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Assessing the effect of changing hydrology: 
the Elmley Marshes, North Kent

Ramsar site, SSSI, NNR

redshank

lapwing
From Julian Thompson, UCL
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From the TIMES newspaper 2005
Concern following the previous dry winter

What about 2050?
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Projections of water table depth based on hydrological modelling
(MIKE SHE) forced by UKCIP02 climate scenarios for the 2050s
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From Julian Thompson

From Mike Acreman

Salt marsh rush (Juncus gerardi),
Sea arrow grass (Triglochin maritima),
Divided sedge (Carex divisa)
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Restoring shallow lakes from 
a turbid algal-dominated state to a 
clear-water plant-dominated state

Tai Hu, China

(Steffen et al. 2004) Photo Li Shijie 2005

Interactions between climate change and eutrophication –
will CC make restoration of shallow lakes even more difficult?
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Approaches – eutrophication experiments using mesocosms

• aquatic macrophyte response to nutrients and temperature in 24 temperature controlled
tanks including sediments and mixed plankton (Erik Jeppesen, Denmark)

• phytoplankton response to nutrients and temperature in 48 temperature controlled tanks with
and without fish (Brian Moss, UK)

submerged plant (Denmark) phytoplankton (UK)
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Six lakes per country

From Moss et al. ECOFRAME

Eutrophication – space-time substitution and experiments

Space-time and mesocosm experiments with algae, zooplankton and fish across a N – S gradient
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Eutrophication – results
for shallow lakes

• Higher fish fecundity
• More intense fish predation
• Shorter food chain
• Increased algal biomass and 

turbidity
• Decreased oxygen 

concentrations
• Accelerated nutrient re-cycling

Solutions to eutrophication problems
are likely to require much more
stringent nutrient control than in

cooler lakes

Fish:zooplankton

Zoopl:phytopl

Cold      Cool     Warm
From Moss et al. 2003
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Model calculated S deposition over Europe: 1980 – 2000 (mg S  m-2)

1980 1995 2000

Interactions between climate change and acidification –
will CC affect attempts to restore acidified lakes and streams?

From The UNECE website
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Round Loch of Glenhead: diatom-inferred pH
measured pH and MAGIC-modelled pH, 1800 - 2030

From Battarbee et al. 2005

Diatom evidence for acidification and 
slight recovery

2005 pH

20 ANC
?

core traps

1800 1990 2004
AD
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seasalt deposition (storminess)

dust (desertification)

runoff (precipitation and more evapotranspiration)

weathering rate (temperature)

concentrations of organic acids (precip + temp)

pCO2 in soil air and water

forest growth (precip + temp + CO2)

organic matter decomposition (temp)

temperature

precipitation

wind

CO2

Modelling climate – acidification interactions

(from Wright et al. unpub.)

Possible climate effects on acidified lakes and streams
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Climate – acidification interactions:
evidence from palaeolimnology

in the Austrian Tyrol

Decadal-scale swings in pH 
(inferred from the diatom record) 

follow similar swings in temperature 
from the instrumental record

(Psenner & Schmidt 1992)
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Climate – acidification 
interactions: evidence from 

palaeolimnology in the 
Scottish Cairngorms

Lochan Uaine
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Climate – acidification interactions: increased discharge 
especially from winter storms may depress pH and offset 

recovery in upland streams
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?

Can the reference state be used to define the target?

Implications for policy and management: 
the goal-posts are continually shifting 

Battarbee et al. 2005
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Trends of macroinvertebrate biodiversity in boreal lakes

Time

R
es

po
ns

e

Acidified

Expected 

Reference

R
es

po
ns

e

Time

Observed

Acidified

Reference

habitat-
dependent 
response

(from Stendera & Johnson unpub.)

Lake acidification in Sweden – how stable are the
reference sites?

Positive trends in littoral and negative trends in sub-littoral and profundal habitats:
related to temperature increase (increasing deep water anoxia?)
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1800

1990

2004

or are there other explanations?
- random?
- hysteresis?
- nitrate?

1800

Lake acidification in the UK: is climate change causing “recovery” 
towards a new reference?

Battarbee et al. unpub.
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Eutrophication of Windermere: will climate change prevent 
restoration to “good” status?
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To what extent can foreseen problems be avoided by 
adaptive management?

Do we have sufficient understanding to take effective 
action now?
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Adaptive management: INCA-N scenarios to prevent nitrate 
increase in lowland rivers: what are the options?
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Adaptive management: excavating scrapes to preserve wetland 
habitat
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Scrapes 0.30 m deep, 0.55 km2

From Julian Thompson, UCL
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Conclusions

• greenhouse gas-forced climate change is almost certainly taking place

• despite substantial natural variability there is growing evidence from lake sediment
records that unprecedented change is occurring in arctic and alpine lakes

• however, in populated regions, other stresses from human activity are still the
dominant drivers of change

• evidence for the impact of global warming on UK surface waters can be inferred 
from increases in surface water temperatures, range expansion of dragon-flies,
and increased algal growth in reservoirs and lakes

• examples of research that aims to predict the response of freshwater ecosystems
to future warming include range change in stenothermic taxa, hydrological stress
in wetlands, intensification of eutrophication symptoms in shallow lakes, and 
increased acid episodes in upland streams
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Conclusions (cont.)

• climate change undermines some of the basic concepts in current EU directives, 
especially the Water Framework Directive, with respect especially to the role of
the reference state in defining targets

• in our research we need to continue attempting to understand the underlying
processes that control the response of freshwater ecosystems to climate change, 
but also need to evaluate alternative adaptive management strategies that might 
minimise damage in the future.


