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Problem

Chen et al. 2012; Olsen et al. 2012; Khalil et al. 2011; Strobl and Robillard 2008
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Objectives



Methodology: design of the conceptual framework
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Methodology: design of the conceptual framework 

Literature review

Expert Interviews
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IT specialists :
Philippe Dionne 
(Freelance)
Hervé Dandjinou
(WaterShed Monitoring)
Jean-Philippe Doyle 
(Hookt Studios)
Martin Ouellet 
(Freelance)
Ronald Hanke
(Openfellas)

Scientific knowledge (literature + expert 
interviews – Europe, US, Canada) – to 
date:
Frédéric Aubin
Christine Beaulieu
(Ville de Québec) 
Eric Smeltzer
Neil C. Kamman
(Vermont Department of Environmental 
Conservation) 
Bernard Michaud
(National Defense Canada) 
Michael Altmayer
Andreas Kolbinger
Jochen Schaumburg
Folker Fischer
Illona Schloesser
(STMUV& LFU Bayern)
Gunnar Braun
(VKU)
Pius Niederhaeuser (AWEL-Zuerich)
Geneviève Tessier
(Hoskin Scientific)

End users:
Abrinord
APEL 
(Association pour la protection 
de l’environnement
du lac Saint-Charles et 
des Marais du Nord)

End user

IT 
specialist

DSS 
architect

Scientific 
knowledge

Methodology: design of the conceptual framework

Adapted from Hahn et al. 2009
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IDSS – Preliminary results
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Methodology: participative approach
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Methodology: 
Test the 
participative 
approach & the 
IDSS
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Contribution and benefits of the project
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Thank you – any questions ?



Working hypotheses

16
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Methodology specific objective 2: 
Elaborate and test a participative approach destined to the general public, 

representatives of organized stakeholders as well as to subject matter experts 



Optimizing a WQMP

18(APEL 2012)



Optimizing a WQMP

19

Principal component analysis 
with environmental data only



Optimizing a WQMP
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Principal component analysis 
with environmental data only



Optimizing a WQMP
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Principal component analysis 
with environmental data only 
and a 
weight for site justification



Optimizing a WQMP
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Principal component analysis 
with environmental data only,
a weight for site justification 
and specification for 
upstream (yes) and 
downstream (no) of the raw 
water intake



Optimizing criteria
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Turbidité (NTU)

R2=0,90

MES=1,874445x+(-0,09769)

p-value:< 2.2e-16

Critères pour échantillonner MES :
si NTU > 5,2
si en amont de la prise d’eau

39 stations x 16 visites par années x 10 $ d’analyse (MES) = 6 240,00  $ 



Towards recovery 

of Europe’s waters

How to effectively manage multiple-stressed 

water resources?

A plea for changing agricultural practises

Sebastian Birk, Daniel Hering & Christian Feld

12 January 2016, Freising (DE)

MARS Kick-off Meeting

17–21 February 2014

Mallorca, Spain
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Pressures on European surface waters

Percentage of pressure categories reported at lakes, rivers, transitional and coastal 

waters (n=149,518 nominations)
Data source: WISE WFD database

38 % 25 %



Pressures on European surface waters

Percentage of water bodies at lakes (n=18,088), rivers (n=85,074), transitional (n=996) 

and coastal waters (n=2,817) affected by no, one or multiple pressure categories.

Data source: WISE WFD database

Rivers: 45 %

Transitional waters: 41 %

Coastal waters: 34 %

Lakes: 26 % 

42 %



Pressures on European surface waters

Two-pressure combinations acting most frequently
Data source: WISE WFD database (n=26,345 water bodies of 26 EU Member States)

Diffuse and 
hydromorphological 
pressures

Diffuse and 
hydromorphological 
pressures

Diffuse and other (e.g. 
aliens, overfishing) 
pressures



Conclusions

• Most European water bodies are stressed by diffuse 

and hydromorphological pressures.

• These two pressures often act simultaneously at 

freshwater systems.
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Pressures  Stressors

Diffuse Pressure  Siltation
 Turbidity
 Nutrients
 Pesticides
 …

Hydromorphological
Pressure Habitat degradation/loss

 River fragmentation
 Current velocity 

increase/decrease  …



Impact analysis: Germany as an example

Data bases:

>12,000 sampling sites 

from 12 federal states



Impact analysis: Ecological status

Categorization of 

sampling sites

High and good status Moderate to bad status

Identification of environmental variables best differentiating between the two 

groups:

# Water quality (10 parameters)

# Erosion potential in different “buffers” upstream (6 parameters)

# Catchment land use (4 parameters)

# Land use in “buffers” upstream (9 parameters) 



Ranking of stressors

Small lowland streams

Small mountain streams

Water quality Land use in buffers Erosion potential

Analysis by Andrea Sundermann, Senckenberg Institute

Large mountain streams

Small streams



Crop land

Urban areas

http://www.eea.europa.eu/data-and-maps/figures/corine-land-cover-types-2006

Intensive land use as the overarching driver



Conclusions

• Diffuse and hydromorphological pressures impose a 

plethora of stressors on aquatic ecosystems.

