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Summary
The implementation of the in December 2000 adopted EU Water Framework Directive (WFD) is a huge
operation in the various countries concerned. Many practical aspects of the WFD still have to be worked out. In
this respect many organisations in six different EU countries tried to execute pilot projects to be linked up to
each other, focused on the implementation of the WFD. Lake the Leijen (LL) in the northern Netherlands is the
Dutch pilot area.
LL is a rather small and shallow semi -stagnant lake. It's part of a large lakes system in the province of Friesland.
There is a fixed man-made water table of half a meter below mean sea level throughout the year. In- and outflow
of water supports the local water management in the surrounding, mainly agricultural, polder areas. Because of
extreme loading of nutrients (during the last decennia) the lake is strongly eutrophicated. Phytoplankton is
dominated by blue-greens, submerged water plants are absent and the fish-stock is dominated by bream. General
water quality standards are exceeded.
Water (quality and quantity) management is a task of Friesland Water Authority, while the State Forestry Service
is concerned with the lake shorelines. The province has defined the policy for this lake, with the main function
"Water for Nature". Besides, there is a limited recreational use of this lake. Related to these functions and the
bad water quality in mind LL has been selected as the Dutch NOLIMP pilot project. In corporation with various
regional and local partners it's tried to realise the necessary measures to reach a water quality, linked to the good
ecological potential (GEP) according to the WFD. A preliminary qualification of that GEP is given in this paper,
beside some general limnological features and the measures planned to realise in the coming years. This
NOLIMP illustration project (see also www.nolimp.org ) should not only give an idea of the (troubles of the)
implementation of the WFD, but also result in an improved aquatic -clear water- ecosystem in Lake the Leijen.

1. Introduction
The main water system in the province of Friesland in the northern Netherlands is formed by an interconnected
network of lakes and canals (surface area 150 km2 ) throughout the whole catchment area (3000 km2 ) of the
province. Lake the Leijen is one of the smaller lakes in this system, located at the north-eastern part of the
catchment area and about 4 km north of the city of Drachten. Water quality within the lake is insufficient and
shows severe signs of eutrophication; the situation is even worse related to the other lakes (Maasdam &
Claassen, 1997; 1998). On the other hand Lake the Leijen is, in contrast with the other lakes, a nature reserve,
owned and managed by the State Forestry Service, and it has the function "Water for Nature" in the operative
provincial Policy Plan on Water Management (Province of Friesland, 2000). Plans have been made to improve
this undesired and deteriorated situation and to reach at least the Dutch minimum water quality standards. In
1995 an overall Ecological management programme for the Frisian lakes was drawn up (Grontmij, 1995),
followed by a specific programme for Lake the Leijen in 1997 (Grontmij, 1997). However, until recently no
restoration measures have been executed and water quality is still below the minimum standards.
Recently, in 2002, cumulating circumstances brought various plans in a rapid with, as a consequence, an
integrated and large-scale operation to improve the water quality of Lake the Leijen. The province of Friesland
started a huge project to improve the recreational attractiveness of the Frisian lakes. For Lake the Leijen (located
in the waterway from Drachten to Lake Lauwersmeer) specific attention has been given to the ecological value
and the landscape of the lake (TAUW, 2002). Friesland Water Authority, responsible for the regional water
(quality) management, has decided to improve the wastewater treatment plant at Drachten, which actually has a
negative influence on the quality of the lake water (see figure 6). The effluent of that plant is nourishing and
loading the lake with, among other substances, high amounts of phosphorus and nitrogen. The improvement
should be operative before 2006. Finally, in 2000 the EU Water Framework Directive (WFD, see also www.wfdservice.com ) became into force. As one of the partners in the Interreg project (NOLIMP) dealing with the pilot
of the implementation of the WFD, the province of Friesland and Friesland Water Authority (FWA) chose Lake
the Leijen (LL) as the Dutch pilot project area. In this pilot project NOLIMP-WFD it is tried to describe the
objectives for water quality as well as to take measures focused on reaching these objectives. A WFD proof
monitoring program should run parallel during the coming years. Associated partners are Norwegian Institute for
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Water (NIVA, Norway), Nordjyllands Amt / North Jutland County Council (Denmark), Aberdeenshire council
(Scotland), Länsstytelsen Västra Götaland (Sweden) and Landwirtschafkammer Wesser-Ems (Germany).
In this report a limnological overview is given for LL, presenting some details about morphometry, hydrology,
chemistry and biology of the lake. Planned restoration measures will be summed up. Focused on the WFD
preliminary water quality objectives will be given, based on a description of a reference situation. Finally some
remarks will be made on the monitoring programme. This paper is based on:
1. A presentation at the NOLIMP-WFD expert workshop, 6th – 8th October 2003 at Refsnes Gods, Moss,
Norway.
2. A presentation at the XXIX SIL congress, 8-14 August 2004 in Lahti, Finland (Claassen, in press).

