Implementation of the EU Water Framework Directive
in Lake Leijen, The Netherlands

Preliminary results of water quality monitoring and
an overview of restoration measures

Preface
Measures to improve surface water quality have been based on the emission-reduction approach for a
long time. The Dutch Pollution of Surface Waters Act form 1970 was and still is a strong instrument for
this policy. Later on the water system approach completed the whole spectrum of (measures to close
and restore) the water cycle. The water system approach of improving surface water quality was
stimulated by water based functions. In this respect Lake Leijen received the function ‘water for
nature’; it’s also owned by the nature protection organisation State Forestry and Nature Service.
However, the water quality of Lake Leijen is worse and strongly eutrophicated, while this was not the
case till 30 to 40 years ago.
After the adoption of the EU Water Framework Directive in December 2000 it became clear that a
more pushing strategy is needed to reach the required water quality goals in 2015. The possibility to
participate in an EU Interreg project focused on the implementation of the Water Framework Directive
can give a drive and can be a stimulant to continue with measures to improve water quality. Lake
Leijen was selected for (the Dutch contribution of) this Interreg project, which was named NOLIMP.
NOLIMP is the acronym of ‘North Sea regional and local implementation of the Water Framework
Directive’.
Working together with local, national and international colleagues and organisations was stimulating
during the whole NOLIMP period from 2002 to 2006. Financial support from the EU and from various
regional partners made NOLIMP successful as it was. This success becomes soon visual in an
improved water quality of Lake Leijen, hopefully. Moreover, this project has settled in our mind as
staying friendships and good relations with all NOLIMP partners and participants. That’s maybe the
best guarantee for the work, which still has to be done to reach the goals of the Water Framework
Directive in time. This report, drafted as a contribution to the final NOLIMP meeting in Scotland in
September 2006, describes aspects of measures and first results of improving surface water quality of
the Dutch pilot project of Lake Leijen. On the websites www.nolimp.org and www.wfd-service.com
more information can be found about NOLIMP. Let this project be an example for other water bodies,
still to be rehabilitated.
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Summary
It was an easy choice to bring in Lake Leijen as the Dutch and Frisian pilot area in the Interreg project,
focused on experiencing the implementation of the EU Water Framework Directive in 2002. This lake
suffered from water pollution, expressing as eutrophication, while it has a nature protection status.
Moreover, a restoration programme was already written in 1997. Restoration of Lake Leijen got some
extra stimuli, because of the already planned improvement of the waste-water treatment plant in
Drachten and the start of the Frisian Lakes project, directed to bring a facelift for the recreational
competence of the lakes system as a whole. Lake Leijen is part of the so-called Lits – Lauwersmeer
route and planned to be improved in 2006, directly fell in behind the measures taken in the NOLIMP
project (2003 to midst of 2006).
Lake Leijen is a small (300 ha) and shallow (1 m depth) lake, part of the Frisian lakes system (15,000
ha). It’s connected to the other lakes on two sites: in the south by the Opeinder canal and in the north
by the Lits. The lake is situated in a bypass of the chain-arranged lakes system from south-west to
north-east through the province, and has a regional function in water management. Adjacent polders
and upland areas drain their superfluous water into the lake or withdraw water from the lake in time of
water shortage. The lake has a man-made fixed water table of -0.52 m below mean sea level.
The water is very turbid, with Secchi transparency values of about 0.2 to 0.5 m. Blue-green algae
dominate the phytoplankton, the primary production and the food chain, due to high phosphorus and
nitrogen loads and concentrations. Submerged water plants are absent since the late 1970’s.
Helophyte vegetation, mainly Reed, has been reduced to small margins alongside the shore and open
stands of Common Bulrush disappeared. The fish stock is, with high biomasses, dominated by Bream.
This NOLIMP project was directed to measures improving surface water quality. Over ten different
measures were realised in the period 2003 to 2006. Most of these measures were directed to reduce
the nutrient loads into the lake, some others to manipulate the aquatic food web directly. Some
measures have an experimental character. The measures of the Frisian Lakes project completed the
NOLIMP measures, reaching an all-embracing rehabilitation programme for this lake.
Most of the measures have been followed with a project-orientated water quality monitoring. Some
additional measurements, monitoring and research also took place, e.g. ecotoxicity tests, monitoring of
within lake heterogeneity and water quality modelling. A cost effectiveness analysis and a quick scan
setting WFD goals completed this NOLIMP project.
It’s too early to see results in an (expected) water quality improvement yet. So monitoring needs to be
continued for at least another three years (2007 to 2009) to detect effects of separated and combined
measures. This monitoring can interfere with the prescribed monitoring programme to assess the WFD
targets and goals. Ground water, neglected till now, should given attention too. This state-of-the-art
report pinpoints only slightly the measures, as well as the (preliminary results of) water quality
monitoring. A more thorough investigation, analysis and interpretation still have to be done.
This project became possible thanks to financial support of the European Union. Regional and local
organisations collaborated well (in getting additional finances, in realising measures, in monitoring and
research, and in communication and public involvement) to make NOLIMP a success. This project is
an example for other water bodies still to rehabilitate.
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1. Introduction
Many surface waters still show signs of pollution and disturbance, although improvement in water
quality has occurred. The Dutch Pollution of Surface Waters Act of 1970 resulted in an accelerated
programme of sanitation, waste-water treatment, legislation and control in The Netherlands [Ministry
for Transport and Public Works, 1981; Claassen, 1997]. Comparable developments happened in other
European countries. Nevertheless, the European Union drew up a new act in 2000 [European
Communities, 2000] for further improvement of water quality. This EU Water Framework Directive
(WFD) not only focused on surface water, but also on ground water. Additional intentions of the WFD
are to harmonise various water-related rules and regulations, as well as to standardize the approach
of combating water pollution and the goals for good water quality.
The implementation of the WFD appears to be an immense job. Surface water, as well as ground
water, has to be described as so-called water bodies. Water types have to be demarcated within the
water bodies. Next phase is to describe general water quality goals and measurable water quality
standards [STOWA, 2004; AquaSense, 2005]. Water quality standards for surface waters which are
not natural, i.e. which are artificial (man-made) or heavily modified, are allowed to deviate slightly from
the standards for natural waters.
Aspects such as demarcation of water bodies, a slight deviation, good (surface) water quality,
(international) calibration of methodologies, goals and standards, and the obligation to reach the ‘good
ecological quality’ in 2015 have resulted in intense discussions and political interference with the
implementation process. To break this impasse and to speed up the process of implementation, the
EU Interreg-project NOLIMP was started in 2002 [Claassen 2004; Claassen & Uibel, 2005]. The
acronym NOLIMP stands for ‘North Sea regional and local implementation of the Water Framework
Directive’ [NOLIMP-WFD, 2002]. Six regions around the North Sea participate in this project. Each
region has chosen a specific water body in which they try to realise a good water quality according to
the rules of the WFD-game. NOLIMP indicates a steady (not limping) and committed implementation
process.
Lake Leijen in the province of Friesland is the Dutch water system within the NOLIMP project.
Regional participants are the Province of Fryslân, Friesland Water Authority (Wetterskip Fryslân), the
State Forestry and Nature Service (Staatsbosbeheer), and the municipalities Tytsjerksteradiel and
Smallingerland. Aquario, Cartesius Institute and Marrekrite are involved as private companies or
scientific institutes. The NOLIMP project runs from 2003 to 2006. Realising measures to improve
surface water quality of Lake Leijen has been given priority. Consultancies have been engaged to
execute some of the measures.
Main objectives of this report are:
• Making a description of the lake’s ecology and water quality status (zero-condition) before
measures have their effects;
• Documentation of monitoring and measures planned and/or realised so far;
• Presenting some preliminary results of (ongoing) monitoring programmes;
• Fitting the project in the WFD scope;
• Outlying a picture for the near future, related to water quality to be reached, monitoring and
measures.
Book-marker
In this report an overview is given of the water quality in Lake Leijen, the measures which are or will be
realised (chapter 3), preliminary results of the measures (chapter 4), an ecological characterisation of
the lake (chapter 5), and the link with the EU-WFD, including a cost-effectiveness analysis of
measures (chapter 6). In chapter 7 a possible continuation is presented, while the report ends with a
moment of reflection of what has been done and reached up to now. However, it’s premature to draw
final conclusions, because the time has been too short since first measures were realised. So it is
advisable to carry on with monitoring for at least another three years. A final report can be drafted in
2010.
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2. Description of Lake Leijen, its drainage basin and catchment area
2.1 Geographical position
Lake Leijen is situated in the eastern part of the province of Friesland, The Netherlands (see figure 1).
The distance from Leeuwarden (to the east) is about 20 km and from Drachten (to the north) 5 km.
The lake is located on the north-eastern border of the Pleistocene sandy soils of the Drents Plateau in
the northern Netherlands, on the transitional zone to the peaty soils in the lower middle parts of the
province. The surrounding landscape is known as the Frisian ‘Wâlden’ (Woods), which is
characterised by small hedgerows and wooded banks in between pasture land.

Lits

Drachten

Lake the Leijen

Opeinder canal

Figure 1. Geographical position of Lake Leijen in the province of Friesland, The Netherlands.

2.2 Its origin
As with the other Frisian lakes, Lake Leijen originated during the last ice age, around 13,000 years
ago. Depressions were formed as a result of erosion by huge masses of ice. In fact Lake Leijen is one
of the depressions, see figure 2. As the ice melted, these depressions were filled with water. Later on
(at the beginning of the Holocene) peat formation changed the character of the open waters. The area
became passable and was used as farmland. Until the early medieval period a thick layer of blanket
bog covered this area. Peat excavation started around 1250 A.D. This excavation under dry
circumstances ended around 1700 A.D. [Joustra, 1953]. In a following period, roughly spoken between
1750 and 1850, the remaining peat was excavated under wet conditions, down to the sandy soils of
the present day lake bottom. Because of the method of excavation, the so-called ‘Gieterse’ method
(used around the village of Giethoorn in the north-western part of the province of Overijssel, The
Netherlands), the very small ridges of remaining peat land disappeared soon through wind and wave
actions. Some remnants of these standing baulks can still be seen near the shoreline today. From
around 1850 the lake took on the contour as we see today.
Originally the lake was connected unilaterally to the whole lake system by the small stream Lits (from
the village of Rottevalle at the eastern border) to the Lake Bergumermeer in the north. The Lits was
also used for shipping dried peat to ‘Holland’ (the richer, western part of The Netherlands). Later on
the Opeinder canal was dug out, and formed a connection with Lake Leijen to the south-western
lakes. So Lake Leijen is in fact a subsidiary lake in the chain of Frisian lakes.
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Figure 2. Altitude map of Lake Leijen and surroundings (values in cm related to mean sea level).

2.3 Management
The lake is managed by the State Forestry and Nature Service as a nature reserve, with a nature
orientated (water) recreation. The lake is a core area in the National Ecological Network [Ministry of
Agriculture, Nature and Food Quality, 2004]. This position is reason for a limited recreational
development in and around the lake. The State Forestry and Nature Service obtained a caravan
camping site at the mounding of the Lits near Rottevalle in 1996. This camping site will be changed in
a nature camp site in time. Eight small islands in the lake are protected against bank erosion and
equipped with simple landing stages in 1998. These facilities should prevent damage on the natural
shore zones of the lake, because of uncontrolled mooring of boats. The State Forestry and Nature
Service improved and enlarged the shore zones on several locations by means of replacing the small
polder dikes backwards, by making spawning places for fishes, by creating resting-, forage- and
breeding places for birds and by developing vegetated wetlands. These activities took place in 1997,
1998 and 2006. The State Forestry and Nature Service will continue these efforts, related to the nature
function of Lake Leijen. However, they only have the active management of the lake’s islands, shore
side and adjacent land. The main activity in this zone is reed cutting and reed harvesting annually in
late wintertime.
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Water management is a responsibility of Friesland Water Authority. The water table for the Frisian
lakes system is maintained as near as possible at a level of –0.52 m below mean sea level (NAP) the
whole year round. So as a matter of course that’s also the case for Lake Leijen. Surrounding polders
and upland areas have their own specific water table regimes (see figure 3), lower and higher than –
0.52 m below mean sea level, respectively. Using culverts and pumping stations makes it possible to
handle these water levels in the adjacent areas. The lake is surrounded by polder dykes to maintain
these water tables and to safeguard the drainage basin from flooding. Water quality management
happens mainly outside the lake, in the drainage basin with farmland and villages. There are at
present no direct discharges of polluted water into the lake.

Figure 3. Local drainage basins (polders and upstream areas), which are connected hydrologically to
Lake Leijen.

2.4 Hydrology
In general a slight water flow from south to north occurs in Lake Leijen. The main hydrological regime
is simple because of the connection with the main lakes system is very simple too: only one canal to
the south and one to the north. In the period from June 1996 to June 1999 flow directions and
amounts of water were measured near Opeinde in the Opeinder canal (south of the lake) and near
Oostermeer in the Lits (north of the lake) by means of acoustic instruments. In figure 4 the results are
presented on an average monthly basis. Net flow is always from south to north; although on a smaller
time scale (e.g. within a 24 hours’ day) water is often going up (to the north) and down (to the south).
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Figure 4. Flow direction (positive: to the north) and water transport through Lake Leijen, compared to
the discharges at Dokkumer Nieuwe Zijlen into Lake Lauwersmeer.
A first water balance for the lake was made based on measurements in the period from June 1996 to
July 1999 [Claassen, 2006]. Main contributions are the inflow and outflow of water from the lakes
system itself. The percentages on the balance in summer are 88 and 68 % and in winter 54 and 97 %,
respectively (see table 1). Local contributions, rainfall and evaporation are of minor importance, at
least for the water balance. However, for the nutrient balances the local sources can be (very)
substantial.
Table 1. Water balance of Lake the Leijen for the winter 1995/1996 and the summer of 1996
[Grontmij, 1997].
Summer
In
From other lakes
Deposition
From polders
From higher areas

Volume
6
3
10 m
23,4
1,2
2,1
0

Total

27

Winter
In
From other lakes
Deposition
From polders
From higher areas

Volume
6
3
10 m
13,6
1,2
5,2
5

Total

25

flow %
88
4
7.5
0

To other lakes
Evaporation
Downward seepage
To surrounding ditches

Volume
6
3
10 m
18,2
1,7
0,5
6,3

100

Total

27

Out

flow %

Out

54
5
21
20

To other lakes
Evaporation
Downward seepage
To surrounding ditches

Volume
6
3
10 m
24,3
0,3
0,5
0

100

Total

25

flow %
68
6
2
24
100

flow %
97
1
2
0
100

The water retention time of the lake water depends largely on in- and outflow, and in fact on the
weather conditions in the whole province. The retention time τ (calculated at a monthly basis) varied
from a week (in very wet periods with a large amount of superfluous water) to about three months in
dry periods. On average τ is about 22 days.
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Summarising, the hydrological characteristics of the lake seem to be the result of the following
processes:
•
•

•
•
•

a (net) through flow of water from south to north, due to the fact that Lake Leijen is part of the
main lakes system;
a backwards and forwards water movement, induced by interrupted discharges of superfluous
water at Dokkumer Nieuwe Zijlen in the north-eastern part of the whole catchment area of the
Frisian lakes system (see figure 4);
a wind induced water circulation within the lake. This circulation is often more visible (e.g. at
airborne remote sensing images, see paragraph 4.1.2) than the net through flow;
withdrawal of lake water for the surrounding polders and upland areas, as well as discharges
of superfluous water from these polders and upland areas to the lake (see table 1);
precipitation and transpiration of water within the lake (see table 1).
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3. Measures in- and outside the lake
The NOLIMP project and the Frisian Lakes project
In 1997 a management programme was written by order of FWA. That report described ecological
water quality goals, as well as recommendations for restoration measures to be taken in Lake Leijen
[Grontmij, 1997]. The effects of these measures should have contributed to reach the ecological goals
for this lake, which has the function ‘water for nature’. However, no actions followed. Later on, in 2001,
two projects coincided. Province and water board looked for a water system to be brought in in the set
up of the Interreg NOLIMP project, while the Frisian Lakes project started to develop plans for the
ground plan from Drachten to Lauwersoog, the so-called Lits – Lauwersmeer route. Lake Leijen was
chosen for the NOLIMP project, while also special attention was given to this lake in the Frisian Lakes
project. Both projects became interwoven in the Integrated Execution Plan of Lake Leijen, see figure 5
[Tauw, 2002]. Additional reasons for choosing Lake Leijen were the planned upgrading of the wwtp
Drachten (€ 15, 5 Mln) and the worse water quality of this lake.
Measures in the NOLIMP project are mainly focused on improving surface water quality, while the
Frisian Lakes project is primarily directed at improvement of recreational facilities [Claassen, 2004]. In
table 2 the measures planned for both projects are listed. Monitoring activities of surface water, ground
water and tourism are neither listed in this table, nor regarded in this chapter. However, preliminary
results of monitoring of surface water quality are presented and discussed in chapter 4.

