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The title ‘Storm in a ‘sea’ cup’ refers to the pesl ‘storm in a tea cup’ which means

=

getting furious about a small issue. Lake Marketh ldnare known for the rough play ¢

waves, which are quite uncomfortable for shipsawigate, with only a moderate wind




Abstract
1) Lake Marken and 1J are an internationally indérg nature area. The ecosystem is deterioratiageral

species of fish, birds and plants decrease in ntsnferbidity is seen as one of the major caussssuwbhmerged
vegetation has a central role in the ecosystemirivestigated how a number of factors influencespnee of
vegetation. 2) In a GIS program the factors watmtld, bird grazing, recreation and pumping statemaesstudied
together with vegetation coverage. This was doneisgyally analyzing maps and quantitatively by aédting the
coverage with vegetation of various ‘habitats’. I&dabitats were defined by the mentioned factodsgiven
values as to their importance level of influenceCBara species decrease with depth and disappear froepth d
of 3m. Potamogetorspecies grow scattered and in low density. They grow in the zone to three meters depth
and not in the range below. Depth defines preseariceegetation. Both recreational activities and ping
stations reduce presence of vegetation. With pumsitations it can be seen that at a certain distahe
vegetation ofChara species increases again. Vegetation increases imdtkasing potential presence of bird
grazing in contrary to what was hypothesised. Batdsnot reduce presence of plants. The habitat rdapsot
give any new information and do not clearly shoe thfluence of the individual factors. GIS was listcase
more interesting to use for comparison of one faefith vegetation presence than for comparison witieral
factors. 4) Spreading of turbidity, bird grazinghbeiour and propagule presence are complex butestiag to
study. They receive much interest already. Fish@mamination don’t seem to play a role as thepeetively
occur in very little numbers and do not spread bseaf bottom characteristics. Bottom structuresdus define

presence of plants.



Samenvatting
Het Markermeer en IJmeer zijn internationaal ge&en interessant natuurgebied. Echter, het ecesysiaat

achteruit, verschillende soorten vissen, vogelplanten gaan achteruit in aantallen. De hoge tigiidn de
meren wordt gezien als een van de belangrijkstead@n hiervan. Aangezien ondergedoken waterplagdan
belangrijke centrale functie hebben in het ecogystbestudeert dit onderzoek hoe verschillende ifactde
aanwezigheid van vegetatie beinvioeden. 2) In d&pBogramma zijn de factoren waterdiepte, begoadivor
vogels, recreatie en gemalen bestudeerd in refatiele bedekkinggraad van vegetatie. Dit is gedd@or
kaarten met het blote oog te analyseren en kwéefitdoor de bedekkinggraad van vegetatie in veltecide
‘habitat’ uit te rekenen. Deze habitat zijn gedefimd door de genoemde factoren en waardes dieadaazijn
toegekend naar het niveau van belangrijkheidCBara soorten nemen af met de waterdiepte en verdwijnen
helemaal vanaf een diepte van 3Rotamogetonsoorten groeien verspreid en in lage dichtheid.greeien
alleen in de zone tot drie meter diep. Diepte deéiri aanwezigheid van vegetatie. Zowel recredsiggamalen
reduceren aanwezigheid van vegetatie. Bij gemadenrken zien dat de aanwezigheid Girara species weer
toeneemt met toenemende afstand. Vegetatie neeméd groeiende potentiéle aanwezigheid van vagels
tegenstelling tot wat verwacht werd. Vogels redanede aanwezigheid van vegetatie niet. De habéata
geven geen nieuwe informatie en laten niet dukigiign wat de invloed van de afzonderlijke factoienGIS
was in deze studie interessanter om te gebruiken et vergelijken van enkele factoren met de azigheid
van vegetatie dan voor het vergelijken van gecosgdre factoren. 4) Verspreiding van troebelheidyevo
begrazingsgedrag en aanwezigheid van voortplamtiggsen zijn ingewikkeld maar interessant om vetder
bestuderen. Er wordt al veel onderzoek aan gewigshwezigheid van vissen en vervuiling lijken geenlaed
uit te oefenen op de verspreiding van vegetatigg@@an ze respectievelijk maar in geringe aantakemvezig

zijn en niet verspreiden vanwege bodemeigenschagmete mstructuur bepaald niet de groei van vegetati



Preface

Dear reader, this report is about the interestowpgstem of Lake Marken and 1J in the Netherlatitdsabout
how physical and chemical aspects of water likbitlity and nutrients, and biological aspects likel® and fish
influence the presence of vegetation in the lakbss study is for the engineering company Grontatip has an
interest in the area that offers so many oppoiesifor development in the future. Goal of thisdstwas to
gather background information on the area. Forthis,study is the ending of my studies, my thesiskwfor

the department Aquatic Ecology and Water Qualitymageningen University and Research Centre.

Before starting the work for this thesis | planrtedfind a project with work in the field, taking ma water
samples and making graphs, very practical. Furtbegnthe project should be a real life problem vgitople
who really are waiting for the outcome of my the3ikings went differently, more difficult and ‘diest’ (behind

my computer), but also far more interesting thamgected, a whole new world of knowledge was opéoexde.

| learned a lot about the system of shallow lakes,only of a small part in these ecosystems, Ibiwh@® whole
system, the reactions between different elementleofystem: | read about macrophytes, birds, ateraspects
of water, turbidity, behaviour of waves, etc. Alsgot the chance to visit some companies for exipésrmation
and an interesting look into their working atmogghé worked with a GIS program. A nice progranvisualize

data easily and to give insight into problems.

In this thesis report | hope you as a reader vélthtched by the interest of this enormous andsliveature area

and by the difficulty of developing pats in thissgym with stable vegetation.

| would like to thank Grontmij for the opportunitgp do this thesis and the freedom how to perform felt
welcome by the way team Water and other colleagegsilarly stopped at my door to ask for the latest
developments or with some interesting articles ttoemd, also | enjoyed the lunch breaks with ydotaAlso |
would like to thank Edwin Peeters for his flexiblay of dealing with ‘everything’ actually and alvsay
motivating word for every moment during the projdatom the thesis-room | especially remember trecolates
reserve, sharing of program-failing experienceskel Marken discussions, endlessly sweating in tHuos
building, listening to princess Irene on the balcamd the normal chats in between the working. Hopmeet

you again in the aquatic ecology world in the fatur

For now, enjoy reading!

