the next 100 years 
(IPCC 2007)

Multi-model global averages of 
surface warming, IPCC 2007



Because of the inertia in earth 
climate system: we shall probably 
have to live with warming etc for 

the next 50 years or so (IPCC)

Therefore to conserve biodiversity we must 
concentrate on adaptation by managing the 
interactions of climate change with those things we
can do something about: 

i.e. fishing, pollution, habitat loss and modification, 
non-native species, implementation of mitigation 
measures



Outline of Talk
• Need to separate climate signal from natural noise

• Interactions of global change with regional & local scale    
impacts

• Examples of interactions: climate & fishing, climate & 
pollution, climate & habitat modification, 

• Linking sustained observations with experimental 
process studies & modelling (rocky shores as  a 
tractable sentinel system)

• The challenge of mitigation: long-term gain vs short term 
impacts (pain)???

• The science agenda: european scale, capability and 
research priorities



Long–term studies by the MBA with SAMS, PML, 
University of Porto*

Steve Hawkins, Pippa Moore, David Sims, Martin 
Genner, Nova Mieszkowska, Mike Kendall, Fernando 
Lima*, Antonio Murias dos Santos*, Rebecca Leaper, 
Mike Burrows, Matt Frost, Paula Moschella, Elvira 
Poloczanska, Roger Herbert & ALAN SOUTHWARD

1888                             2007
and previous generations of MBA staff



Mean annual sea surface temperature 1871-2006 off 
Plymouth (grid square 50–51° N, 04–05° W).
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MBA Time Series: English ChannelMBA Time Series: English Channel
To be Western Channel Observatory from 2007 To be Western Channel Observatory from 2007 

PML/ MBA/SAHFOS as part of Oceans 2025PML/ MBA/SAHFOS as part of Oceans 2025
Temperature and Salinity                 E1Temperature and Salinity                 E1 19021902--1987,  1987,  20022002--
NutrientsNutrients E1E1 19211921--1987,  1987,  20022002--
PhytoplanktonPhytoplankton E1E1 19031903--1987,  1987,  20022002--
Primary productionPrimary production E1E1 19641964--19841984
ZooplanktonZooplankton E1, L5E1, L5 19031903--1987,  19951987,  1995--1998,1998,20022002--
Planktonic larval fishPlanktonic larval fish E1, L5 E1, L5 19241924--1987,  19951987,  1995--1998,1998,20022002--
DemersalDemersal fishfish L4L4 19131913--1986,  1986,  20012001--2003,20052003,2005--
Intertidal organismsIntertidal organisms variousvarious 19501950--1998,  1997/1998,  1997/20012001--2005,2005,--
Infaunal benthos (intermittent)        L4Infaunal benthos (intermittent)        L4 19221922--1950,   20031950,   2003
Epifaunal benthos (intermittent)      L4Epifaunal benthos (intermittent)      L4 18991899--1986,   1986,   20052005--
PML time series:plankton & PML time series:plankton & hydrography hydrography at L4 since 1987at L4 since 1987
n.b. There are many gaps in these series,n.b. There are many gaps in these series,
DefraDefra funded restarts in redfunded restarts in red

Reviewed in Southward et al., Adv. Mar. Biol. 47:1Reviewed in Southward et al., Adv. Mar. Biol. 47:1--105, 2005105, 2005



Pelagic fish species

PILCHARD
Sardina pilchardusHERRING

Clupea harengus



Landings of pelagic fish at PlymouthLandings of pelagic fish at Plymouth
Herring - Clupea harengus
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Data source: UK Government Data source: UK Government 
records

Sutton Harbour, Plymouth, 1925Sutton Harbour, Plymouth, 1925
records
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Such fluctuations have 
occurred since 13th

century ( Southward et 
al 1988 JMBA)



Pilchard eggs and non-clupeid larvae
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Pilchard - Sardina pilchardus
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Mackerel - Scomber scombrus

0
10000
20000
30000
40000
50000
60000

70000
80000

1920 1930 1940 1950 1960 1970 1980 1990 2000
Year

C
at

ch
 (t

on
ne

s)

Data source: MAFF, Hawkins et al. STOTEN 2003

Landings of pelagic
fish at Plymouth



MBA Trawls: fewer large fish 
species in catches due to fishing

October 1963 November 2001

Sharpest declines seen in 
large species: skate & ray, 
brill, conger eel



Plymouth inshore Plymouth inshore demersaldemersal fisheriesfisheries
Climate driven : warm water Climate driven : warm water 
Breams (Family Breams (Family SparidaeSparidae))
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Fishing driven: low Fishing driven: low 
fecundity Rays (Family fecundity Rays (Family 
RajidaeRajidae)
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PC1, an index of communityPC1, an index of community--level change,level change,
correlates with sea temperaturecorrelates with sea temperature

