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The title ‘Storm in a ‘sea’ cup’ refers to the proverb ‘storm in a tea cup’ which means
getting furious about a small issue. Lake Marken and IJ are known for the rough play of
waves, which are quite uncomfortable for ships to navigate, with only a moderate wind.
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Abstract
1) Lake Marken and IJ are an internationally interesting nature area. The ecosystem is deteriorating, several
species of fish, birds and plants decrease in numbers. Turbidity is seen as one of the major causes. As submerged
vegetation has a central role in the ecosystem it’s investigated how a number of factors influence presence of
vegetation. 2) In a GIS program the factors water depth, bird grazing, recreation and pumping stations are studied
together with vegetation coverage. This was done by visually analyzing maps and quantitatively by calculating the
coverage with vegetation of various ‘habitats’. These habitats were defined by the mentioned factors and given
values as to their importance level of influence. 3) Chara species decrease with depth and disappear from a depth
of 3m. Potamogeton species grow scattered and in low density. They only grow in the zone to three meters depth
and not in the range below. Depth defines presence of vegetation. Both recreational activities and pumping
stations reduce presence of vegetation. With pumping stations it can be seen that at a certain distance the
vegetation of Chara species increases again. Vegetation increases with increasing potential presence of bird
grazing in contrary to what was hypothesised. Birds do not reduce presence of plants. The habitat maps do not
give any new information and do not clearly show the influence of the individual factors. GIS was in this case
more interesting to use for comparison of one factor with vegetation presence than for comparison with several
factors. 4) Spreading of turbidity, bird grazing behaviour and propagule presence are complex but interesting to
study. They receive much interest already. Fish and contamination don’t seem to play a role as they respectively
occur in very little numbers and do not spread because of bottom characteristics. Bottom structure does not define
presence of plants.
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Samenvatting
Het Markermeer en IJmeer zijn internationaal gezien een interessant natuurgebied. Echter, het ecosysteem gaat
achteruit, verschillende soorten vissen, vogels en planten gaan achteruit in aantallen. De hoge turbiditeit in de
meren wordt gezien als een van de belangrijkste oorzaken hiervan. Aangezien ondergedoken waterplanten een
belangrijke centrale functie hebben in het ecosysteem bestudeert dit onderzoek hoe verschillende factoren de
aanwezigheid van vegetatie beïnvloeden. 2) In een GIS-programma zijn de factoren waterdiepte, begrazing door
vogels, recreatie en gemalen bestudeerd in relatie tot de bedekkinggraad van vegetatie. Dit is gedaan door
kaarten met het blote oog te analyseren en kwantitatief door de bedekkinggraad van vegetatie in verschillende
‘habitat’ uit te rekenen. Deze habitat zijn gedefinieerd door de genoemde factoren en waardes die daar aan zijn
toegekend naar het niveau van belangrijkheid. 3) Chara soorten nemen af met de waterdiepte en verdwijnen
helemaal vanaf een diepte van 3m. Potamogeton soorten groeien verspreid en in lage dichtheid. Ze groeien
alleen in de zone tot drie meter diep. Diepte definieert aanwezigheid van vegetatie. Zowel recreatie als gemalen
reduceren aanwezigheid van vegetatie. Bij gemalen kan men zien dat de aanwezigheid van Chara species weer
toeneemt met toenemende afstand. Vegetatie neemt toe met groeiende potentiële aanwezigheid van vogels in
tegenstelling tot wat verwacht werd. Vogels reduceren de aanwezigheid van vegetatie niet. De habitatkaarten
geven geen nieuwe informatie en laten niet duidelijk zien wat de invloed van de afzonderlijke factoren is. GIS
was in deze studie interessanter om te gebruiken voor het vergelijken van enkele factoren met de aanwezigheid
van vegetatie dan voor het vergelijken van gecombineerde factoren. 4) Verspreiding van troebelheid, vogel
begrazingsgedrag en aanwezigheid van voortplantingsorganen zijn ingewikkeld maar interessant om verder te
bestuderen. Er wordt al veel onderzoek aan gewijd. Aanwezigheid van vissen en vervuiling lijken geen invloed
uit te oefenen op de verspreiding van vegetatie aangezien ze respectievelijk maar in geringe aantallen aanwezig
zijn en niet verspreiden vanwege bodemeigenschappen. Bodemstructuur bepaald niet de groei van vegetatie.
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Preface
Dear reader, this report is about the interesting ecosystem of Lake Marken and IJ in the Netherlands. It’s about
how physical and chemical aspects of water like turbidity and nutrients, and biological aspects like birds and fish
influence the presence of vegetation in the lakes. This study is for the engineering company Grontmij who has an
interest in the area that offers so many opportunities for development in the future. Goal of this study was to
gather background information on the area. For me, this study is the ending of my studies, my thesis work, for
the department Aquatic Ecology and Water Quality of Wageningen University and Research Centre.

Before starting the work for this thesis I planned to find a project with work in the field, taking many water
samples and making graphs, very practical. Furthermore, the project should be a real life problem with people
who really are waiting for the outcome of my thesis. Things went differently, more difficult and ‘dustier’ (behind
my computer), but also far more interesting than I expected, a whole new world of knowledge was opened to me.

I learned a lot about the system of shallow lakes, not only of a small part in these ecosystems, but of the whole
system, the reactions between different elements of the system: I read about macrophytes, birds, chemical aspects
of water, turbidity, behaviour of waves, etc. Also, I got the chance to visit some companies for expert information
and an interesting look into their working atmosphere. I worked with a GIS program. A nice program to visualize
data easily and to give insight into problems.

In this thesis report I hope you as a reader will be catched by the interest of this enormous and diverse nature area
and by the difficulty of developing pats in this system with stable vegetation.

I would like to thank Grontmij for the opportunity to do this thesis and the freedom how to perform it. I felt
welcome by the way team Water and other colleagues regularly stopped at my door to ask for the latest
developments or with some interesting articles they found, also I enjoyed the lunch breaks with you a lot. Also I
would like to thank Edwin Peeters for his flexible way of dealing with ‘everything’ actually and always a
motivating word for every moment during the project. From the thesis-room I especially remember the chocolates
reserve, sharing of program-failing experiences, Lake Marken discussions, endlessly sweating

in this hot

building, listening to princess Irene on the balcony and the normal chats in between the working. Hope to meet
you again in the aquatic ecology world in the future!

For now, enjoy reading!

Annemieke Kouwenberg
Utrecht, 10 December 2009
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1. Introduction
Vegetation in Lake Marken and IJ
The Lake IJssel Area covers an enormous part of the Netherlands. It consists of a number of large shallow lakes in
the centre of the country with a total area of 210.000 ha. The area has several functions in recreation, navigation,
agriculture and nature demanding a certain water quality. As regards nature the lakes are very attractive for many
internationally protected birds (MinisterieVerkeerWaterstaat 2008). The lakes provide a place for the birds to rest
and to feed. Table 1 shows the number of birds counted by Rijkswaterstaat in Lake IJssel, Marken and IJ.