Annemieke Kouwenberg
Utrecht, 10 December 2009
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1. Introduction

Vegetation in Lake Marken and 1J

The Lake IJssel Area covers an enormous part dil#tkerlands. It consists of a number of largelshalakes in
the centre of the country with a total area of 200.ha. The area has several functions in recreat@vigation,
agriculture and nature demanding a certain watalityuAs regards nature the lakes are very aftrador many
internationally protected birds (MinisterieVerkeeaW®&rstaat 2008). The lakes provide a place fobitus to rest

and to feed. Table 1 shows the number of birds tealiny Rijkswaterstaat in Lake 1Jssel, Marken ahd |

Table 1. Total bird counts per month in Lake Markdrand 1Jssel. Birds included: bewick’'s swan, erawan,
coot, gadwall, red-crested pochard, wigeon, compuamhard, black swan, pintail and mallard. (Rijkssvataat
2007)

1 2 3 4 5 6 7 8 9 10 11 12
Lake
Marken 24797 |18671|15727| 251| 581| 1750|4906 | 5831 | 22006 | 64073 | 37438 | 54319
Lake 1J 1247 896 | 4020 31| 239| 338| 910|2597| 3602| 4414| 7389|16419
Lake IJssel [12413]18445|13631| 1174 | 3094 | 4314|5856 | 7808 | 5314 |15684|16137 | 28731

Vegetation has an important role in the lakes ff@r birds. Vegetation directly supplies food (Varrdes, Van
Rijn et al. 2005) and offers a place for refuge asgroduction for fish eaten by birds (Noordhui®©2)p Places
with abundant macrophyte growth attract more b{Man den Berg 2008). Because of this central rol¢he

ecosystem vegetation is central to this researetets

This research focuses on Lake Marken and 1J, twbefakes of Lake IJssel Area. Vegetation hardtaldishes
in Lake Marken and 1J due to a high turbidity esalbc

Light attenuation defines plant growth

Until now it is generally accepted that the largeface (long fetch), mobile clay layer and the kivaldepth of
the lakes are major factors in causing turbidityd aso in determining the distribution of vegetation
(StichtingWetlandslJsselmeer 2006; Noordhuis 2@28ink and Balkema 2008; TMIJ 2008).

Turbidity can also be created by algae growth @i in Lake 1Jssel). In water systems with a dighutrient
concentration algae can outcompete submerged acpiatits. After a high algae concentration is redch

reduces light penetration and with that further petas with submerged plants. Before algae growgmse to be
limited by the soil particles in the water of Lakiarken and 13, but recently the algae concentratioreased and
is present all year round (Van Eerden 2009).

High turbidity is an indicator for the light thattrmines plant growth. Light isdefiningfactor which means

that plants need light for growth. The more lighpresent the better plants will develop.



Defining, limiting and reducing factors

Loevenstein et al. (Loevenstein, Lantinga et aP6Lth Bindraban 2009) write in their article abg@ubduction
ecology about three kind of factors that influewegetation development. Defining factors are factbat give
chances in an environment to plants. For exampdectimate (light, temperature) is better for certspecies than
the other climate. Or the physical morphology a&ipacies gives it certain chances in an environntestirvive;
e.g. the reproduction method Bbtamogetorspecies (via tubers) makes that these plantsva&umiquite turbid
conditions. Limiting factors are the resources tplaints need for growth but can be depleted, lik&rients.
Reducing factors are aspects from outside the phattreduce growth, like chemical and mechaniestlucbance
(e.g. pollution, disease, pulling out by waveszgrg, etc). This division between factors is usethe research to

appoint values to the different factors. Figurehdvgs a number of defining, limiting and reducingtéas found

in literature.
Defining Limiting Reducing
Water depth factors factors factors
fetch,
benthic fish, e _ _ _
Secchi deptH, | Light Nutrients Birds
recreation
Former plant Propagules Fish
growth,
dispersal
by birds or Sediment Pumping
currents, agq composition stations
of system
/ Contaminatioh
Nutrients, (harbours) Beaches
structure (wading),
L1 Navigation
Recreation (motor/keel)
Figure 1. Overview of defining, limiting and redngifactors. This report focuses on the red-enairaetors.
The yellow boxes show factors, the light gr boxes show indicators of these fact

This report focuses on the red-encircled factdght] birds, pumping stations and recreation. Astioaed
before light is an important factor in Lake Markamd 1J. Only the indicators water depth and re@eatill be
used in this study. More information about influeraf the indicators secchi depth and fetch on lagimditions
in the water can be found in appendix F and G wspy. Little literature can be found on the inghce of the
factors pumping stations and recreation and areefii® interesting to study. The interaction ofdbirand

vegetation is quite complex as appears from varistuslies. This study tries to give some insightthe



interaction in the results and discussion. For ofaetors and indicators either insufficient data available or
no influence on vegetation is expected followingrfd data. Some attention is paid to these factoeppendix
A.

In what way the factors that this study focuseinfinence vegetation is explained below.

Studied factors
Apart from turbidity water depth is another indmatvhich plays a role in light attenuation. At depgreater than

6m hardly any plants can be found because of iicserfit light conditions (Casper and Krausch).

Birds feed on water plants. As birds are presergr@at amounts in the Lake IJssel Area they arenasg to

possibly have a great negative impact (Maessen)2009

The area of pumping stations is characterised bigla water velocity, often an excavated (so deejom and
relatively high nutrient concentrations. Therefirés assumed that the presence of pumping statiedsces

vegetation (Wehrmeijer 2009).

Recreation reduces plant growth by direct mechamiamage by the motor of boats or by human and anim

wading (Mosisch and Arthington; Cragg, Fry et &8Q).

This research

In this research the influence of the factors noemdd above on plant the presence of vegetatiotuisesl with

help of a Geo-Information System(GIS)-program failog the question:

Which factors influence the presence of aquatiatslen Lake Marken and 13?

Firstly, the assumptions that light (with water tteps indicator) defines plant growth and that lgrdzing,
pumping stations and recreation reduce plant grotd a confirmation for the case of Lake Marketh IdnThis
means that presence of vegetation should rise shittiower depth. Furthermore, vegetation shouldedse in

the presence of birds, pumping stations and rdoreat

Secondly, to determine the level of influence ogetation of factors separately and in combinatitesoverlap

with vegetation presence is calculated in percesgtag

In this way the sub-questions that will be answened
Is water depth a defining factor and are bird gragi pumping stations and recreation
reducing factors in Lake Marken and 13?