Figure 5. Map of Lake Leijen with planned measures of the Frisian Lakes project [Tauw, 2002].
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Table 2. Measures to be taken in or outside Lake Leijen, as initiated by the NOLIMP project and by the
Frisian Lakes project.
Background

Measures

NOLIMP code
3A1
3A2
3B1
3B2
3B3

reduction of emissions from sewage systems

3C
3D1

3D2
Frisian Lakes
project

In- (i) or
outside (o)
o

improving waste-water treatment plant
closed water cycle in agricultural farmyards
reduction of agricultural pollution
reduction of discharge of nutrients from
polders by cleaning of superfluous polder
water
closed water cycle in tourism
natural rehabilitation of shoreline vegetation
and improving ecological conditions

o
o
o
o

biomanipulation via reduction of Bream
deepening and dredging of the waterways

i
i

constructing of some islands

i

realising some landing-stages

i

cleaning up of structures in shoreline

i

i
i

Co-ordinating
organisation
Municipalities
FWA
FWA
Aquario
Province
FWA

Province
State Forestry
Nature Service
FWA
FWA
Province
municipalities
Province
municipalities
Province
municipalities
State Forestry
Nature Service
municipalities

and

and
and

and
and
and
and
and

The Frisian part of the NOLIMP project is intended to gain experienced with the EU-WFD, as well as to
focus on water quality improvement of Lake Leijen. This lake, as part of the main water system in the
province of Friesland, is strongly eutrophicated. Some measures are directed to realise the physical
conditions for an improved aquatic ecosystem by means of shoreline protection and new islands, while
some other measures interfere directly with biological groups of organisms by top-down regulation, as
biomanipulation by removing Bream (Abramis abramis) and by an experimental introduction of a
submerged plant species (Potamogeton lucens) and a mussel (Dreissena polymorpha). However,
most measures try to reduce the input of nutrients to the lake system, such as improvements to the
waste-water treatment plant in Drachten, reduction of storm water overflows, separation of rain water
from urban sewerage systems, closed water cycles from some working farms, reduction of spills from
agricultural practices, closed water cycles by self-cleaning toilets for tourism, and finally reduction of
the nutrient loads from superfluous polder water [Claassen, 2006]. These 12 measures (see table 2)
are described shortly in the following paragraphs.
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3.1 Outside the lake
The emission approach, focused on reduction of pollution into the water, is maybe the most important
steering step improving surface water quality and reaching a sustainable condition for good water
quality and good ecological conditions. For Lake Leijen, as for most Frisian water bodies, the nutrients
nitrogen and phosphorus (the N and P of NolimP), are the most important substances (as conditional
factor for the aquatic community) in this respect. The outside lake measures focus all on reduction of
nutrient emissions.

3.1.1 Reduction of discharges from sewerage systems and storm water overflows
Discharges of sewerage systems and storm water overflows to surface waters, as occasionally occurs
by heavy rainfall, can pollute lake’s water. So in surrounding villages measures were realised to
reduce these unwished spills of dirty water to the surface water system. The municipality of
Smallingerland started a project to disconnect rainwater from the sewerage system and to reduce
storm water overflows in 2002. Measures are realised in two adjacent villages De Tike and Rottevalle.
Rain water inflow to the sewerage systems is reduced strongly by disconnecting, so the frequency and
the volume of storm water overflows into surface water reduces also. This measure is even more
important, knowing the consequence of climate change, namely intensified showers. In table 3 some
figures are summarised for both villages.
Table 3. Some figures of the rain water disconnection project in De Tike and in Rottevalle.
village
Paved surface area discharged to sewerage system (ha)
Disconnected paved area (ha; %)
Reduced emission by sewerage system (%) to surface
water

De Tike
1.33
0.8; 60 %
95

Rottevalle
7.39
2.16; 29 %
65

In De Tike 60 % of the rain water flush is disconnected. A common drain for this superfluous rain water
was placed, some new ditches were cut and some existing ditches have been deepened and widened.
The disconnection works in De Tike were finished in December 2005. In Rottevalle, much larger than
De Tike, disconnection from streets and roofs took place is and around some quarters (Nije Buorren,
Foundenswei, Kompagnonswei, Houtkamp and Havenwei). Local ditches were cleaned up. This
project finished in June 2006. Thus rain water from roofs and roads in both villages is no longer
drained away to the waste-water treatment plant, but discharged at local ditches.
The sewerage storm water overflow (20 m width) in the Burmania canal near Drachten is probably the
biggest in Friesland, while this canal has a high ecological potential. Dredging of the municipal canal is
planned for 2010.
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Beside the technical aspects, the municipality did a lot on publicity, especially at schools, by
visualisation (the amount and importance of) rainwater and by education. Teaching at the primary
school ‘De Gielguorde’ in De Tike took place in 2004 and 2005. An educational, artistic and funny
construction, fed by pumping up stored superfluous rain water, was invented by the children
themselves, and is build on the school’s playground. It was officially uncovered at 4 November 2005.
Two primary schools (‘Yn ‘e Mande’ and ‘De Finne’) in Rottevalle were involved in education and
participation too.

3.1.2 Improving the waste-water treatment plant Drachten
In total 25 waste-water treatment plants discharge treated water (effluents) into the surface water
systems, i.c. the Frisian lakes system on the main land of the province of Friesland. The effluent of the
wwtp of Drachten (80,000 p.e.) is discharged into the Opeinder canal, and as a consequence indirectly
into Lake Leijen. This installation exists of two parts: an oxidation bed and a low-loaded active sludge
part. Denitrification is minimal (total N reduction ca. 30 %), so the effluent has high nitrogen
concentrations (ca. 20 mg/l). Phosphorus removal was ca. 55 % till 2001 and about 72 % from 2002,
with effluent P-concentrations of 1.8 and 1.3 mg/l, respectively. This wwtp became overloaded,
because of a rather quick growth of the city of Drachten. So an improvement and extension of this
wwtp took place in 2005, as well as additional adaptations were realised for phosphorus and nitrogen
removal.
®

Phosphate removal will be realised by a biological and a chemical process in the BCFS waste-water
®
treatment plant (figure 6). The BCFS configuration (see figure 7) was selected, since it has several
advantages, such as:
 Complete anaerobic conditions in the first tank ensures better phosphate removal;
 Circular construction ensures a compact installation;
 Better sludge sedimentation;
 Separate processes in different tanks ensures higher degradation rates;
 Possibility for additional phosphate-stripper (P-stripper).

®

Figure 6. The new BCFS waste-water treatment plant Drachten under construction.
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®

Figure 7. Process flow diagram (top) and reactor configuration (bottom) of the BCFS waste-water
treatment process Drachten.
In 2002 a consultancy (Royal Haskoning) was commissioned to develop a model for online precision
for chemical addition in the treatment plant to remove phosphate [Hulsbeek et al., 2004]. Mean
purposes of this project were to minimise the chemicals needed for phosphate precipitation and, if
possible, to regain phosphate to commercialise this product. Consequently, online measurement
equipment for ammonia and phosphate for fine-tuning of an optimal phosphate removal was installed
as part of the NOLIMP project in February 2005. This equipment (see figure 8) contributes to use as
less as possible chemicals, and to a better nitrogen removal.

®

Figure 8. Online measurement equipment of phosphate and ammonia in the BCFS waste-water
treatment plant Drachten.
In order to increase phosphate removal, the study of Royal Haskoning [Hulsbeek et al., 2004] showed
two different chemical phosphate removal techniques. Comparisons between the two options are
shown in table 4. Pre-precipitation was selected as sufficient for now. In time, when nitrogen removal
is not adequate and/or market potentials for commercialising phosphate fertilizer are improved, a Pstripper can still be introduced as yet.
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Table 4. Comparison between chemical phosphate removal by pre-precipitation and P-stripper.
P-removal
strategy
iron dosing in
the pre-settling
tank (preprecipitation)
construction of
a separate Pstripper

advantage

disadvantage

cheap

high P removal
conflicts with
good N removal

no impact on
N-removal and
reuse as
fertilizer is
possible

expensive

investment
costs
low

exploitation costs
200 ton FeCl3
sludge costs
total

€33,000
€13,000
€46,000

€ 500,000

200 ton FeCl3
depreciation
total

€33,000
€128,000
€161,000

3.1.3 Reduction of agricultural pollution
Lake Leijen is situated in an agricultural used environment. Loads of nutrients to the lake are
supposed to be caused by agricultural activities, as being one of the main sources. So in this NOLIMP
project two specific surveys are directed to the agricultural sector. A profound survey took place at four
selected farms, on two of them measures are realised (see paragraph 3.1.4). In this paragraph a
project focused on information, communication and discussion in the whole drainage basin is
described.
Overall emission reduction from the agricultural activities in the lake’s catchment’s area has been
pursued. Contacts were established with local farmers organisations for the project ’closed water cycle
in agriculture’. These contacts were supported with results of an investigation of runoff and discharges
of pollution from the paved farmyard’s ground into surface water. Three meetings were organised with
representatives of the organised agricultural corporations to discuss possibilities for educing diffuse
agricultural pollution. A first meeting took place in September 2003 with representatives of the farmers
(‘Noordelijke Friese Wouden, VEL/VANLA’). Excursions were organised to two ‘zero-discharge’ model
farms.
First some background information. The rejection of the Dutch policy on manure and fertilizers by the
EC in 2003 still causes emotion among the farmers. Another project took place in the area, focused on
the reduction of using manure. Because of these reasons was chosen for another kind of agricultural
pollution, namely the discharge of polluted water from the farmyards to the surface water. A study in
an adjacent province of Flevoland showed that the discharges of farmyards contain very much N and
P and have a negative effect on the quality of surface water. So there is a relation between clean
farmyards and the quantity of discharges of N and P.
The farmers in the catchment area of Lake Leijen are well organized in corporations, even with
discussion groups for nature, water and environment. Therefore was chosen for an information
campaign of ‘Good House Keeping’ on farmyards and surroundings with attention to cheap measures
for the farmers. ‘Good House Keeping’ is based on measures to prevent discharges of polluted water
from the farmyard to nearby surface water. Runoff of rain water mixed with remains of manure, fodder,
other organic materials, chemical weed-killers and pesticides can cause deterioration of the water
quality in surface waters.
The information campaign took place in two periods, at the beginning of the farming season in March
2004 and at the end of the season in September and October 2004. The invitation about the
information groups was sent to all farmers in the catchment area and also published in the regional
agricultural newspaper. Discussion took place in three groups of six to seven farmers each (out of 90
farmers in the lake’s drainage basin). The first meeting took place in three farmhouses. Employees of
FWA were giving information about the water quality in the area, the problems with the discharges and
the possible measures for ‘Good House Keeping’.
There was also special attention for the various water flows on the farmyard, the infrastructure of the
farmyard, the transport lines and crossing lines of manure and fodder. The farmers have made also a
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tour on the visited farm, looking around and discussing the situation and possible measures and costs.
An information map for the farmers contained several brochures and a list of possible measures.
The second meeting at the end of the season took place on the ‘zero-discharge’ model farm of the
family Algra in Oostermeer (see paragraph 3.1.4). After visiting the realized measures on this farm the
farmers discussed the measures they have practised, the bottlenecks, the effectiveness, the costs and
other proposals to improve water quality. After this meeting the results were evaluated and some
recommendations were made. The results of the information campaign where reported in a press
release and in a programme of the Frisian radio. This project on communication was finished at the
end of 2004.
Important conclusion was, among others, that some easy-to-do measures at every farmyard can
already reduce discharges to surface water. Some of these commonplace measures to prevent
pollution are:
• Spill as less as possible of roughage and wet fodder on the farmyard’s ground;
• Clean the farmyard’s ground and paths immediately after spills;
• Cover the storage of cattle fodder, like ensilage, to prevent runoff of polluted water caused by
rain water.
Some more sustainable measures can be added:
• Collect polluted rain water, and store it, e.g. in the manure tanks;
• Clean and cover agricultural instruments and machinery, as well as the location of the
washing place for the machinery;
• Drain not-polluted rain water, also from roofs (so gutters are necessary) by shortcuts to the
surface water;
• Cover the storage place for cattle fodder.

3.1.4 Reduction of discharges from farmyards
Detailed investigations of flows of polluted water took place on four farmyards in 2004 and 2005.
Objectives of this project were:
• Distinction and describing of various flows of polluted water on the farmyard’s ground;
• Quantify these flows as much as possible;
• Look for measures to reduce the total amount of pollution;
• Look for treatment methods of this polluted water, before discharged into surface water.
Research was done in 2005 on two farms in the catchment area to estimate the pollution of runoff of
the farmyards and to estimate the costs of measures. The two farms are the biologic farm of family H.
de Boer in Oostermeer and the farm of firm Bijma in Drachtstercompagnie. Results of this research
are reported [Kingma & Vos, 2005a; 2005b]. The research provided at each of these farms insight in
the water flows, the pollution, the possible measures and the costs. The effectiveness and costs are
estimated for each of the possible measures. Measures which shorten the distance of the transport
lines of manure and fodder from storage to cattle are most effective. “Hard” measures such as
changes in the infrastructure of the farmyard, construction of sewage-, purification- and draining
systems are most effective, but costly. “Soft” measures such as regular cleaning and sweeping of the
farmyard and paths, not spilling of fodder, covering fodder and manure are all effective and relatively
cheap. Results of this project were also sent to a national project group ‘erfafspoeling’ (‘farmyard’s
spoils and spills’) at the beginning of 2006, supporting a national approach of this problem.
The ultimate objective of this project is to reduce the amount of waste at the farmyard’s ground and to
reduce the discharges of polluted water into surface- and ground water. The next four dairy farms
were selected for this closer investigation. A follow up took place by realising treatment facilities at the
first two farms* (see paragraph 4.2.3).

•
•
•
•

Dairy farm – Family F. Algra – Zwarteweg 8 in Oostermeer*
Dairy farm – Company J. de Boer – Goudberch 4 in Drachtstercompagnie*
Dairy farm – Family H. de Boer – Bildweg 4 in Oostermeer
Dairy farm – Firm Bijma – De Goudberch 2 in Drachtstercompagnie
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Some characteristics of these farms are as follows.
• Dairy farm – Family F. Algra – Zwarteweg 8 in Oostermeer*
In size an average business with 60 milking cows and 30 grown up calves. Additionally there are 30
sheep. Neither the living house, nor the business were connected to the communal sewerage system.
Domestic waste water is only treated at a low degree before discharged to surface water. The polluted
water flows from the farmyard are stored in the manure tanks. The surface area of the farmyard’s
ground, what is susceptible for pollution, is relatively small.
• Dairy farm – Company J. de Boer – Goudberch 4 in Drachtstercompagnie*
This is a big farm with 150 milking cows and 120 grown up calves. Waste water from the living house
is directly discharged to the sewerage system. Polluted water from the farmyard itself is stored in the
manure tank and spread over land periodically. Nearly the whole area can classified as ‘polluted
ground’, because of dilution with rain water before drained to surface water.
• Dairy farm – Family H. de Boer – Bildweg 4 in Oostermeer
On this ‘biological’ farm there are 45 milking cows, 45 calves, 44 sheep and 8 horses [Kingma & Vos,
2005a]. The whole area around the farm is paved, although locally in bad condition. Rain water drains
into surrounding ditches. All the waste water from the living house is stored in the manure tanks (the
grey waste water directly; the black after passing a septic tank).
• Dairy farm – Firm Bijma – De Goudberch 2 in Drachtstercompagnie
This dairy farm counts 80 milking cows and 70 grown up calves [Kingma & Vos, 2005b]. Waste water
from the living house, as well as the grey waste water from the business, is discharged into the
communal sewerage system. Rain water from the farmyard’s ground is drained to surrounding ditches.
For all four farms a water balance and a flow diagram of the main water flows were made, for the
actual situation and if commonplace as well as sustainable measure should be realised. This
description and investigation supported the meetings, mentioned in paragraph 3.1.3.