2. Description of the lake and surrounding area
As the other Frisian lakes LL is originated during
the last ice age, around 13,000 years before present.
Depressions have been formed as a result of erosion
by huge masses of ice. In fact LL is one of the
depressions. After melting of the ice these
depressions were filled with water and later on (at
the beginning of the Holocene) peat formation
changed the open waters in passable and even
farmland. Until the early medieval period a thick
layer of blanket bog covered this area. Peat
excavation started around 1250 A.C. This
excavation under dry circumstances ended around
1700 A.C. (Joustra, 1953). In a following period,
roughly spoken between 1750 and 1850, the
remaining peat has been excavated under wet
condition, up 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 (too)
small ridges of resting peatland have been
disappeared soon by wind and wave action. Only
near the shoreline some remnants of these standing
baulks still can be seen present-day. So, from
around 1850 the lake looks quit the same as the
actual contour.
Originally, the lake was connected to the whole
lake system by the small stream Lits (from the
village Rottevallle at the eastern border) to the
Lake Bergumermeer in the north. The Lits was also
used for shipping the dried peat to ‘Holland’ (the
so-called western part of The Netherlands with the
big cities). Later on the Opeinder canal has been
dug out, and formed the connection of LL to the
south-western lakes. So, LL is in fact located in a
bypass in the system of chain-arranged Frisian
lakes (see figures 1 and 2). The water table for the
Frisian lakes system, so as a matter of course also
for LL, is for the whole year maintained as good as
possible at a level of –0.52 m below mean sea level
(NAP) since about 1970.

Figure 1. The Frisian lakes system (all in blue), as well as Lake the
Leijen (in red frame). Green: polders below – 0.52 m NAP; yellow:
area above -0.52 m NAP; grey: linked areas with own discharges to
the sea.

Figure 2. Lake the Leijen and the surrounding catchment area with
distinguished local water systems.

__________________________________________________________________________________________
5

Restoration of Lake the Leijen, The Netherlands,
focused on the implementation of the EU Water Framework Directive
NOLIMP, an Interreg IIIB project

Most of the polder areas around LL have a phreatic water table below –0.52 m NAP. During conditions of water
shortage in the summer period there is an inflow under gravity of water from the lake to the polders. In winter by
excessive amounts of water superfluous water is pumped out to the lake. This is the case for the western part,
among others polder De Putten (Bouwhuis & Linders, 2004). A smaller area of the catchment at the eastern side
of the lake is part of the higher sandy areas. Here water has to be pumped up in summertime, while in winter
water discharge is possible under gravity to the lake. This is the case for the eastern part, among others drainage
basin Rottevalle (Bouwhuis & Linders, 2004). Keeping the water level in the lake system as fixed as possible (at
the level of -0.52 m NAP) there is a summer inflow of water from Lake IJsselmeer. In winter superfluous
(rain)water can be discharged to the Wadden Sea or pumped out to Lake IJsselmeer. So the quantity
management of the water levels, in LL as well as in the surrounding areas, is strongly man made or man
arranged. This in mind the lake, as well as the whole lakes system, is classified as ‘heavily modified’ in terms of
the WFD.

3. Actual limnological features

functions and uses

The limnological situation of LL can be represented and
described according to the water-lens, a schematic
presentation of the water system (see figure 3). The most
important elements of a system (water, sediment and
bank), as well as the most important characteristics
(morphology, physics, chemistry and biology) have been
depicted in this scheme (Claassen, 2000). The
characteristics are related to monitoring and assessing the
ecosystem variables, and can be made fit or relevant to the
WFD.
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3.1 Morphology
•
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Sediment

Uniformly shallow (mean depth 1 m), nearly
circular (surface area 300 ha)
Man-made by digging out peat (1750-1850) up to
sandy soil (lake bottom)
Little recreational pressure
In general well developed bank vegetation,
shoreline status as nature reserve

target variables of the characteristics
Figure 3. The water-lens as schematic picture of the LL. The
most important elements are plotted within the circle outside
the triangle (left); the most relevant characteristics are given
inside the triangle (right).

