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Introduction
This document reports on concept and progress to update the website www.climateand-freshwater.info. The website was originally built in the project Euro-limpacs and
first launched in 2007. It aimed at a summary of current knowledge on the interactions between climate change and European freshwater ecosystems, with a specific
focus in the indication of climate-induced changes and their integration into monitoring programmes. The original version of the website included a large literature database documenting case studies on the interactions between climate change and
freshwater ecosystems, along with examples of species affected by climate change,
an overview of assessment systems for the ecological quality of freshwater ecosystems and their relation to climate change, and a list of possible indicators to detect
the effects of climate change in lakes, rivers and wetlands. The website aimed at
informing the educated public - water managers, environmentalists and scientists
working in adjacent fields - and was frequently consulted and back-linked to a large
number of other websites resulting in a Google page rank of 5 (out of 10).
However, in the last years the concept of the website revealed several weaknesses;
the all-inclusive concept of the website demands for frequent updates to include new
case studies which have appeared. There is a new and more complete overview of
assessment

systems

applicable

in

Europe

available

(e.g.

WISER:

http://www.wiser.eu/results/method-database). The section “species affected by climate change” was inconsistent in terms of the number of species included for different regions and the taxonomic balance. Finally, the selection of indicators for assessing climate change impacts on freshwater ecosystems requires an update to
include new findings. Overall, the feedback of users demands for a simplification of
the structure and a more stringent selection of cases to be presented.
Having these needs for a revision of structure and contents in mind it was decided to
produce a major update of www.climate-and-freshwater.info to accommodate for
these needs and at the same time, to create a platform to present the results of the
REFRESH project to the ‘non-scientific’ audience, in a more simplified and structured
manner. Each section will therefore include a short summery of results and a reference list for further reading.
This report describes the planned structure and process required to populate the
individual parts of the website and its new content.
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Structure and design
According to the aims of deliverable 2.21, the website www.climate-andfreshwater.info and its associated database have been modified to fit the purposes of
the project. The changes now include the following:
1.

The website interface has been made more “user-friendly” and coherent; this
included for example replacing the former side-menus with a clustered format
and addition of pictorial “click-through” buttons (Fig.1 – a; Fig 2).

2.

A searchable database (SQL) (Fig. 1b; Fig. 3).

3.

All text presented in each section has been and will be in the final product substantially revised (see boxes as an example).

4.

An additional section was added for presenting ‘adaptive strategies to mitigate
the impacts of climate change’ (currently based on Deliverable 1.2: “Review of
published literature for adaptation and mitigation measures including both scientific and policy papers” by EC-JRC).

b

c

a

Fig 1. Screenshot of the modified website showing the main changes of the interface design:
a- pictorial menus, b- searchable database, c- updated text.
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a
b

Fig 2. Screenshot of the modified website showing the main changes of the interface design
(highlighted in red): a- pictorial menus, b- renewed subject menus.

Fig 3. SQL searchable database which produces a reference list of key papers (example of
SQL from www.wiser.eu/results/method-database).
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Update of the website database
In addition to the changes in structure, the modified website now also includes many
more current references and additional new information that were not available in the
former version at the end of the Euro-limpacs project. Furthermore, the next version
of the website will include a division into six sections, which altogether will form a
coherent and more logic structure: [1] Climate change and ecosystem response; [2]
Species affected by climate change; [3] Indicators for climate change impact; [4]
Current methodologies for assessing climate change impact; [5] Selected case studies; and [6] Adaptation and mitigation measures.
Here we describe the structure and the information included in each section. It should
be noted that the presented information (given in “data boxes”) is incomplete, as it is
only aimed for illustrating the new format of the website. The final website version will
be more detailed.

[1] Climate change and ecosystem response
In this section we describe in short the main characteristics of each freshwater ecosystem (rivers, lakes and wetlands) in cold, temperate and warm climatic regions,
and underscore the key threats expected to impact their integrity in face of future
climate change. These are short text passages written for the educated public.