To what extent do the factors water depth, birdzgrg, pumping stations and recreation

respectively influence aquatic plants in Lake Markad 1J?

10



Coming up in this report

The following chapter ‘methods’ elaborates how thsearch was performed and with what assumptiam fr
literature. The chapter ‘results’ makes a comparizithe habitat map made with GIS and the reaktaggpn map
where especially the discrepancy between these msaipseresting. Possible influence of other fastaill be
discussed in the following chapter ‘discussion’stLahapter contains a conclusion and recommendafion

further research.

11



2. Research methods

This research is based on a quantitative GIS aisatys/egetation maps and maps of various influsmdactors.
A further qualitative analysis is based on literatof shallow lakes, measurements of factors inattea and

interviews with experts of Lake IJssel Area.

Literature

From literature information is gathered on thedwaling topics:
- Potamogetorspecies
- Charaspecies
- Grazing (birds and fish)
- Restoration / replanting / recovery
- Impoundments / dam
- Propagules / seed bank / dispersal / burial
- Lakes: IJssel / 13 / Marken / Peipsi
- Hydraulic forces / waves / wind / anchorage / rpsusion
- Recreation / mechanical disturbance / human diaha® / tourists
- Bottom/ clay / sand / marsh / riparian
- Nutrients / phosphorous / nitrogen
- Winter / seasonality

A list of references can be found at the end &f thport.

Data

Information on characteristics of the lakes is ot#d from several institutions in the Netherlandsinly
Rijkswaterstaat Service Lake lJssel Area (vegetatlmottom, depth, recreation, lake borders, tutpidind
nutrients), Rijkswaterstaat Service Water (birdrdey Wageningen Imares (fish), Alkylon (wave Hignd
length), Hoogheemraadschap Hollands Noorder Kwafjp®mping stations, nutrients near outlets) ane th
engineering company Witteveen+Bos (wave periodppehdix B describes the used data and commentsean t
accuracy. Additional information was obtained framerviews with experts from Rijkswaterstaat, ergiring
company Grontmij, the province of North Holland amdter boards. An overview of interviews can benfibin

appendix C.

Processing of data

GIS is a system for analyzing spatial informatiSpatial data can be processed to obtain new intismand it
can be visualized in maps. Also, spatial relatigmsitan be calculated. The program used to perfberGIS-

analysis in this study was ArcGIS 9.3.

For this study maps are created of the factorsuémiting presence of vegetation (depth, pumpingoskat
recreation and birds) with spatial ranges wherestatgn theoretically can grow and where not. Fotramogeton
species light conditions becomes insufficient ateder depth of 6m in very clear water (Casper anaulch).

However, at depths of more than 2.5m plants haodiyur as appears from visitors’ observations. Ebara

12



species a maximum depth of 2.5m is used and a adttbm to where presence of vegetation is moobalsle
(Tjeertes 2009). As no data were available for whards are present exactly a range was chosemichvoirds
theoretically can graze because their neck alldhwstto dive that far. In water with a depth belown® hardly
any plants grow because all birds can reach thapl8elow 2m depth birds can't reach for vegetatioymore
(Van Eerden 2009). Pumping stations and recredtae a range in which there influence is presedtwalnere
they do not exert influence anymore. For recrealfidacations a radius of 100m was taken based upen
assumption that people don’'t swim much further fribre beaches and waves of navigation don't reathdt
than this distance. For pumping stations the aféaflaence varies according to the amount of désged water.
An arbitrary radius of 200m was taken. Also, arr&x¢st was performed to see the difference betwegetation
in first 150m from pumping stations and the nexOr5(so the area between 150-300m from the pumping

stations). An overview of how all the ranges hagerbset one can find in table 1 in the column ‘eang

In the same table 2 can be seen that a value @rdpg to each range of each factor (habitat mapsncluded).
These values are based on the type of factor. &fieing factor (depth) has a positive value. Ineaf@ct situation
for plant growth in which light is sufficiently psent, vegetation will grow to full extent. On atbitnary chosen
range of 0 to 10 vegetation will be present witlugalO. In a situation where no light is presesggetation will
not be present and so the value will be 0. The diedufactors (birds, pumping stations and recreatizave
negative values referring to their negative impgatpresence of vegetation. If no birds can reaahtp) these are
not reduced and a value of 0 is abstracted. I&shdah reach for the vegetation either a valuemf2 is abstracted
depending on the extent to which birds can eat fluarvegetation. The same principle goes for pumptations

and recreation. If they are present a value ofabi&racted because the vegetation will be dimiisds assumed.

Of each factor a map is created which show theouarranges (with their value attached, for depith lainds

visible in legend) (maps 3-9). All these maps amenigined (laid on top of each other) to form thecsdled

‘habitat map’ which show the theoretical suitalifibr plants to grow considering all influencegta same time.
In this habitat map also the different values atdeal up: at a specific location the values of teptkd map, the
grazing map, the map of recreation and the mapiofging stations are added up. In this way valudéwédsn -3
and 10 can be found in the habitat map (map 10-11).

The exact working procedure used for processir@lis shown in appendix D.

Analysis and discussion

With GIS the maps of aquatic plants were compargld maps of depth, pumping station, recreation hinds
(separatelyndall together). In this way, a relation could bectily seen between the data in the map of potential
vegetation presence and actual vegetation pres&heediscrepancies between maps are describee ichépter

‘Results’.

13



Table2. Values appointed to ranges in creemap:

Maps Range Valu¢ Explanation
Total vegetation coverage - - CharaandPotamogetorare most abundant i
Chara sp.coverage the lakes
Potamogeton sgoverage
Water depth ranges f@hara sp. | 0-1.5m 10 Good growth conditions
15-25m Growth possible
>25m No growth possible
Water depth ranges for 0-25m 10 Good growth conditions
Potamogeton sp. 25-5m Growth possible
>5m 0 No growth possible
Bird grazing 0-05m -2 All birds can reach vegetation
05-2m -1 Some birds can reach vegetation
>2m 0 No birds can reach vegetation
Pumping stations Present -1 Recreation reduces vegetation
Not present 0 Recreation does not reduce vegetation
Recreation Present -1 Recreation reduces vegetation
Not present 0 Recreation does not reduce vegetation

Beside comparing the factors in maps, the influefdactors on presence of vegetation is analyseahiitatively

with GIS. In the areas of interest (for examplerrepumping station) the percentage of coveragegétation is

calculated. This is done not only for the fact@parately but also for the following combinatiorisvaps: depth

and bird grazing, depth and recreation and a mayghiohall selected factors are combined.