3.1.5 Nutrient retention in polders
Discharges of superfluous water from the surrounding agricultural land can be an important source of
nutrients to the lake on a local scale. This is especially the case in wintertime. As a consequence the
growing season for algae or water plants starts in a nutrient rich water body. Concentrations of
phosphorus are high in winter and low in summer. This seasonal difference is more pronounced for
nitrogen. This phenomenon was reason to look for measures to reduce these nutrient rich volumes of
water from the drainage basin, discharged to the lake. Low-lying polders (north, west and south of
Lake Leijen), as well as higher grounds (east of the lakeside), see figure 3, discharge their superfluous
water to the main water system, especially in winter. This water is nutrient rich and has high
suspended matter content.
The use of constructed wetlands improving water quality was discussed at a NOLIMP workshop in
Aberdeenshire, Scotland in April 2004. Different plans for lay out are possible, depending on the water
to be handled, the aimed targets at effluents and the area concerned. Polder De Putten at the northwestern side of the lake was selected to widen the ditches in front of the pumping engine and to
reshape them in a constructed wetland (CW). Polder De Putten, 347 ha in size, has only one
discharge point for water to the lake by the pumping engine. Here the water level in the polder is -2,25
m below mean sea level, while the main water system has a target level of -0,52 m below mean sea
level. During summer there is also some superfluous water in this polder because of upward seepage.
3
Originally there was one pump (26 m /min capacity). However, due to lowering the water table in the
3
polder this pump could not reach that level. Another pump (15 m /min capacity) was placed beside,
but deeper than the old one. The pumps start working by a water table of -2,25 m below mean sea
level and stop at a level of -2.35 m. Water from the main system is used in summer to compensate
water shortages.
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Three confluencing ditches were widened with shallow margins (see figure 9), and planted with roots
of Reed. Vertical partitions were placed within the existing ditches to force the water to pass through
the vegetated margins. So, in polder De Putten at the north-western side of the lake, the existing
ditches close to the pumping engine have been widened and reshaped in a constructed wetland. Main
purpose is to reduce the load of nutrients and of suspended matter discharged to the lake, and to
increase transparency. Specifications of the work have been prepared by Arcadis [2004]. The three
gathering ditches from the northern, western and eastern side have been widened over a length of
180, 100 and 60 m, respectively. The main ditch has been widened on both sides with 7 m, the two
smaller ditches only at one (northern) side, also with 7 m (see figure 9). The surface area of this
constructed wetland (CW) is only 0.23 % of the total polder surface. This is in the same order of
magnitude as Scandinavian CW’s [Braskerud, 2001]. Five submerged barriers force the water flow to
use the shallow edges, which are planted with reed. The measures were realised in the winter
2003/2004 and finished in March 2004. Total costs amounted € 76, 000,-. The monitoring programme
within de polder is focused on the effectivity of the constructed wetland for improving the polder water
quality. Four sampling stations have been monitored from January 2004 onwards (see paragraph
4.2.1).

Figure 9. Lay-out of the widened ditches in polder De Putten.
Attention was given to education and recreation, related to this project. An information panel has been
installed at an observation tower (a nearby mound) with a short explanation of the constructed
wetland. A public footpath (‘Kroesepaad’) and the information panel were officially memorized at the
th
5 November 2004.
The Kroesepaad got an extra attraction with an exciting wet crossing place in 2006, after a polder
meadow was changed in a fringe wetland, as a part of the lake. This new formed area, created by
replacing the polder dikes, is meant to be a constructed wetland for polishing water. If full-grown,
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superfluous water form polder De Putten can be cleaned additionally by this CW. A short cut will be
made from the pumping engine to this CW. The Parliamentary Under-Secretary of the Department of
Traffic, Public Works and Water Management, Mrs. M. Schulz Van Haegen - Greidanus, officially
concluded this project on 10 July 2006. She planted water plants in this fringe wetland, together with
school children from the primary schools of Oostermeer and De Tike. This nature development and
rehabilitation project was financed by NOLIMP and the State Forestry and Nature Service.
A related project proposal ‘Rehabilitation project for flora and fauna at the western side of Lake Leijen’
was brought in by the local bird watching group ‘Lytse Mar’ from the nearby village of Sumar in April
2005 [Bird Watching Group Lytse Mar, 2005]. This proposal was discussed with and slightly adapted
by other parties involved in June 2005. The constructed wetland De Putten is extended in western
direction. A ditch got widened with gentle slopes and an adjacent pond is created. The former
historical Tikevaart canal is rehabilitated and connected to the lake. This nature development project
was realised midst of 2006.

3.2 Within the lake
It can be necessary or at least profitable to complete the emission reduction approach with a water
system approach, knowing that meso- to eutrophic aquatic ecosystems, especially lakes can have two
stable states [Scheffer, 1998]. Either a lake can be turbid, rich in algae, without water plants and
dominated by planktivorous fish by a certain nutrient level, or it can have clear water, poor in
phytoplankton biomass, with submerged vegetation and a top down (by piscivorous fish) controlled
fish stock, see figure 11. Biomanipulation s.l. can speed up the transition of a turbid to a clear water
phase [Klinge et al., 1995; Hosper, 1997].

3.2.1 Closed water cycle in tourism
Most of the smaller boats still don’t have toilet facilities on deck. Even larges boats, although the have
a toilet, discharge their waste (water) often directly into the surface water. A reason for this behaviour
can be the missing facilities of an (easily accessible) public toilet somewhere on route. If they empty
their toilet at a collection station on the bank, they have to pay (because of legislation of the Pollution
of Surface Waters Act). For this reason an experiment was done with a self-cleaning toilet on an island
[DHV, 2004]. Such a toilet was placed on a small island in Lake Fluessen in the south western part of
the province in 2004, because the new-to-made islands in Lake Leijen were not yet realised. The
province of Fryslân and the recreational agency Marrekrite coordinated this project [Grontmij 2006].
The results of the pilot project were evaluated midst of 2006.
The construction was robust and fit rather well in the surroundings. The toilet has been visited over
200 times a day at high season, so it fulfils a need. Some signing panels are preferable to inform and
guide the (searching) visitors. Shortcomings were problems with the energy supply and the windmill.
Vandalism gave a lot of damage and costs for rehabilitation (about € 2,500,- for one year). Maybe a
dummy camera near the toilet can prevent some damage. The coin collector should be omitted for a
new design of a toilet door, because it gave rise to higher costs and more problems than profits.
Flushing with groundwater resulted in spots of rust and cleaning problems of the toilet. So, is seems to
be advisable to use surface water in future. Nevertheless a daily cleaning is necessary. There has
been no monitoring for possible effects on surface water quality yet.
The evaluation report of Lake Fluessen can be used to adapt and improve a toilet accommodation on
one of the new made islands in Lake Leijen. The southern passable island seems to be the most
suitable one for a toilet, regarding the existing facilities near Rottevalle (official swimming place with
toilet accommodation at the eastern lake side) and near Oostermeer (harbour). Monitoring and
management ask for special attention, because there is little experience with a small scale constructed
wetland for cleaning polluted water of such an isolated stand alone toilet facility yet. Good
management can be a problem. Marrekrite and the province of Fryslân have to look for adequate, high
frequent surveillance. The design of a toilet building with all these facilities requires special attention
too, fitting well in the scenery of this lake.
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3.2.2 Shore protection and experimental enclosures
The fringe wetlands bordering the lake’s shore are of enormous ecological importance for their natural
values and water quality. They form a habitat for many plant and wildlife species, as well as function
as a kind of self-purification filter for the lake’s water. However, this helophyte vegetation is under
pressure because of the fixed target water table of the water system, as well as because a rather
sharp borderline (limes convergence) between the lake and the agricultural used land [Claassen &
Ietswaart, 2003]. Former clumps of Common Bulrush in the open water are disappeared [Olivier,
2003]. This helophyte species is now reduced to small locations in the shoreline [Bijkerk et al., 2004].
On some places Reed vegetation is reduced and show signs of reed die-back [Olivier, 2003]. Due to
the year-round constant water table wind and waves, and in cold winters also ice, are acting upon the
same ridge, while vegetative rejuvenation of Reed is suppressed too.
It is not realistic and politically not feasible, as was concluded from a larger study of the water
management of the lakes system [Wetterskip Fryslân, 2006], to return to a system with an annual
water level fluctuation of ca. 1 m, as was the case in the first half of the last century [Claassen &
Ietswaart, 2003]. So adaptation measures can, probably, compensate this loss of a natural water table
regime. The original project goals of ‘natural rehabilitation of the shoreline vegetation and improving
ecological conditions’ have been filled in with a local shore protection construction and with
constructing some enclosures. A ridge of wooden poles was placed, as an experiment, in the southeastern side of the lake to protect the shoreline behind. The shore vegetation will be monitored
annually. In the period 2002 to 2006 the helophyte vegetation was described in four fixed permanent
plots (PQ’s) around the lake.

Figure 10. Geographical position and coding of the enclosures at the southern lake-side.
Three series of enclosures were placed in the sheltered area between the ridge of poles and the shore
2
at the end of 2003 (see figure 10). Each series exists of four 16 m square open air and open bottom
adjacent caves, made of iron wire-netting. It’s possible to stock (sessile) species within each of these
caves. Water depth in this section is about 1 m. One series (W) is used for a submerged plant species
(a pond weed), the other two (M and E=O) for zebra-mussels. Series M is a blank (partly filled with
substrate, not with zebra mussels). First stocking took place on 28 September 2004 in W and 24
November 2004 in E for Shining Pondweed and Zebra mussel, respectively. On sampling station (nr
931) for physico-chemical analyses of surface water is located close to these enclosures.
Shinning pondweed was chosen because this plant species occupied large areas of the lake [Joustra,
1953], till the end of the ’70. This species disappeared completely from the lake [Bijkerk et al., 2004].
Zebra mussels were sporadically found in the Frisian lakes till the early ’90. There seemed to be a
small invasion around 1995 [Bierma & De Jong, 1997; Dijkstra, 1998]. However, this filtering species
was not found in Lake Leijen [Witteveen en Bos, 1999; OVB, 2003].
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3.2.3 Biomanipulation
The main water quality problem in Lake Leijen is eutrophication. This process of eutrophication is
induced by nutrient loading [Hosper, 1997]. One of the consequences of this process is a shift in
species composition and abundancy of algae, zooplankton and fishes. In the ’90’s the fish stock was
strongly dominated by Bream (Abramis brama). This dominance has a negative feedback on water
quality improvement, which has been shown in literature [among others Klinge et al., 1995], see figure
11. Planktivorous fish suppress zooplankton grazing on phytoplankton. Benthivorous fish disturb the
bottom, making the water turbid and enhancing water plants to growth. Thus biomanipulation was
carried out as one of the within lake measures in the period 2004 to 2006 [Bonhof & Waardenburg,
2004]. By removing fish nutrients (stored in fish biomass) are also removed from the system. In the
winter period December ’04 – March ’05 and December ’05 – March ’06 a large amount of Bream was
removed from the lake, see table 5. Fish was caught three to four times during two to three days each
time in both winters. These fishing activities were interrupted by a two week period of rest. The costs
for this project were € 80,000,-.

Figure 11. Bottom-up and top-down relations with a traditional aquatic food web [Klinge et al., 1995].
In the first winter ’04-’05 nearly 34,692 kg of Bream (115.6 kg/ha) was removed, roughly half of the
Bream biomass in the lake at that time. In the next winter ’05-’06 17,800 kg of Bream (59.3 kg/ha) was
removed, see table 5.
Table 5. Prediction of Bream biomass, total fish stock biomass and removed biomass of Bream
(kg/ha; (%)). 1998: [Witteveen & Bos, 1999]; 1985/1995 and 2002: [OVB, 2003]; 2004 to 2006:
[Bonhof et al., in prep.].
Fish
biomass
Bream
(%)
Total fish
stock
Removed
Bream

1985/1995

1998

2002

2004

111
(67)
165

495
(85)
582.8

223.5
(85)
262.8

249.4
(71)
349

2004/2005

2005

2005/2006

110
(54)
203
115.6

2006
155
(56)
279

59.3

In addition to the biomanipulation a mark-recapture experiment was realised. In March 2005, just at
the end of the first fish removal period, 1,000 specimens of Bream in Lake Bergumermeer and 500
specimens of Bream in Lake Smalle Eesterzanding were marked as two distinguishable groups. This
experiment has made it possible to look for migration of Bream to Lake Leijen, because the lake is
connected to the whole main water system.
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Lastly, in co-operation with the Federation of Anglers in Friesland an experiment was conducted at the
end of 2005 by introducing about 200 specimens of a variety of Carp (Cyprinus carpio). Each
specimen of this variety, Mirror-Carp, has its own pattern of scales, visualised as an individual
fingerprint. The twofold purpose of this experiment is to partly fill the niche of Bream and for fun in
respect to the anglers [Boogholt & Tjoelker, 2003; Lokhorst, 2006], and also to receive support from
the Federation as to realise the biomanipulation measures.
A leaflet was made and used for communication and public information at the start of this fishery
project in 2004.

3.2.4 Dredging the shipping canals in the lake
As part of the Frisian Lakes project the existing shipping canal through the lake from Opeinde to
Oostermeer is dredged to a water depth of 1.85 m. Additional shipping canals are deepened from
Opeinde (southern entrance) to Rottevalle, and from Oostermeer (northern entrance) to Rottevalle.
These shipping canals have a width of about 20 m at the lake’s bottom. So a triangle of passable
waterways marks the routes for the greater boats (see figure 12). A separation is intended between a
restful and natural surrounding outside and a touristy environment within this triangle. The mud from
this dredging activity is used for making new islands (see paragraph 3.2.5). The plans are developed
in 2002 [Tauw, 2002] and worked out in a builder’s specification [Procensus, 2005] and in a
contractor’s plan to realise this work fitting in the Frisian Lakes project [Van der Molen, 2005]. These
plans incorporate deepening the shipping canals, making new islands (paragraph 3.2.5), as well as
st
realising landing stages (paragraph 3.2.6). The whole work had to be finished at July 1 2006.
However, because of some delay this part of the project will be delivered up at the end of September
2006. Part of this dredging project was permission, according to the Pollution of Surface Waters Act. It
seemed that the sediments to be removed and used for the new islands were not (heavily) polluted, so
this permission was given by FWA in September 2005. The realised activities of the List –
Lauwersmeer route were officially thrown open on 16 June 2006, although some final work has still to
be done.
The removed amounts of sediments in the channels north-south, south-east and north-east are
3
10,900, 21,850 and 19,600 m , respectively. The existing depth in these three channels is enlarged by
0.35, 0.55 and 0.50 m, respectively.
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Figure 12. Overview over the lake with the new planned islands and the deepened shipping canals
[Procensus, 2005], compare with figure 5.
The small and shallow ditch from the lake to De Tike at the western side of the lake is dredged too.
Here a small harbour is planned for about 25 rowing boats and small boats with a removable outboard
motor, which are now spread over the whole shoreline of the lake and alongside this ditch.
A culvert in this ditch has to be enlarged to make the harbour attainable for these boats. This project
was realised in 2006.

3.2.5 Construction of some islands
Lake Leijen became a lake in the period 1800-1850 by excavating the peat from these surroundings
(see paragraph 2.2). Small ridges of remaining peat land disappeared by wind, ice and waves. The
nowadays open lake is susceptible for wind and wash of the waves. Wind can easily disturb the water
column and bring detritus and sapropelium in resuspension, while also the shoreline is attacked by
wind, ice and waves. Construction of some islands can reduce these influences and contribute to more
clear water, as well as improve conditions for development of shore vegetation. Other purposes of
these islands are to guide the passing boats through the lake and to create some quiet areas at the
backside of the new islands. Nature development in a quiet environment has priority outside the
triangle formed by the shipping canals and on all islands, except the three accessible ones. In total 12
islands will be made. Three of the islands become attainable for tourists. The islands will be built up
from dredged soils from the deepened shipping canals. The sandy shores will be planted with Reed,
Common bulrush and Willow.
The islands are made by dredged material (a mixture of loam, sand, peat and mud) in the deepened
shipping canals (see paragraph 3.2.4), following the principle ‘making work with work’. The former
shipping canals, which form a triangle in the lake, are deepened. Dredged material with the largest
fraction of sand is used for these 12 islands. Eleven islands were already planned in the restoration
plan [Tauw, 2002]; one additional island (not yet indicated in figure 12) is projected at the northeastern side of the lake. The geographical position of the new islands is orientated according to the
former pattern of peat excavation and remnants of standing baulks as much as possible, regarding
diminishing wind stress (mainly originated from south-western direction) as much as possible too.
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The three islands intended for recreation are situated near the three entrances of the lake. They are
2
oval in shape and have a surface area of 1586, 1290 and 1133 m for the northern, southern and
eastern island, respectively. The other islands are mainly located at the southern lake side (to reduce
wind stress) and at the north eastern side (focused on nature development and rehabilitation of the
landscape (see figures 5 and 12). All islands are made from sandy material, which is enclosed by a
row of plaited willow branches placed on canvas and loaded with basalt stones. Some islands have a
small beach and are partly covered with gravel in favour of some bird species. One of these islands is
meant as breading place for Tern and Gull. The number of Black tern in The Netherlands has
decreased strongly, related to some fifty years ago. With a population of about 25 breeding pairs Lake
Leijen is still an important habitat for this species. All these islands, except the three recreational ones
which are higher, are just above target level (-0.52 m NAP). These islands can be flooded periodically
and temporarily by high water levels in winter.
This activity (dredging the shipping canals and making the islands, including carrying basalt stones as
a protection ridge around the islands) started at the end of 2005 and will be finished at the end of
2006. Planting of Reed, Bulrush and Willow (Salix alba and S. cinerea) is foreseen for spring 2007.