Table 1. Total bird counts per month in Lake Marken, IJ and IJssel. Birds included: bewick’s swan, mute swan,
coot, gadwall, red-crested pochard, wigeon, common pochard, black swan, pintail and mallard. (Rijkswaterstaat
2007)
1
Lake
Marken
Lake IJ
Lake IJssel

2

3

4

5

6

7

8

9

10

11

12

24797 18671 15727
251
581 1750 4906 5831 22006 64073 37438 54319
1247
896 4020
31
239
338 910 2597 3602 4414 7389 16419
12413 18445 13631 1174 3094 4314 5856 7808 5314 15684 16137 28731

Vegetation has an important role in the lakes for the birds. Vegetation directly supplies food (Van Eerden, Van
Rijn et al. 2005) and offers a place for refuge and reproduction for fish eaten by birds (Noordhuis 2008). Places
with abundant macrophyte growth attract more birds (Van den Berg 2008). Because of this central role in the
ecosystem vegetation is central to this research as well.

This research focuses on Lake Marken and IJ, two of the lakes of Lake IJssel Area. Vegetation hardly establishes
in Lake Marken and IJ due to a high turbidity especially.
Light attenuation defines plant growth
Until now it is generally accepted that the large surface (long fetch), mobile clay layer and the shallow depth of
the lakes are major factors in causing turbidity and so in determining the distribution of vegetation
(StichtingWetlandsIJsselmeer 2006; Noordhuis 2008; Sarink and Balkema 2008; TMIJ 2008).

Turbidity can also be created by algae growth (as occurs in Lake IJssel). In water systems with a higher nutrient
concentration algae can outcompete submerged aquatic plants. After a high algae concentration is reached it
reduces light penetration and with that further competes with submerged plants. Before algae growth seemed to be
limited by the soil particles in the water of Lake Marken and IJ, but recently the algae concentration increased and
is present all year round (Van Eerden 2009).

High turbidity is an indicator for the light that determines plant growth. Light is a defining factor which means
that plants need light for growth. The more light is present the better plants will develop.
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Defining, limiting and reducing factors
Loevenstein et al. (Loevenstein, Lantinga et al. 1996 in Bindraban 2009) write in their article about production
ecology about three kind of factors that influence vegetation development. Defining factors are factors that give
chances in an environment to plants. For example one climate (light, temperature) is better for certain species than
the other climate. Or the physical morphology of a species gives it certain chances in an environment to survive;
e.g. the reproduction method of Potamogeton species (via tubers) makes that these plants survive in quite turbid
conditions. Limiting factors are the resources that plants need for growth but can be depleted, like nutrients.
Reducing factors are aspects from outside the plant that reduce growth, like chemical and mechanical disturbance
(e.g. pollution, disease, pulling out by waves, grazing, etc). This division between factors is used in the research to
appoint values to the different factors. Figure 1 shows a number of defining, limiting and reducing factors found
in literature.

Water depth,
fetch,
benthic fish,
Secchi depth,
recreation
Former plant
growth,
dispersal
by birds or
currents, age
of system
Nutrients,
structure

Defining
factors

Limiting
factors

Reducing
factors

Light

Nutrients

Birds

Propagules

Fish

Sediment
composition

Pumping
stations
Contamination
(harbours)

Recreation

Beaches
(wading),
Navigation
(motor/keel)

Figure 1. Overview of defining, limiting and reducing factors. This report focuses on the red-encircled factors.
The yellow boxes show factors, the light green boxes show indicators of these factors.
This report focuses on the red-encircled factors: light, birds, pumping stations and recreation. As mentioned
before light is an important factor in Lake Marken and IJ. Only the indicators water depth and recreation will be
used in this study. More information about influence of the indicators secchi depth and fetch on light conditions
in the water can be found in appendix F and G respectively. Little literature can be found on the influence of the
factors pumping stations and recreation and are therefore interesting to study. The interaction of birds and
vegetation is quite complex as appears from various studies. This study tries to give some insight in the
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interaction in the results and discussion. For other factors and indicators either insufficient data are available or
no influence on vegetation is expected following found data. Some attention is paid to these factors in appendix
A.

In what way the factors that this study focuses on influence vegetation is explained below.
Studied factors
Apart from turbidity water depth is another indicator which plays a role in light attenuation. At depths greater than
6m hardly any plants can be found because of insufficient light conditions (Casper and Krausch).

Birds feed on water plants. As birds are present in great amounts in the Lake IJssel Area they are assumed to
possibly have a great negative impact (Maessen 2009).

The area of pumping stations is characterised by a high water velocity, often an excavated (so deep) bottom and
relatively high nutrient concentrations. Therefore it is assumed that the presence of pumping stations reduces
vegetation (Wehrmeijer 2009).

Recreation reduces plant growth by direct mechanical damage by the motor of boats or by human and animal
wading (Mosisch and Arthington; Cragg, Fry et al. 1980).
This research
In this research the influence of the factors mentioned above on plant the presence of vegetation is studied with
help of a Geo-Information System(GIS)-program following the question:

Which factors influence the presence of aquatic plants in Lake Marken and IJ?

Firstly, the assumptions that light (with water depth as indicator) defines plant growth and that bird grazing,
pumping stations and recreation reduce plant growth need a confirmation for the case of Lake Marken and IJ. This
means that presence of vegetation should rise with shallower depth. Furthermore, vegetation should decrease in
the presence of birds, pumping stations and recreation.

Secondly, to determine the level of influence on vegetation of factors separately and in combinations the overlap
with vegetation presence is calculated in percentages.

In this way the sub-questions that will be answered are:

Is water depth a defining factor and are bird grazing, pumping stations and recreation
reducing factors in Lake Marken and IJ?
To what extent do the factors water depth, bird grazing, pumping stations and recreation
respectively influence aquatic plants in Lake Marken and IJ?
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Coming up in this report
The following chapter ‘methods’ elaborates how the research was performed and with what assumptions from
literature. The chapter ‘results’ makes a comparison of the habitat map made with GIS and the real vegetation map
where especially the discrepancy between these maps is interesting. Possible influence of other factors will be
discussed in the following chapter ‘discussion’. Last chapter contains a conclusion and recommendations for
further research.
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2. Research methods
This research is based on a quantitative GIS analysis of vegetation maps and maps of various influencing factors.
A further qualitative analysis is based on literature of shallow lakes, measurements of factors in the area and
interviews with experts of Lake IJssel Area.
Literature
From literature information is gathered on the following topics:
-

Potamogeton species

-

Chara species

-

Grazing (birds and fish)

-

Restoration / replanting / recovery

-

Impoundments / dam

-

Propagules / seed bank / dispersal / burial

-

Lakes: IJssel / IJ / Marken / Peipsi

-

Hydraulic forces / waves / wind / anchorage / resuspension

-

Recreation / mechanical disturbance / human disturbance / tourists

-

Bottom / clay / sand / marsh / riparian

-

Nutrients / phosphorous / nitrogen

-

Winter / seasonality

A list of references can be found at the end of this report.
Data
Information on characteristics of the lakes is obtained from several institutions in the Netherlands, mainly
Rijkswaterstaat Service Lake IJssel Area (vegetation, bottom, depth, recreation, lake borders, turbidity and
nutrients), Rijkswaterstaat Service Water (bird counts), Wageningen Imares (fish), Alkylon (wave height and
length), Hoogheemraadschap Hollands Noorder Kwartier (pumping stations, nutrients near outlets) and the
engineering company Witteveen+Bos (wave periods). Appendix B describes the used data and comments on their
accuracy. Additional information was obtained from interviews with experts from Rijkswaterstaat, engineering
company Grontmij, the province of North Holland and water boards. An overview of interviews can be found in
appendix C.
Processing of data
GIS is a system for analyzing spatial information. Spatial data can be processed to obtain new information and it
can be visualized in maps. Also, spatial relationships can be calculated. The program used to perform the GISanalysis in this study was ArcGIS 9.3.