The discussion uses data of measurements andigwsrwith local and thematic experts for the exptaon of

the results.

Beside information and data of Lake Marken andnidviledge of Lake IJssel is used as supporting mahiarthe

analysis and discussion.

14




3. Results

Most maps in this chapter do not show an overviéwhe whole Lake IJssel Area, but zoom in on specif

locations that have abundant plant growth. Thesations are Gouwzee and Lake 1J, Hoornsche Hopsiarn

coast and Dike Houtrib. The map below shows thesations (figure 2). Furthermore not all maps &@ in

the text. More maps can be found in appendix E.

Tables 3-9 show all the results of calculations enad vegetation coverage (note: the area of thgeramay

indicate the relevance of the calculated coverafye)explanation of how to read them can be founidwehe

tables.
Makkum
Makkum
Den Oevi
Stavoren
Enkhuizen
Enkhuizen
Hoorn
q\y Lelystad
Eddm Edam
Volenglam Volendar
£ Legend
: Almere Vegetation
¢ 0-1%
e 1-5%
® 5-15%
® 15-25%
N ® x-50%
. . 1Almere @ o
. 75100 %

Figure 2. Contours of Lake Marken, 1J and 1Jsséh tatal vegetation and

enlargements of Gouwzee, Lake 13, Hoornsche Hagsien Coast and Dike Houtrily.
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Takle 3: The coveraa(%) of Chare anc Potamogeto species of various rangof water deptt

Habitat | Percentage | Vegetation surface| Total surface
value coverage area (ha) area (ha)
DepthChara 0 0 24 171886
5 8 1073 13440
10 15 1663 11314
DepthPotamogeton 0 0 18 34225
5 0 127 123861
10 9 3607 38569

Takle 4: The coverag(%) of Chare anc Potamogeto species f various rangeof bird arazinc

Habitat | Percentage | Vegetation surface| Total surface

value coverage area (ha) area (ha)
Bird grazingChara -2 19 1102 5865
-1 10 861 8342

0 0 797 182512
Bird grazingPotamogeton -2 20 1168 5865
-1 12 991 8342

0 1 1595 182512

Table 5: The coverage (%) @hara and Potamogetorspecies and total vegetation of various range

pumping station

Habitat | Percentage | Vegetation surface| Total surface

value coverage area (ha) area (ha)
Pumping station€hara -1 9 5 60
Pumping station®otamogeton -1 35 21 60
Around pumping stationGhara 46 64 118
Around pumping stations
Potamogeton 36 75 118
Around pumping stations total
vegetation 46 64 118

Takle 6: The coveraa(%) of Chare anc Potamogeto species oareas with recreatic

Habitat | Percentage | Vegetation surface| Total surface
value coverage area (ha) area (ha)
RecreatiorChara -1 9 170 1954
RecreatiorPotamogeton -1 16 318 1954
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Takle 7: The coverag(%) of Chare andPotamogeto species of variouhabitats

Habitat | Percentage | Vegetation surface| Total surface
value coverage area (ha) area (ha)
Depth and bird grazinGhara -2 2 2 83
-1 6 2 43
0 0 25 172080
3 1 0 1
4 11 300 2816
5 7 774 10635
8 19 1100 5782
9 10 560 5493
10 8 4 47
Depth and bird grazing
Potamogeton -2 2 2 83
-1 11 5 41
0 0 34398 34420
3 0 0 1
4 8 0 1
5 0 123734 123861
8 20 1166 5782
9 12 987 8300
10 6 23049 24506

Takle 8: The coveraa(%) of Chare anc Potamoageto species of variouhabitats

Habitat | Percentage | Vegetation surface| Total surface
value coverage area (ha) area (ha)
Depth and recreatioBhara -1 1 10 1148
0 0 24 171166
4 11 45 410
5 8 1028 13030
9 29 115 398
10 14 1548 10916
Depth and recreatioAotamogeton -1 8 36 476
0 0 17 34177
4 0 1 510
5 0 126 123351
9 29 281 969
10 9 3326 37601
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Takle S The coveraa(%) of eitherChare or Potamoageto species of variouhabitats
Habitat | Percentage | Vegetation surface| Total surface
value coverage area (ha) area (ha)
Depth, bird grazing, pumping
stations and recreatig@hara -3 13 0 0
-2 2 2 86
-1 1 12 1208
0 0 25 156485
2 0 0 1
3 28 36 128
4 9 274 2986
5 7 763 10336
7 43 80 188
8 18 1058 5819
9 10 522 5269
10 7 3 45
Depth, bird grazing, pumping
stations and recreation Pot. spp. -3 30 0 0
-2 3 2 85
-1 1 33 3393
0 0 0 0
2 0 0 0
3 1 0 1
4 0 6 3494
5 0 120 120367
7 52 33 64
8 20 1191 5874
9 11 970 8616
10 6 1415 24034

As explained in the chapter ‘methods’ various rangee applied in the map of water depth,Gtiara 0-0.5m,
0.5-1.5m and 1.5-2.5m. Table 3 shows in the secohgnn the values that belong to these ranges @siretpd

in table 2. The last column shows the total arethisfrange which ArcGIS can calculate. As one resd from

the table: 171886, 13440 and 11314 hectares. Alsgptogram can calculate how many hectares vegetati
occupies in these ranges: 24, 1073 and 1663 (coldmmy dividing these two areas the percentage of

vegetation coverage is calculated, respective8/dnd 15% (column 3). In this way all the tables farmed.

Taking table 9 as a second example, one can se¢hthhabitat value in the second column is motereded
than in table 3. The value in the table is the sifirall separate values of depth, bird grazing, puamstations
and recreation. One can reconstruct the origim@fiabitat value more or less by reminding the regpaalues.
For example, the range with value 9 is the areshich depth is between 0 and 1.5m (@rara) (separate value
of 10) and in which either birds graze to some mxte recreation occur®r a pumping station is nearby
(separate value of -1). One can see in the tablethie three reducing factors never occur all atsidime time,

because this would give a habitat value of 6, ¥or

Below all maps and tables will be analysed.
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Maps which show water depth and presencghadra species point out that the assumed ranges mattshvaeil
with actual presence in Gouwzee (figure 3) anth@tFriesian Coast: in the middle of the Gouwze¢h(greater
depth) vegetation grows but with low coverage aintha coast of Friesland the area where plantsdhieally
can grow is filled quite well. However, in Lakeddd the Hoornsche Hop no plants grow in the trammsiangé
of low plant coverage and near Dike Houtrib (figdeplants do not even grow in the range whichésyv
suitable for vegetation (except for the area beltiediront shores).