Lake the Leijen is a small (3 km3 ) and shallow (average depth 1 m) lake (see figure 4). It's nearly round in
outline. In 1995 the exact profile of the lake has been measured and lake volumes have been calculated at
various water levels (Heidemij, 1996). In table 1 these calculated volumes are given. These figures confirm the
shallowness of this lake and the flat slopes of the shores. Water level fluctuations have a relatively large effect
on the total water content of the lake. A water level of 0.15 m below target level would result in a 19 % less
volume, a raise of 0.15 m in an increase of 20 % of the lake volume. The amount of soft sediment was
determined at 200,000 m3 . Removal of this sediment would result in a 6 % increase in water volume. The subsoil
exists mainly of sandy soils. Although there is some recreational shipping on the lake, no clear channels within
the lake bottom are recognisable.
Table 1. The volume of Lake the Leijen by target level (-0.52 m NAP), and three other (theoretical) water levels.

water level (m related to mean sea level, NAP)
-0.22
-0.37
-0.52 (actual target level)
-0.67

Contents (m3 )
4,300,000
3,720,000
3,100,000 (average volume)
2,520,000

The volume of 3,100,000 m3 by target level corresponds with 1.6 % of the contents of the whole Frisian lakes
system. The surface area of 3 km3 amounts 2% of the total lakes system surface area. This indicates indeed a
very shallow lake.
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3.2 Hydrology
•

Fixed water table (at 0,52 m below sea level)
since 1970
Interconnected by one
inflow and one outflow
with lakes system
Short retention time and
mostly one-sided flow
direction
Wind induced water
circulation

•

•

•

depth

In general a slight water flow
from south to north occurs in
LL. Because the connection with
the main lakes system is very
simple, only one canal to the
south and one to the north, this
part of the hydrology is also
Figure 4. The depth of Lake the Leijen. (NAP = mean sea level).
simple. In the period June 1996
up to June 1999 flow directions
and amounts of water have been measured near Opeinde in the Opeinder canal (south of the lake) as well as near
Eastermar in the Lits (north of the lake) by means of acoustic instruments. In figure 5 the results are presented
on an average monthly basis. Net flow is always from south to north; although at a smaller time scale (e.g. within
a 24 hours’ day) water is often going up (to the north) and down (to the south).

water transport through lake the LEIJEN
from June 1996 up to June 1999
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Figure 5. Flow direction (positve: to the north) and water transport through LL compared to the discharges at Dokkumer Nieuwe Zijlen
to Lake Lauwersmeer.

Based on measurements in the period June 1996 up to July 1999 a first water balance for the lake could be made
(Claassen, in press/2005). 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 2).
Local contributions, rainfall and evaporation are of minor importance, at least for the water balance. For the
nutrient balances the local sources could be (very) substantial. The water retention time of the lake water is very
dependent on in- and outflow, and in fact on the weather conditions in the whole province. The retention time t
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(calculated at a monthly basis) varies from a week (in very wet periods with a large amount of superfluous
water) to about three months in dry periods. On average t is about 22 days.
Table 2. Water balans 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
10 6 m3
23,4
1,2
2,1
0

Total

27

Winter
In
From other lakes
Deposition
From polders
From higher areas

Volume
10 6 m3
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
10 6 m3
18,2
1,7
0,5
6,3

100

Total

27

Out

flow %

Out

flow %
68
6
2
24
100

54
5
21
20

To other lakes
Evaporation
Downward seepage
To surrounding ditches

Volume
10 6 m3
24,3
0,3
0,5
0

100

Total

25

flow %
97
1
2
0
100
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Figure 6. Percentage of the effluent of the wastewater treatment plant Drachten to the inflow of water to LL trough the Opeinder Canal
(according to Kuin & Icke, 2002).

The hydrological characteristics of the lake seem to be the result of the following processes:
- a limited (net) through flow of water from south to north, due to the fact that LL is part of the main lakes
system. The effluent of the wastewater treatment plant (wtp) Drachten can deliver a substantial amount of water
to this through flow, related to the surface water itself (see figure 6);
- a there and back water movement, induced by interrupted discharges of superfluous water by Dokkumer
Nieuwe Zijlen in the north eastern part of the whole catchment area of the Frisian lakes system (see figure 5);
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- a wind induced water circulation within the lake. This circulation is more visible (e.g. at the airborne remote
sensing images, see figure 12) than the net through flow;
- withdraw of lake water for the surrounding polders and discharges of superfluous water from these polders to
the lake (see table 2);
- precipitation and (evapo) transpiration of water within the lake (see table 2).
3.3 Chemistry
•
•
•
•
•

Periodicity of chloride 30-40 mg/l in winter and 80-160 mg/l in summer
Mean summer values for P 0,4 mg/l; N 4-5 mg/l; chlorophyll 100-120 µg/l
Transparency mostly between 20-40 cm
Most eutrophic of Frisian lakes
Strong influence of effluent wwtp Drachten