3.2.6 Realising some landing-stages
Three of the new made islands, at the three main entrances of the lake (from the south end at
Opeinde, from the northern side at Oostermeer and near Rottevalle), become attainable for tourists.
So it is needed to construct landing-stages for boats at these islands. They have a mooring length of
40 m each. These three islands are at least 0.5 m above target level and will (as a consequence) not
be flooded by high water incidents. Some other islands in the lake have also landing-stages for boats,
but are not meant to set foot on the islands itself. In the near future (2007) one or two self cleaning
toilets are planned to be placed on (one or two of) these islands.

3.2.7 Cleaning up of structures on the shoreline
At many places constructions are built alongside the lake during the last decennia, some even illegally.
Small landing-stages, shelters, resting sites, small laws and so on disturb the naturalness of the
border of the lake. The State Forestry and Nature Agency tries to clean up the shoreline. The illegal
landing stages (according to the State Forestry and Nature Agency) are made valid by the municipality
of Tytsjerksteradiel in 2004, because of jurisdictional impotence. The State Forestry and Nature
Agency already cleaned up the shore side from illegal structures at three locations, with support of the
judge, in 2004 too. Another three locations at the north eastern shore side will be cleaned in 2006.
These parts of the bank will be rehabilitated in a natural state as reed- and marshland.
Because of (different and partly private) ownership, tradition and juridical procedures these
interventions will take a long time. Support and pressure from the municipalities and the province is
necessary too. There are still complaints from public, although inspection by the municipality of
Tytsjerksteradiel is improved. The municipality, as well as the State Forestry and Nature Agency try to
realise an acceptable situation for all people involved by means of supervision and information.
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4. Water quality monitoring and investigation
4.1 Within the lake
The aquatic ecosystem reflects all the prevalent steering and conditional factors, like flushing the lake,
mixing the water column and nutrient loads entering the lake. Monitoring algae, macrophytes,
invertebrates and fishes, knowing their indicative values, can give a good impression of lake’s water
quality. Water quality analyses and assessment are possible by comparing water quality data of the
lake before and after measures have been realised, and by comparing actual water quality data with
water quality standards.

4.1.1 Long term data of some fixed sampling stations
Lake Leijen has been part of the basic monitoring programme for a long time. In 1970 this programme
started with two sampling stations (XIII and XIV). From 1983 onwards one station was left (nr 110 in
1983, since 1984 as nr 45). This sampling station is situated in the middle of the lake, sampled on a
monthly basis. In figure 13 results are presented for some parameters from 1984 onwards (partly
under NOLIMP project code 4C). The chloride concentrations show a strong seasonal periodicity with
low winter and high summer values. Drainage of superfluous rain water in winter and inflow of Lake
IJsselmeer water in summer cause this course (compare data in table 1 for summer and winter). As a
consequence the nitrogen and phosphorus concentrations show a comparable pattern. However, this
annual periodicity is declining for phosphorus and not for nitrogen. Transparency has increased a little
since 1993, probably related to a decrease in dominance of the blue-green algae Planktotrix agardhii
and (in average) lower chlorophyll values [see figure in Claassen, 2006]. Moreover, the phosphorus
concentrations tend to decrease in time, which is lesser the case for nitrogen. An overview all NOLIMP
related water quality monitoring activities, including the location of sampling stations, is given in annex
IV.
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Figure 13. Concentrations of chloride, total nitrogen, total phosphorus and transparency for sampling
station 45 in the centre of Lake Leijen in the period 1984-2005.
Lake Leijen has an official swimming site at the eastern side of the lake, near the entrance of the Lits
to Rottevalle. Because of insufficient water quality in the early ‘90s a thorough investigation took place
to look for the causes of this problem [Dijkstra, 1994]. This investigation resulted in some
recommendations to improve the local situation and to give more attention to public information.
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4.1.2 Remote sensing data 1995 and 1997
While traditional water quality monitoring, as mentioned in paragraph 4.1.1, results in exact and highfrequent water quality data of many physico-chemical and biological parameters at one spot, remote
sensing images result in an overall area-covering view of the lake for a limited number of parameters
and at one specific moment. It is useful to have remote sensing images if a lake shows spatial
heterogeneity in water flow or in water quality. Satellite images of the Frisian lakes, among others of
Lake Leijen, of some dates in 1986, 1987 and 1989 were analysed and translated in thematic maps.
This gave a first impression of area-covered pictures for transparency, suspended matter and
chlorophyll, and showed heterogeneity within and between lakes indeed. On the other side these
space borne thematic maps had some shortcomings, because of rather large pixels (resulting in
thematic maps with a low resolution) and because of an insufficient correlation with simultaneous
ground data [Claassen, 2002].
So in 1995 and 1997 airborne images were made of Lake Leijen, while ground samples were taken on
the same dates of the overpass of the airplane [Van Balen, 1996]. This resulted in useful images of 8
August 1995 [Moen et al., 1997] and 11 August 1997 [Dekker et al., 1999]. Thematic maps were made
of suspended matter, chlorophyll, transparency, cyanophycocyanine (main pigments of blue-green
algae), and the vertical extinction coefficient.
The thematic maps of chlorophyll and transparency show strong correlation; they show the same
spatial pattern of the lake, also for both years. High values for chlorophyll and the vertical extinction
coefficient and low values for transparency are detected in the south-eastern side of the lake, and just
the opposite for the northern part in 1995. For 1997 the patterns are different, with worse water quality
values all around the southern, eastern and northern part of the lake. In figure 14 the thematic maps of
transparency for both dates are presented. According to these images transparency varied between
20 and 35 cm and between 20 and 30 cm on 18 August 1995 and 11 August 1997, respectively.
The maps of suspended matter (presented in [Claassen, 2004]) and cyanophycocyanine showed a
different pattern. Lowest levels of suspended mater are found in the south-western part in 1995 and in
the north-eastern part in 1997. The cyanophycocyanine concentrations are rather homogeneous
scattered in both years. Wind and wave actions, related the buoyancy capacity of algae and the
particle size and weight of the suspended matter, can course these patterns. These results show high
varying within lake heterogeneity, probably caused by combined effects of water (in)flow, wind,
buoyancy and distribution of algae and bioturbation.

Figure 14. Thematic maps of transparency of Lake Leijen for remote sensing images of 8 August 1995
(left) and 11 August 1997 (right) [according to Moen et al., 1997; Dekker et al., 1999].
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4.1.3 Aquatic vegetation (data from 2003)
The restoration activities of Lake Leijen are focused on improving the ecological status of the lake. For
natural waters a ‘good ecological condition’ has to be reached, as prescribed in the WFD. For waters
which are heavily modified or artificial (as is the case for Lake Leijen) the goal to reach is a ‘good
ecological potential’, a situation which may only deviate slightly from the good ecological condition.
Aquatic plants form one of the four groups of biological organisms, which are used to describe the
ecological potential and to assess the water quality. An investigation of the entire lake took place in
2003, in addition to former incidental or partial monitoring of water plants from the lake [Thannhauser
1994; 1999]. The open water, as well as the shoreline was screened for the presence of water plants
in 2003, NOLIMP code 4A [Bijkerk et al., 2004].

In open water only four species (Nitella flexilis, Elodea nuttallii, Potamogeton obtusifolius and
Callitriche spec.) were found sporadically in very small amounts. In fact most of this vegetation was
found in a ditch on the western side and connected to the lake. There is virtually no submerged
vegetation in the lake at all. Four species of floating plants (Nymphoides peltata, Nymphaea alba,
Nuphar lutea and Persicaria amphibia) were commonly found, also on the western side of the lake.
Their total coverage was eight percent of lake’s surface area. Most characteristic are the four large
nearly circular fields of Fringed Water-lily at the western side of the lake. Shore vegetation mainly
consists of Phragmites australis, Typha angustifolia and Schoenoplectus lacustris (see table 6),
although their percentages of coverage are small.
Table 6. Surface area (ha) with occurrence of some water plants in the lake’s open water.
Species
Nuphar lutea
Nymphoides peltata
Nymphaea alba
Pesicaria amphibia
Schoenoplectus lacustris
total

Surface area (ha) cover
1.1
4.0
3.1
0.1
1.6
9.9
th

Many species have been lost or have decreased, compared to the vegetation in the first half of the 20
century [Joustra, 1953]. Most of these species are indicative for moderate nutrient rich circumstances
and of upward seepage of ground water. This deterioration took place in the ‘60s and ‘70s. One of the
last species which disappeared was Potamogeton lucens at the late ’70s, as far as could be confirmed
[Bierma et al., 1978]. A preliminary ecological quality classification based on the WFD shows that Lake
Leijen can be classified as ‘insufficient’.
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4.1.4 Dragonflies (data from 2004)
An investigation of the presence of dragonflies around the lake took place in 2004 as part of the
ecological monitoring programme, NOLIMP project code 4A. This ecological monitoring programme
started in 2003 with the water plants (paragraph 4.1.3) and was completed in 2005 with a survey of
mice and bats (paragraph 4.1.5). Species of dragonflies have a high indicative value for environmental
assessment. The investigation was focused on flying adult specimens around the lake, while one
survey took place on open water. Five routes were chosen that intersect the major habitats of the lake,
covering a representative view of the dragonfly community of the lake. In all cases these routes
followed the vegetated banks of Lake Leijen [Schut et al., 2005]. Transects in these routes were five
times investigated in the period May to September 2004.
Lake Leijen hosted a varied dragonfly population. In total 17 species were observed (see table 7) and
most of them showed reproductive behaviour. Fourteen of these species are common species in The
Netherlands, and can be categorised as indicators of eutrophic circumstances. The three other
species are rare in The Netherlands, as well as in the province of Friesland. These species were
mainly found on routes with a reasonably good water quality, due to the local influence of ground
water seepage or the filtering of water by nearby helophytes. These three species, Brachytron
pratense, Aeshna isoceles and Coenagrion pulchellum, were selected as indicator species for future
monitoring since they are known to show respond to changes in water quality.
It is recommended to take additional measures to reduce the nutrient level of the lake water, as well as
to vary the water regime in the lake, with higher winter and lower summer levels. Such a seasonal
alternation should stimulate more varied shore vegetation with various stages of plant succession.
Further improvement of water quality and settlement of Stratiotes aloides are prerequisites for
successful settlement of Aeshna viridis as an endangered dragonfly. This species was not perceived
in 2004. Joustra [1953] still found S. aloides around the lake, at the eastern side more abundant than
at the western side.
Table 7. In 2004 observed dragonflies and damselflies around Lake Leijen [Schut et al., 2005] with an
indication of their abundances (1 little, 2 moderate, 3 numerous).
species
Dragonflies (Anisoptera)
Brachytron pratense
Aeshna grandis
Aeshna mixta
Aeshna cyanea
Anax imperator
Aeshna isoceles
Orthetrum cancellatum
Libellula quadrimaculata
Sympetrum sanguineum
Sympetrum striolatus
Sympetrum vulgatum
Damselflies (Zygoptera)
Lestes sponsa
Lestes viridis
Erythromma najas
Erythromma viridulum
Ishnura elegans
Coenagrion pulchellum

abundance
1 red list
2
3
1
1
1 red list
2
1
1
2
3
1
2
3
1
3
2

4.1.5 Mice and bats (data from 2005)
A monitoring programme running parallel to the restoration activities will provide insight in the
ecological changes before, during and after the measures. This study reports of the monitoring of
some semi-aquatic mammals, NOLIMP project code 4A. In the summer of 2005 small mammals and
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bats were studied, to collect baseline data on the occurrence of species and numbers. Special
attention was given to water shrew (Neomys fodiens), root vole (Microtus oeconomus) and pond bat
(Myotis dasycneme). It is known that Root voles were present on the largest island in the lake in the
past. Water shrews still have a population in polder De Putten.
Small mammals were studied in the summer using live capture Longworth traps. Because trapping
chances of Water shrews are low, the study also focused on establishing the coverage of the area
rather than population density. Population density estimation of Root vole could be added. The traps
were placed on 15 locations in reed land and other wet areas along the shores. Water shrew (Neomys
fodiens), common shrew (Sorex araneus), water vole (Arvicola terrestris), field vole (Microtus
agrestis), bank vole (Clethrionomys glareolus) and wood mouse (Apodemus sylvaticus) were present.
Field voles were most abundant. Water shrew occurred only on two locations, see table 8. Root vole
was absent, probably because of the high numbers of the field voles.
Table 8. Results of the monitoring activities of mice in 2005 in the shoreline of Lake Leijen
[AquaSense, 2006a] with an indication of their abundances (1 little, 2 moderate, 3 numerous).
species
Water shrew
Root vole
Common shrew
Water vole
Field vole
Bank vole
Wood mouse

abundance
1
not found
2
1
3
2
2

Bats were surveyed three times between May and September 2005, using a bat-detector. Species,
numbers and foraging success were established from a canoe, following a set track. The population
density of each species was estimated later. Lake Leijen is a good place for bats, as insects near the
water surface are abundant (food). Common pipistrelle (Pipistrellus pipistrellus), Nathusius' pipistrelle
(Pipistrellus nathusii) and noctule (Nyctalus noctula) were abundant, and serotine (Eptesicus
serotinus), Daubenton's bat (Myotis daubentonii) and pond bat (Myotis dasycneme) were rare, see
table 9.
Table 9. Results of the monitoring activities of bats in 2005 in the shoreline of Lake Leijen
[AquaSense, 2006a] with an indication of their abundances (1 little, 2 moderate, 3 numerous).
species
Common pipistrelle
Serotine
Pond bat
Noctule
Nathusius’ pipistrelle
Daubenton’s bat

abundance
3
1
1
3
3
1

Improving water quality might be advantageous for water shrews, but not intrinsically for root vole.
Root vole needs a wetter terrain, to be able to win the competition with field voles. So for Root voles
more seasonal fluctuation in water level is needed. The effect of improved water quality on bats is
difficult to predict. Bats react mostly on changes in food supply, on which water quality improvement
can have different (even opposite) effects.

4.1.6 Aquatic invertebrates (data from 2005)
Before 2005 no monitoring of macro-invertebrates in Lake Leijen took place, although this group of
organisms is part of the WFD-system for water quality assessment. So in 2005 a monitoring
programme was set up with four sampling stations in Lake Leijen. Three stations (155, 931 and 1039)
were located near the shore, one (45) in the middle of the lake. Sampling took place in May and
September, using a hand net as well as a mud-sampler. All sampling work took place from a small
boat.
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The number of taxa found with the mud-sampler in the middle of the lake (45) was low (13 and 9
species in May and September, respectively), with a relatively high number of individuals. Some
results are presented in table 10. Shore mud-samples (931) have little more species (16 and 11 in
May and September, respectively). Sample 155 is located close to the field of Fringed Water-lily, while
sample 1039 is located near the vegetated shore. Both samples (155 and 1039) have a much higher
number of taxa, related to the other two (45 and 931), which are not located within or nearby water
plants. An overall assessment of the samples according to a preliminary WFD method for shallow
lakes resulted in a ‘moderate to insufficient’ score.
Table 10. Mean percentages (%) of individuals of the most dominant species (taxa), related to total
number of individuals (100%), found in Lake Leijen in 2005.
taxa
location
Tubificidae
Chironomus spp
Cladotanytarsus spp
Einfeldia carbonaria
Total number of taxa

Mud-samples
45(May and Sep)
41
<< 1
15
41
16

931 (May and Sep)
21
4
37
30
23

Hand net samples
155 (May and Sep)
69
2
3
4
32

1039 (May)
2
0
<< 1
<< 1
44

4.1.7 Shore vegetation (data from 2001 to 2006)
For many decennia, at least form 1970, the water level of the Frisian lakes system is maintained as
constant as possible, based on a target water table of -0,52 m below mean sea level [Claassen &
Ietswaart, 2003]. This policy fulfils the wishes of various anthropocentric functions of the main water
system, as shipping, water recreation, agriculture, and safety (protection against flooding). However,
this policy is not in agreement with the needs for the basic ecological functioning of the system and for
the function ’water for nature’ [Witteveen en Bos, 2005]. Here a more natural, seasonally based water
level fluctuation is required. These seasonal fluctuations amounted 1 m, with high winter and low
summer levels a century ago. One of the consequences is a decline in the shore vegetation, among
others, in Reed stands. This phenomenon is known as reed die-back.
An investigation was listed in the ‘Integrated Management Plan’ (2000) of the Frisian water boards
directed to the advantages and disadvantages and to the continuing of the present day water table
regulation, based on a year round fixed level of -0,52 m below mean sea level. Alternative, more
natural water table regimes were incorporated in this study. Results of this study were published in
2003 [FWA, 2003] and up-graded in 2005 [Witteveen en Bos, 2005].