\olendam

Legend

Growth ranges Chara

- Mo growth

- Growth possible
I:l Good growth conditions
Chara coverage

I 75-100%
[ s0-75%
[ ] 550%
[ ]1525%
5-15%
B 5%
| EEES

Durgerdam

0 1,000 2,000 4,000 6,000 3,000

hEters

Figure 3. Depth ranges and coverage vChare species in Lake 1J and Gouw.

!Transition range - referring to the area in betwesengrowth range and the no-growth range
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An instable soil and a current that spreads tunpidire possible explanations for the locations wheore
vegetation is expected (Tjeertes 2009; Van Eerd&@9R The calculated coverage wiflhara species is 0% in
the range where no plants are expected, 8% iratihgerwhere some vegetation is expected and 158¢ irahge
where presence of vegetation theoretically is ypelssible (table 3). So presence of vegetation asg® as

expected.

egend

rowth ranges Chara

Mo growth
Growth possible

- Good growth condition s

75-100%
50-75%

i) 950 1,900 3,800 5700 7,600
_— — Meters

Figure4. Depth ranges and coverage vChare speciesnear Dike Houtrik
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Figure 5 which shows water depth and presendeotdmogetorspecies points out that no plants grow in the
transition rangéexcept for the Hoornsche Hop, but only near theldoof the two ranges). In the range suitable
for vegetation generalliPotamogetorspecies can be found although in low coveragesgattered (which the
species are known for). The calculated vegetatmrerage confirm this observation with 0% vegetafiothe

transition range and 9 % in the growth range.

Legend

Potamogeton coverage

B 5-100%
[ s0-75%
[ ]2s50%
[ ]152%
[ ]s15%
B 5%
| EE3

Growth ranges Potamogeton

- Mo growth
- Growth possible

|:] Good growth conditions
Edam

olendam Foond

0 1,200 2400 4,800 7,200 9,600
MEeters

Figure5. Depth ranges and coverage wPotamogeto species irHoornsche Hao
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For recreation a map is presented with recredtipoiats (which stand for locations for fishing,réog, kiting
and beaches) and total vegetation (figure 6). lpeafix E also maps of navigation (high speed aremspe
routes and areas for regattas) and harbours caoumel. Recreational activities and macrophytes ges
totally overlap in some locations and not in oth@tse recreational locations where no plants greanseasy to
explain by water depth. From the maps no pattembeaseen between recreation and presence of tiegeta
The coverage of vegetation is calculated in they@anecreation present’. A comparison between presef
Chara and Potamogetonshows thatPotamogetonoccurs in greater numbers in recreational aressle(t6).
Remarkable is that, taking depth into account imlgimation with recreational activities, one can se&ble 8
that both Chara and Potamogetonspecies increase in number near recreation inragnto what was
hypothesised. Another observation is that compativegpresence of vegetation near recreation in lcanel
deeper water depths (value 9 and 4) it appearstirdty anyPotamogetorspecies grow in the ‘transition zone’
in comparison witfCharaspecies.

Legend

Total vegetation

01 %
1-5 %
515%
16-25 %

® =
‘. 50-75%

# Recredtiepunien

0. .

0 35507100

14,200 21,300 25,400

Meters

Figure6. Recreation and coverage by vegetation in LakekbtarlJ andJsse
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In the Lakes Marken and IJssel 18 pumping statemespresent. Macrophyte presence around theserstati
varies as can be seen from figure 7 and 8. Station®ot always eliminate vegetation (because ohextion) as
was expected. At locations Volendam, Marken, 1Jdaord Hoornsche Hop vegetation seems to expang (onl
the first is presented). From calculations on tineecage by vegetation (table 5) one can seeRbmogetons

present in higher percentage and area @fzara species with 35 and 9% coverage respectively.

Edam

Volendam

Legend

Total vegetation

01%
= 1-5%
] 515%
| J1sm%
I ] 2550%
| s0-7a%

75-100%
! “ Purmping stations|

i] 265 530 1,060 1,590 2120
— — Meters

Figure 7. Pumping stations Volendam and Kolfschetieth coverage by

vegeatior
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The following observation makes that it seems @gtng to quantitatively analyze the presence afrophytes
around pumping stations as well: at pumping station Leesn@en Oever), Drieban (between Enkhuizen and
Hoorn) and Gouwzee no vegetation is present (exgtbby excavation for navigation), while around skegion
vegetation reaches quite high densities. Calculabibvegetation coverage 150 to 300 meters awan filze
pumping station reveals a substantial improvedasita for Chara and no difference foPotamogetonTwo
possible explanations are th@hara reacts more to disturbance thBotamogetorspecies do, or thathara

species easier are influenced by nutrients (whichusate growth) and with the flush that gets ricatyae.

Enkhuizen

Legend

Total vegetation

0-1%
] = 15%
] 515%
| Jis28%
N [ 25-50%
| a0-75%

75-100%
Pumping stations|

a 470 0 1,880 2,820 3,760
— — Meters

Figure 8. Pumping station Drieban and coveragedmgetation
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Something that is prominent from figure 9 is thé&atien between areas where birds graze and areagewh
macrophytes grow. All macrophyte beds lay withia #tea where birds are able to eat from it. Thesnselogic
as both plants and birds need a shallow water @gdtulations (table 4 en 7) show that within thage where
plants can grow the vegetation coverage increagspotential presence of birds from the transitrange to
the growth range, both fa@€hara and Potamogetonin contrary to what was hypothesized. Whethes ihithe
result of the positive influence of birds or thesdr distance to the shore (less disturbance bg &l waves)

can not be said from these results. The resulizbdé 7 do not add new information to table 4.