There is one sampling station (045) in the centre of the lake, which has been monitored for many years. Here we
focus on some general water quality parameters, as chloride (figure 7), total phosphorus (figure 8), total nitrogen
(figure 9), chlorophyll (figure 10) and transparency (figure 11), mainly from 1983 onwards.
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Figure 7. Chloride concentration in LL (separate data of ss 045) during the period 1984 up to 2003. MPC standard 200 mg/l.
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Figure 8. Total phosphorus concentration in LL (separate data of ss 045) during the period 1984 up to 2003. MPC standard 0.15 mg/l.
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Figure 9. Total nitrogen concentration in LL (separate data of ss 045) during the period 1984 up to 2003.
MPC standard 2.2 mg/l.
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Figure 10. Chlorophyll concentration in LL (separate data of ss 045) duringthe period 1984 upto
2003. MPC standard 100 µg/l.
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Figure 11. Secchi depth transparency in LL (separate data of ss 045) during the period 1984 up to 2003.
MPC standard 0.4 m.
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Chloride concentrations show seasonality, with low values in winter and high values in dry summer. The
influence of inflowing water from Lake IJsselmeer causes the higher summer concentrations, up to 180 mg/l in
1996. Total phosphorus level decreases in time, especially the maximum values, after 1991. The decline since
1999 –also for total nitrogen, see figure 9, is partly caused due to a change in the method of analysing total
phosphorus and total nitrogen from 1999 onwards. However, the minimum standards (MPC’s, see table 5) are
still exceeded. That’s the case for chlorophyll and transparency, too. Transparency is limited by algae
(chlorophyll) as well as by suspended matter. Wind and bioturbation are factors stimulating resuspention of
suspended matter. Caused by wind there can be a within lake heterogeneity in values of some parameters, see
figure 12 for suspended matter and next transparency. Measured values at the day of making the images are
listed in table 3.

Figure 12. Remote sensing images for suspended matter of LL of 18th August 1995 (left) and of 11th August 1997 (right)

For an area covering scope of the eutrophication of the lake results of one sampling station (045) are insufficient.
So, a few remote sensing projects have been executed. Figure 12 gives the results of two thematic maps for
suspended matter and transparency. At this date (and also the other dates) there is a distinct wind-induced
heterogeneity within the lake. The inflow of water from the Opeinder canal bents to the left by eastern wind.
During two airborne remote sensing surveys LL has been sampled at five stations. In table 3 the results of this
monitoring are listed.
Table 3. Measured in situ values at five locations within LL on 18 th August 1995 (left) and 11th August 1997 (right). Species of
Chrysophyceae, Xanthophyceae, Cryptophyceae and Euglenophyceae belong to the rest group.

Parameter

north west 155 north east 154 centre 045
year

south west 152 south east 153

‘95

‘97

‘95

‘97

‘95

‘97

‘95

‘97

‘95

‘97

20

20

20

25

20

20

20

25

25

20

Secchi depth
transparency (cm)
Turbidity (FNE/ntu)

42

36

43

33

43

37

35

36

42

33

Chlorophyll (µg/l)

131

131

108

146

136

134

157

175

140

131

Cyanophycocyanine
(µg/l)
Suspended matter
(mg/l)

588

Cyanophyceae
Baccilariophyceae

40

527
58

40

90

48

1

14

454

1190

48

46

54

53

90

63

89

59

1

16

3

9

632
43

42

48

91

60

87

48

2

13

5

16

Chlorophyceae

4

29

3

11

7

32

3

27

6

20

Others / rest

5

10

6

11

1

0

4

0

2

16

LL is a very turbid lake, with transparencies of 0.20 - 0.25 m in mid-summer. The heterogeneity within the lake
is limited for transparency and suspended matter. Phytoplankton shows more heterogeneity, indicating that algae
are more susceptible for wind driven phenomena. In table 3 an improvement (in decreasing blue-green algae
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dominance) is visible between 1995 and 1997. Figure 15 shows a picture over time, indicating a change of a
stable turbid system (up to 1991) to a transitional phase in the direction of a stable clear water system.
Chlorophyll comparison between 1999-2002 and 1995-1998
Average chlorophyll of four summers 1999-2002 (mg/m3)
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Figure 13. Averaged chlorophyll concentrations for the Frisian lakes and LL indicated with a circle (Duan, 2003).

Transparency comparison between 1999-2002 and 1995-1998

Average transparency of four summers 1999-2002 (cm)
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Figure 14. Averaged transparency concentrations for the Frisian lakes and LL indicated with a circle (Duan, 2003).