[2] Species affected by climate change
This section presents examples of species that according to scientific literature may
be directly or indirectly affected by climate-driven changes in their environment. Also
for this category, the revised structure will follow a structured approach ensuring that
for each ecosystem type a similar number of key species positively or negatively affected by climate change (“winners” or “losers”) is selected and described. For each
ecosystem type, different organism groups (phytoplankton/macrophytes, macroinvertebrates and fish) will be selected. The information has already been linked to the
database of the website www.freshwaterecology.info. New data on species sensitivity
to climate change from recent scientific literature (for example, Cordellier et al., 2012;
Fischer et al., 2011) and with results emanating from REFRESH WP’s (e.g. Edwards
et al., 2012 ; Lorenz et al., 2012) will be also integrated into the website.
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-Rivers in temperate regionsThe pristine status

Rivers in temperate regions are characterized by permanent flow, but discharge
may vary by orders of magnitude between dry and wet seasons. Ice cover is an
exception and mean summer temperature is a main factor for community composition. Species number is considerably higher than in cold ecoregions, but far
lower than in the Mediterranean. Depending on size, altitude and catchment geology very different communities develop.
Human impact

While some near natural small stream can still be found, almost all medium-sized
and large rivers have been deteriorated by a multitude of impacts. For decades
organic pollution was most significant, while nowadays hydromorphological
degradation (straightening, dams, and removal of riparian vegetation) is most
widespread.
Climate change impact

Climate change will have impacts on river hydromorphology, e.g. through more
frequent floods, but will mainly effect river biota through increased temperatures. River temperature is a main determinant of community composition, and
a general increase will lead to an upstream movement of many species, altering
community structure. Moreover, alien species will invade large and mid-sized
rivers.
For further reading:

Kernan, M., Battarbee, R.W. & Moss, B. (2010). Climate change impacts on freshwater ecosystems. Wiley-Blackwell. UK-USA. ISBN: 978-1-4051-7913-3.84.
Woodward, G., Perkins, D.M. & Brown, L.E. (2010). Climate change and freshwater ecosystems:
impacts across multiple levels of organization. Philosophical transactions of the Royal Society of
London. Series B, Biological sciences, 365, 2093-2106.
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- Species affected by Climate Change Many freshwater species are expected to be directly affected by temperature
increase or decreased flows. Others will be affected by associated stressors, such
as decreased oxygen levels, changes in habitat conditions or modified food resources. Overall, some species will be negatively impacted by these changes
whereas others may prevail (“losers and winners”). For example, species in
headwater regions are predicted to lose large amounts of suitable habitat area,
while species of the mid and lower reaches might progressively replace them by
taking advantage of the gradual warming of streams. Here we present selected
examples of the expected responses by species inhabiting ‘Temperate River ecosystems’:
Phytoplankton/Macrophytes
Photo: gvoc.free.fr

Species name: Cinclidotus riparius (Bryophyta)
European status: Native
Responses to: Reduced water velocity
Cause & Effect: Submersed bryophytes of temperate
regions are typical dominant plants in fast-flowing
waters [1]. Climate change is expected to reduce
summer precipitation, and increase evapotranspiration, that overall will lead to reduced flows. Decreased stream flow will reduce suitable
habitats of this group and confine them to wetter regions.
Winner or Loser: Loser
Species name: Potamogeton perfoliatus L (Macrophyta)
European status: Invasive
Responses to: Reduced water velocity
Cause & Effect: Climate change is expected to reduce summer precipitation, and increase evapo-transpiration, that in overall will lead to loss of water and reduced flows.
Pondweeds are typically found in slow-moving waters, such as lakes, ponds and marshes1, and are tolerant of quite a wide range of water quality [1, 2]. This lentic species is expected to expend its distribution into new suitable habitats as water flow decreases with
climate change.
Winner or Loser: Winner
References:
1. Janauer, G. A., Schmidt-Mumm, U., & Schmidt, B. (2010). Aquatic macrophytes and water
current velocity in the Danube River. Ecological Engineering 36: 1138–1145.
2. Søndergaard, M., Johansson, L.S., Lauridsen, T.L., Jørgensen, T.B., Liboriussen, L. &
Jeppesen, E. (2010). Submerged macrophytes as indicators of the ecological quality of
lakes. Freshwater Biology 55: 893-908.
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Macroinvertebrates
Species name: Rheocricotopus fuscipes (Diptera)
European status: Native
Responses to: Increased water temperature
Cause & Effect: Rheocricotopus fuscipes is a cold-adapted species which predominate in
headwater streams. Climate change is expected to increase air and water temperatures,
reducing suitable habitats for this species. Temperatures increasing beyond the species’
tolerances may eventually lead to extinction of this chironomid species under the A2a
scenario [1].
Winner or Loser: Loser
Species name: Physella acuta (Gastropoda)
European status: Invasive
Responses to: Increased water temperature, reduced flow velocity
Cause & Effect: The forecasted warming in the cooler northern ranges predicted