For this study maps are created of the factors influencing presence of vegetation (depth, pumping stations,
recreation and birds) with spatial ranges where vegetation theoretically can grow and where not. For Potamogeton
species light conditions becomes insufficient at a water depth of 6m in very clear water (Casper and Krausch).
However, at depths of more than 2.5m plants hardly occur as appears from visitors’ observations. For Chara
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species a maximum depth of 2.5m is used and a depth of 1.5m to where presence of vegetation is more probable
(Tjeertes 2009). As no data were available for where birds are present exactly a range was chosen in which birds
theoretically can graze because their neck allows them to dive that far. In water with a depth below 0.5m hardly
any plants grow because all birds can reach the plants. Below 2m depth birds can’t reach for vegetation anymore
(Van Eerden 2009). Pumping stations and recreation have a range in which there influence is present and where
they do not exert influence anymore. For recreational locations a radius of 100m was taken based upon the
assumption that people don’t swim much further from the beaches and waves of navigation don’t reach further
than this distance. For pumping stations the area of influence varies according to the amount of discharged water.
An arbitrary radius of 200m was taken. Also, an extra test was performed to see the difference between vegetation
in first 150m from pumping stations and the next 150m (so the area between 150-300m from the pumping
stations). An overview of how all the ranges have been set one can find in table 1 in the column ‘range’.

In the same table 2 can be seen that a value is appointed to each range of each factor (habitat maps not included).
These values are based on the type of factor. The defining factor (depth) has a positive value. In a perfect situation
for plant growth in which light is sufficiently present, vegetation will grow to full extent. On an arbitrary chosen
range of 0 to 10 vegetation will be present with value 10. In a situation where no light is present, vegetation will
not be present and so the value will be 0. The reducing factors (birds, pumping stations and recreation) have
negative values referring to their negative impact on presence of vegetation. If no birds can reach plants, these are
not reduced and a value of 0 is abstracted. If birds can reach for the vegetation either a value of 1 or 2 is abstracted
depending on the extent to which birds can eat from the vegetation. The same principle goes for pumping stations
and recreation. If they are present a value of 1 is abstracted because the vegetation will be diminished as assumed.

Of each factor a map is created which show the various ranges (with their value attached, for depth and birds
visible in legend) (maps 3-9). All these maps are combined (laid on top of each other) to form the so called
‘habitat map’ which show the theoretical suitability for plants to grow considering all influences at the same time.
In this habitat map also the different values are added up: at a specific location the values of the depth map, the
grazing map, the map of recreation and the map of pumping stations are added up. In this way values between -3
and 10 can be found in the habitat map (map 10-11).

The exact working procedure used for processing in GIS is shown in appendix D.
Analysis and discussion
With GIS the maps of aquatic plants were compared with maps of depth, pumping station, recreation and birds
(separately and all together). In this way, a relation could be quickly seen between the data in the map of potential
vegetation presence and actual vegetation presence. The discrepancies between maps are described in the chapter
‘Results’.

13

Table 2. Values appointed to ranges in created maps
Maps

Range

Value

Explanation

Total vegetation coverage

-

-

Chara and Potamogeton are most abundant in

Chara sp. coverage

the lakes

Potamogeton sp. coverage
Water depth ranges for Chara sp.

0 - 1.5 m

10

Good growth conditions

1.5 - 2.5 m

5

Growth possible

> 2.5 m

0

No growth possible

Water depth ranges for

0 - 2.5 m

10

Good growth conditions

Potamogeton sp.

2.5 - 5 m

5

Growth possible

>5m

0

No growth possible

0 - 0.5 m

-2

All birds can reach vegetation

0.5 - 2 m

-1

Some birds can reach vegetation

>2m

0

No birds can reach vegetation

Present

-1

Recreation reduces vegetation

Not present

0

Recreation does not reduce vegetation

Present

-1

Recreation reduces vegetation

Not present

0

Recreation does not reduce vegetation

Bird grazing

Pumping stations

Recreation

Beside comparing the factors in maps, the influence of factors on presence of vegetation is analysed quantitatively
with GIS. In the areas of interest (for example near a pumping station) the percentage of coverage of vegetation is
calculated. This is done not only for the factors separately but also for the following combinations of maps: depth
and bird grazing, depth and recreation and a map in which all selected factors are combined.

The discussion uses data of measurements and interviews with local and thematic experts for the explanation of
the results.

Beside information and data of Lake Marken and IJ knowledge of Lake IJssel is used as supporting material in the
analysis and discussion.
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3. Results
Most maps in this chapter do not show an overview of the whole Lake IJssel Area, but zoom in on specific
locations that have abundant plant growth. These locations are Gouwzee and Lake IJ, Hoornsche Hop, Friesian
coast and Dike Houtrib. The map below shows these locations (figure 2). Furthermore not all maps are shown in
the text. More maps can be found in appendix E.

Tables 3-9 show all the results of calculations made on vegetation coverage (note: the area of the range may
indicate the relevance of the calculated coverage). An explanation of how to read them can be found below the
tables.

Figure 2. Contours of Lake Marken, IJ and IJssel with total vegetation and
enlargements of Gouwzee, Lake IJ, Hoornsche Hop, Friesian Coast and Dike Houtrib.
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Table 3: The coverage (%) of Chara and Potamogeton species of various ranges of water depth

Depth Chara

Depth Potamogeton

Habitat
value
0
5
10
0
5
10

Percentage
coverage
0
8
15
0
0
9

Vegetation surface
area (ha)
24
1073
1663
18
127
3607

Total surface
area (ha)
171886
13440
11314
34225
123861
38569

Table 4: The coverage (%) of Chara and Potamogeton species of various ranges of bird grazing

Bird grazing Chara

Bird grazing Potamogeton

Habitat
value
-2
-1
0
-2
-1
0

Percentage
coverage
19
10
0
20
12
1

Vegetation surface
area (ha)
1102
861
797
1168
991
1595

Total surface
area (ha)
5865
8342
182512
5865
8342
182512

Table 5: The coverage (%) of Chara and Potamogeton species and total vegetation of various ranges of
pumping stations

Pumping stations Chara
Pumping stations Potamogeton
Around pumping stations Chara
Around pumping stations
Potamogeton
Around pumping stations total
vegetation

Habitat
value
-1
-1

Percentage
coverage
9
35
46

Vegetation surface
area (ha)
5
21
64

Total surface
area (ha)
60
60
118

36

75

118

46

64

118

Table 6: The coverage (%) of Chara and Potamogeton species of areas with recreation

Recreation Chara
Recreation Potamogeton

Habitat
value
-1
-1

Percentage
coverage
9
16

Vegetation surface
area (ha)
170
318

Total surface
area (ha)
1954
1954
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Table 7: The coverage (%) of Chara and Potamogeton species of various habitats

Depth and bird grazing Chara

Depth and bird grazing
Potamogeton

Habitat
value
-2
-1
0
3
4
5
8
9
10

Percentage
coverage
2
6
0
1
11
7
19
10
8

Vegetation surface
area (ha)
2
2
25
0
300
774
1100
560
4

Total surface
area (ha)
83
43
172080
1
2816
10635
5782
5493
47

-2
-1
0
3
4
5
8
9
10

2
11
0
0
8
0
20
12
6

2
5
34398
0
0
123734
1166
987
23049

83
41
34420
1
1
123861
5782
8300
24506

Table 8: The coverage (%) of Chara and Potamogeton species of various habitats

Depth and recreation Chara

Depth and recreation Potamogeton

Habitat
value
-1
0
4
5
9
10
-1
0
4
5
9
10

Percentage
coverage
1
0
11
8
29
14
8
0
0
0
29
9

Vegetation surface
area (ha)
10
24
45
1028
115
1548
36
17
1
126
281
3326

Total surface
area (ha)
1148
171166
410
13030
398
10916
476
34177
510
123351
969
37601
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Table 9: The coverage (%) of either Chara or Potamogeton species of various habitats

Depth, bird grazing, pumping
stations and recreation Chara

Depth, bird grazing, pumping
stations and recreation Pot. spp.