• These stressors significantly impact on ecosystem 

state.

• Intensive land uses due to agricultural activities are 

the main cause of these impacts.
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Nutrients

Nitrogen

Phosphorus

Algae

Shallow lakes 

Deep lakes

From Nielsen et al. (2012)



Fine sediments

Pictures: Uwe Koenzen



Water abstraction

Pictures: Erik Jeppesen



“Hydromorphology”, pesticides



http://anthrophysis.blogspot.se/

Conflicting Interests

in Environmental Policy

http://en.wikipedia.org/wiki/Eutrophication

And it is getting more intense



And it is getting more intense

Change in the share of 

maize fields from 2006 to 

2011 in Schleswig-Holstein



Global warming effects mimic effects of agriculture

Shorter ice cover 

duration

Longer stagnation 

period

Higher water 

temperature

Planktivorous

fish

Less

Zooplankton

Increased

production

More

Phytoplankton

Less

macrophytes Plankton-dominated

eutrophic lake

Macrophyte-

dominated 

mesotrophic lake



Conclusions

• Agriculture affects river / lake ecosystem health 

through various pathways.

• Almost always additive / synergistic effects of 

agriculture and global warming.

• Principles are well known, but effects of 

simultaneously acting stressors are obscure.

• Meeting the targets of the Water Framework 

Directive requires changes in agricultural practises.
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What needs to be done?

Separate the streams from agriculture and cows. 

Pictures:

Brian Krovang



What needs to be done?

Restore lakes and streams.

Picture: Erik Jeppesen



The long term vision

• Extensive local measures (re-braiding, 

remeandering …) where feasible – to build hotspots in 

ecological quality

• Supplement the local extensive measures by simple 

inexpensive measures at the catchment scale: 

riparian buffers with various widths



Woody riparian vegetation

Oxygen contents

Water temperature

Bottom habitats,
food

Riparian habitats

Current
patterns

Woody riparian 
vegetation



Shading survey in REFRESH

0

Sweden, Denmark, Germany, Netherlands, France, Spain

22 streams

18 streams

slide by Piet Verdonschot (Alterra)

flow

-2 km 2 km



Shading survey in REFRESH

Streams open to shaded: Average cooling down effect 

per 100 m shaded section
Slide by Piet Verdonschot (Alterra)



Water temperature and riparian vegetation

2000 m

Direction of flow

Logger Logger



Water temperature and riparian vegetation

maximum daily temperature open minus shaded



Additions by MARS

• Quantification of the role of buffer strips for

– Ecological status

– Ecosystem services

in many catchments around Europe

• Modelling the effects of (agri-environmental) measures



Additions by MARS: and 16 catchment models



Riparian buffer strips in practise

screenshot from google maps

Buffer strip (no pesticides 

allowed) is used as a road

 Increased erosion and fine-

sediment input



Conclusions

• Supporting the development of woody riparian 

vegetation is a key for achieving good ecological 

status.

• Woody riparian vegetation is not equivalent to 

current buffer strip practises.

• Policy message:

Common Agricultural Policy should establish long-

term funding mechanisms for woody riparian buffers.



www.freshwaterplatform.eu

• Text



www.freshwaterblog.net

• Text



The ESSESMENT project:
setting the scene for the ecological management of a multiple-stressed region

Yaron Hershkovitz1,2, Daniel Hering1, Gideon Gal3

1 Aquatic Ecology, University of Duisburg-Essen, Essen, Germany

2 The Steinhardt Museum of Natural History and National Research Center, Tel Aviv University, Tel Aviv, Israel

3 Y. Allon Kinneret Limnological Laboratory, Israel Oceanographic and Limnological Research, Haifa, Israel



 The East Mediterranean region (Levant)

 A step-wise approach towards a watershed biomonitoring program

 Preliminary results

 Challenges in applying the WFD approach in the Levant region

 A plea for a Mediterranean regional cooperation

Talk’s overview



Preface: The 
Levant



The LEVANT: where Europe, Asia and Africa meet

Map:

The Mediterranean region: hotspot for freshwater 
biodiversity and endemism



Palaearctic fauna 

Palaeremic fauna

Transitional 
zone

The Southern Levant region: the only land bridge between Africa 

and Europe (Palearctic)