the emergence of new suitable areas, as well as drastically reduced available
habitat in the warmer southern parts [1]. ‘Non-indigenous species’ are expected
to be established as a prominent part of the communities of European rivers and
lake in the near future [2].
Winner or Loser: Winner
References:
1. Domisch, S., Jähnig, S.C. & Haase, P. (2011). Climate-change winners and losers: stream
macroinvertebrates of a submontane region in Central Europe. Freshwater Biology, 56:
2009-2020.
2. Orendt, C., Schmitt, Æ.C., Liefferinge, Æ.C.V., Wolfram, G. & Deckere, Æ.E.D. (2010). Include or exclude? A review on the role and suitability of aquatic invertebrate neozoa as
indicators in biological assessment with special respect to fresh and brackish European
waters. Biological Invasions, 12: 265-283.

[3] Indicators for climate change impact
Originally, the website contained a large number of potentially suited indicators,
which were suggested for the individual ecosystem types and were classified into
broad categories. With the revision, we will implement a much more standardised
approach, ensuring that we equally address the three ecosystem types (rivers, lakes
and wetlands) and the three climatic regions (cold, temperate and warm), always with
four categories of indicators: (a) abiotic variables; (b) primary producers; (c) macroinvertebrates; and (d) fish. Here we present an illustration of the relevant indicators as they will appear on the website page.
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– Indicators for climate change impact –
Abiotic variables
Climate change will affect key river variables, including hydrologic regime, water
temperature, dissolved oxygen concentration, acidity, organic carbons and nutrient loading. These parameters are most appropriate as early warning indicators.
Physicochemical variables
Water temperature
Why measure: Existing evidence shows that in Europe, river temperatures have
increased over the last 20–30 years. For example in upland Wales, Scotland,
southern English chalk streams, the upper Rhone, the Swiss Alps and Austria by
up to 1oC per decade[1]. Temperature is a key variable in determining physical
properties of the water (such as oxygen solubility), duration of water stratification in lakes and biotic properties such as life history traits, reproduction success
and metabolic rates [1].
How to measure: Using in-situ fixed gauging stations, routine fieldwork or remote-sensing techniques (where possible) will provide data on changes in water
temperature regime.
Levels of eutrophicating substances (rivers in all ecoregions)
Why measure: Climate change is expected to have profound effects on the nitrogen (N) dynamics in the cultivated landscape as well as on N transport in
streams and the eutrophication of lakes. N loading from land to streams is expected to increase in North European temperate lakes due to higher winter rainfall and changes in cropping patterns [2].
How to measure: Nutrient levels (such as nitrate, total N and phosphate) are
routinely monitored in most water bodies. An increase of baseline concentration
should provide an-early signal.
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Hydrological indicators
Ice cover duration (rivers and lakes in cold regions)
Why measure: Ice-cover duration is expected to be shorter with increasing temperatures. In lakes, a reduction in the duration of ice cover, increasing the survival of fish and consequently lowering the grazing by zooplankton and macroinvertebrates, together with higher importance of benthivorous fish and the consequent disturbance of the sediment, may enhance the internal loading of nutrients and accelerate eutrophication[1].
How to measure: using in-situ routine surveys or by employing remote-sensing
techniques (where possible) will provide data on changes in the duration and
thickness of ice-cover.