Habitat
value

Percentage
coverage

Vegetation surface
area (ha)

Total surface
area (ha)

-3
-2
-1
0
2
3
4
5
7
8
9
10

13
2
1
0
0
28
9
7
43
18
10
7

0
2
12
25
0
36
274
763
80
1058
522
3

0
86
1208
156485
1
128
2986
10336
188
5819
5269
45

-3
-2
-1
0
2
3
4
5
7
8
9
10

30
3
1
0
0
1
0
0
52
20
11
6

0
2
33
0
0
0
6
120
33
1191
970
1415

0
85
3393
0
0
1
3494
120367
64
5874
8616
24034

As explained in the chapter ‘methods’ various ranges are applied in the map of water depth, for Chara: 0-0.5m,
0.5-1.5m and 1.5-2.5m. Table 3 shows in the second column the values that belong to these ranges as appointed
in table 2. The last column shows the total area of this range which ArcGIS can calculate. As one can read from
the table: 171886, 13440 and 11314 hectares. Also the program can calculate how many hectares vegetation
occupies in these ranges: 24, 1073 and 1663 (column 4). By dividing these two areas the percentage of
vegetation coverage is calculated, respectively 0, 8 and 15% (column 3). In this way all the tables are formed.

Taking table 9 as a second example, one can see that the habitat value in the second column is more extended
than in table 3. The value in the table is the sum of all separate values of depth, bird grazing, pumping stations
and recreation. One can reconstruct the origin of the habitat value more or less by reminding the separate values.
For example, the range with value 9 is the area in which depth is between 0 and 1.5m (for Chara) (separate value
of 10) and in which either birds graze to some extent or recreation occurs or a pumping station is nearby
(separate value of -1). One can see in the table that the three reducing factors never occur all at the same time,
because this would give a habitat value of 6, 1 or -4.

Below all maps and tables will be analysed.
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Maps which show water depth and presence of Chara species point out that the assumed ranges match quite well
with actual presence in Gouwzee (figure 3) and at the Friesian Coast: in the middle of the Gouwzee (with greater
depth) vegetation grows but with low coverage and at the coast of Friesland the area where plants theoretically
can grow is filled quite well. However, in Lake IJ and the Hoornsche Hop no plants grow in the transition range1
of low plant coverage and near Dike Houtrib (figure 4) plants do not even grow in the range which is very
suitable for vegetation (except for the area behind the front shores).

Figure 3. Depth ranges and coverage with Chara species in Lake IJ and Gouwzee

1

Transition range - referring to the area in between the growth range and the no-growth range
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An instable soil and a current that spreads turbidity are possible explanations for the locations where more
vegetation is expected (Tjeertes 2009; Van Eerden 2009). The calculated coverage with Chara species is 0% in
the range where no plants are expected, 8% in the range where some vegetation is expected and 15% in the range
where presence of vegetation theoretically is well possible (table 3). So presence of vegetation increases as
expected.

Figure 4. Depth ranges and coverage with Chara species near Dike Houtrib
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Figure 5 which shows water depth and presence of Potamogeton species points out that no plants grow in the
transition range (except for the Hoornsche Hop, but only near the border of the two ranges). In the range suitable
for vegetation generally Potamogeton species can be found although in low coverage and scattered (which the
species are known for). The calculated vegetation coverage confirm this observation with 0% vegetation in the
transition range and 9 % in the growth range.

Figure 5. Depth ranges and coverage with Potamogeton species in Hoornsche Hop
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For recreation a map is presented with recreational points (which stand for locations for fishing, surfing, kiting
and beaches) and total vegetation (figure 6). In appendix E also maps of navigation (high speed areas, canoe
routes and areas for regattas) and harbours can be found. Recreational activities and macrophytes presence
totally overlap in some locations and not in others. The recreational locations where no plants grow seem easy to
explain by water depth. From the maps no pattern can be seen between recreation and presence of vegetation.
The coverage of vegetation is calculated in the range ‘recreation present’. A comparison between presence of
Chara and Potamogeton shows that Potamogeton occurs in greater numbers in recreational areas (table 6).
Remarkable is that, taking depth into account in combination with recreational activities, one can see in table 8
that both Chara and Potamogeton species increase in number near recreation in contrary to what was
hypothesised. Another observation is that comparing the presence of vegetation near recreation in lower and
deeper water depths (value 9 and 4) it appears that hardly any Potamogeton species grow in the ‘transition zone’
in comparison with Chara species.

Figure 6. Recreation and coverage by vegetation in Lake Marken, IJ and IJssel
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In the Lakes Marken and IJssel 18 pumping stations are present. Macrophyte presence around these stations
varies as can be seen from figure 7 and 8. Stations do not always eliminate vegetation (because of excavation) as
was expected. At locations Volendam, Marken, IJdoorn and Hoornsche Hop vegetation seems to expand (only
the first is presented). From calculations on the coverage by vegetation (table 5) one can see that Potamogeton is
present in higher percentage and area than Chara species with 35 and 9% coverage respectively.

Figure 7. Pumping stations Volendam and Kolfschoten and coverage by
vegetation
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The following observation makes that it seems interesting to quantitatively analyze the presence of macrophytes
around pumping stations as well: at pumping station Leemans (Den Oever), Drieban (between Enkhuizen and
Hoorn) and Gouwzee no vegetation is present (explained by excavation for navigation), while around the station
vegetation reaches quite high densities. Calculation of vegetation coverage 150 to 300 meters away from the
pumping station reveals a substantial improved situation for Chara and no difference for Potamogeton. Two
possible explanations are that Chara reacts more to disturbance than Potamogeton species do, or that Chara
species easier are influenced by nutrients (which stimulate growth) and with the flush that gets rid of algae.

Figure 8. Pumping station Drieban and coverage by vegetation
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Something that is prominent from figure 9 is the relation between areas where birds graze and areas where
macrophytes grow. All macrophyte beds lay within the area where birds are able to eat from it. This seems logic
as both plants and birds need a shallow water dept. Calculations (table 4 en 7) show that within the range where
plants can grow the vegetation coverage increases with potential presence of birds from the transition range to
the growth range, both for Chara and Potamogeton, in contrary to what was hypothesized. Whether this is the
result of the positive influence of birds or the closer distance to the shore (less disturbance by wind and waves)
can not be said from these results. The results of table 7 do not add new information to table 4.

Figure 9. Bird grazing zones and total vegetation at Friesian coast
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Finally, figures 10 and 11 show the habitat maps for respectively Chara and Potamogeton sp. which is a
combination of water depth, pumping stations, recreation and bird grazing. The values of growth conditions range
from -3 to 10. Overall Potamogeton species only grow in the range 8 to 10 (as observed before in figure 5) and
Chara species from 3 to 10. The same pattern as for the combination of factors depth and recreation is observable:
with depth vegetation decreases, but with theoretical bird grazing vegetation increases as was not expected.