Table 11. Percentages cover (%) of the dominant helophyte species in each of the four permanent
quadrat plots (PQ’s 17 to 20) in Lake Leijen from 2002 to 2006.

PQ species
17 Reed
Lesser Cats’-tail
18 Reed
Lesser Cats’-tail
19 Reed
Common Bulrush
20 Reed
Lesser Cats’-tail
Common Bulrush

Oct-02
15
35
5
40
10
50
4
30
5

Jun-03
12
30
5
40
7
50
3
30
5

Sep-03
12
30
5
40
10
50
3
30
5

Jun-04
12
25
5
35
7
50
3
25
5

Sep-04
10
25
5
35
10
50
3
25
5

Jun05
10
20
5
33
5
45
3
20
4

Sep-05
5
20
5
32
3
45
2
20
4

Jun-06
5
15
5
30
2
43
2
15
3

Regularly monitoring results are summarised in Bijkerk et al. [2004], see paragraph 4.1.3. A detailed
investigation was set up to detect progress or decline in shore vegetation, because there were some
doubts about the phenomenon of reed die-back in the Frisian main water system (most published data
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is form elsewhere). In six lakes 24 permanent quadrat plots were marked for monitoring in the period
2002 to 2006. Four plots were located in Lake Leijen. The plots were marked with stakes and every
year the vegetation was monitored, using the Braun-Blanquet method. Surveys were supported by
photographs. In 2002 and 2006 the exact borders of the vegetation was plotted, using RTK-GPS
measuring method. Some results for Lake Leijen are presented in table 11. In figure 15 the situation
for one PQ is depicted for 2002 and 2006. A general conclusion, based on RTK-GPS data, as from the
Braun-Blanquet surveys, is a steadily decline of the helophyte shore vegetation.

Figure 15. Border lines, marking the vegetated zone, made by RTK-GPS surveys in 2002 (black) and
2006 (red) of permanent quadrat plot 20 at the western lake side. Blue is open water, green is land.

4.1.8 Fishes (data from 1998, 2002, and 2004 to 2006)
Fishes and the fish stock composition were not included in the monitoring programmes of FWA until
1998. Before that date fish-monitoring was carried out irregularly by the Ministry of Agriculture, Nature
and Fisheries (LNV) and by the Netherlands Institute for Ecological Research (NIOO, formerly the
Limnological Institute) [Beekman, 2005]. Lake Leijen was one of the lakes of the main water system in
these monitoring programmes. FWA carried out two fish stock monitoring activities in 1998 and 2002,
respectively, before starting the NOLIMP project. Results are presented in figure 16. As shown in this
figure the fish stock is dominated by Bream with 85 % of the biomass in both years (see table 5 too).
The percentage of Bream in the fish stock, as well as the total biomass of fishes in the lake was high
compared to other Frisian lakes.
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Figure 16. The fish stock composition (as percentages of the total biomass) of Lake Leijen in 1998
[Witteveen en Bos, 1999] and in 2002 [OVB, 2003].
A fishery plan was made in 2004 as part of the NOLIMP project activities [Bonhof & Waardenburg,
2004]. Fish stock in Lake Leijen was monitored again in the summer 2004, before starting
biomanipulation at the end of that year. Results of this activity were in agreement with and confirmed
the earlier results. Subsequent monitoring took place in between the two periods of biomanipulation (in
summer 2005) and afterwards in summer 2006. Results are summarised in figure 17. Related to 1998
total fish and Bream biomasses decrease till 2005. In summer 2006 an increase in biomass and
number was recorded for Bream, Roach, White bream, Ruffe and Pike perch [Bonhof et al., in prep.].
2004

2006

2005

Perch
Bream
Roach
White bream
Eel
Ruffe
Pike perch
Smelt
Pike

Figure 17. The fish stock composition (as percentages of the total biomass) of Lake Leijen in the
summer period of 2004, 2005 and 2006 [Bonhof et al., in prep.].
Results of the mark recapture experiment
In March 2005, just after the fisheries of Bream in Lake Leijen, a small population of Bream in Lake
Bergumermeer (north of Lake Leijen) and in Lake Smalle Eesterzanding (south of lake Leijen) was
marked. The 1000 Bream of Lake Bergumermeer and 500 Bream of Lake Smalle Eesterzanding were
marked in a different way, so both populations are recognisable. Results of captured of marked Bream
in Lake Leijen are given in table 12.
Table 12. Marked Bream (n), captured in Lake Leijen.
originated
period
Summer 2005 monitoring
Winter 2005/2006 fisheries
Summer 2006 monitoring

Bream
from
Bergumermeer
0
7
0

Lake

Bream from Lake
Eesterzanding
0
1
0

Smalle

Results of the stocking experiment of Carp
In the winter 2004/2005 biomanipulation took place during 10 days in the period 21 December 2004 to
16 March 2005. In total three Carp were catched. On 23 November 2005 193 Mirror-Carp were
introduced in Lake Leijen, as an experiment of the Anglers Federation to improve the Mirror-Carp
stock. During the next winter, nearly one year after the introduction, 80 individuals were catched during
eight days of fishing (in the period 20 December 2005 to 21 March 2006). It’s possible that some
specimen have been captured more than once.
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First conclusions are a very limited migration of Bream from Lake Bergumermeer and Lake Smalle
Eesterzanding to Lake Leijen (which is favourable) and an increase of grown up Bream and Ruffe in
2006 (which is unfavourable).

4.1.9 Sediments (data from 2005) and suspended matter
Because of unclear and contradictional information about the sediment, especially the amount and
importance of soft, fine, mobile, easy to suspend, nutrient rich top layer of the sediment, some
measurements were organised in 2005. Heidemij [1996] calculated the amount of sediment on ca.
3
200,000 m , and if removed the lake’s water volume would increase with 6 %. Tauw [2002] mentioned
3
a total amount of 475,000 m sediment. They did some analyses of this sediment and found that:
• this sediment has mainly a sandy character;
• the concentrations of phosphorus and nitrogen are relatively low;
• sediment formation is an ongoing and natural process;
• removal of large quantities of sediment is very expensive;
• alternative measures (against resuspension) are possible, like reducing the wind stress by
making islands and biomanipulation by removing Bream. This benthivorous fish disturbs the
bottom layer looking for food.
In the Frisian lakes project only the shipping canals are dredged (paragraph 3.2.4). The removed soil
material is used for making new islands in Lake Leijen (paragraph 3.2.5).
To get more detailed insight in turbidity and sediment composition some additional monitoring took
place in 2006. Three locations (45: middle, 152: south western area, 154: north eastern area of the
lake) were sampled on a monthly basis. In April and August some additional measurements took place
(see table 13).
Table 13. Some results of transparency related parameters in Lake Leijen (45: middle, 152: south
western area, 154: north eastern area) in spring and autumn 2006.
parameter
sampling station
transparency
chlorophyll
suspended solids (ss)
organic fraction of ss
total nitrogen
total phosphorus
N/P quotient
chloride

m
µg/l
mg/l
%
mg/l
mg/l
mg/l

April 2006
45
152
0.40
0.40
65
96
20
32
57
63
3.4
3.1
0.1
0.09
34
34
60
61

154
0.30
98
32
60
3.4
0.1
34
59

August 2006
45
152
0.35
0.25
127
125
70
29
56
31
2.0
1.9
0.28
0.22
7
9
87
83

154
0.25
132
36
35
1.9
0.19
10
87

The higher chlorophyll values in August result in a (0.05 to 0.15 m) lower transparency, related to the
April values. The high value of suspended solids in the middle of the lake in August seems to be of
lesser influence on transparency. A high inorganic fraction of suspended solids at location 152 and
154 in August is accompanied by low transparency. Remarkable is the shift in nitrogen and
phosphorus values and quotients from April to August, stressing a shift from P to N limitation, if any
nutrient limitation (above transparency). In figure 18 some results for 2006 are presented for
chlorophyll, transparency and suspended solids at three locations in the lake. Remarkable, but in
agreement with remote sensing images (see paragraph 4.1.2), is the within lake heterogeneity. This
makes it doubtful whether one sampling station (nr 45) is representative for the whole lake, at least for
these parameters.
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Figure 18. Concentrations of transparency, suspended solids and chlorophyll for the sampling stations
45, 152 and 154 in the year 2006.

4.1.10 Ecotoxicological data from 2002, 2004 and 2006
The standard monitoring programme of Lake Leijen comprises physico-chemical and biological
sampling and analysis. General water quality parameters measured are, among others, nutrients, salt,
oxygen, acidity on the one hand and biological organism groups of phytoplankton and macrophytes on
the other hand. Zooplankton, macro-invertebrates and fishes are sampled less frequently. The
possible hidden effects of micro pollutants on the aquatic ecosystem can nearly be detected in that
way. So additional to the basic in situ monitoring programme the possible toxic effects of micro
pollutants were analysed by bioassay experiments, NOLIMP project code 4B [Maas, 2003; Maas &
Espeldoorn, 2005].
The first series of tests were done with the effluent of the waste-water treatment plant at Drachten and
surface water of Opeinder canal and Lake Leijen, sampled on 18 November 2003. Three laboratory
tests have been done with the effluent, focused on detecting acute toxicity: one with a bacteria Vibrio
fischeri, one with a water fly Daphnia magna and one with an algae Pseudokirchneriella subcapita. In
1000 time’s concentrated extracts of surface water from both locations five acute tests have been
done: two with Crustaceans (Daphnia magna, Thamnocephalus platyurus), one with a Rotifer
(Brachyonus calyciflorus), and one with a bacterium (Vibrio fischeri) and one with an algae
(Pseudokirchneriella subcapita).
No toxic effects could be detected in the three bioassays of the effluent. There was no starvation of
Daphnia related to a blank; the luminescence of the bacteria was not hindered; and the growth of the
algae was not decreased. The results of the tests on surface water gave comparable, limited values.
The measured effects, expressed as the concentration at which 50 % effect is measured, are far
below the acceptable values.
th

th

The same three locations were sampled three times in 2004, on 28 of July, 22 of September and
th
17 of November 2004. All samples have been concentrated with a factor 1000, which methodology
results in extracting the organic fractions of the samples. Three acute toxicity tests were done with
these concentrates: one with a bacteria Vibrio fischeri, one with a Crustacean water fly Daphnia
magna and one with an algae Pseudokirchneriella subcapita. All results are expressed as ECf50
values, indicating the needed concentration factor of the original sample to reaching a 50 % effect (as
limited growth or reduced vitality). Results are presented in table 14, including the 95 % confidence
interval. The higher this concentration factor is, the lesser the toxicity of the water sample.
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Table 14. Results (ECf50 values with 95 % confidence interval) of the toxicity tests in 2004 with
concentrates of effluent and surface water [Maas & Espeldoorn, 2005].
Drachten
and
Leijen
28-07-04
effluent wwtp
Opeinder canal
Lake Leijen
22-09-04
effluent wwtp
Opeinder canal
Lake Leijen
17-11-04
effluent wwtp
Opeinder canal
Lake Leijen

Lake

Algae
(PAM-test)

Bacteria
(Microtox)

Daphnia
(IQ-test)

96 ( 84 -110)
75 ( 70 - 81)
88 ( 74 -104)

17 ( 14 – 22)
94 ( 92 – 96)
134 (129–140)

106 (51 - 221)
398 (321- 493)
267 (218- 326)

121 (108 -135)
79 ( 74- 85)

54 ( 49 – 59)
52 ( 49 – 55)
71 ( 67 – 75)

228 (202 - 257)
403 (320 - 507)
609 (503 - 737)

365 (335 – 98)
174 (166 –183)
274 (260 –289)

197 (167 - 233)
397 (322 - 489)
797 (599-1060)

116 (105 -128)

85 ( 75 - 96)
136 (127 - 145)
207 (194 - 220)

The toxicity of the effluent of the waste-water treatment plant was reduced during the period of July to
November 2004. The highest toxicity was found for bacteria, which could indicate an organic pollution.
The surface water of the inflowing Opeinder canal and Lake Leijen is in the same order of (very low)
toxicity. The highest toxicity for algae is found during summer.

4.1.11 Enclosure experiments
Three series of enclosures (see figure 10) were constructed in the southern side of Lake Leijen at the
end of 2003. Series W (west) is used for reintroduction experiments of Potamogeton lucens, while in
the series E (east) Dreissena polymorpha has been stocked. Series M (middle) is a blank for the
Zebra mussel experiment.
W series; Potamogeton lucens
A first attempt of stocking was done on 28 September 2004. Harvested plants elsewhere were
dumped without fixation inside the enclosures. Due to wind and waves no anchoring took place and at
the end of that year no vegetation rested.
A second attempt took place on 28 July 2005. Plants of P. lucens were fixed in small pots, which were
attached in a wire-netting frame (90 by 90 cm). These frames were sunk in the compartments (4 by 4
m) of the enclosures. Monitoring took place on 1 September 2005. Some vegetation rested within the
frames, although big losses of plant material had been occurred, see table 15. In spring 2006 more
plants were disappeared. It was surprising to see a healthy and excessive growth of P. lucens in all
four compartments on 5 September 2006. The frames were empty; however, the plants have attached
and taken roots in the lake bottom itself. The results in table 15 for 1 September 2005 and 4 May 2006
are based on the frames, because no spontaneous growth was visible yet.
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Table 15. Results of survival (%) of Potamogeton lucens two month and one year after stocking
(related to 100 % per frame on 28 July 2005).
compartment

number of
frames

W1
W2
W3
W4
Whole
enclosure

1
2
3
4
10

percentage of
plants rested (1 Sep
2005)
5
25
23
54
26

percentage of
plants rested (4 May
2006)
0
0
0
5
1

percentage of plant
cover (5 Sep 2006)
40
70
50
40
50

M and E series; Dreissena polymorpha
In two of the four compartments of both series M and E substrate was brought in (according to table
16) as a precondition for attaching of zebra mussels. Series M (blank) was not stocked at all, while
series E was stocked with small or large amounts of living zebra mussels (according to table 16). In
series M no zebra mussels have been found after one year. So, there seems to be no migration and
settling from series E or form elsewhere (other Frisian lakes). Results from series E are presented in
table 16. In all four compartments there was survival of zebra mussels, even in E1 and E2, where no
substrate (empty shells of cockles, Cerastoderma edule) were brought in. In E2 zebra mussels were
found on shells of swan-mussels (Unionidae). In E3 and E4 small clumps of mussel banks were found.
However, the growth of the mussels is nil, the shells are small (ca 1 cm). Few D. polymorpha and
much soft sediment were found on 3 May 2005 and 4 May 2006.
Table 16. Results of survival of zebra mussels (percentages living animals related to total amount of
shells of zebra mussels) in the compartments of enclosure E one year after stocking.
compartment
E1 small stock
E2 large stock
E3 small stock
E4 large stock
Whole
enclosure

starting condition
(Sep 2004)
no substrate
no substrate
substrate of cockles
substrate of cockles

percentage living shells
(Sep 2005)
16
57
57
67
48
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percentage living shells
(Sep 2006)
2
28
29
18
19

4.2 Outside the lake
It’s useful to follow the effects of the most important external factors influencing the lake’s water. For
Friesland as a whole that are, beside the inflowing water from Lake IJsselmeer in summertime,
discharges of effluent of the wwtp’s and discharges of superfluous water from the regional drainage
basins (polders and upstream areas). For Lake Leijen attention is focused on the wwtp of Drachten
and on agricultural activities in the local catchment. Polder De Putten and two selected farmyards are
supposed to be representative for these external pressures.