References:
1. Jeppesen, E., Meerhoff, M., Holmgren, K., González-Bergonzoni, I., Teixeira-de Mello, F.,
Declerck, S. a. J., Meester, L., Søndergaard, M., Lauridsen, T.L., Bjerring, R., CondePorcuna, J.M., Mazzeo, N., Iglesias, C., Reizenstein, M., Malmquist, H.J., Liu, Z., Balayla, D. &
Lazzaro, X. (2010) Impacts of climate warming on lake fish community structure and potential effects on ecosystem function. Hydrobiologia, 646: 73-90.
2. Jeppesen, E., Kronvang, B., Olesen, J.E., Audet, J., Søndergaard, M., Hoffmann, C.C., Andersen, H.E., Lauridsen, T.L., Liboriussen, L., Larsen, S.E., Beklioglu, M., Meerhoff, M., Özen, A.
& Özkan, K. (2010) Climate change effects on nitrogen loading from cultivated catchments in Europe: implications for nitrogen retention, ecological state of lakes and adaptation. Hydrobiologia, 663: 1-21.
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Primary producers
Higher water temperatures, increased nutrients
availability and lower discharge enhance primary
producers, such as algae and macrophytes that
are expected to increase both in richness as well as
distribution.

Photo: Y. Hershkovitz

-

As they constitute a major part of the food-base,
contribute structural complexity and may affect
hydrologic properties, monitoring changes in primary producers is vital and can be straightforward
using existing methodologies:

Macrophyte composition, cover and biomass by in-situ methodologies [1,2].
Remote sensing techniques for more extensive surveys [3].
Chlorophyll a levels are indicative for eutrophication levels in lakes [4].

References:
1.
2.
3.

Dawson, F. H., 2002. Guidance for the field assessment of macrophytes of rivers within
the STAR Project. http://www.eu-star.at/frameset.htm
Søndergaard, M., Johansson, L.S., Lauridsen, T.L., Jørgensen, T.B., Liboriussen, L.,
Jeppesen, E., (2010). Submerged macrophytes as indicators of the ecological quality of
lakes. Freshwater Biology 55: 893–908.
Mertes LA. (2002). Remote sensing of riverine landscapes. Freshwater Biology 47: 799816.
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Macroinvertebrates
Photo: freshwaterecology.info

Climatic-driven changes in water quality, hydrology and
food resources will have a strong impact on aquatic
invertebrates (mostly molluscs, crustaceans and insects). Temperature affects invertebrate community
composition by influencing species-specific developmental rates and overall assemblage phenology and by excluding taxa unable to tolerate certain temperature ranges. Community changes
are expected to vary between species (species-specific responses) and regions
and their direction (increase, decrease or no effect) will be affected by local conditions and initial community state. Monitoring anthropogenic effects on macroinvertebrates is well established and most existing indices may also be useful
for detecting climate change impacts on rivers, lakes and wetlands. Several indices are suggested:
-

Species richness: richness tends to be lower in colder areas, i.e. at higher altitude or latitude. Increasing temperatures will enable more species to invade
colder ecoregions, but may decrease diversity in warmer ones as coldstenothermic species are excluded [1].

-

Zooplankton biomass and composition: increased water temperature in lakes
will positively affect zooplankton growth rate [2].

-

Share of lotic to lentic orders (EPT/OCH): Prolonged droughts in warm rivers
will cause a shift from perennial to intermittent streams. lotic species, such as
Ephemeroptera, Plecoptera and Trichoptera (EPT) will be replaced by more tolerant invertebrate groups, such as Odonata, Coleoptera and Heteroptera
(OCH)[3].

-

Share of pulmonate freshwater snails: warming in the cooler northern ranges
is predicted to increase the proportion of suitable areas for pulmonata snails [4].