Figure 10. Habitat map and coverage with Chara species, Gouwzee
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Figure 11. Habitat map and coverage with Potamogeton species, Lake Marken, IJ and
IJssel
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4. Discussion
What is the reason that vegetation does only grow in very shallow depths and not in the full range (to -6m for
Potamogeton sp. and to -2.5m for Chara sp.) which is possible according to literature? Clearly another factor than
water depth plays a role in this. The results are discussed below.

It’s generally accepted that turbidity is the main problem in both Lake Marken and IJ (because of fine sediment
mainly) and in Lake IJssel (because of algae growth) as explained in the introduction. Rijkswaterstaat measured
Secchi depth, but only used 5 measurement locations for Lake Marken and IJ and 3 for Lake IJssel (figure 12).
The measurement results appeared to be in the range from 20-82 cm (figure 13). This would imply that Chara
hardly can grow anywhere. No insight exists in how exactly the turbidity spreads over the lake. In some places
turbidity does not spread because obstacles in the water serve as shelters (like in the Gouwzee). Also bushes of
Chara species locally decrease the turbidity. The plants decrease movement of the water and hold the sediment
with their roots. Appendix F contains more data on turbidity for both Lake Marken and IJ as Lake IJssel.

Average Secchi depth per season
9,0
8,0

Secchi depth (dm)

7,0
6,0

Broekerhaven
Hoornsche Hop

5,0

Lelystad Haven
4,0

Markermeer Midden
Pampus Oost

3,0
2,0
1,0
0,0
Spring

Summer

Autumn

Winter

Figure 13. Secchi depth measured in decimetres view in the water.
Measurements are averages per season for the five measurement
Figure 12. Measurement locations of

stations in Lake Marken and IJ.

Rijkswaterstaat in Lake Marken, IJ and IJssel

From interviews and literature it appeared that the influence of birds gets quite some attention. However, whether
the influence of birds is negative or positive for vegetation still is discussed upon. The enormous populations
(table 9) that reside in the area could have a serious impact on vegetation by grazing. However, many people
mention a natural balance to occur: once the macrophytes have been eaten by birds, birds will search for new
places to forage and vegetation will have time to recover, once there is enough vegetation birds will return again,
etc (Van den Berg 2008). It’s even said that birds can stimulate plant growth by dispersal of seeds and their
‘pruning effect’ (pruning gives an impulse to plants to create new branches) (Charalambidou and Santamaría
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2005; Klaassen and Nolet 2007). Others say that birds damage vegetation beds if they eat the propagules (eg
tubers of Potamogeton species) (Van Donk and Otte 1996; Perrow, Schutten et al. 1997). Furthermore, Van
Eerden mentioned that it might be possible that vegetation is far more spread than measured by Rijkswaterstaat,
because plants are eaten by birds to the bottom: they’re not visible in measurements but they are present (Van
Eerden 2009). The net effect of bird’s grazing on the vegetation is difficult to measure.

From the maps can be seen that presence of birds and plants coincide. Beside that both birds and plants need
shallow water as mentioned before it’s logical that birds and vegetation will always be found in the same locations
because birds search for places with sufficient food supply. Remarkable however is that where bird grazing
increases, vegetation increases as well. It appears that the birds do not eliminate the vegetation. However, the bird
grazing maps are based on theoretically possible depth that birds can reach for plants. So the maps don’t show the
actual grazing.

Pumping stations and recreation both are factors with a very local impact. Combining factors like water depth and
turbidity on one hand with pumping stations and recreation on the other hand means performing two studies at a
very different scale. It’s more interesting zooming in on the locations where water depth allows for development
of vegetation (only the stroke of water just beside the coast) and then look at the influence of these factors, only in
this small area.

Pumping stations seem to have influence in some locations, either leaving no space for macrophyte to grow or
stimulating vegetation around a station. Near Volendam vegetation grows exactly around the pumping stations.
The question is whether this is coincidence or indeed a consequence of the water flowing from the pumping
stations. The flow can, for example, take along a higher nutrient content or flush away algae and fine sediment.
The pumping stations of Gouwzee and Hoornsche Hop are examples of how vegetation grows everywhere except
for the station. This possibly is by the depth of the water or by the velocity with which the water flows from the
station into the receiving water which disturbs the rooting of vegetation.

From calculations of the coverage by vegetation near recreational activities it appears that vegetation increases in
these areas. However, the area of ‘no recreation’ is so much bigger than the area of ‘recreation present’ that the
percentage is determined by the area more than by the recreation. The other observation, that hardly any
Potamogeton species grow in the ‘transition zone’, is difficult to explain. A possible explanation is that the
combined pressure of both water depth and recreation is too much for vegetation to survive (so that recreation
does have influence). However, Chara species usually are more sensitive to stress than Potamogeton species.
Another explanation can be that it’s co-incidence; there might be one location where Chara species grow
abundantly and determine the percentage.
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5. Conclusion and recommendations
Conclusion
Chara species decrease with depth and disappear from a depth of 3m. Potamogeton species grow scattered and
in low density can be seen in the maps; this confirms literature. They only grow in the zone to three meters depth
and not in the range below. Depth defines presence of vegetation.

Both recreational activities as pumping stations have more impact on the presence of Chara than Potamogeton
species. With pumping stations it can be seen that at a certain distance the vegetation of Chara species increases
again. Pumping stations do not reduce presence of vegetation in contrary to what was hypothesised. As regards
recreation, it’s remarkable that hardly any Potamogeton species grow near recreation in the transition zone.

Logically birds and vegetation both occur in the same zone, in shallow water. But within this zone vegetation
increases with increasing potential presence of bird grazing in contrary to what was hypothesised. Birds do not
reduce presence of vegetation.

The map in which depth and bird grazing are combined, and the habitat map do not give any new information
beside the other maps and do not clearly show the influence of the individual factors. Therefore, GIS was in this
case more interesting to use for comparison of one factor with vegetation presence than for comparison with
several factors.
Recommendations
Turbidity and water depth which are seen as the two main limiting factors of vegetation growth in Lake Marken
and IJ and exclude a large part of the lake as possible locations for submerged plants. Mainly areas near the shores
of the lakes are places where submerged plants can grow considering these two factors. Interesting would be to
make larger areas with shallow water depth to test the development of vegetation in this area. Also it would be
interesting to see the effect of various objects below the water surface in reducing flow and eliminating turbidity.

Although other factors like pumping stations and recreation seem to have a very local influence on development
of vegetation they have considerable influence in the small strip of coastal area just mentioned. Therefore these
factors do play an important role in planning a nature area and are interesting to investigate.

From this thesis it seems interesting to further investigate the influence of flow on vegetation in the receiving
water. Characteristics like velocity, duration, frequency, geometry of receiving water and chemical difference
between flow and receiving water can be studied to see what happens with vegetation (for example in relation to
algae growth as a reaction to changed nutrients and to changed flow pattern).

Recreation is a very broad concept with many different aspects, from crowded beaches to contamination from
harbours to high speed areas for motor boats. The effect of all kinds of recreation are hardly being studied yet
(Hadwen, Arthington et al.; Mosisch and Arthington; Cragg, Fry et al. 1980).
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Appendix A – Bottom structure, fish, contamination, propagules and nutrients in Lake Marken, IJssel and IJ
Figure 1 shows a number of defining, limiting and reducing factors found in literature. Some were not discussed
yet but could be of importance. These are bottom structure (sediment composition), grazing by fish, bottom
disruption by benthic fish, contamination, propagule presence and nutrient concentration. These are shortly
discussed below.