Mean Annual SST (ºC)
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temperature

English Channel fish diversity
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Demersal Landings

Year Year

0

50

100

150

200

250

300

350

400

450

500

1910 1930 1950 1970 1990 2010

Year

Ab
un

da
nc

e 
(M

ea
n 

in
di

vi
du

al
s 

 p
er

 h
ou

s)
Ab

un
da

nc
e 

(M
ea

n 
an

nu
al

, i
nd

iv
id

ua
ls

 p
er

 h
ou

r)

0

50

100

150

200

250

300

350

400

450

500

1910 1930 1950 1970 1990 2010

Year

Ab
un

da
nc

e 
(M

ea
n 

in
di

vi
du

al
s 

 p
er

 h
ou

s)
Ab

un
da

nc
e 

(M
ea

n 
an

nu
al

, i
nd

iv
id

ua
ls

 p
er

 h
ou

r)

0

2

4

6

8

10

12

14

1910 1930 1950 1970 1990 2010

Year

Ab
un

da
nc

e 
(M

ea
n 

in
di

vi
du

al
s 

 p
er

 h
ou

s)
Ab

un
da

nc
e 

(M
ea

n 
an

nu
al

, i
nd

iv
id

ua
ls

 p
er

 h
ou

r)

0

2

4

6

8

10

12

14

1910 1930 1950 1970 1990 2010

Year

Ab
un

da
nc

e 
(M

ea
n 

in
di

vi
du

al
s 

 p
er

 h
ou

s)
Ab

un
da

nc
e 

(M
ea

n 
an

nu
al

, i
nd

iv
id

ua
ls

 p
er

 h
ou

r)

Sea surface temperature

Small species – follow climate change
Large species - abundance declines over the last 50 years

Co-funded by DEFRA (projects MF0727 and MF0730; 2000-2003)
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Warming worsens the 
effects of overfishing, 
Brander ICES

CPR -SAHFOS data



Interaction of climate change and pollution: warming 
seas worsen impacts of increased nutrients

E.g. German Bight, Skagerrak in 1980s, Adriatic
• Algal blooms.
• Oxygen depletion.
• Death of fish and invertebrates such as 

brittlestars & clams.
Decline of seagrass beds? Agent in sea fan deaths?



Linking sustained observations, 
experiments and modelling for better 
prediction – using the intertidal as a 

tractable system



SemibalanusSemibalanus balanoides balanoides (northern species)(northern species)

ChthamalusChthamalus montaguimontagui ChthamalusChthamalus stellatusstellatus
(southern species)(southern species)



Responses to environmental change

MBA time series: abundance of barnacles in MBA time series: abundance of barnacles in 
S.W. England (8 sites south coast)S.W. England (8 sites south coast)

Chthamalus spp.
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Barnacle Time Series: Cellar Beach, Barnacle Time Series: Cellar Beach, 
S.W. England S.W. England 

Cellar Beach: smoothed abundances of intertidal barnacles,
and polynomial trendlines
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Example of changes in the distribution of a intertidal Example of changes in the distribution of a intertidal 
species in Northern Scotland (spring 2002) species in Northern Scotland (spring 2002) 

• northern range extension of northern range extension of 
~70km in North Scotland since ~70km in North Scotland since 
1986 (1986 (MiezskowskaMiezskowska, , unpubunpub))

Top shell – Gibbula umbilicalis



Range of distribution of intertidal species Range of distribution of intertidal species 
in the English Channel (summer 2004) in the English Channel (summer 2004) 

Species distribution (1950s, 1980s) Range extension (2000-2004) Range limit

b)

d)

e)

c)

a)
Patella depressa

Southampton

N

40 km

Balanus perforatus

Southampton

g)

Osilinus lineatus

Southampton

Patella ulyssiponensis (P. aspera)

Southampton

Melaraphe neritoides

Southampton

Southampton

Gibbula umbilicalis

Key:
Not found
Rare
Occasional
Frequent
Common
Abundant

f)

Herbert, Hawkins, Sheader & 
Southward, 2003

Hawkins, Moschella new data, 2004



Responses to environmental change

DELOS: Environmentally sensitive design DELOS: Environmentally sensitive design 
of low crested, coastal defence structuresof low crested, coastal defence structures