3.4 Biology
•
•
•
•

Phytoplankton dominated by blue-greens
Submerged macrophytes absent (probably disappeared between 1960 and 1970)
No zebra mussels in this lake
Fish-stock dominated by bream, biomass much higher than in other lakes

Phytoplankton has been dominated for many years by blue-green algae, mainly Planktotrix (Oscillatoria)
agardhii. A slight improvement occurs since about 1992. Abundances of Planktotrix agardhii decreased and
biodiversity in algae species increased. In figure 15 this is illustrated for two algae groups. The dominance of
blue-greens is decreasing, while the abundance of green algae is increasing. Nevertheless the situation is far from
__________________________________________________________________________________________
12

Restoration of Lake the Leijen, The Netherlands,
focused on the implementation of the EU Water Framework Directive
NOLIMP, an Interreg IIIB project

stable. The number of zooplankton individuals is still low. Daphnids do not reach 200 ind./l, so the grazing
pressure on algae is limited. Precarious are the decreasing numbers of Daphnids during the last four years (see
figure 16). Another indication of the bad water quality is the absence of zebra mussels (Dreissena polymorpha)
in LL, see figure 17. In 1998 as well as in 2002 this bivalve species was not found in LL, while present in most
other lakes. At the end of 2004 a small-scale stocking experiment of Dreissena has been started in enclosures in
the southern part of the lake.
blue-green algae
100,0

green algae

90,0
80,0

% algae

70,0
60,0
50,0
40,0
30,0
20,0
10,0
0,0
1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
year
Figure 15. Percentage of blue-green and green algae in LL from 1990 onwards.
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others
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Figure 16. Number of zooplankton present in one-litre samples (averaged for the years 1994 up to 2002).
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Figure 17. Zebra mussels (g/m2) in an overview of the whole Frisian lakes area (year 2002).
Table 4. Overview of species of macrophytes found in LL.

% coverage of aquatic plants

Tansley code

Emers
Floating
Submerged
Nuphar lutea
Nymphoides peltata
Nymphaea alba

local frequent 2%
local frequent 5%
none
local abundant
local abundant
local abundant

Besides these three nyphaeid species (see table 4) only a few submerged water plants (e.g. Elodea nuttallii and
Lemna trisulca) are found sporadically, if present always with Tansley code ‘rare’. Most abundant helophyte
species in the shoreline are Phragmites autralis (abundant), Typha angustifolia (local abundant) and Scirpus
lacustris (local frequent). These experiences are confirmed by a thorough investigation in 2003 (Bijkerk et al.,
2004).

2002
1998

raoch
bream
white bream
ruffe
pike perch
perch
smelt
eel
pike

Figure 18. The composition of the fish stock in 1998 (August 10 th) and 2002 (July 23 rd).
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The fish stock is strongly dominated by bream. In 1998 the fish biomass in LL was -with 583 kg/ha- the highest
of all Frisian lakes. In 2002 this value was much lower, however, still rather high. More meaningful are the
percentages of fish biomass (see figure 18), with bream as the dominant species. Pis civorous fish as Pike has
very low numbers and biomass, indicating a Bream-Pike perch fish stock typically for turbid, (blue-green) algae
dominated water without water plants. The results of 1998 and 2002 are quite similar with monitoring results in
the summer of 2004. This latest monitoring is part of the fish stock management measures in this NOLIMP
project (Bonhof & Waardenburg, 2004).

4. Reference situation, good ecological potential, water quality standards and assessment
For all Dutch waters there is a minimum water quality which has to be fulfilled in all waters. The minimum
water quality standards (MPCs) for some general parameters are listed in table 5. Besides the MPCs are values
defined as negligible concentrations (NCs), which should be reached in time. Both sets of standards are given in
the Fourth National Policy Document on Water Management from 1998. For the ecological condition an
assessment system has been developed separately by the Dutch Foundation for Applied Water Research
(STOWA). The ecological assessment system for shallow lakes was published in 1993. It's mainly based on
(assessment of) the phytoplankton and the macrophytes abundances and species composition (STOWA, 1993).
To set standards the range of the sequence has been divided into five quality levels using critical, less critical,
common and tolerant species as criteria. The discriminated quality levels are beneath lowest quality level (I),
lowest quality level (II), middle quality level (III), nearly highest quality level (IV), and highest quality level (V),
respectively. Additional assessments can be carried for nutrients, acidity and the fish stock. Fulfilling the MPC
corresponds with fulfilling the middle level (III), and fulfilling the NC corresponds with fulfilling the highest
quality level (V) applies as a rule of thumb.
Table 5. Some water quality standards for Dutch shallow lakes (Ministerie van Verkeer en Waterstaat, 1998). Added: F = only regional
specified for the Frisian lakes (Grontmij, 1995). s = mean summer value.