The map of sediment types (figure 14) shows that vegetation grows both on sandy soils (almost whole Lake
IJssel) as well as on clayish soils (greatest part of Lake Marken and IJ). The clayish character of the bottom of
Lake Marken and IJ implies that sediment particles are more easily entrained, sedimentate difficultly and that the
roots of small plants are easily swept out of the loose structure (Maessen 2009). Despite these facts vegetation
appears to grow on both sediments. Possibly vegetation in Lake Marken and IJ would expand with another soil
type, but this cannot be seen from the maps. From literature appears that bottom structure does only have small
effects on plant growth (eg (Pip 1987; Jiang, Zhou et al. 2008)).

Fish are mentioned in literature (Hilt 2006) to have great effect on vegetation although they generally do not
prefer to feed on plants. The effect of fish is in two ways. Fish can eat or pick plant parts or disrupt the bottom
while foraging (the last called ‘benthic’ fish). Analyzing data from Imares (table 10) shows that fish are present in
a very low density in Lake Marken, IJ and IJssel. Plant eating fish have the highest density in location Edam (reed
habitat) of 6.56 kg/ha and benthic fish in location Muiderberg (reed habitat) of 23.6 kg/ha. According to Körner
and Dugdale the maximum amount of plants roach eat is 1.4 mg DW plants/ g FW fish /d (Körner and Dugdale
2003).Taken in mind that this rate is only in case of low other food sources it seems of no influence. For benthic
fish in literature a value of 29 kg/ha was mentioned to have effect (Pípalová 2002 in Hutorowicz and Dziedzic,
2008) . This amount is not reached in Lakes Marken, IJ and IJssel.

Contamination sources often are harbours. As harbours also have a greater depth for access for deep boats no
plants grow there anyway. The province of North Holland shows sources of pollution (also along the shore of the
lakes) (figure 15). For Lake Marken and also for the shores of North Holland (which mainly contain peat) counts
that contamination is not expected to spread more than a few meters because the contamination adsorbs to the clay
particles (Kuiper 2009). This is confirmed by information from Rijkswaterstaat that states that Lake IJssel,
Marken and IJ are hardly contaminated. Only the deeper parts of Lake IJssel contains some polluted sludge from
former deposits (Rijkswaterstaat 2007).
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^ Figure 14: Bottom structure of
Lake Marken, IJ and IJssel and
coverage of vegetation

< Figure 15. Contaminated locations at border of
Lake Marken near Volendam. Green: cleaned,
purple: investigation finished no cleaning necessary,
brown: investigation finished in procedure
(www.bodemloket.nl)
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Table 10: Number and weight (kg) per hectare of benthic fish (BF) and plant eating fish (PE) for each
habitat in locations in Lake Marken, IJ and IJssel. (Van Keeken, Van Barneveld et al. 2008)

Location
1: Enkhuizen (MM)
2: Hoorn
3: Edam/V'dam

4: Monnickendam

5: Muiden
6: Muiderberg

7: Lelystad (MM)
8: Lelystad (IJM)
9: Urk

10: Lemmer
11: Den Oever
12: Medemblik

13: Enkhuizen (IJM)

BF PE Habitat
number
BF - weight
number
PE - weight
Stone
x
x
29,5
0,81
Reed
x
x
61,3
2,33
Stone
x
x
5.7
0.46
Reed
x
x
122.7
0.91
Stone
x
x
52
1.49
Small stones
x
x
34.5
0.62
Reed
x
x
50
6,56
Stone
x
x
64
1.92
Small stones
1
0.01
12
0.28
Reed
x
x
23.7
0.92
Stone
x
x
1
0.06
Reed
x
x
42
1.47
Stone
x
x
111.8
1.28
Concrete
shore
x
x
32
0.41
Reed
0.5
23.6
151
1.42
Front shore
3.5
0.04
67
2,73
Stone
x
x
9.3
0.78
Reed
x
x
92.5
0.92
Stone
x
x
0.3
0
Reed
x
x
136.5
1.47
Stone
x
x
x
x
Sand
x
x
x
x
Reed
x
x
5
0.13
Stone
x
x
4
0.01
Reed
1,4
0,17
24,8
1,34
Stone
x
x
0.5
0
Reed
0.5
18.88
2.5
0.58
Stone
x
x
2
0.01
Sand zegen
x
x
4.7
~
Stone
x
x
19,4
2,32
Small stones
x
x
72
0.73
Reed
x
x
101
4,83
Sand zegen
x
x
0.05
~
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The presence of seeds or vegetative production material defines the presence of vegetation. As regards propagules
Chara and Potamogeton usually spread easily; Chara because of the high amount of seeds produced and
Potamogeton because of the potential to grow through the dark. Furthermore, in the Lake IJssel Area the potential
for dispersal is high because of many bird populations which spread the seeds by eating and excreting them.
Thereby comes that seeds are very persisting. If there are seeds in the bottom material it’s only a matter of waiting
for favourable conditions and the seeds will come up (Tjeertes 2009; Van Eerden 2009). These arguments suggest
that enough seeds are present in the lakes and that propagules are not limiting. However, attempts that have been
done to count seeds in sediment samples failed because the density of seeds appeared too low (Van den Berg
2008; Maessen 2009). Maessen assumes that close to vegetation beds enough seeds will be present, but that seeds
are not spread all over the lake.

Nutrient concentration of the water and the competition between species for these nutrients are very complex
studies, and too big for this thesis. What can be said is that the concentration of nutrients is on a level on which
macrophytes should grow well according to literature, although Rijkswaterstaat thought it was quite high.
Phosphorous concentration is in 4 of the 8 locations lower than 0.10 mg/L in spring and in none of the 8 locations
in summer (table 11 a and b). In literature a range of 0.05-0.10 mg/L is mentioned as a range in which it is
possible to shift back from an algae to a macrophyte dominated system (Sondergaard et al., 2000 in Hutorowicz
and Dziedzic 2007). The total phosphorous concentration does not everywhere in the lakes enter this range.
However, by currents the algae may be spread through the lakes (like what happens with sediment particles).
Although the nutrient concentration seems good enough for vegetation development, Lake IJssel is known for it’s
green colour from algae growth. Van Eerden and Van den Berg both noticed an increase of algae in Lake Marken
and IJ, even in winter (Van den Berg 2008; Van Eerden 2009).

Table 11a. Average total phosphorous concentrations (mg/L) in
Lake Marken and IJ for the spring period (April/May) and summer
period (June/ July/August) over the years 2005-2008
Location
Broekerhaven
Hoornsche Hop
Lelystad Haven
Markermeer Midden
Pampus Oost

Spring average Summer average
0,115
0,076
0,089
0,076
0,111
0,078
0,110
0,086
0,079
0,086

Table 11b. Average total phosphorous concentrations (mg
/L) in Lake IJssel for the spring period (April/May) and
summer period (June/July/August) over the years 20052008 (Rijkswaterstaat)
Location
Spring average Summer average
Houtribhoek
0,0557
0,0950
Steile bank
0,0600
0,0781
Vrouwezand
0,0657
0,0756
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Appendix B – Background of data
Plant coverage Lake Marken and IJ
Point features for total vegetation and interpolated data for separate species.
Sampling: Sampling with a net every 100 m in raays from the shore until a few samples do not contain plants.
Measurements are done in the month July in the years 1995, 1998, 2001, 2004, 2007 ( 2007 is used)
Processing: Coverage is calculated by dividing vegetation area and total area.
Source: Rijkswaterstaat Dienst IJsselmeergebied, Lelystad