POR, 1975



Arid (< 100 mm/y)

Semi- Arid (250 - 400 mm/y)

Mediterranean (500-800 mm/y)

Wet-Med (>800 mm/y)

A distinctive North-South climatic gradient

Mean annu. Precipitation (IMS)

~ 
6

5
0

 K
m

“Europe”

“Africa”



Prolonged dry season: May to September

Lake Kinneret rain station (source: Israel Meteorological Service)
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A characteristic Mediterranean hydrology: 

winter floods followed by summer droughts

2003-2015

2013-
4

2013-
4

2013-
4

2013-
4



Gradient of flow persistency

Perennial

Intermittent

Quasi-ephemeral

Ephemeral (Wadies)

Hershkovitz and Gasith (2013)

Mean annu. precipitation



Direct water 
abstraction

Flood water harvesting 
(groundwater recharge)

Irrigation canalsRiver flow diversion

Riparian 
clearance (flood 
protection)

Agricultural landuse Field drainage releases Embankments

- High demand for freshwater (drinking, agriculture, industry) 

- Strong pressure on water resources and aquatic ecosystems



Lake Kinneret / Sea of Gallilee

Photo: Christian Feld (UDE)



Lake Kinneret and Jordan river: an vital water resource

 Lake Kinneret (“Sea of Galilee”, “See Genezareth”) is the only
large natural freshwater lake in Israel

 Provides >30% of the national water demands

 supports ESS such as freshwater fishery, recreation and tourism

 The major water inflow is the Jordan river, contributing ca. 500
MCM (25%) of drinking water annually!

 The lake and its catchment are closely managed and
regularly monitored



 

Monitoring of Lake Kinneret and its catchment

The main aim of this project is to develop and implement a
framework for ecological assessment and monitoring of the
Jordan and tributary streams, and to link status to services
provided by the water bodies in the catchment.

The watershed is constantly monitored for hydrology,
chemistry, micro-pollutants, bacteria
No BQE (e.g. invertebrates, fish, algae) are sampled

* As a non-EU country we are not obligated to report on ES

This methodology will be later tested and applied on national scale 



Grant number: G-1272-203.13/2014

Fund: German-Israeli Foundation for Scientific Research and Development 

Duration: 3 years (1.1.2015 – 31.12.2017)

Partners:

UDE (DE): Prof. D. Hering (PI), Dr. C. Feld and A. Dr. Lorenz (CIs) 

KLL (IL): Dr. G. Gal (PI), Dr. T. Zohari (CI)

TAU (IL): Prof. T. Dayan and Prof. A. Gasith (CIs) 

Dr. Hershkovitz Y. (Project coordinator) 

Overall budget: 180,000 €

Ecological Status And Ecosystem Services Of The Lake Kinneret Catchment: 

Setting The Scene For The Management Of A Multi-stressed Region

The “Mountainous” Jordan flowing to Lake Kinneret



ESSESMENT project: a structured stepwise procedure



What was done so far (first year)

- Stream typology
- Stressor identification and site selection
- Macroinvertebrate sampling (May-June 2015; 37 sites)
- Macroinvertebrate analysis (July 2015 - on going)



- J1: Upper Jordan - Karst section

- J2: Upper Jordan - Organic or fine-sediment section

- J3: Upper Jordan - Basalt section

- J4: Lower Jordan - Lake Outflow section

- J5: Lower Jordan - Fine-sediment section

- Type M1: Montane streams

- Type L1: Small streams dominated by coarse limestone substrate

- Type L2: Mid-sized streams dominated by coarse limestone substrate

- Type B1: Small streams dominated by coarse basalt substrate

- Type B2: Mid-sized streams dominated by coarse basalt substrate

- Type O1: Small lowland-streams dominated by organic or fine substrate

11 stream types: 5 section types of the Jordan River (J1-J5) and 6 of the tributaries

Umwelt Buro, Essen

First ‘stream typology’ in Israel



Perennial

Intermittent

Ephemeral

Basalt 
(mainly Golan Heights)

Calcareous 
(mainly Galilee)

Organic 
(Mainly Hula Valley

Impressions
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Unique types

The Dan: originate as a large headwater spring
with a discharge of 8 m3 per sec!

“mountainous” Jordan: starts at ca. 70m asl and 
ends at -200 m!

The upper Jordan: drains a former lake and swamp
(Hula lake) now transformed into crop land



Stressors



Sampling sites were selected to cover different
anthropogenic disturbance: landuse, wateruse,
obstructions to flow, trampling (human, cattle)
etc.