References
1. Rosset, V., Lehmann, A. & Oertli, B. (2010) Warmer and richer? Predicting the impact
of climate warming on species richness in small temperate waterbodies. Global
Change Biology, 16: 2376-2387.
2. Fischer, J.M., Olson, M.H., Williamson, C.E., Everhart, J.C., Hogan, P.J., Mack, J. a., Rose,
K.C., Saros, J.E., Stone, J.R. & Vinebrooke, R.D. (2011) Implications of climate change
for Daphnia in alpine lakes: predictions from long-term dynamics, spatial distribution, and a short-term experiment. Hydrobiologia, 676: 263-277.
3. Lawrence, J.E., Lunde, K.B., Mazor, R.D., Bêche, L.A., McElravy, E.P. & Resh, V.H.
(2010) Long-term macroinvertebrate responses to climate change: implications for
biological assessment in mediterranean-climate streams. Journal of the North American Benthological Society, 29: 1424-1440.
4. Cordellier, M., Pfenninger, a., Streit, B. & Pfenninger, M. (2012) Assessing the effects
of climate change on the distribution of pulmonate freshwater snail biodiversity.
Marine Biology. Online publication DOI 10.1007/s00227-012-1894-9
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Fish
Fish are top-level consumers in aquatic systems
(large predators and efficient grazers). As fish are
confined to water, they unable to move between
watersheds and thus are most sensitive to changes in their habitat. In northern and temperate regions, many of the fish species are cold-water
adapted and replacement of cold-water fauna by
tolerant species may be apparent as water temperature will increase.

Photo: freshwaterecology.info

Here is a selection of fish indicators which may provide useful data on climateinduced changes.
- Species richness: increasing temperatures will enable more species to invade
cold ecoregions, but decrease diversity in warmer regions as cold-stenothermic
species may be excluded.
- Replacement of salmonid by cyprinid fish species: elevated water temperatures, decreased dissolved oxygen and loss of lotic habitats is expected to negatively affect cold-fish fauna, such as Salmonidae (trouts) and favour warm-water
fish, such as Cyprinidae[2].
- Share of alien species: Temperate regions with fish communities dominated by
cold-water species are vulnerable to the effects of warming temperatures caused
by climate change, including displacement by non-native cool-water and warmwater fishes that are able to establish and invade as the thermal constraints on
the expression of their life history traits diminish [3].
References
1. Jeppesen, E., Meerhoff, M., Holmgren, K., González-Bergonzoni, I., Teixeira-de Mello, F.,
Declerck, S. a. J., Meester, L., Søndergaard, M., Lauridsen, T.L., Bjerring, R., CondePorcuna, J.M., Mazzeo, N., Iglesias, C., Reizenstein, M., Malmquist, H.J., Liu, Z., Balayla, D. &
Lazzaro, X. (2010) Impacts of climate warming on lake fish community structure and potential effects on ecosystem function. Hydrobiologia, 646: 73-90.
2. Buisson, L., Thuiller, W., Lek, S., Lim, P. & Grenouillet, G. (2008) Climate change hastens
the turnover of stream fish assemblages. Global Change Biology, 14: 2232-2248.
3. Britton, J.R., Cucherousset, J., Davies, G.D., Godard, M.J. & Copp, G.H. (2010) Non-native
fishes and climate change: predicting species responses to warming temperatures in a
temperate region. Freshwater Biology, 55: 1130-1141.
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[4] Indicators in current use
For six of the nine ecosystem types (rivers and lakes in cold, temperate and warm
ecoregions) a set of national assessment methodologies that are currently used for
classifying the ecological status of freshwaters are selected, and their potential applicability to be used for monitoring the impacts of climate change are highlighted.
Examples for currently used methodologies for surveying lakes and rivers in ‘cold’
and ‘warm’ ecoregions are given in Table 2. This section is directly linked to the
WISER methods database, available at www.wiser.eu/results/method-database (for a
detailed description see Birk et al. 2012). While the general information on the assessment systems will be directly extracted from www.wiser.eu/results/methoddatabase, a section on how the assessment methods related to climate change impacts will be added on www.climate-and-freshwater.info. Of the more than 300 methods applied for biological assessment of European surface waters and listed on the
above mentioned website, those will be selected which have a relation to direct or
indirect climate impacts.
Table 2. Examples of currently used methodologies for surveying rivers in ‘cold’ and ‘warm’
ecoregions and their applicability for monitoring climate change effects. Full methodology
description can be found on the WISER webpage (http://www.wiser.eu/results/methoddatabase).