Plant coverage Lake IJssel
Point features for total vegetation and interpolated data for separate species.
Sampling: Sampling with a net every 100 m in raays from the shore until a few samples do not contain plants.
Measurements are done in the month July in the years 1996, 1999, 2002, 2005, 2008 (2008 is used)
Processing: Coverage is calculated by dividing vegetation area and total area.
Source: Rijkswaterstaat Dienst IJsselmeergebied, Lelystad

Depth of Lake Marken, IJ and IJssel
Continuous raster, cell size 5x5m, depth in 2 decimals
Sampling: Raays each 200m. Measurements of water depth every 50m on these raays. Some parts of the lake were
measured with higher resolution. The border of the lakes was determined with TOP10vector amongst others, as
measurements below 50cm are not possible.
Processing: Interpolation of measurements to a raster of 5x5m. The high resolution measurements were
simplified.
Source: Rijkswaterstaat Dienst IJsselmeergebied, Lelystad

Borders
Polygons of Lake Marken and IJ, and Lake IJssel
Source: Rijkswaterstaat Dienst IJsselmeergebied, Lelystad

Harbours
Point features
Source: Rijkswaterstaat Dienst IJsselmeergebied, Lelystad

Recreational points
Point features of locations for fishing, surfing, kiting and beaches
Source: Rijkswaterstaat Dienst IJsselmeergebied, Lelystad

Navigation
Polygons of high speed areas and sail race areas. Line features for canoe routes.
Source: Rijkswaterstaat Dienst IJsselmeergebied, Lelystad
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Pumping stations
Point features
Source: Province of North Holland

Wave height
Polygons of wave height in ranges 0-40cm, 40-60cm, 60-80cm, 80-100cm, 100-120cm
Source: Wave atlas of Alkyon

Wave length
Polygons of wave length in ranges 0-4m, 4-6m, 6-9m, 9-12cm
Source: Wave atlas of Alkyon

Wave periods
Source: (used for maps)
Source: Witteveen+Bos 2006

Bottom
Composition of top layer and three layers underneath
Source: Rijkswaterstaat Dienst IJsselmeergebied, Lelystad

Turbidity
Secchi depth in dm.
Sampling: From 5 measuring stations in Lake Marken and IJ and 3 in Lake IJssel. Measurements were done once
a month from April to September for the years 2005 and 2006 and year-round for 2007 and 2008.
Source: Rijkswaterstaat Dienst IJsselmeergebied, Lelystad

Nutrients
Total phosphorous, orthophosphate, Kjeldahl nitrogen, ammonium, nitrate and nitrite in mg/L
Sampling: From 5 measuring stations in Lake Marken and IJ and 3 in Lake IJssel. Measurements were done once
a month from April to September for the years 2005 and 2006 and year-round for 2007 and 2008.
Source: Rijkswaterstaat Dienst IJsselmeergebied, Lelystad

Birds
Bird counts per species for Lake Marken, Lake IJ and Lake IJssel separately for the years 1998 to 2008
Sampling: Counting from a plain on raays. However, the data per raay were not accessible, only the data per lake.
Source: Rijkswaterstaat Waterdienst, Lelystad

Fish
Numbers and weight of fish per hectare for Lake Marken, IJ and IJssel near the shores.
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Sampling: Sampling on 13 locations: Enkhuizen (MM), Hoorn, Edam/Volendam, Monnickendam, Muiden,
Muiderberg, Lelystad (MM), Lelystad (IJM), Urk, Lemmer, Den Oever, Medemblik, Enkhuizen (IJM). Per
location habitats were separately sampled (reed, stones, small stones, concrete, sand, front shore). Catching of fish
was done from a boat with electrical net for 10 minutes per habitat. The sandy shores were sampled with a ‘seine’.
Source: Van Keeken and Barneveld et al. 2007. Wageningen-Imares, Ijmuiden. Document nr C019/08
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Appendix C – List of interviews

M. van den Berg
Rijkswaterstaat Dienst IJsselmeergebied
Lelystad, 17 November 2008

M. van Eerden
Rijkswaterstaat Dienst IJsselmeergebied
Lelystad, 23 March 2009

J. Kuiper
Provincie Noord Holland
January 2009

R. Noordhuis
Rijkswaterstaat Dienst IJsselmeergebied
Lelystad, 17 November 2008

M. Tjeertes
Rijkswaterstaat Dienst IJsselmeergebied
Lelystad, 20 January 2009

W. Wehrman
Provincie Noord Holland
Heerhugowaard, April 2009

The elaborations of the interviews are available with the writer.
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Appendix D – Working procedure in GIS
Non-factors
1Aa01 Standard Extent
Zzz

Default

Depth (D)
1Ab01 Water Depth Polygons NAP1
1Ab02 Water Depth Polygons NAP2
1Ab03 Merge Depth Classes 0.5 NAP
1Ab04 Depth Ranges Chara NAP
1Ab05 Depth Ranges Potamogeton NAP
1Ab06 Real Water Depth Polygons 1
1Ab07 Real Water Depth Polygons 1
1Ab08 Merge Real Depth Classes 0.5
1Ab09 Real Depth Ranges Chara
1Ab10 Real Depth Ranges Potamogeton

Fetch
1Ac01 GIF Images to Polygon
1Ac02 ZW5 IJM Wave Height Classes
1Ac03 ZW5 MM Wave Height Classes
1Ac04 ZW5 IJM Wave Length Classes
1Ac05 ZW5 MM Wave Length Classes
1Ac06 ZW5 IJM Union HL
1Ac07 ZW5 IJM Union HLd
1Ac08 Calculate Bottom Velocity IJM
1Ac09 ZW5 MM Union HL
1Ac10 ZW5 MM Union HLd
1Ac11 Calculate Bottom Velocity MM

Pumping stations (PS)
1Ad01 Pumping Stations Buffered

Recreation (R)
1Ae01 Recreation Buffer Navigation
1Ae02 Recreation Buffer Harbours
1Ae03 Recreatiepunten
1Ae04 Recreactie rustig
1Ae05 Recreatie speed
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Bird grazing (B)
1Af01 Birds Grazing Zones

Vegetation
1Ag01 Vegetation Total
1Ag02 Vegetation Chara
1Ag03 Vegetation P Perfoliatus
1Ag04 Potamogeton Total
1Ag05 Vegetation M Spicatum
1Ag06 Vegetation Species
1Ag07 Vegetation Total, points

Habitats and calculation of coverage
1Ah01 Chara Union DBPSR
1Ah02 Potamogeton Union DBPSR
1Ah03 Chara DBPSR calculate coverage
1Ah04 Potamogeton DBPSR calculate coverage
1Ah05 Chara B calculate coverage
1Ah06 Chara PS calculate coverage
1Ah07 Chara R calculate coverage
1Ah08 Chara RS calculate coverage
1Ah09 Potamogeton B calculate coverage
1Ah10 Potamogeton PS calculate coverage
1Ah11 Potamogeton R calculate coverage
1Ah12 Potamogeton RS calculate coverage
1Ah13 Potamogeton D calculate coverage
1Ah14 Chara D calculate coverage
1Ah15 Chara DR calculate coverage
1Ah16 Chara DB calculate coverage
1Ah17 Potamogeton DB calculate coverage
1Ah18 Potamogeton DR calculate coverage
1Ah19 Vegetation coverage (Chara, Potamogeton, total vegetation) for each recreation point separately
1Ah20 Vegetation coverage (Chara, Potamogeton, total vegetation) for each pumping station point separately
1Ah21 Chara PS outer area calculate coverage
1Ah22 Potamogeton PS outer area calculate coverage
1Ah23 Total vegetation PS outer area calculate coverage
1Ah24 Chara DPS calculate coverage
1Ah25 Potamogeton DPS calculate coverage
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Appendix E – Maps
Appendix E – Maps