Makkum

Legend

Total vegetation
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Figure 9. Bird grazing zones and total vegetatiofraesian coast
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Finally, figures 10 and 11 show the habitat mams respectivelyChara and Potamogetonsp. which is a
combination of water depth, pumping stations, rato@ and bird grazing. The values of growth candi range
from -3 to 10. OveralPotamogetorspecies only grow in the range 8 to 10 (as obsebafore in figure 5) and
Charaspecies from 3 to 10. The same pattern as focdhgination of factors depth and recreation is nlzdse:

with depth vegetation decreases, but with theakhicd grazing vegetation increases as was natatzg.

Figure 10. Habitat map and coverage wCharz speciesGouwze:
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Figure 11. Habitat map and coverage vtitamogetorspecies, Lake Marken, 1J and

IJsse
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4. Discussion
What is the reason that vegetation does only growery shallow depths and not in the full range-@m for

Potamogeton s@and to -2.5m foChara sp) which is possible according to literature? Clgarother factor than

water depth plays a role in this. The results aeussed below.

It's generally accepted that turbidity is the mpimoblem in both Lake Marken and IJ (because of fiediment
mainly) and in Lake 1Jssel (because of algae grpashexplained in the introduction. Rijkswaterstastasured
Secchi depth, but only used 5 measurement locafmmsake Marken and 1J and 3 for Lake 1Jssel (feg@?2).
The measurement results appeared to be in the femme20-82 cm (figure 13). This would imply th&hara
hardly can grow anywhere. No insight exists in hewactly the turbidityspreadsover the lake. In some places
turbidity does not spread because obstacles invitier serve as shelters (like in the Gouwzee). Alsshes of
Chara species locally decrease the turbidity. The plaietsrease movement of the water and hold the setlime

with their roots. Appendix F contains more dataubidity for both Lake Marken and 1J as Lake lJsse
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Figure 13. Secchi depth measured in decimetres iglhe water.

Measurements are averages per season for the diasurement

stations in Lake Marken and

Figure 12. Measurement locations of

Rijkswaterstaat in Lake Marken, 1J and IJssel

From interviews and literature it appeared thatitifieence of birds gets quite some attention. Heavewhether
the influence of birds is negative or positive fagetation still is discussed upon. The enormoysuladions
(table 9) that reside in the area could have assrimpact on vegetation by grazing. However, mpegple
mention a natural balance to occur: once the magtep have been eaten by birds, birds will seaochhéw
places to forage and vegetation will have timeeiworer, once there is enough vegetation birdsratillrn again,
etc (Van den Berg 2008). It's even said that biteda stimulate plant growth by dispersal of seeds their

‘pruning effect’ (pruning gives an impulse to plartb create new branches) (Charalambidou and Sari@am
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2005; Klaassen and Nolet 2007). Others say thashilamage vegetation beds if they eat the propadaty
tubers ofPotamogetorspecies) (Van Donk and Otte 1996; Perrow, Schutteal. 1997). Furthermore, Van
Eerden mentioned that it might be possible thattaggn is far more spread than measured by Rijiestaat,
because plants are eaten by birds to the bottoay’réhnot visible in measurements but they are garegvVan

Eerden 2009). The net effect of bird’s grazing los vegetation is difficult to measure.

From the maps can be seen that presence of bidiplants coincide. Beside that both birds and plamed
shallow water as mentioned before it's logical thiatls and vegetation will always be found in thenge locations
because birds search for places with sufficiendfsapply. Remarkable however is that where birdzigea
increases, vegetation increases as well. It applearshe birds do not eliminate the vegetationwkleer, the bird
grazing maps are based on theoretically possitgéndbat birds can reach for plants. So the map& dbow the

actual grazing.

Pumping stations and recreation both are factotts avvery local impact. Combining factors like watepth and
turbidity on one hand with pumping stations andeation on the other hand means performing twoiessuat a
very different scale. It's more interesting zoomingon the locations where water depth allows fevelopment
of vegetation (only the stroke of water just beghie coast) and then look at the influence of tHastors, only in
this small area.

Pumping stations seem to have influence in somatitots, either leaving no space for macrophyterawgor
stimulating vegetation around a station. Near Vdén vegetation grows exactly around the pumpintiosis
The question is whether this is coincidence or éada consequence of the water flowing from the pogp
stations. The flow can, for example, take alongghdr nutrient content or flush away algae and fediment.
The pumping stations of Gouwzee and Hoornsche Hegeamples of how vegetation grows everywherepxce
for the station. This possibly is by the depthhad tvater or by the velocity with which the watawik from the

station into the receiving water which disturbs itheting of vegetation.

From calculations of the coverage by vegetatiorr neereational activities it appears that vegetatiwreases in
these areas. However, the area of ‘no recreat®sbimuch bigger than the area of ‘recreation ptesieat the
percentage is determined by the area more thanhéyrdcreation. The other observation, that hardly a
Potamogetonspecies grow in the ‘transition zone’, is difficub explain. A possible explanation is that the
combined pressure of both water depth and recre&id®oo much for vegetation to survive (so thatreation
does have influence). Howevethara species usually are more sensitive to stress Bwaamogetorspecies.
Another explanation can be that it's co-incidentieere might be one location whefzhara species grow

abundantly and determine the percentage.
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5. Conclusion and recommendations

Conclusion
Charaspecies decrease with depth and disappear fraepth of 3mPotamogetorspecies grow scattered and

in low density can be seen in the maps; this corHiliterature. They only grow in the zone to thmesters depth

and not in the range below. Depth defines presefigegetation.

Both recreational activities as pumping stationgeh@ore impact on the presenceldfarathanPotamogeton
species. With pumping stations it can be seenathatcertain distance the vegetatiorCbfaraspecies increases
again. Pumping stations do not reduce presenceggtation in contrary to what was hypothesised.e§ards

recreation, it's remarkable that hardly any Potagtog species grow near recreation in the transittne.

Logically birds and vegetation both occur in theneazone, in shallow water. But within this zone etagjon
increases with increasing potential presence of ¢niazing in contrary to what was hypothesisedd8do not

reduce presence of vegetation.

The map in which depth and bird grazing are conthiaed the habitat map do not give any new infoionat
beside the other maps and do not clearly shownthheéeince of the individual factors. Therefore, Gi&s in this
case more interesting to use for comparison offaci®r with vegetation presence than for comparisith

several factors.