4.2.1 Constructed wetland in polder De Putten
Water quality in this polder was analysed from 1995 to 2001 as part of an extensive measuring
programme. Polder De Putten was one of 25 smaller drainage basins in a provincial monitoring
programme. The inflow locations (nr.s 450, 451, 452, and 453) and the polder water just in front of the
pumping engine (449) were sampled for physico-chemical analyses [Oranjewoud 2004]. Average total
phosphorus concentration at the discharge location was 0.25 mg/l, with a maximum of 0.97 mg/l in late
winter 1995. No trend could be detected. Mean total nitrogen concentration was 5.09 mg/l at this
location 449, with a maximum of 20.94 mg/l (winter 1995-1996). All winter maxima for nitrogen were
higher than 6 mg/l. The concentrations of the major ions (Na, K, Ca, Mg, Cl, SO4 and HCO3) showed a
strong ground water Ca-HCO3 character of the discharged water by the pumping engine (nr. 449).
This lithotrophic water indicates upward ground water seepage in the polder. A remarkable difference
was found for suspended matter in the inflowing water (450) from the Lits and the polder discharge
point (449), namely 33 mg/l and 18 mg/l in average, respectively.
After realising the constructed wetland in spring 2004 some more sampling stations (928, 1005 and
1006 all unchanged ditches) located a little upward of 449 (widened ditch) were added to this
programme (see figure 19 for the locations of the sampling stations). Additional to the physicochemical water analyses, monitoring of macrophytes and macro-invertebrates were added to the
programme too.
The sampling stations are given in figure 19, while some preliminary results have been presented in
figure 20 for chloride, total nitrogen and total phosphorus, respectively. The results of polder De Putten
are compared to the water quality in Lake Leijen (nr. 45 open water). In summer the concentrations of
nutrients in the lake and in the polder are of comparable values, probably because of inflow of water
from the main water system into the polder. The winter situation is different. From September to
November the values in the polder water exceed that of the lake, while in January to March it’s round
the other way. These seasonal differences are more pronounced for nitrogen than for phosphorus. So
in polder De Putten most run off of nutrients seems to happen in autumn, caused by leaching through
rain water. In spring ground water from upward seepage, which has not deteriorated, is discharged to
Lake Leijen.

Figure 19. The main ditches in polder De Putten with the sampling stations for water quality
monitoring.
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Figure 20. Chloride, nitrogen and phosphorus concentrations from four sampling stations (nr.s 449,
928, 1005 and 1006) in polder De Putten, compared to the concentrations in Lake Leijen (nr. 45) in the
period 2004-2006.
Macrophytes were described annually at four locations in July of 2004 to 2006. The differences
between the locations and between both years is rather large for submerged and floating vegetation,
indicating not yet stabilized conditions after widening the ditches and planting Reed at the shallow
margins of the reshaped ditches. There is a decrease in submerged and floating vegetation at the
stations 1005 and 1006, while there is an increase in the submerged vegetation at the locations 928
and 449. These shifts in submerged vegetation can mainly be attributed to Elodea nuttallii.
Potamogeton trichoides, as a pioneer, decreased sharply from 2004 to 2005. Reed decreases slightly
form 2004 to 2005. In table 17 the percentages of cover of the different layers is presented.
Table 17. The percentages of cover (%) of vegetation in the four ditches in polder De Putten for 2004
to 2006.
Sampling
station
Vegetation
layer
flab
submerged
floating
emerged
total

449
July
04
4
20
3
20
43

928
July
05
40
95
3
2
98

July
06
5
80
5
20
100

July
04
50
20
1
10
20

1005
July
05
40
51
1
1
51

July
06
0
5
1
<1
5

July
04
5
90
15
20
90

1006
July
05
0
6
5
1
6

July
06
0
95
80
1
100

July
04
0
70
30
1
70

July
05
0
12
1
2
12

July
06
0
5
2
1
5

The macro-invertebrates were sampled in June 2004 and April 2005. The number of species is high
and typical for vegetated ditches in peaty areas. Because of different sampling dates in both years the
number of species, as well as the number of individuals was less in 2005 compared to 2004, except
for nr. 449. Here the number of species increased a little, but the number of individuals tripled.
Tubificidae, Crangonyx pseudogracilis, Ceanis robusta and Cloeon dipterum contributed to these high
numbers in 2005 compared to 2004.
This monitoring programme will be continued for some years, as it is not known whether the
constructed wetland has stabilised yet. An already detected advantage of the CW is manifested in the
increased storage capacity for water in the polder, resulting in a less frequent starting up of the pumps.
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4.2.2 Effluent quality of waste-water treatment plant Drachten
Some recent data of the effluent of the wwtp are presented in table 18. The concentrations of nitrogen
and phosphorus in the effluent are high, although from 2002 the P concentration decreased and the
elimination percentage increased (from 55 to 72 %). The effluent concentrations are still a factor 10
higher than the ongoing Dutch minimum surface water quality standards of 2.2 mgN/l and 0.15 mgP/l.
It’s clear that further improvement of the treatment process is necessary to reach WFD goals and to
reduce eutrophication of Lake Leijen.
Table 18. Effluent quality and treatment results of the wwtp Drachten for the period 2000 to 2003.
load of the
wwtp
treated water
load
effluent
volume flow
total N
total P
suspended
matter
reduction
N elimination
P elimination

2000

2001

2002

2003

3

8,102,766
63,948

8,153,797
57,955

7,794,415
71,863

6,662,073
73,595

m /d
mg/l
mg/l
mg/l

3

22,118
19.6
1.7
11.9

19,141
20.7
1.9
10.3

19,436
20.9
1.2
18.0

16,910
26.2
1.5
22.4

%
%

32
56

27
55

31
72

30
72

m /y
p.e. BOD

In 2005 and 2006 the wwtp is enlarged and upgraded. When compared to the old wwtp in Drachten,
®
the new BCFS plant will be able to reduce the load of nitrogen and phosphate to the surface water
with respectively 60% and 10% (table 19). Introduction of the online measurement equipment and iron
dosing for P-removal should increase the reduction of nitrogen and phosphate into the surface water
to 68% and 55%, respectively. The new treatment conditions will be reached from January 2007, after
a period of start-up and adaptation of the new process.
Table 19. Effluent data of wwtp Drachten in 2004 and expectations after upgrading of the plant.
Type
installation

of

Effluent N
Effluent P
FeCl3 use
N load to surface
water
P load to surface
water

mg/l
mg/l
metric ton/yr
€/yr
metric ton/year
metric ton/year

untill 2004
Oxydation bed

from January 2007
®
BCFS
without
online N and P
measurement

25
1.1
300
€ 50,000

< 10
<1
0

®

BCFS
including
online N and P
measurement and
iron dosing
<8
< 0.5
200
€ 33,000

204

82

65

9

8

4

4.2.3 Zero discharges from two farms
A closer investigation of pollution by farmyard’s ground took place in the province of Flevoland in 1999
and 2000 [Water Board Flevoland, 2002]. This and additional research of the influence of polluted
drain water from farmyards showed extremely high concentrations of various substances, as COD,
nitrogen and phosphorus [Anonymous, 2003]. Concentrations differ for polluted water, caused by
(dilution of) leakage water form fodder storages, cattle vulture, liquid manure, cattle manure, pigs
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manure, chicken manure, and so on. However, all concentrations of suspended matter, oxygen
consuming substances and nutrients are enormous.
Two farmyards in the drainage basin of the lake were selected for executing measures to reduce the
discharges of waste water to surface water from farmyard’s ground. These are:
• Dairy farm – Family F. Algra – Zwarteweg 8 in Oostermeer
• Dairy farm – Company J. de Boer – Goudberch 4 in Drachtstercompagnie
At the business of family Algra a number of measures are taken. Firstly various parts of the buildings
2
2
and ground are disconnected form direct discharges to surface water: 350 m of roof area, 100 m of
2
2
paths, 400 m storage area for fodder and 50 m of wet cleaning area. Additionally a treatment facility
3
(capacity of 2,500 m /y) was installed, comparable with a stand alone waste-water treatment system
3
(IBA class III according to Dutch standards), followed by a buffer tank (100 m ). Superfluous water
from this buffer tank is discharged to surface water. Treated waste water is partly used for cleaning
machines. Water quality monitoring took place in 2005 by the Healthcare organisation for Domestic
Animals in Deventer. The effluent seemed to be unsuitable as drinking water for cattle. A NOLIMP
leaflet was made for communication and supporting participation.
At the dairy farm of firm De Boer in Drachtstercompagnie measures are also taken to reduce the load
of polluted water. Gutters are attached to the roofs and rain water from these roofs is diverted
separately to surface water. It was possible to reduce the ‘polluted farmyard’s ground’ by shortening
3
the tracks of manure and fodder transport. Rain water from this (paved) area is drained into a 20 m
buffer tank. Heavier suspended solids can settle here. Overflowing waste water is treated in an agri2
wadi. This 125 m wadi is dimensioned for a high hydraulic load and strongly reduced rest pollution.
Both the systems were built in 2004. The investigations showed an attainable emission reduction of 50
to 70 % for nutrients, if all commonplace and sustainable measures are taken. Working according to
the code of ‘Good Agricultural Practising’ (or ‘Good House Keeping’, see paragraph 3.1.3) is a
precondition to reach this level. If treatment facilities are added emission reduction percentages up to
90 % seems to be attainable. No water quality monitoring took place yet. It is strongly advised to
monitor the water quality of rest flows of polluted water of these two farmyards. From September 2006
a first monitoring programme will start at F. Algra’s farm. An expert workshop on treatment facilities
took place in Norway in March 2006.
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5. Ecosystem synthesis
In general a hierarchical sequence of processes and patterns can be distinguished to describe
(aquatic) ecosystems. These factors are climate, morphology, hydrology, chemistry, and biology,
respectively, where a first mentioned factor is dominant to the next one. Another sequence worth
mentioning is that of important events happened in the past. Relevant for Lake Leijen is the formation
of a depression by ice pressure (10,000 years before), peat formation (between 10,000 and 5,000
years before), dry excavation of peat (between 1250 and 1700 A.D.), wet excavation of peat (between
1750 and 1850 A.D.), agricultural settlements (from 1800 onwards), reclamation of fringe wetlands
(from 1900 onwards) and water table regulation (from 1920 onwards), respectively. The present day
situation is a result of all these factors and influences, combined with recent uses of the area by men.

5.1 Abiotic characterisation
Lake Leijen can be characterised as a small, shallow and soft bottomed lake. Wind and wave actions
have a big influence on water circulation and on disturbances of the bottom top layer (and
consequently on turbidity and transparency of the water). The lake is in open connection to other
lakes, as well as connected to adjacent polders and upland areas. Water transport through the lake is
large related to its water volume, resulting in short retention times. The input of nutrients, with high
loads, determines the aquatic ecosystem. Eutrophication is the main environmental pressure on the
lake’s ecosystem. The actual situation can be characterized as a ‘turbid water phase’, according to
Scheffer [1998]. Submerged water plants are absent. Algae and coarse fish dominate the aquatic
ecosystem (see paragraph 5.2). Transparency meets only 30 to 50 cm.
processes

SHORE
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pollution
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shore profile

transparency
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Figure 21. Schematic view of processes, patterns and groups of species of a lake [adapted to
AquaSense / Grontmij, 2006b].
The main processes, patterns and species (reported in this document) are presented in figure 21.
Water level fluctuation determines, e.g., the spatial patterns of open water, fringe wetlands and dry
land. The width of the inundation zone determines in his turn the habitat for marshland birds, water
reed and small semi-aquatic mammals. The actual water level fluctuation is nil, as described in
paragraph 2.4. The professional fisheries (till 2006 only on eel), as well as the recreational pressure on
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the lake (although fairly increased since the 1950’s [Joustra, 1953], seems to be of minor importance.
Monitoring of recreational pressure on the lake was executed in 2004-2005, as a so-called zero-status
monitoring [Van Beveren, 2006]. This makes it possible to repeat this monitoring program after some
years, to look at changes because of improved facilities for tourists and recreating people.

5.2 Biological characterisation
A review report (NOLIMP code 4A) was made to describe the ecological status of the present
situation, before measures were taken [AquaSense, 2006b]. Ecological data from FWA, the province
and the State Forestry and Nature Service were combined, and were completed by the recently
collected data in the NOLIMP project on vegetation (paragraph 4.1.3), dragonflies (paragraph 4.1.4)
and small mammals (paragraph 4.1.5). It’s tried to make a coherent description and characterization of
the lake, in the context of lake’s hydrological and morphological constellation [Wessels et al., in press].
The overall in- and outflow regime of the main water system control the in- and outflow of water and
nutrients of the lake. Outflow from the surrounding polders also form an important part of the inflow in
winter. Surface water quality is worse. Concentrations of nutrients and algae are too high, the lake is
strongly eutrophicated. Eutrophication leads to a dominance of blue-green algae in the lake, while
submerged water plants are absent. The food web is disturbed and low in species diversity. Bream
dominates the fish community, and many other fish species are absent or present only in low
numbers. Algae grazing species, like Daphnia, are hardly present. They are suppressed by the large
Bream community, which is stimulated by the lack of hiding places for zooplankton and piscivorous
fish, because of the absence of water plants (see figure 22). Micro-contaminants are no problem for
the ecological functioning (see paragraph 4.1.10).

Figure 22. Schematic food web structure of Lake Leijen for the WFD-goal (left) and for the present
day situation (right) [adapted to AquaSense, 2006b].
The riparian zone is relatively large and consists mainly of reed lands. However, the reed lands are
species poor, not many other marsh plant species are present. Therefore, the fauna is also relatively
poor in species composition. Not many interesting macro-invertebrate and dragonfly species were
found. Water shrew was present, but only in low numbers; Root vole not at all. The main problem here
is the fixed water level. This prevents the periodic inundation of the riparian zone, what is essential for
species rich marsh vegetation and related fauna.
The measures in the NOLIMP project and the Frisian Lakes project will most likely have noticeable
positive effects on surface water quality. Because of the combination of different types of measures,
there is a real chance on the restoration of a clear water system with submerged water plants. The
most important factor is the reduction of nutrients. The measures will most likely not have an effect on
the riparian zone, because the limiting factor here is the fixed water level, which will stay fixed.
Continuation of monitoring of water chemistry, algae, vegetation, macro-invertebrates, fishes,
dragonflies and mammals will make it possible to follow the effects of the measures token (see
paragraph 7.1).
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5.3 Relationships between steering factors and biological response
Water quality and ecosystem condition of Lake Leijen are a result of many steering and conditional
factors. Most important are:
• High nutrient loads and high nutrient concentrations in the lake;
• Fixed water table and wind and wave stress.
The result is a bottom up induced (by nutrients) and top down controlled (by coarse fish, mainly
Bream) eutrophic ecosystem, given the shallowness of the lake. The helophyte shore vegetation is
pushed back to a small ridge. The self purification capacity, e.g. by denitrification, is as a consequence
limited.
Knowing these steering factors, most measures taken in and around Lake Leijen in this restoration
project are focused on:
• Lowering the nutrient loads into the lake (paragraphs 3.1.1 to 3.1.5 and 3.2.1);
• Reducing the influences of wind on disturbing the lake’s bottom layer and the shores
(paragraphs 3.2.2, 3.2.4 and 3.2.5);
• Adapting the aquatic ecosystem by shock therapy, trying to speed up a system switch from a
stable turbid to a stable clear water phase (paragraphs 3.2.2 and 3.2.3).

5.4 Water quality modelling
FWA uses for studies of the Frisian lakes system a model, called SOBEK. This model is mainly used
for calculations of water levels and water flows for predictive (scenario) studies, e.g. related to climate
change. A schematic abstract of the whole lakes system, with branches and nodal points, forms the
basis of the model. In- and output locations of water flows are added truthfully through the whole
system. The outer borders of the model are formed by the borders of the Frisian lakes district, which
are Lake IJsselmeer, Lake Lauwersmeer and the Wadden Sea at the western and northern side, and
upland areas at the southern and eastern side. It’s also possible to model substances, regarding them
as inert material, by magnification water volumes with concentrations of the regarded substances. For
chloride this fits quite well. A first attempt was also done with total phosphorus and total nitrogen [Kuin
& Icke, 2002; Claassen, 2004], although that’s not correct in fact. These nutrients show biochemical
and biological reactions and interactions with the aquatic community.
Related to eutrophication it is necessary to use the water quality version of the model. Loads and
concentrations of phosphorus and nitrogen are liable to numerous not linear processes, like fixation,
absorption, sedimentation, resuspension, transport and biological uptake and release. The water
quality module of SOBEK Channel Flows has been used to imitate the actual situation of Lake Leijen,
as well as to simulate induced measures. It was necessary to detail the model abstraction of Lake
Leijen by adding branches and nodal points in the lake (see figure 23). This hydrologic model was built
to analyse and present water movements within the water body. The year 2004 is used as a reference,
because of the availability of many water quality data from this year [Wetterskip Fryslân, 2005].

WWTP

Figure 23. The 2D schematisation of Lake Leijen with adjacent drainage basins and wwtp Drachten.