Figure 16. Maps of depth ranges and growth of Chara species in respectively the Friesian coast, Gouwzee,
Hoornsche Hop and Dike Houtrib
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Figure 17. Maps of depth ranges and growth of Potamogeton species in respectively the Friesian coast, Gouwzee,
Hoornsche Hop and Dike Houtrib
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Figure 18. Maps of all vegetation and locations of recreation and locations where high speed is allowed in
respectively the Friesian coast, Gouwzee, Hoornsche Hop and Lake IJ
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Figure 19. Pumping stations and presence of vegetation in respectively Dike Houtrib, Wervershoof, Gouwzee and
Hoornsche Hop
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Figure 20. Bird grazing zones and presence of vegetation in respectively Friesian coast, Gouwzee and Lake IJ,
Hoornsche Hop and Dike Houtrib
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Appendix F – Turbidity in Lake Marken, IJ and Lake IJssel
Figure 21 shows the secchi depth in five monitoring locations in Lake Marken and IJ per season (average over
the years 2005 to 2008). The secchi depth ranges from 20 to 82 cm. In the monitoring locations Markermeer
Midden and Lelystad Haven secchi depth is very low. In these locations the water is quite deep and fetch is very
long with most wind directions. In the locations Broekerhaven, Hoornsche Hop and especially in Pampus Oost
the secchi depth is greater. In summer and autumn secchi depth is greater than in winter and spring. Remarkable
is that the difference between summer and winter is far greater for Pampus Oost than for Lelystad Haven and
Markermeer Midden. Furthermore, from calculations appears that secchi depth is smaller than 50 cm for 60-70
% of the time in locations Pampus Oost, Broekerhaven and Hoornsche Hop (for the other locations a higher
percentage).

Average Secchi depth per season
9.0
8.0

Secchi depth (dm)

7.0
6.0

Broekerhaven
Hoornsche Hop

5.0

Lelystad Haven
4.0

Markermeer Midden
Pampus Oost

3.0
2.0
1.0
0.0
Spring

Summer

Autumn

Winter

Figure 21. Secchi depth (dm) in five monitoring locations in Lake Marken and IJ per
season (average over the years 2005 to 2008)

Figure 22 shows the secchi depth of three monitoring locations in Lake IJssel per season (average over the years
2005 to 2008). The secchi depth ranges from 36 to 72 cm and most turbidity is at location in Vrouwezand.
Remarkable is the difference in time of the year that the highest turbidity prevails, namely summer and autumn,
exactly the time period in which the water of Lake Marken becomes clearer. This observation follows the
statement that turbidity in Lake Marken and IJ is caused by resuspension of sediment by wind and waves and in
Lake IJssel by algae growth. Generally all locations have a greater secchi depth than in Lake Marken.
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Average Secchi depth per season
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Figure 22. Secchi depth (dm) in three monitoring locations in Lake IJssel per season
(average over the years 2005 to 2008)

Table 12 and 13 show the average secchi depth over one year, for the years 2005 to 2008. Year 2007 was a year
in which turbidity augmented significantly, in Hoornsche Hop for example with almost 50%. In the year 2008 in
almost al locations in Lake Marken turbidity decreases again somewhat. In Lake IJssel the location Houtribhoek
hardly shows change. The other two locations as well as the locations in Lake Marken loose quite some secchi
depth.

Table 12. Average secchi depth (dm) at five monitoring
locations for the years 2005 to 2008 for Lake Marken and IJ
Locations

2005

2006

2007

2008

Broekerhaven

4.48

4.60

3.35

3.91

0.13

-1.25

0.56

5.56

2.92

3.75

-0.33

-2.63

0.83

3.56

2.00

2.50

-1.33

-1.56

0.50

3.23

1.92

2.50

-0.62

-1.31

0.58

6.44

5.15

4.83

-0.67

-1.29

-0.32

Hoornsche Hop

Lelystad Haven

Markermeer Midden

Pampus Oost

5.89

4.89

3.85

7.11
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Table 13. Average secchi depth (dm) at three monitoring
locations for the years 2005 to 2008 for Lake IJssel

Location

2005

2006

2007

2008

Houtribhoek

5.2

5.8

5.7

5.5

0.66

-0.09

-0.18

6.1

5.1

4.2

-1.78

-1.03

-0.85

5.2

3.4

3.9

-1.77

-1.85

0.54

Steile Bank

Vrouwezand

7.9

7.0
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Appendix G – Calculation of water velocity near bottom
Fetch is the distance that the wind streaks over the lake until a certain point. For example, if one looks to Lake IJ
with the wind blowing from a northern direction. The fetch at the island Pampus is greater than the fetch at the
island IJburg (some 4 km and 500mts respectively) (figure 23).

Figure 23. Fetch in Lake IJ to the island of Pampus and IJburg with the
wind coming from northern direction
A greater fetch implies that the wind has more distance to develop waves. One can see that waves twenty meters
from the coast are much smaller and calmer than in the middles of a lake.

Waves generate circular movements of the water under the surface (figure 24). Bigger waves logically generate
movement with more power and therefore can reach the bottom. Because the circular movements can find no
passing at the bottom, the wave is forced to breaks it’s circular way and continue over the bottom. Near the
bottom a vertical movement of the water generated that continuously exerts a shearing force on the sediment of
the bottom.

Figure 24. Orbital movement of waves under the water surface (left drawing) and behaviour of water near
the bottom (right drawing) (Mols 2006)

In this case the force was not calculated, but the velocity that the water has near the bottom. To calculate this
velocity the Linear Wave Theory (figure 25) was used.
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Û bottom = (π * H / T) * 1/(sin 2 π / L)
Figure 25. Equation of Linear Wave
Theory in which H is significant wave
height, T is wave peak period and L is
wave length
Values for the parameters wave height H and wave length L come from the Wave Atlas (Alkyon 2001). For the
wave peak period T a report of RWS RIZA (RIZA 2007) was consulted.

A study of Witteveen+Bos (Mols 2006) would give meaning to the calculated values: velocities above 0.10 m/s
induces resuspension on clay soils and 0.35 m/s on sandy soils, which makes that light reduces and establishment
of vegetation more difficult.

Calculations were done for a wind with power 5 on the scale of Beaufort from north western direction as this is
the prevailing direction with strong winds (figure 26). However, results turned out to be extremely high
velocities up to 700 m/s (or 2520 km/h) which seem unrealistic (even jet-fighters don’t reach that velocity).
Furthermore the ranges are quite broad which makes that precision (especially interesting near the low
velocities) is completely lost. Also, even the lowest calculated velocity is higher than the maximum allowable
velocity for resuspension to start which seems not probable for the whole Lake IJssel Area. The negative results
refer to an opposite direction of the velocity.
Figure 26. Prevalence of wind
directions and velocity

The unexpected outcomes for water velocity near the bottom have several probable reasons namely that the
linear wave velocity theory is not perfectly useful in this shallow water and that peak periods are very rough
calculations generalized for a great part of the lake. For more precision along the coast it would be important to
use more precise peak periods and it would be more interesting to use smaller ranges for wave height and length.
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