Parameter
Transparency (m)
Total phosphorus (mg/l)
Total nitrogen (mg/l)
Chlorophyll (µg/l)
Chloride (mg/l)
Acidity (pH)
Oxygen (mg/l)

minimum standard (MPC)
0.4 s
0.15 s
2.2 s
100 s
200
6.5 – 9
5

negligible concentration (NC)
0.5 s, F
0.05 s
1s
50 s, F
50 - 175 F
7- 9F
6F

For the implementation of the WFD, STOWA is revising its ecological assessment systems, to make them WFDcompliant. This amounts to the formulation of a uniform set of reference conditions for all Dutch natural waters,
and the development of ecological and chemical yardsticks. As stated in the WFD, the assessment system for
natural waters will be identical for all waters of a certain type. For artificial and heavily modified water bodies,
authorities can derive a Maximum Ecological Potential (MEP) and adjusted yardsticks, taking into account the
pressures on those water bodies. The yardstick for natural waters has five classes; the one for artificial and
heavily modified water only has four. This is illustrated in Figure 19.
Strictly spoken, Lake the Leijen is an artificial water body, as it has been created by human activities. However,
it has many of the characteristics of a natural lake, and many processes occur as they would under natural
conditions. Therefore, it could be seen as a heavily modified water body as well. An earlier analysis of the
similar lake Loosdrecht (Lorenz, 2003) suggests that it is appropriate to designate lakes such as LL as heavily
modified, despite their artificial origin. The reference conditions should be derived from the natural reference
type, ‘Shallow buffered lake (M14)’ in the Dutch typology. The reference conditions described for this type are
currently being formulated (Verdonschot et al., 2003). The description and yardstick are due November 2004.
To a large extent, the reference description will be similar to the description given earlier. The trophic conditions
are described as mesotrophic to eutrophic, with maximum ortho-P concentrations of 0,067 mg/l.
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A reference condition for the Frisian lakes should be the basis for conducting the good (ecological and chemical)
surface water status (GSWS). This GSWS is indeed divided in a good chemical status (GCS) and a good

Natural water types

Heavily modified and artificial
water bodies

Reference conditions
Maximum ecological potential (MEP)
Good Ecological

Status
(GES)

Good ecological
potential (GEP)
Moderate

Moderate
Poor
Poor

Bad

Bad
Figure 19. Classification for natural and non-natural waters in the WFD.

ecological status (GES). The good surface water status will be achieved when the quality elements of a body of
water show only slight deviations from its high status reference conditions. If the water body in question is not
natural (but heavily modified or artificial), then it's not necessary to reach the good surface water status, but it's
enough to reach the good ecological potential (GEP), see figure 19.
Within the province of Friesland a large number of water bodies (as compliance checking units) will be
distinguished. LL will probably be a part of one water body. However, that's not relevant for this analysis.
Looking at the recent history of the Frisian lakes water system we can recognise dramatic changes by human
interference. Seasonal water level fluctuations of 1 m in average in the beginning of the last century have been
reduced to a fixed target level and diminished to fluctuations within centimetres. In the same period the areas of
floodplains have been reduced from about 100,000 ha to only 2,000 ha nowadays. A recent study focused on
reintroduction of a more natural water level fluctuation for the Frisian lakes system, even half of the amplitude of
a century ago, showed very large consequences, which are not attainable (Wetterskip Fryslân, 2003).
For LL, as a heavily modified or artificial shallow lake, we have to look for a classification and assessment
system for the chemical status (good as blue versus failing to achieve good as red), and for the ecological status
(high and/or good as green, moderate as yellow, poor as orange and bad as red). The water quality has to be at
least good for the chemical status (blue) and also good for the ecological status (green). The good chemical
status (GCS) and the good ecological potential (GEP) can be derived from the reference condition. Here we
focus only on the ecological status, which incorporate also the general chemical parameters as nutrients, oxygen
and chloride.
There are some reports and documents, which can be used as source for the reference condition and subsequent
for deriving the GCS and the GEP:
- STOWA, 1993. Assessment system for shallow lakes based on macrophytes and phytoplankton.
- Grontmij, 1995. Ecological management programme for the Frisian lakes.
- Higler, 2000. Natural aquatic communities of the Dutch inland waters.
- Bal et al., 2001. Manual of Nature Target Types.
- Janssen & Schaminée, 2003. Habitat types; European nature in The Netherlands.
- Verdonschot et al., 2003. General description of water types in The Netherlands.
- Van der Molen et al. (editors), 2004. References and classification for natural Dutch water types.
LL is characterised as ‘shallow buffered lake’ (code M 14 in Van der Molen et al., 2004). Specific for LL and
related to the vegetation the report of Joustra (1953) is valuable for the GEP. He found, e.g. large fields with
Shining pondweed (Potamogeton lucens), while this species as well as other submerged vegetation is absent
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nowadays (see table 4 and Bijkerk et al., 2004). A reintroduction experiment of Shining pondweed started at the
end of 2004 in small enclosures in the southern part of the lake.
Reference condition
LL belongs to the shallow soft-water lakes. The bottom of these lakes exists mainly from sand or clay, if peaty
than only less than the bottom surface area. The lakes can be more or less dependent from rainwater, upwelling
groundwater or inflowing surface water. So, the retention time can vary widely between the lakes. There is
natural, seasonally forced water level fluctuation roughly between 0.5 and 1.5 m. For the Frisian lakes an
amplitude of ca. 1 m was normal a century ago (Claassen, 2000). Vast areas of floodplains surround the lakes.
Wind is an important steering factor. The oxygen status is good and the nutrient status can vary from
oligotrophic by sandy soils to mesotrophic and eutrophic by peaty or clayish soils. Macrophytes (as stoneworts,
pondweeds and nymphaeids) can cover large areas of the lakes, which have Secchi disk depth to the bottom. The
shoreline is covered with a wide zone of helophytes. Algae biomass is at highest 30 - 60 µg/l in spring and 4 -50
µg/l chlorophyll in summer. Various taxonomic algae groups occur mixed up. Macro invertebrates are various in
species number, characteristic for well-oxygenated circumstances. Zebra mussel is such a species. The fish stock
is depended from the trophic status. Here we focus on a meso - eutrophic condition (total phosphorus
concentration between 0.04 and 0.15 mg/l) with 20-60% coverage of (emerged and submerged) water plants. In
this Pike - Roach fish type Roach, Perch, White bream and Pike are characteristic species, while about another
12 species are found too (Bitterling, Moderlieschen, Eel, Ruffe, Bream, Spined loach, Wheaterfish, Burbot,
Carp, Rudd, Tench and Crucian carp), mostly according to Verdonschot et al., 2003. The most updated
description of the reference condition and appropriate classification for, among others, lakes are given by Van
der Molen et al., 2004.
Good ecological potential
A preliminary description of the good ecological potential for LL looks as follows (see table 6 for some chemical
parameters and table 7 for a few biological parameters):