KingKing’’s Parade, Wirrals Parade, Wirral RottingdeanRottingdean

RhosRhos--onon--SeaSea

Morecambe BayMorecambe Bay

SaltingdeanSaltingdean KingKing’’s Parade, Wirrals Parade, Wirral

EU  Framework Programme V, 2001EU  Framework Programme V, 2001--2004, EVK32004, EVK3--20002000--2203822038



BroadBroad--scale scale 
modification of modification of 

coastline
LCS

Other coastal 
defence 
structures

coastline

Elmer defence Elmer defence 
schemescheme



Range extensions of southern 
species

Osilinus lineatus

Toothed topshell

Bifurcaria bifurcata

Brown alga Balanus perforatus

Acorn barnacle

Chthamalus montagui

Stellate barnacle

Gibbula umbilicalis

Purple topshell

Melaraphe neritoides

Small periwinkle

September 2006



Decreases in abundance and retreats 
of northern species

Alaria esculenta

Brown alga

Semibalanus
balanoides

Acorn barnacle

Tectura testudinalis

Tortoiseshell limpet



Present Climate 2°C rise SST

Model Output

Key:      abundant,         common,       frequent,       occasional,         rare

Marclim Survey Data

Chthamalus montagui



Is climate acting on each species directly or is 
climatic influence mediated by the presence 

of a competitor?
SB

SST 
y-1

Ch

-0.49 *

0.17 ns

SB

SST
y-1

Ch0.10 ns

-0.52 **

Mid Shore

-071 ***

-0.72 ***

High Shore

Causal Path Analysis 
– SST the previous June directly 

influencing adult S. balanoides
abundance only

– S. balanoides abundance 
influences adult Chthamalid
abundance

– The influence of climate on 
Chthamalids is mediated by the 
presence of S. balanoides, the 
dominant competitor, in SW 
England



Model Output
S. balanoides recruitment driven by SST

Interference competition 
between juvenile S. balanoides

and Chthamalids
Barnacle recruitment driven by SST
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Model output Hypothesis 3: 1955 - 2100
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Interaction of global change and 
habitat modification and loss

See Airoldi & Beck, 2007, Oceanography and Marine Biology Annual Review



Liverpool (English West Coast)

• Tidal range: 10 m 
(mean spring tide) 

• Sheltered shore

• Fine sand



Elmer Multivariate analysis. Results 1. - Control 1 (150m)

SEAWARD

LANDWARD

CONTROL 1 SW

CONTROL 1 LW

Stress: 0.16Stress 0.16
Seaward

Landward

Control 1 Sw

Control 1 Lw

Nested ANOSIM:
Variability within location: R = 0.58

Differences  between locations:
seaward versus landward: R = 0.63
seaward versus controls 1: R = 0.22-0.29
landward versus controls 1: R  = 0.25-0.86
control 1 Sw versus control 1 Lw = n.s.



Climate change and non-native 
species

Both an example of global 
change?



Globalization

Harbour wall - Nelson, N.Z. Breakwater - Liverpool, U.K.

Elminius and Mytilus
S. Indopacific N. Pacific & Atlantic

Mytilus and Elminius

Homogenisation



What will have most effect on ecosystem 
functioning?

Climate driven change in 
barnacle assemblage 
composition

or

Adding Elminius
(last 40 yrs)

Adding Crassostrea
(last 5 yrs facilitated by 
warming)

or



Quantitative: but 
biodiversity change 
generally gradual with 
additions and losses 
within functional groups

Climate 
impacts 

Qualitative: and can be 
abrupt depending on 
invasion dynamics 
additions – sometimes 
losses.
New functional groups

Non-native 
introductions



MarClim broad scale sampling in the UK

SACs 



MarClim broad scale sampling in the UK

SACs 

SPAs



MBA Time Series: English ChannelMBA Time Series: English Channel
To be Western Channel Observatory from 2007 To be Western Channel Observatory from 2007 