45

Visualisation of the main sources, which discharge into the lake, gives deep insight in the various
fractions of the total water flow and flow of substances. This is important to know, regarding nutrient
reduction measures. The water from the main lakes system (entering Lake Leijen from the south)
forms the main flow year-round, as shown in figure 24, compare with paragraph 2.4. Only in summer
there is a moderate northern inflow too. The surrounding polders and upland areas discharge mainly in
winter superfluous water to the lake. The amount of water, discharged by the wwtp Drachten is of
minor importance.
WWTP
precipitation
Frisian main water system
(watermovements to the south)

Frisian main water system
(watermovements to the north)
polders

polders

Figure 24. Fraction calculations with SOBEK Channel Flow of water flows for Lake Leijen (reference
year 2004).
Next the SOBEK Water Quality module was added to the fitted and calibrated hydrological model, with
2004 data as a reference. Every fraction of water is linked to a real concentration of substances or
parameter values. This was done for the nutrients phosphorus and nitrogen (and their derivates),
carbon, silicium, chloride, suspended matter, oxygen, as well as for diatoms and ‘other algae’. A set of
water quality processes, especially nutrient cycles, are switched on.
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Figure 25. Scenario calculation of an induced zero discharge of nitrogen from the wwtp Drachten,
related to the reference concentrations in Lake Leijen (2004).
Model simulations, in fact scenario calculations based on active transport of substances and water
quality processes, are made for nutrient reductions, related to separate and combined packages of
measures. The nutrient concentrations of the effluent of the wwtp Drachten are levelled down to zero
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to regard their maximum effect on Lake Leijen. In figure 25 the result is given for total nitrogen, which
shows a decrease of the N concentration in the lake of about 1 mg/l. The phosphorus concentrations
(not presented here) are in this scenario 0.1 mg/l lower in summer.
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Another scenario was related to nutrient reductions from the surrounding polders. The discharged
nutrient concentrations were lowered fictively with 5 %, 10 % and 50 %, respectively in three separate
runs. In figure 26 the results are shown, related to the reference situation (2004). The most
pronounced effect during the year happens in periods with much rain when larger amounts of water
are discharged to the lake. So measures to reduce the nutrient contribution form the adjacent polders
are most reliable in the wetter months (August to February, with emphasis on autumn for phosphorus
and late winter for nitrogen).
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Figure 26. Scenario calculations of an induced reduced discharge (5 %, 10% and 50 %, respectively)
of phosphorus and nitrogen from the surrounding polders, related to the reference concentrations in
Lake Leijen (2004).
The used model gives a good insight in hydrological and physico-chemical processes in Lake Leijen,
related to reduced discharges. However, results should be linked to their effects on algae, macroinvertebrates, water plants and fishes as being the main WFD target groups. Other measures, like
biomanipulation and improved conditions for shore vegetation, which have an indirect effect on
nutrient concentrations, are hard to model with SOBEK Water Quality. A more ecologically based
model, like PCLake [Janse, 2005], should probably be more suitable. Moreover, related to the WFD
it’s useful to make a survey of these kinds of models too.
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6. Water Framework Directive relationships and implications
6.1 Quick-scan
Up to this moment most preparatory work for implementation of the WFD has been done by the
national government, the provinces and the water boards. Regional organisations, such as
municipalities and social organisations concerned with agriculture, recreation and nature protection,
have hardly been involved in the process of implementation at all. However, these regional
organisations should also be involved and take part in the discussion about the WFD, especially with
regards to the process of formulation of goals and measures. Such goals and measures should be
described as precisely as possible in the river basin management plan, which should be adopted in
2009.
FWA decided in early 2005 to start up a WFD quick scan project. In this project some ongoing
activities were analysed and screened either to see if they are WFD proof or not. This discussion also
took place with regional organisations. Overall experiences with this quick scan pilot project were
reported in 2005 [FWA, 2005]. Five ongoing projects were selected. Four of which were dealt with in
general by means of open discussions. The fifth project, Lake Leijen, was screened more thoroughly.
Focal point of this part of the study was the formation of water quality goals for Lake Leijen. This was
done according to the Dutch manual for the formulation of ecological targets of non-natural waters.
This manual has 14 successive steps. With regard to this project the first 11 steps have been passed
through. A final report was published at the end of 2005 [AquaSense, 2005]. The three final steps of
assessing the actual situation compared with the goals, setting a programme of measures and
checking the (social) feasibility were omitted. For a preliminary description of the ecological water
quality goals see paragraph 6.2.
The ‘good ecological situation’ for natural waters was described in 2004 [STOWA, 2004]. However, for
heavily modified and artificial waters the goals still have to be derived. As a heavily modified water
body, Lake Leijen can be compared with natural ‘shallow buffered lakes of moderate size’ [STOWA,
2004]. As a consequence of irreversible measures from the past the ‘good ecological situation’ can be
adapted to the ‘maximum ecological potential’. This maximum ecological potential in its turn is the
starting point for the formulation of goals, defined as ‘good ecological potential’. The latter should be
reached no later than 2015.
One of the first steps was to describe the borders of Lake Leijen, defining the demarcation of the water
body. The following step was the characterisation of the lake as ‘heavily modified’. The ‘most equal
natural water type’ is type M14, shallow buffered lakes of moderate size [STOWA, 2004]. So goals can
be derived from the description of M14. Ten hydro-morphological adaptations from the past have been
summed up for Lake Leijen. Next the ecological consequences of these hydro-morphological
adaptations on the various groups of organisms have been described. Knowing that most of the hydromorphological adaptations are irreversible, the good ecological potential (as the goal to reach in 2015)
can be formulated, once you have the maximum ecological potential (as a reference for heavily
modified waters).
The ‘maximum ecological potential’, as well as the ‘good ecological potential’ depend strongly on
mitigating measures. This is in order to decrease the gap between the ‘good ecological situation’ of
natural waters and the ‘maximum ecological potential’ of heavily modified waters. In general these
mitigating measures are linked to the feasibility of realising an amplitude of seasonal water level
fluctuations. So, six different levels or ambitions of mitigating measures (with decreasing ambitions)
have been formulated for Lake Leijen. As a consequence six different situations or levels of ‘maximum
ecological potential’ and of ‘good ecological potential’ were also formulated (see table 20). These
goals are described as derivations (in percentages) for phytoplankton, macrophytes and fishes. For
the quality items phytoplankton and aquatic vegetation the good ecological potential is equal to the
good ecological situation. For the shore vegetation the GEP is assumed to be 80 % of the GES. The
figures for fish are a result of mathematical rules related to aquatic and shore vegetation. It was not
possible to include macro-invertebrates, because of limited data.
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Table 20. The good ecological potential for six levels of mitigating packages of measures for
phytoplankton, macrophytes and fishes (according to [AquaSense, 2005]).
Shore
Fish
Fish
Phyto-plankton Aquatic vegetation vegetation Bream limnophylic
>0,8%
<31%
>22%
1 fixed water level
<30 µg/l
>25%
2 fixed water level + additional
>8%
<27%
>33%
measures
<30 µg/l
>25%
>3,2%
<29%
>27%
3 summer water table – 0.3 m
<30 µg/l
>25%
4 summer water table – 0.3 m +
>8%
<27%
>33%
additional measures
<30 µg/l
>25%
5 damage because of water
>1,2%
<31%
>24%
level
<30 µg/l
>25%
6 damage because of water
>8%
<27%
>33%
level + additional measures
<30 µg/l
>25%
Package of measures

Lastly the good ecological potential as described for the six levels of ambition has been compared with
the actual situation. This shows that the actual situation is far below the good ecological potential.
Thus measures have to be realised to reach the good ecological potential in 2015 (or in 2027, for
which this date should be postponed with two six year-periods).
There are three main reasons why the actual situation deviates negatively from the good ecological
potential (WFD goals). So measures should be directed to these three factors (see also paragraph
5.3):
• Improving the morphological conditions (realising inundation zones in the shoreline and more
sloping profile at the land-water margin);
• Reducing the nutrient loads to the lake;
• Reducing the turbulence of the water column and as a result minimizing the turbidity of the
water.

6.2 Water quality goals
Formulation of water quality standards, especially for heavily modified and artificial water bodies, is a
hard task. An expert workshop on water quality criteria in Norway in October 2003 showed this
dilemma. Most NOLIMP partners were in want of goals for their pilot water bodies. Beside
(inter)national discussions, a pilot was done for Lake Leijen, as a try out for this lake and other water
bodies. The outcome of the WFD analysis, as a quick scan [AquaSense, 2005], results in nomination
of the lake as ‘heavily modified’. So water quality goals have to be derived from the natural status of
2
lakes, in this case type M14: shallow (less than 3 m deep), medium-large (less then 100 km ) buffered
(alkalinity between 1 – 4 meq/l) lakes, according to STOWA [2004]. This situation is indicated as the
‘good ecological situation’.
The goals (as ‘good ecological potential’) for heavily modified waters may only slightly deviate from the
natural situation. In this case it is very slightly indeed, because Lake Leijen has been defined as ‘water
for nature’ in the provincial Policy Document on Water Management and as a core area in the National
Ecological Network. The description of water quality goals in STOWA [2004] forms a useful source to
derive the location specific water quality targets. The Ecological Management Programme [Grontmij
1997] is another useful report. Joustra [1953] described the aquatic vegetation in the past, before
eutrophication had changed the ecosystem dramatically.
A short description of the reference situation of natural lakes of type M14 is given in STOWA [2004] for
hydrology, structure, chemistry and biology. Related to the biology three conditions are possible: an
oligotrophic, a mesotrophic and an eutrophic one. Most common for Dutch circumstances were
mesotrophic lakes. So the description of the reference situation for natural water is based on this
intermediate type. Most striking is perhaps the reference description for macrophytes in these lakes:
“Submerged water plants have an important function in this water type. Mainly Pondweeds and
Stoneworts cover nearly the whole bottom of the lakes. The lake’s shoreline is covered with a wide
margin of typical shoreline species, in which Reed is important. Species with floating leaves can be

49

found in the shallow margins in the lee side of the lake. This vegetation changes to submerged
vegetation if the water gets deeper”. The fish stock can be characterised as Rudd - Pike or as Pike –
Roach types for lakes low or intermediate in phosphorus concentrations, respectively.
The present day situation is far from this reference condition. Submerged vegetation is absent and the
vegetated shoreline zone is (very) small in many places. The fish-population is dominated by Bream
and the fish stock is characterised as Roach - Bream type. For Lake Leijen the WFD targets can,
roughly spoken, be defined on a 75 % level of the targets for natural lakes.
The reference condition of type M14 is given in [STOWA, 2004]. Based on this the suitable ‘Good
Ecological Situation’ (GES) should be reached in 2015 for natural lakes. For lakes which are heavily
modified or artificial the Maximum Ecological Potential (MEP) has to be derived from the GES. Again,
based on suitability the ‘Good Ecological Potential’ (GEP) is derived from the MEP. For Lake Leijen
this GEP has to be reached in 2015.

6.3 Cost effectiveness analysis
Cost effectiveness analyses play an important role as a support system for making decisions in the
scope of the WFD. It’s especially useful for selecting the most cost effective measures to improve
water quality and to reach the WFD goals. Moreover the WFD prescribes cost effectiveness analysis
(CEA) as a compulsory instrument linked with the WFD implementation and activities. A CEA was set
up (NOLIMP code 5B), realised and reported in 2005 [Van Engelen, 2005]. It’s worth mentioning
beforehand that nearly all measures which have been or will be taken in and around Lake Leijen were
chosen before 2005, in fact at the start of the NOLIMP-project in 2003. So in this case the results of
the CEA must be seen as a useful experience rather than as a guiding instrument for selecting the
measures. However, the packages of measures chosen in 2003 can be compared with the results of
the CEA from 2005. Furthermore the outcomes of the study can be used to assess whether the
current measures are in the package with the lowest costs for society, which is the general aim of cost
effectiveness analyses.
The CEA for Lake Leijen was carried out along the lines of the German handbook of 2003
Basic principles for selecting the most cost-effective combinations of measures for inclusion in the
programme of measures as described in article 11 of the Water Framework Directive. The
methodology presented in the handbook necessitates the use of a panel of experts consisting of
aquatic biologists and ecologists. The experts draw up an extensive list of possible measures for the
water body, based on ‘pressure types and polluters’. They then select the most effective measures
from the list, combine these measures and assess their combined ecological effectiveness. The most
effective combinations are then used to form packages of measures, which have the potential to attain
the desired water quality for the water body in question. Finally these packages are characterised in
terms of their ecological effectiveness, the time it will take for the effects to be attained and the
probability that the goals for the WFD will be reached. The direct and indirect costs of implementing
the packages of measures are also calculated and, together with the ecological parameters, this
provides enough information to compare the packages and identify the most cost-effective programme
of measures. A workshop was organised in the middle of March 2005. Four experts (from the water
board and the province) attended this meeting, at which the actual assessment took place. The
situation of Lake Leijen in 2000, preceding the NOLIMP project, was chosen as starting-point.
The study shows that it is possible to use the methodology developed in Germany to arrive at a CEA,
suitable for decision-making for a water body such as Lake Leijen. The panel of four experts that
carried out the CEA for the Leijen reduced a list of 33 potential measures to a list of eleven most
effective measures. After combining these measures and assessing their combined ecological
effectivity, five packages of measures were formed (see table 21). At the water body level, the most
cost-effective programme of measures to improve the water quality of Lake Leijen, proved to be a
combination of dredging of the sediment in the lake, extension of the banks of the lake, elimination of
Bream and the construction of wetlands (CW) for water entering the lake (see table 21).
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Table 21. The five most effective combinations and programmes of measures for Lake Leijen with
estimated ecological effectiveness and costs, and the final ordering by the CEA.
Combination
of
two Additional
measures
measures

Goals
attained
2015

by Ecological
effectiveness

Direct
costs
(€)

Sequence
of
preference

wwtp
+ biomanipulation + highly
sediment trap
projection banks
probable

very good

wwtp + r.o. biomanipulation
fertilisation
water plants

probable

15,
moderate/good Mln

improbable

very
moderate (risk) high

5

highly
probable

good

1

improbable

moderate (risk) 0,2 Mln

+

extensivation of
land use + CW cleaning of polder
inflowing water water
biomanipulation +
projection banks +
dredging + CW cleaning of polder
inflowing water water
sediment trap +
water plants
biomanipulation

16,7 Mln 2

5 Mln

8
3

4

The strength of the German methodology lies in the ease with which it can be applied. Quantification
of the effects of measures is not necessary and the steps of the methodology can be carried out
thoroughly within one day, although preparations beforehand are necessary. Other advantages of the
methodology are the possibility of combining source and system orientated measures, as well as the
possibility of incorporating synergy effects, delayed effects and multiple effects of measures. The main
disadvantage or weakness of the methodology relates to the dependence on the judgement of
experts. Both the numbers of experts, as well as their knowledge of the potential measures, the water
body in question and the surrounding area affect the reliability of the results obtained with this
methodology. Moreover, the large tables to be completed and the crude scales to be used do not
make it easier for the experts to remain consistent. Another drawback is the fact that measures can be
proposed and selected (although ecologically effective), which have little political and societal support.
Nevertheless the methodology appears to be very suitable for quick and relatively cheap analyses to
support decision making with regard to cost-effective investments for improving the quality of the water
of individual water bodies. However, due to the qualitative nature of the methodology it is doubtful
whether the outcomes of the analyses for individual water bodies can also be used for CEA at the
(sub) river basin level.
The practical conclusions following from this study for the management of Lake Leijen have to be
drawn with great care [Claassen, 2006]. The study shows that at the water body level the most costeffective programme of measures to improve the water quality of Lake Leijen is a combination of
dredging, extension of the banks of the lake, elimination of Bream and the construction of wetlands for
the water entering the lake [Van Engelen, 2005]. The foundation of the current package of NOLIMP
measures that is being implemented for the lake is formed by the elimination of Bream and the
expansion and renovation of the waste-water treatment plant (wwtp) in Drachten and is at least three
times more expensive. Hence it is tempting to conclude that currently no cost-effective programme of
measures is being implemented for Lake Leijen. However, such a conclusion would be premature for
several reasons. Firstly, the expansion and renovation serves a much broader set of goals than the
improvement of water quality of Lake Leijen. The high investment costs for the renovation and
expansion of the wwtp can only be partially attributed to the desire to reduce nutrient emissions to the
environment. Secondly, the WFD requires that decisions regarding cost-effectiveness are taken at the
level of the (sub) river basin. Only after the effects of the renovation and expansion of the wwtp
Drachten have been considered for all affected adjacent water bodies, can the conclusion be drawn
whether the investments in the wwtp lead to a cost-effective solution for all water bodies in the (sub)
river basin. Thirdly, it is not sure that the proposed packages of measures in the CEA will result in the
WFD goals being reached in time, as there has been no check by e.g. modelling, or that the measures
are feasible socially or governmentally. Finally it is mentioned that the EU-NOLIMP project provides
the opportunity of realising so-called experimental measures. These are measures which have neither
been realised before, nor at a scale or at a location as occurs now in Lake Leijen.
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The study shows that the elimination of Bream and the expansion and renovation of the wwtp are
insufficient to reach the desired targets for the WFD. Therefore both these measures have to be
supplemented with additional measures to arrive at the desired targets for the WFD within the
directive’s timeframe. The cheapest option seems to be to supplement the current package of
measures with ‘requirement orientated (r.o.) fertilisation’ and with the large scale introduction of
submerged water plants. It would be more expensive, but also ecologically more effective to
supplement the current package of measures by digging a pit as a sediment trap and protecting of the
banks of the lake. As already mentioned, there is no support for such a deep pit in the lake from the
State Forestry Service. The success of a large scale introduction of submerged water plants is still
doubtful, considering the experience gained with enclosures (see paragraphs 3.2.2 and 4.1.11).
Before taking up these recommendations it is important to note that the CEA for Lake Leijen was
carried out with a small number of experts within a relatively short session of only half a day.
Furthermore no control panel has been used to evaluate the results of the study. Combined with the
general criticism of the methodology this calls for a cautious approach in applying the
recommendations formulated in this CEA. In conclusion: the approach using the German method is
easy, cheap, quick and effective; however, a check should be added for the (ecological and social)
feasibility of the measures.
An international NOLIMP workshop on decision-making under the EU-WFD was held in Fryslân, The
Netherlands on 10 and 11 May 2005. All participating NOLIMP partners presented their approach of
CEA, applied to their own pilot water body. The differences in approaches and in making a CEA were
very pronounced. So more standardisation within European countries is advisable, focused on more
comparable results of CEA.