Table 6. Proposed values for some general chemical parameters for LL as to reach the GEP

Parameter
Transparency (m)
Total phosphorus (mg/l)
Total nitrogen (mg/l)
Chlorophyll (µg/l)
Chloride (mg/l)
Acidity (pH)
Oxygen (mg/l)

good ecological potential (GEP)
>0.5 s [or bottom view ?]
<0.08 s
<1.5 s
<50 s [or <40 s ?]
<175
7– 9
>6

Table 7. Proposed values for some biological parameters or indices for LL as to reach the GEP. S = summer period.

Parameter
Diatoms
Green algae
Blue-green algae
Pondweeds
Stoneworts
Nymphaeids
Zooplankton
Bivalves (Dreissena polymorpha)
Pike
Bream
Eel
Natural shores
Bank helophyte vegetation, a.o. water reed

good ecological potential (GEP)
>30 % of phytoplankton s
>30 % of phytoplankton s
<25 % of phytoplankton s
>15 % coverage
>15 % coverage
>5 % coverage
>1000 ind/l s
>2 ind/m2
>30 kg/ha
<40 kg/ha
>20 kg/ha
100 % (all around)
30 ha (10 % surface water area)
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5. Restoration measures
•

•

Outside the lake: emission reduction of nutrients
– From sewerage systems and storm water overflows
– From wwtp Drachten
– From farming practices
– From surrounding polders
Within the lake: water system approach
– Wind reduction
– Biomanipulation (bream reduction)
– Introducing species (enclosure experiments)

Because the present day situation in LL is still far from the GEP restoration measures have been proposed
already in 1997 (Grontmij, 1997). Actually a list of measures is in preparation, a combination of projects from
the provincial Frisian lakes project (TAUW, 2002) and from the NOLIMP pilot project (NOLIMP-WFD, 2002).
In table 8 the complete list is depicted, as far as possible. In figure 20 a number of measures are presented on a
map.
Table 8. Overview of foreseen restoration measures in LL.
Background
NOLIMP

Frisian Lakes project
(phase 1)

(phase 2)

Measure
3A 1. reduction of sewage system emissions
3A 2. improving wastewater treatment plant
3B 1.closed water cycle in agriculture
3B 2. reduction of agricultural pollution
3B 3. reduction discharge of nutrients from polders
by polishing superfluous polderwater
3C 1. close water cycle in tourism
3D 1. natural rehabilitation of shoreline vegetation
and improving ecological conditions
3D 2. biomanipulation via reduction of bream
4.1 monitoring of natural values
4.2 monitoring of surface water quality
5 monitoring of touristic and recreational activities
Monitoring of groundwater
deepening and dredging of the waterways