Hermon

Dan

Snir

Jordan



Urban

Crops
Hay/Pasture

Hay and Pasture (61%)

Forest 
(16%)

Landuse (catchment scale)

Gilboa et al (2015)



Hydro-geo morphology
Stream geology (dominant)
Hydrology (flow type)
Stream width (m)
Stream depth (m)

Riparian zone
Exposure to sunlight (cat.)
Density of riparian wooded vegetation (%)
Width of buffer zone (m) - left
Width of buffer zone (m) - right
Landuse in floodplain zone (50 m) - left bank
Landuse in floodplain zone (50 m) - right bank

Reach characteristics
Presence of reservoirs/dams/wiers upstream
Section slope [%]
Flow characteristics (m/s)
Valley shape
flow types at site (multiple entries possible)
Channel form
Human impact
Water abstraction (estimation)
water sports/recreation
Walk-in-water
Cattle watering place
Effluent discharge
Hydropower releases
Fish farm
Industrial
Drinking water recovery
Other uses
Stream bank embankment (%)
Stream bed embankment (%)
Non-native wooded riparian vegetation (%)
Cattle pressure (manure, trampling, grazing) 
Water colour
Odour
Foam
Reduction phenomena
Source pollution
Non-Source pollution
Outflows
Signs of eutrophication

Physico-chemistry
Conductivity [µS/cm]
PH
DO (%)
DO (mgL)
Temperature
SRP
TDP
TP
TDN
TN
N-org.
Ammonium
Nitrate
Nitrite
Cl-

BOD
COD
eColi

Habitat composition
megalithal
macrolithal 
mesolithal
microlithal
akal
psammal/psammopelal
argylall 
technolithal 1
technolithal 2
algae
submerged macrophytes
emergent macrophytes
living parts of terrestrial plants
xylal (wood)
CPOM
FPOM
sewage bacteria & fungi  
saprobel/organic mud
debris

Site protocols (reach scale)

 Hydro-geomorphology
 Riparian zone
 Reach characteristics
 Physico chemical parameters
 Water quality
 Habitat composition

Completed for 37 sites



DammingWater diversion

Kayaking Water abstraction Drainage

Invasive species Cattle grazing Fish farms

Agriculture



Number of stressors per site

Percent of sites affected by a specific stressor (n = 36) 



Macroinvertebrate 
community

[Receptors]



MZB sorting and identification: on going

Challenges:

- High share of local and regional (Levant) endemic species

- Relatively good taxonomical knowledge on non-insect groups (molluscs, crustaceans, 
leeches) 

- Insufficient taxonomical knowledge on larval stages of: Mayflies, Stoneflies, Caddisflies 
(EPT), Coleopterans, and Dipterans

- Autecological data only for (some of) the European species



Caddisflies: a case study of a taxonomic knowledge-gap 

- 24 of 53 (45%) of the caddisflies of Israel are of non-European origin (endemic to the Levant)

- No autecological information for these species (www.freshwaterecology.info)

- No distributional maps 

- No identification keys for larval stages

L. Uekötter MSc thesis (in prep.)

http://www.freshwaterecology.info/
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L. Uekötter MSc thesis (in prep.)

EPTs at selected sites 

(preliminary)



Sum-up and outlook: Challenges

Implementing a WFD-like methodology in Israel (Levant?) appears as a challenging task:

 Too small for a fine-scale typology 

 Practically no “reference conditions” are available

 Impossible to isolate type-specific stressors

 High endemism

 Taxonomical knowledge-gaps

 Autecological knowledge-gaps

Alternative 
system?

Best available, ecological potential?

Statistical differentiation

Basic taxonomy and 
genetic barcoding 



Sum-up and outlook: next phase

Planned work for 2016:

 A second round of MZB sampling in May-June 2016 (intra- annual variability)

 Analyse long-term hydrological data in the lake catchment (IHA assessment)

 Construct a regional stressors-map (water abstraction, pollutants, physical modifications etc) 

 Finalise the Ecosystem Services analysis for the catchment (Master thesis by Ariel Akron, Tel Aviv 
University) 

 Continue with the filling-in of taxonomical knowledge-gaps

 Identify biotic responses to environmental stressors on a reach and catchment scale

 Construct a biological indicator system to be integrated into a catchment modelling system



Sum-up and outlook: Opportunities

“Key Biodiversity Areas in The Mediterranean Basin Hotspot” (IUCN,
2014)

Opportunity for a regional cooperation among Circum-Mediterranean countries! 
For example:

- Identifying threatened (rare, endemic, sensitive) species and their distribution
- Identifying mutual and unique pressures on water ecosystems
- Developing joint strategies and possible solutions
- Development of early warning indicators (e.g. climate change)
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