Recommendations
Turbidity and water depth which are seen as therhain limiting factors of vegetation growth in Lakéarken

and 1J and exclude a large part of the lake asigedscations for submerged plants. Mainly areaarrthe shores
of the lakes are places where submerged plantgran considering these two factors. Interesting didae to
make larger areas with shallow water depth to ttestdevelopment of vegetation in this area. Alsawauld be

interesting to see the effect of various objectswehe water surface in reducing flow and elimingtturbidity.

Although other factors like pumping stations ancreation seem to have a very local influence orelbgment
of vegetation they have considerable influencena gmall strip of coastal area just mentioned. @foee these

factors do play an important role in planning aunatarea and are interesting to investigate.

From this thesis it seems interesting to furthgegtigate the influence of flow on vegetationhie teceiving
water. Characteristics like velocity, duratioreduency, geometry of receiving water and chemidtdrénce
between flow and receiving water can be studiesbtowhat happens with vegetation (for examplelatios to

algae growth as a reaction to changed nutrients@odanged flow pattern).
Recreation is a very broad concept with many dffieraspects, from crowded beaches to contaminétion

harbours to high speed areas for motor boats. Teetef all kinds of recreation are hardly beirigdied yet
(Hadwen, Arthington et al.; Mosisch and Arthingt@ragg, Fry et al. 1980).
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Appendix A — Bottom structure, fish, contaminatfmepagules and nutrients in Lake Marken, 1Jssa &h

Figure 1 shows a number of defining, limiting areducing factors found in literature. Some weredistussed
yet but could be of importance. These are bottamcstre (sediment composition), grazing by fishittm
disruption by benthic fish, contamination, prop&gulresence and nutrient concentration. These ardlysh

discussed below.

The map of sediment types (figure 14) shows thaetation grows both on sandy soils (almost wholkelLa
IJssel) as well as on clayish soils (greatest pattake Marken and 1J). The clayish character ef biottom of
Lake Marken and 1J implies that sediment partielessmore easily entrained, sedimentate difficudiyg that the
roots of small plants are easily swept out of thesé structure (Maessen 2009). Despite these Vagstation
appears to grow on both sediments. Possibly vagetat Lake Marken and IJ would expand with anotbeit
type, but this cannot be seen from the maps. Fimaiure appears that bottom structure does ocae lsmall
effects on plant growth (eg (Pip 1987; Jiang, Zhbal. 2008)).

Fish are mentioned in literature (Hilt 2006) to bagreat effect on vegetation although they generdd not
prefer to feed on plants. The effect of fish igwo ways. Fish can eat or pick plant parts or gisthe bottom
while foraging (the last called ‘benthic’ fish). Alyzing data from Imares (table 10) shows that éishpresent in
a very low density in Lake Marken, 1J and IJssé&nPeating fish have the highest density in larattdam (reed
habitat) of 6.56 kg/ha and benthic fish in locatiaoiderberg (reed habitat) of 23.6 kg/ha. Accordiag<érner
and Dugdale the maximum amount of plants roachsed4 mg DW plants/ g FW fish /d (Kérner and Dugda
2003).Taken in mind that this rate is only in caféow other food sources it seems of no influertear. benthic
fish in literature a value of 29 kg/ha was mentibne have effect (Pipalova 2002 in Hutorowicz armebzic,

2008) . This amount is not reached in Lakes Markkéand IJssel.

Contamination sources often are harbours. As hasbalso have a greater depth for access for deafs lno
plants grow there anyway. The province of Northlatud shows sources of pollution (also along theelod the
lakes) (figure 15). For Lake Marken and also far gfnores of North Holland (which mainly contain pemunts
that contamination is not expected to spread ntae & few meters because the contamination adsoths clay
particles (Kuiper 2009). This is confirmed by infmation from Rijkswaterstaat that states that Lakesél,
Marken and 1J are hardly contaminated. Only thepdeearts of Lake 1Jssel contains some pollutedgaifrom
former deposits (Rijkswaterstaat 2007).
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" Figure 14: Bottom structure of
Lake Marken, 1J and 1Jssel and

coverage of vegetation

< Figure 15. Contaminated locations at border of
Lake Marken near Volendam. Green: cleaned,

purple: investigation finished no cleaning necegsar
brown: investigation finished in procedure

(www.bodemloket.nl)
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Table 10: Number and weight (kg) per hectare othieriish (BF) and plant eating fish (PE) for each
habitat in locations in Lake Marken, IJ and |Jséan Keeken, Van Barneveld et al. 2008)

BF - PE -
Location Habitat number BF - weight number PE - weight
1: Enkhuizen (MM) | Stone X X 29,5 0,81
Reed X X 61,3 2,33
2: Hoorn Stone X X 5.7 0.46
Reed X X 122.7 0.91
3: Edam/V'dam Stone X X 52 1.49
Small stones X X 34.5 0.62
Reed X X 50 6,56
4: Monnickendam Stone X X 64 1.92
Small stones 1 0.01 12 0.28
Reed X X 23.7 0.92
5: Muiden Stone X X 1 0.06
Reed X X 42 1.47
6: Muiderberg 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
7: Lelystad (MM) Stone X X 9.3 0.78
Reed X X 92.5 0.92
8: Lelystad (1JM) Stone X X 0.3 0
Reed X X 136.5 1.47
9: Urk Stone X X X X
Sand X X X X
Reed X X 5 0.13
10: Lemmer Stone X X 4 0.01
Reed 1,4 0,17 24.8 1,34
11: Den Oever Stone X X 0.5 0
Reed 0.5 18.88 2.5 0.58
12: Medemblik Stone X X 2 0.01
Sand -
zegen X X 4.7 ~
13: Enkhuizen (IJM) | Stone X X 19,4 2,32
Small stones X X 72 0.73
Reed X X 101 4,83

Sand -




The presence of seeds or vegetative productionriabtiefines the presence of vegetation. As regardpagules
Chara and Potamogetonusually spread easilyChara because of the high amount of seeds produced and
Potamogetorbecause of the potential to grow through the dankthermore, in the Lake 1Jssel Area the potential
for dispersal is high because of many bird popaoitetiwhich spread the seeds by eating and excréiam.
Thereby comes that seeds are very persistingetéthre seeds in the bottom material it's only &enaf waiting

for favourable conditions and the seeds will copgTjeertes 2009; Van Eerden 2009). These argunseigigest

that enough seeds are present in the lakes angrtiiedigules are not limiting. However, attempts tiave been
done to count seeds in sediment samples failedubecthe density of seeds appeared too low (VanBgzg
2008; Maessen 2009). Maessen assumes that clesgétation beds enough seeds will be presenthhtiseeds

are not spread all over the lake.