PML/ MBA/SAHFOS as part of Oceans 2025PML/ MBA/SAHFOS as part of Oceans 2025
Temperature and Salinity                 E1Temperature and Salinity                 E1 19021902--1987,  1987,  20022002--
NutrientsNutrients E1E1 19211921--1987,  1987,  20022002--
PhytoplanktonPhytoplankton E1E1 19031903--1987,  1987,  20022002--
Primary productionPrimary production E1E1 19641964--19841984
ZooplanktonZooplankton E1, L5E1, L5 19031903--1987,  19951987,  1995--1998,1998,20022002--
Planktonic larval fishPlanktonic larval fish E1, L5 E1, L5 19241924--1987,  19951987,  1995--1998,1998,20022002--
DemersalDemersal fishfish L4L4 19131913--1986,  1986,  20012001--2003,20052003,2005--
Intertidal organismsIntertidal organisms variousvarious 19501950--1998,  1997/1998,  1997/20012001--2005,2005,--
Infaunal benthos (intermittent)        L4Infaunal benthos (intermittent)        L4 19221922--1950,   20031950,   2003
Epifaunal benthos (intermittent)      L4Epifaunal benthos (intermittent)      L4 18991899--1986,   1986,   20052005--
PML time series:plankton & PML time series:plankton & hydrography hydrography at L4 since 1987at L4 since 1987
n.b. There are many gaps in these series,n.b. There are many gaps in these series,
DefraDefra & & AggAgg. levy funded restarts in red. levy funded restarts in red

Reviewed in Southward et al., Adv. Mar. Biol. 47:1Reviewed in Southward et al., Adv. Mar. Biol. 47:1--105, 2005105, 2005



MECN NETWORK

DEFRA*
PEML
Dove ML
SOS Bangor
DARD
CEFAS
FRS
JNCC*
BODC*
Met Office
EA*
SE*

SMRU

Scottish Executive

Hosted by The Marine Biological Association of the UK

Funded by:

19 Partners:

MBA
SAHFOS
PML
SAMS
POL
NOC
SMRU



BIOMARE 
Reference and Focal sites

(red dots)

MARS members
(blue dots)

The NoE builds on previous/existing actions by MARS, BIOMARE and 
MARBENA



Observatory benefits
•synthesis of data beyond WEC (continued)

• European (MarBEF): Largenet

e.g. Long-term pelagic 
stations in Europe. (Source: 
Karen Wiltshire, MECN 
Workshop, DEC 2005)



Boundary Zones

MARBEF network: 
simple rocky shore 

monitoring as part of 
LargeNet in key 

transitional zones?

Process studies as part 
of FP 7?



Northern Portugal a critical boundary zone

Iberian upwelling zone

Fernando P. Lima, Pedro A. Ribeiro, Nuno Queiroz, Stephen J. Hawkins and António M. 
Santos. (In press) Do distributional shifts of northern and southern species of algae match the 
warming pattern? Global Change Biology. doi: 10.1111/j.1365-2486.2007.01451.x



Processes driving temporal changes

Temperature trends (1950-2001)

ICOADS Monthly mean 
SST

Tyndall Centre yearly 
mean air temperature



Changes in the North Portugal

Past and current distribution of Patella rustica(lusitanica)

Observed in 1950s Observed in 2001-06

Fernando P. Lima, Raquel Xavier, Pedro A. Ribeiro, Nuno Queiroz, Pedro Tarroso, Stephen J. Hawkins and António M. 
Santos. (2007) Modelling past and present geographical distribution of the marine gastropod Patella rustica as a tool 
for exploring responses to environmental change. Global Change Biology, 13: 2065–2077



Long-term mitigation gain versus short term pain??

Off-shore wind-farm 
off Denmark

Tidal barrage at La 
Rance, France

World’s first wave farm nr 
Povoa de Varzim, Portugal.
World’s first wave energy test 
facility north coast Cornwall, UK



Research agenda
• Long-term and broad-scale sustained 

observations
• Process studies using experimental 

approach
• Targeted research on interactions
• Modelling for forecast and prediction
• Tractable well studied systems (such as 

rocky shores….)
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Using nonUsing non--commercial southern species commercial southern species 
as indicators of climate changeas indicators of climate change
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‘‘Standard HaulStandard Haul’’ data (1913data (1913--2002):2002): The southern species index is the mean sum The southern species index is the mean sum 
frequency of occurrence for 7 southern (frequency of occurrence for 7 southern (LusitanianLusitanian) species with a logistic fit (black ) species with a logistic fit (black 
line). line). 

Using a Using a sigmoidalsigmoidal model (black + red lines) we predict that by 2020 (under a Low model (black + red lines) we predict that by 2020 (under a Low 
Emissions scenario; HadRM3) these southern species will occur inEmissions scenario; HadRM3) these southern species will occur in nearly every nearly every 
trawl compared with the current rate of 45trawl compared with the current rate of 45--60 % occurrence60 % occurrence..