7. Follow up
In the period 2002 to 2006 Lake Leijen has been the focal point for measures, monitoring and socialpolitical attention. This was the completion of restoration and rehabilitation plans from the recent past.
However, real lessons can be learned if water quality of this lake will also be followed precisely in
future.

7.1 Monitoring
Within the lake
In the period 2002 to 2006 a large number of projects related water quality monitoring programmes
have been set up (see annex III). From 2007 onwards it is advised to combine the various research
questions in one overall monitoring programme as much as possible. Main focal point is the water
quality in Lake Leijen, which have to be described in time and space. The requirements of the WFD
should be the basis for such a programme. All the various groups of (physico-chemical and biological)
parameters should be monitored annually, even if that’s not necessary according to the WFD, to follow
and describe (changes in) water quality. At least the following groups of parameters and groups of
organisms have to be monitored annually for the next three years (2007 to 2009): chloride, nutrients,
transparency, algae, macrophytes, fishes, and for the WFD assessment macro-invertebrates also.
Looking at the results of ecotoxicity tests (see paragraph 4.1.10) it’s not necessary to continue these
measurements.
The influence on surface water quality of the (flushed waste water of the) new-placed stand alone
toilet(s) at the new island(s) should be monitored.
A repetitive frequency of five years seems to be sufficient for the nature monitoring as was done in
2003 (integrated monitoring of the vegetation), 2004 (dragonflies) and 2005 (mice and bats). A
suitable period should be 2008, 2009 and 2010, respectively. The earlier used methodologies have to
repeat as much as possible to compare the various results obtained.
Outside the lake
Special attention has to be given to the maintenance of the widened ditches in polder De Putten.
Normally the aquatic vegetation is removed before the first of November every year. Maybe this
cleaning of the waterways can be postponed to early spring. Water quality monitoring should run to
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2009 also. At two farmyards (in Oostermeer and in Drachtstercompagnie) emission reduction
measures are realised. It’s useful to do some water quality monitoring of the rest flows of polluted
water, to support the arguments and discussions about ‘Good Agricultural Practises’ and about
attainable, suitable and effective measures, reducing water pollution from agriculture.
Ground water
Information and analyses of ground water (quality) is still a missing link. This aspect should given
attention in a follow up of setting WFD goals and, if necessary, in measures to be taken to reach these
goals.
Recreational pressure
The kind and intensity of (passing) boats must also be monitored, because of increased and improved
facilities for water recreation in the Frisian main water system in general and the Lits-Lauwersmeer
route in special. This should be done as a follow up of the zero monitoring in 2004 and 2005 [Van
Beveren, 2006].
Additional research
Two aspects of water quality related subjects have been neglected so far in this NOLIMP project.
Firstly, it’s unknown which factor is the limiting factor for algae growth in Lake Leijen. Focused on
nutrients, that can be phosphorus or nitrogen. However, a shift during the season is possible too, as
well as both can be limiting simultaneously. Algal growth potential tests, as carried out elsewhere in
Friesland [Bolier, 1994], are an essential element in eutrophication control. Secondly, attention has to
be focused on buffer zones alongside ditches and canals in the agricultural areas to reduce losses of
nutrients and suspended solids. Earlier studies and experiences elsewhere [Dillaha, 1989; Braskerud,
2005] are promising.

7.2 Measures
In the period 2002 to 2006 a series of more than 10 measures are realised inside and outside the lake
(see table 2). Many of the measure interfere. Many of these measures interact with the nutrient
regimes in the lake and with the biological structures and food webs in the lake. Consequences can be
a shift in species composition and in abundances of species, as well as changes in food web
structures and in the food pyramid in time. This time gap can be large(r), because of resistance of the
system to forced and pushed on changes and of negative feedback mechanisms, which slow down
improvements in water quality. It will take time for a new equilibrium has settled, because of still
decreasing nutrient inputs (as a results of lag effects of measures) and ongoing adaptation of the
ecosystem, and because of positive feedback mechanisms induced by increased transparency and
growth of submerged vegetation (which speed up improvements in water quality).
The combined effect of the realised measures is hard to predict, although the SOBEK Water Quality
model gives some indication (see paragraph 5.4). For this reasons it’s wise to interrupt the measures
and to follow the results (in terms of water quality and ecology), before initiating new measures.
Moreover, it’s not clear yet, if nor what kind of measures should follow within the next years.
There are, however, a few activities which can continue in the coming years. Growth of submerged
vegetation is a trigger for successive processes of water quality improvement. As long as submerged
macrophytes persist no to growth spontaneously, restocking on an experimental basis can be useful.
The placed enclosures in the southern part of the lake can also be used for other species (as
Potamogeton lucens and Dreissena polymorpha). The local bird watching group Burgum-Sumar
initiated for an extension of this constructed wetland in polder De Putten in western direction. They
brought in a project proposal early 2005, named ‘Restoration project for flora and fauna at the western
side of Lake Leijen’. So incorporation with the State Forestry and Nature Agency and the Land
Reallotment Commission some additional work is set in moving by making ecologically designed
ditches. On the eastern side of polder De Putten a small polder is changed in fringed wetland
alongside the lake in early summer of 2006, a project initiated by the State Forestry and Nature
Agency. This project was officially opened by the Parliamentary Under-Secretary of Traffic, Public
e
Works and Water Management at the 11 July 2006. School children planted water plants. The
evaluation report of the biomanipulation [Bonhof et al., in prep] will probably advise to continue for
some time with fishery activities of removing Bream.
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8. Discussion and conclusions
Lake Leijen is already for a long time owned by the State Forestry and Nature Service as a nature
reserve. However, this management is mainly applicable to the immediate lake’s surroundings and the
islands. The surface water of the lake is a part of the vast Frisian lakes system. FWA is responsible for
all aspects of water (quantity and quality) management. The function ‘water for nature’ was imposed
on the lake in 1989 and confirmed in 1990. Water quality goals and necessary measures to reach
these goals are described in the ‘Ecological water management plan’ of 1997 [Grontmij, 1997].
However, there was some delay in taking measures. The State Forestry and Nature Service took the
initiative to prepare and discuss safeguarding the lake in 2000, knowing the provincial preparations of
the later Frisian Lakes project. An initiative plan for an ‘Integrated project of restoration and fitting up of
Lake Leijen’ was finally drafted in January 2001. These both documents coincidenced with the launch
of the Interreg project NOLIMP in 2002.
The EU financial contribution was an important triggering to double the budget by regional
organisations. In this way a complete programme of measures was possible. International knowledge
exchange between the NOLIMP partners stimulated the work in the period 2002 to 2006. Let that spirit
continue for some time.

The main objective of the NOLIMP project was to get experienced with the implementation of the EUWFD from December 2000. A long list of restoration and spatial arrangement measures was brought
in, based on the Ecological management plan of 1997, the Integrated project proposal of 2001, and
worked out by Tauw [2002]. At that time the WFD goals, as ‘good ecological status’ (for natural water
bodies) or ‘good ecological potential’ (for artificial of heavily modified water bodies) were neither
described, nor agreed upon. So, the philosophy of this project was: take all reasonable measures to
improve surface water quality; the final result can be regarded as the ‘good ecological potential’ for this
(heavily modified) lake. It’s unrealistic to expect more efforts form the organisations concerned.
Consequently not the other ‘royal’ way around was walked in: start with the WFD quality goals,
formulate effective package of measures and implement these measures. Main reason was the time
pressure of the NOLIMP schedule spending the budget, in combination with the never-ending
discussions about objectives, goals, feasibility and playability. However, it is still unclear when water
quality improvement shows visible results, knowing phenomena as biological time lags and hysterese
effects. To be patient can be conflicting with the time pressure of reaching the WFD goals.
Parts of the NOLIMP project were a cost effectiveness analysis (paragraph 6.3) and a quick scan in
formulating WFD goals (paragraph 6.1). In both these studies some seemingly effective measures
were brought in, which are not selected to realise. Otherwise some realised measures seem to be not
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as efficient as shown in these studies (see also paragraph 5.4). Most of these contradictions can be
explained. Worth mentioning is the digging of a deep pit as a sediment fall. It’s doubtful of such a pit
would substantially increase lakes transparency, regarding the short retention time and as a
consequence, a large external influence. Moreover, such a pit would disturb the morphometry of the
lake in an unacceptable manner.
Following the results of the measures is not as simple as it seems. There is an overall water quality
improvement in the province and in the country, due to general rules, measures, legislation and
control. Some measures are interfering in their effects on the aquatic ecosystem, making it hard to
distinguish the effects of separate measures. Sometimes the executing of measures was not well
timed. E.g. the fishery activities in 2005/2006 and the dredging of the shipping canals through the lake
coincided in time. Some external activities, as a sand exploitation and sediment dump in a deep pit
near Drachten, are disturbing the results in Lake Leijen unfortunately. Basically the NOLIMP project is
focused ecosystem, nature and water quality values, while the Frisian Lakes project is aimed at
recreational purposes.
All planned measures and activities are fulfilled in both the NOLIMP and the Frisian Lakes project,
looking backwards to 1997 (Ecological management programme) and 2001 (Integrated project
proposal). Only dredging of large areas of the lake, mentioned as a possibility, is not realised. The
amount of soft and easy moveable sediment in the lake was less than expected. Continuing the
biomanipulation fisheries is open for discussion and depends on the results obtained in water quality
improvement (e.g. as recovering of submerged water plants), and on recruitment and migration
patterns of Bream. The enclosure experiments with introduction of Shining Pondweed should
eventually be multiplied to larger areas of the lake.
The zero-monitoring of various nature aspects (see paragraphs 4.1.3 to 4.1.5) forms a solid basis for a
repeated monitoring after some years. That’s the case with physico-chemical and biological water
quality variables too. Thus continuing and integrating the monitoring programme is probably the most
important task for the organisations involved. Here lessons can and have to be learned, not only for
Lake Leijen, but also for other water bodies. That’s necessary for selecting the most effective
measures as possible, saving inefficient spending of money, and reaching WFD goals in time.
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Annexes
I. List of used species-names in the text
Plants
Callitriche
Elodea nuttallii
Nitella flexilis
Nymphaea alba
Nymphoides peltata
Nuphar lutea
Persicaria amphibia
Phragmites australis
Potamogeton lucens
Potamogeton obtusilolius
Potamogeton trichoides
Schoenoplectus lacustris
Stratiotes aloides
Thypha angustifolia
Salix alba, S. cinerea

Water Starwort
Nutall’s Pondweed
Smooth Stonewort
White Water-lily
Fringed Water-lily
Yellow Water-lily
Amphibious Bistort or A. Persicaria
Common Reed
Shining Pondweed
Blunt-leaved Pondweed
Hairlike Pondweed
Common Bulrush or Club-rush
Water Soldier
Narrow-leaved Reedmace or Lesser Cats’-tail
Willow species

Algae
Pseudokirchneriella subcapita
Bacteria
Vibrio fischeri
Zooplankton
Daphnia magna
Thamnocephalus platyurus
Brachyonus calyciflorus
Macro invertebrates
Cerastoderma edule
Dreissena polymorpha
Tubificidae
Crangonyx pseudogracilis
Ceanis robusta
Cloeon dipterum

Cockle
Zebra mussel

Dragonflies
Aeshna viridis
Fishes
Abramis brama
Anguilla anguilla
Cyprinus carpio
Cyprinus carpio variety
Esox lucius
Rutilus rutilus
Scardinius erythrophthalmus

Bream
Eel
Carp
Mirror-Carp
Pike
Roach
Rudd

Birds
Chlidonias niger
Larus ridibundus

Black Tern
Black-headed Gull
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Mammals
Apodemus sylvaticus
Arvicola terrestris
Clethrionomys glareolus
Eptesicus serotinus
Microtus agrestis
Microtus oeconomus
Myotis dasycneme
Myotis daubentonii
Nyctalus noctula
Neomys fodiens
Pipistrelle nathusii
Pipistrelle pipistrelle
Sorex araneus

Wood mouse
Water vole
Bank vole
Serotine
Field vole
Root vole
Pond bat
Daubenton’ bat
Noctule
Water shrew
Nathusius’ pipistrelle
Common pipistrelle
Common shrew

II. Used abbreviations and acronyms in the text
A.D.
BCFS®
CEA
CW
EU
FWA
GEP
GES
IBA
LNV
MEP
Mln
NAP
NIOO
NOLIMP
RTK-GPS
p.e.
PQ
STOWA
WFD
Wwtp

Anno Domini (years since birth of Christ)
Biologische Chemische Fosfaat- en Stikstofverwijdering
Cost effectiveness analysis
Constructed wetland
European Union
Friesland Water Authority
Good ecological potential
Good ecological situation
stand alone waste-water treatment system for small flows
Ministry of Agriculture, Nature and Food Quality (formerly … and Fisheries)
Maximum ecological potential
6
Million (10 )
Mean Sea Level (in Dutch: Nieuw Amsterdams Peil)
Netherlands Institute for Ecological Research
North Sea regional and local Implementation of the WFD
Real Time Kinematic-receiver – Global Positioning System
people’s equivalent
permanent quadrat plot
Dutch Foundation for Applied Water Research
Water Framework Directive
waste-water treatment plant
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III. NOLIMP related water quality monitoring programmes of FWA
Project
code
Prj03_2002
Prj02_2004
Prj06_2004
Prj09_2004
Prj11_2004
Prj01_2005
Prj01_2006

Project name
1

Monitoring bank vegetation of lakes
Water quality in De Putten
Storm water overflows De Tike and
Burmaniasloot
Enclosures for ecological rehabilitation
2
Monitoring new made fringe wetlands
Macro invertebrates survey of LL
Measurements of suspended matter

Running period

Sampling stations

2002-2006
2004 - 2006
2004 - 2006

four PQ’s in Lake Leijen
449, 928,1005, 1006
929, 608, 609

2004 – 2006
2004
2005
2006

931, 1020,1021, 1022
1000, 1001
45, 155, 931, 1039
45, 152, 154

Additional monitoring programmes initiated by FWA:
-

fixed sampling station (nr 45) in the middle of Lake Leijen from 1983 (see paragraph 4.1.1)
airborne remote sensing with ground samples (nr’s 45, 152, 153, 154 and 155) in 1995 and
1997 (see paragraph 4.1.2)
monitoring the waste-water flow through the wwtp Drachten (see paragraph 4.2.2)
external laboratory research of ecotoxicity by RIZA of effluent of wwtp Drachten, Opeinder
canal (nr 52) and Lake Leijen (nr 45) (see paragraph 4.1.10)

Map of Lake Leijen with sampling stations mentioned in the text and involved in the various monitoring
projects.

1

In total 24 PQ’s were monitored in six different lakes.
In this project some sampling stations in Lake Bergumermeer (1002, 1003) and near Oostermeer
(150, 787) were incorporated too.

2
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