WFD Acid Water Indicator
Community species

UK

Ecosystem
& region
type
Rivers Cold

River Invertebrate Classification Tool

UK

Rivers Cold

Benthic Invertebrates

Overall degradation

WFD River Diatom method or
Trophic Diatom Index version
3 Method
Environmental quality criteria
to determine the status of fish
in running waters - development and application of VIX

UK

Rivers Cold

Benthic diatoms

Eutrophication

SE

Rivers Cold

Fish fauna

Overall degradation

Benthic algae in running water
- diatom analysis

SE

Rivers Cold

Benthic diatoms

Acidification, Eutrophication, Pollution by organic matter

Multimetric Index for Stream
Acidity
Quality Rating System

SE

Rivers Cold

Acidification

IE

Rivers Cold

Benthic Invertebrates
Benthic Invertebrates

Methodology
(WISER method database)

Country
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Indicative
group

Climate-change
impact

Benthic Invertebrates

Acidification

Eutrophication

Assessment system for lakes
using macrophytes

SE

Lakes Cold

Macrophytes

Eutrophication

Multimetric Index for Lake
Acidity
Assessment criteria for ecological status of fish in Swedish
lakes
Chlorophyll-a metric - Phytoplankton Biomass
STAR Intercalibration Common Metric Index
Rivers Biological Quality Assessment Method - Benthic
Invertebrates
Rivers Biological Quality Assessment Method - Fish Fauna
Wadeable Streams

SE

Lakes Cold

Acidification

SE

Lakes Cold

Benthic Invertebrates
Fish

IE

Lakes Cold

GR , CY

Rivers warm

PT

Rivers warm

PT

Rivers warm

Phytoplankton
Benthic Invertebrates
Benthic Invertebrates
Fish

Acidification, Eutrophication, General degradation
Eutrophication
Overall degradation
Overall degradation
Overall degradation

[5] Selected case studies
The previous version of www.climate-and-freshwater.info contained over 500 scientific papers covering different categories of habitats and conditions. With the revision
we will limit these to a selection of the best examples of large-scaled studies worldwide that refer to possible changes in abiotic or biological properties, specifically related to climate change impacts. This section will be continuously updated with results emanating from REFRESH. Here are some examples of recently published papers which portray this concept:

Case study 1: Climate change effects on Plecoptera taxa
An evaluation of 516 species and/or subspecies of European stoneflies have been
completed for vulnerability to climate change according to autoecological data.
The analysis showed that at least 324 taxa (~ 63%) can be included in one or
more categories of vulnerability to climate change. Of these, 43 taxa would be
included in three or more vulnerability categories, representing the most threatened taxa.
In general, an impoverishment of European Plecoptera taxa will probably occur
as a consequence of climate change, and only taxa with wide tolerance ranges
will increase in abundance, resulting in lower overall faunal diversity.
For further reading: Tierno de Figueroa, J.M., López-Rodríguez, M.J., Lorenz, A.W., Graf,
W., Schmidt-Kloiber, A. & Hering, D. (2009). Vulnerable taxa of European Plecoptera
(Insecta) in the context of climate change. Biodiversity and Conservation, 19: 12691277.
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Case study 2: Climate change effects on Trichoptera
taxa
Of the European Trichoptera species and subspecies,
47.9% are endemic, 23.1% have a strong preference for
springs, 21.9% are cold stenothermic, 35.5% have a short
emergence period, and 43.7% are feeding type specialists. The fraction of endemic species meeting at least one of the four other sensitivity
criteria mentioned above is highest in the Iberic-Macaronesian Region (30.2% of all species), about 20% in several other south European ecoregions, and about 10% in high
mountain ranges. In 15 out of 23 ecoregions (including all northern European and lowland ecoregions) the proportion is less than 3%. The high fraction of potentially endangered species in southern Europe is a result of speciation during the Pleistocene. Species
having colonised northern Europe afterwards have generally a large geographical range
and are mainly generalists and thus buffered against climate change impacts.
For further reading: Hering, D., Schmidt-Kloiber, A., Murphy, J., Lücke, S., ZamoraMuñoz, C., López-Rodríguez, M.J., Huber, T. & Graf, W. (2009). Potential impact of climate
change on aquatic insects: A sensitivity analysis for European caddisflies (Trichoptera)
based on distribution patterns and ecological preferences. Aquatic Sciences, 71: 3-14.