Co-ordinating organisation
Municipalities and FWA
FWA
Aquario
Province
FWA

constructing some islands
cleansing up of structures in shoreline

Province and municipalities
State Forestry Service and
municipalities
Province and municipalities
? PM

realising some landing-stages
? PM

Province
State Forestry Service and FWA
FWA
Province
FWA
Municipalities and province
Province
Province and municipalities

6. Monitoring
The monitoring progra mme will consists of three parts:
- monitoring of specific values of nature. In 2003 the aquatic vegetation has been mapped. In 2004 attention will
be given to the presence of amphibians and dragonflies.
- monitoring of water quality, directed to GCS and GEP. Additionally bio-ecotoxicity tests will be executed in
the effluent of the wastewater treatment plant as well as in the LL itself. Also monitoring of the fish stock, before
and during the biomanipulation, will be an important part of the monitoring activities. This project is set up in
corporation with the provincial Federation of Sporting Fisheries Associations.
- monitoring of recreational activities. The two municipalities Tytsjerksteradiel and Smallingerland will have
task counting and registration tourist activities.
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- monitoring of (decision-making, checking and supervision) processes and procedural aspects. The Cartesius
Institute will do some research about costs -effectiveness.

Figure 20: Measures taken in and around Lake the Leijen.

7. Discussion and conclusions
•
•
•
•
•
•
•
•

Lake the Leijen is highly eutrophic
Regional and local emissions are dominating this condition, the blue-green algae-bream community is
supporting this situation
Morphology and hydrology are man-made and man-managed, and nearly changeable
Quality objectives (GEP) are linked to heavily modified waters, and derived from shallow buffered
lakes
Water quality improvement is focused on reduction of nutrients (bottom-up outside lake measures) and
on biomanipulation (top-down within lake measures) in 2003-2005
Suitable pilot for implementation of WFD
Expected results are knowledge exchange, understanding of effectiveness of measures, feasibility of
GEC, improvement in water quality, achieving GEP, and experiences with WFD
Results of monitoring from 2006 onwards

Lake the Leijen is, as part of the main lakes system, a very eutrophic lake. Algae biomass and nutrient levels are
extremely high and high related to the other lakes. The opposite applies to transparency. Als o the (absence of)
submerged macrophytes and the dense fish stock dominated by bream confirm that hypertrophic situation. Most
probably cause of this situation is the continuous input of pollutants and nutrients from the own catchment area
(mainly intensive used farmland) of LL, especially from Drachten (effluent of the wastewater treatment plant,
storm water, etc.) and surroundings. LL is situated at the border of the lakes system, so all run off and discharges
from the eastern and south-eastern side of the catchment area of the lakes system enters in LL. With a drop down
of the water velocity by the inflow from the Opeinder canal in combination with a very shallow depth of the
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lake, LL is very susceptible for eutrophication. This process must have been taken place after 1953 (see
publication of Joustra, 1953), most probably from the period 1960-1970 onwards, at the same time of the
manifestation of eutrophication in the other Frisian lakes. Although there is some improvement in water quality,
MPC and NC standards are far from reached.
At present an accumulation of restoration measures is foreseen for and already started in this area. The measures
fit in the rehabilitation of the recreational value of the Frisian lakes and in the policy of Friesland Water
Authority to reduce emissions of pollutants to surface water. In this respect the treatment plant at Drachten will
be improved and the municipalities are forced to reduce sewerage water discharges to surface waters. Looking
for a pilot project for experiencing the implementation the EU-WFD a choice for LL was rather obvious. A
programme with objectives for improving water quality and necessary measures was already drafted in 1997.
The Frisian lakes project and the NOLIMP pilot combine a list of measures which should be successful for
improving water quality of the lake and reaching such an ecological condition, that it will be comparable with
the good ecological potential. Modelling of water quality processes is (except with a static model, see
Iordãnescu, 2003 and for nutrients regarded as conservative substance, see Kuin & Icke, 2002) very limited.
Because of time pressure and the lack of sound modelling or predicting studies the pilot project the Leijen
follows in fact the other way round: not exactly analysing beforehand which measures will be needed for
reaching a defined (theoretical) ecological situation (as being the good ecological potential), but carrying out all
reasonable measures to reduce emissions (source oriented measures) and to rehabilitate the lake itself (water
system oriented measures). The result will be an improved lake water quality. In fact that quality can be defined
as the good ecological potential of Dutch (Frisian) shallow semi-stagnant buffered lakes. In the period 2006 up
to 2010 that quality should be reached: a lake with clear water, substantial areas with submerged waterplants, a
great variety of fishes and a sight to see for everybody.
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