[6] Adaptation and mitigation measures
A new section will now be included which introduces information on suggested adaptation strategies. The information presented in this section will be based on deliverable 1.2 (Nõges et al., 2010) and 2.14 (Edwards et al., 2012) addressing the five specific adaptation strategies set in REFRESH:
 The management of riparian areas to control water temperature by the establishment of woody riparian vegetation along streams and rivers.
 The management of catchment hydrology to maintain flow in streams, waterlevel in lakes and regular flooding in wetlands.
 Re-creation of riparian floodplains to buffer against extreme precipitation
events and changes in hydrodynamics, and to reduce flows of nutrients and
humic substances to water bodies.
 The management of catchment land-use to reduce diffuse nutrient loading
and soil erosion.
 The management of water abstraction from, and effluent discharge to, surface
waters.
This section will be updated with information from REFRESH Deliverables 1.4, 1.5,
1.6 together with reviews on adaptation strategies for streams, lakes and wetlands
undertaken in work packages 2, 3 and 4, respectively. Here we present as an example of the structure and information that will be introduced in this section.
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Climate change effect: Elevated temperatures in water bodies
Possible measures taken: management of riparian areas to control water temperature by the establishment of woody riparian vegetation along streams and
rivers
Elevated water temperatures in rivers is a result of human action such as
-

riparian vegetation structure (removal of upland or riparian vegetation);
modification of in-channel water flow that is a critical element for reestablishing desirable thermal regimes in streams (Dams);
alteration of groundwater dynamics (water withdrawals) ;
alteration of channel morphology (straightening, bank hardening, diking,
etc.).
Climate change is projected to increase temperatures by 2 to 4 degrees.

Impact on ecosystems: increased water temperatures will eventually lead to
lower oxygen solubility, enhanced organic matter decomposition, disrupted
emergence signals, early maturity and increased invasion by alien species.
Possible adaptation measure:
Retaining buffers of undisturbed riparian vegetation in logging areas can potentially reduce the
magnitude of thermal disturbance to the stream
by maintaining a high level of stream shading.
Riparian buffer width is typically dependent on
the stream size to allow vegetation to stabilize
banks, minimize the erosion of fine sediments
into the channel, and provide shading which
maintains the moderated microclimate and stream
productivity.
Depending on management goals, the following delineations for riparian management zone are typical:
~10m for retaining stream bank stability to reduce sedimentation;
~15–30m for maintaining in-stream habitat attributes such as water temperature, litter and wood inputs;
~40–100m for a more conservative approach for provision of in-stream
habitat conditions with benefits to riparian-dependent species.
Further results from REFRESH’s work-package 2 “shading experiment” will
be added in this section.
17

Future prospects
Deliverable 2.21 presents a scheme for the modification and updating of the climateand-freshwater.info website. Nevertheless, the proposed changes presented here
are not on-line yet, as substantial work is yet required before the final version can be
launched. Later we will also include information from Del. 1.4 (“Report integrating
strategies at sub-catchment and local scales for lakes, rivers and wetlands and strategies at catchment and European scales”; Alterra & EC-JRC) and from Del. 2.13
(“Review on processes and effects of temperature regimes in rivers and threats due
to climate change on current adaptive management and restoration efforts”; by SLU).
In the following months we will continue designing the website’s overall appearance,
improve user-interface and update the reference database with the most recent scientific studies. The latter will focus on results emanating from REFRESH’s literature
reviews and experiments.
A finalized, running version is expected to be launched by the end of the project
(month 48) under the framework of deliverable 2.23 – “Toolkit for the development of
adaptation, mitigation and restoration strategies” (by SLU).
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