Nutrient concentration of the water and the contipetibetween species for these nutrients are vergptex
studies, and too big for this thesis. What candid s that the concentration of nutrients is dievel on which
macrophytes should grow well according to literafualthough Rijkswaterstaat thought it was quitghhi
Phosphorous concentration is in 4 of the 8 locatiomer than 0.10 mg/L in spring and in none of@Hecations
in summer (table 11 a and b). In literature a raofy®.05-0.10 mg/L is mentioned as a range in whicis

possible to shift back from an algae to a macraplgiminated system (Sondergaard et al., 2000 inrbltcz

and Dziedzic 2007). The total phosphorous conctotradoes not everywhere in the lakes enter thigea
However, by currents the algae may be spread throlig lakes (like what happens with sediment pagjc
Although the nutrient concentration seems good ghdar vegetation development, Lake 1Jssel is knéavrit's

green colour from algae growth. Van Eerden and damBerg both noticed an increase of algae in IMiken
and 1J, even in winter (Van den Berg 2008; Van Err2i009).

Table 11a. Average total phosphorous concentraioggl) in
Lake Marken and 1J for the spring period (April/Nland summer
period (June/ July/August) over the years 2005-2008

Location Spring average | Summer average

Broekerhaven 0,115 0,076
Hoornsche Hop 0,089 0,076
Lelystad Haven 0,111 0,078
Markermeer Midden 0,110 0,086
Pampus Oost 0,079 0,086

Table 11b. Average total phosphorous concentrafimgs
/L) in Lake 1Jssel for the spring period (April/Maand
summer period (June/July/August) over the year$200
2008 (Rijkswaterstae

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 1J

Point features for total vegetation and interpalatata for separate species.

Sampling: Sampling with a net every 100 m in rafagsn the shore until a few samples do not contéamts.
Measurements are done in the month July in thesyE285, 1998, 2001, 2004, 2007 ( 2007 is used)
Processing: Coverage is calculated by dividing tetgmn area and total area.

Source: Rijkswaterstaat Dienst 1Jsselmeergebielgstasl

Plant coverage Lake IJssel

Point features for total vegetation and interpalatata for separate species.

Sampling: Sampling with a net every 100 m in rafagsn the shore until a few samples do not contéamts.
Measurements are done in the month July in thesyE296, 1999, 2002, 2005, 2008 (2008 is used)
Processing: Coverage is calculated by dividing tetgmn area and total area.

Source: Rijkswaterstaat Dienst 1Jsselmeergebiegstasl

Depth of Lake Marken, 1J and IJssel

Continuous raster, cell size 5x5m, depth in 2 datsm

Sampling: Raays each 200m. Measurements of wapeh @gery 50m on these raays. Some parts of tleevieke
measured with higher resolution. The border ofldikes was determined with TOP10vector amongst stlaer
measurements below 50cm are not possible.

Processing: Interpolation of measurements to ara$toxs5m. The high resolution measurements were
simplified.

Source: Rijkswaterstaat Dienst 1Jsselmeergebielgstasl

Borders
Polygons of Lake Marken and 1J, and Lake IJssel

Source: Rijkswaterstaat Dienst 1Jsselmeergebielgstasl

Harbours
Point features

Source: Rijkswaterstaat Dienst 1Jsselmeergebielgstasl

Recreational points
Point features of locations for fishing, surfinging and beaches

Source: Rijkswaterstaat Dienst 1Jsselmeergebielgstasl
Navigation

Polygons of high speed areas and sail race aressféatures for canoe routes.

Source: Rijkswaterstaat Dienst 1Jsselmeergebielgstasl
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Pumping stations
Point features

Source: Province of North Holland

Wave height
Polygons of wave height in ranges 0-40cm, 40-6@H¥80cm, 80-100cm, 100-120cm

Source: Wave atlas of Alkyon

Wave length
Polygons of wave length in ranges 0-4m, 4-6m, 6-®h2cm

Source: Wave atlas of Alkyon

Wave periods
Source: (used for maps)

Source: Witteveen+Bos 2006

Bottom
Composition of top layer and three layers undeimeat

Source: Rijkswaterstaat Dienst 1Jsselmeergebiegstasl

Turbidity

Secchi depth in dm.

Sampling: From 5 measuring stations in Lake Marked |J and 3 in Lake IJssel. Measurements were oloce
a month from April to September for the years 2808 2006 and year-round for 2007 and 2008.

Source: Rijkswaterstaat Dienst 1Jsselmeergebielgstasl

Nutrients

Total phosphorous, orthophosphate, Kjeldahl nitnogenmonium, nitrate and nitrite in mg/L

Sampling: From 5 measuring stations in Lake Marked |J and 3 in Lake IJssel. Measurements were oloce
a month from April to September for the years 2808 2006 and year-round for 2007 and 2008.

Source: Rijkswaterstaat Dienst 1Jsselmeergebielgstasl

Birds
Bird counts per species for Lake Marken, Lake d eake 1Jssel separately for the years 1998 to 2008
Sampling: Counting from a plain on raays. Howeteg, data per raay were not accessible, only the gkt lake.

Source: Rijkswaterstaat Waterdienst, Lelystad

Fish

Numbers and weight of fish per hectare for Lake kdar 1J and IJssel near the shores.
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Sampling: Sampling on 13 locations: Enkhuizen (MMyorn, Edam/Volendam, Monnickendam, Muiden,
Muiderberg, Lelystad (MM), Lelystad (1JM), Urk, Lener, Den Oever, Medemblik, Enkhuizen (1JM). Per
location habitats were separately sampled (reedest small stones, concrete, sand, front shoeggh(hg of fish
was done from a boat with electrical net for 10 uths per habitat. The sandy shores were sampladavisieine’.

Source: Van Keeken and Barneveld et al. 2007. Wagen-Imares, ljmuiden. Document nr C019/08
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Appendix C — List of interviews

M. van den Berg
Rijkswaterstaat Dienst 1Jsselmeergebied
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 1Jsselmeergebied
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 availablénhe writer.
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Appendix D — Working procedure in GIS

Non-factors

1Aa01

Zz7

Standard Extent
Default

Depth (D)

1Ab01
1Ab02
1Ab03
1Ab04
1Ab05
1Ab06
1Ab07
1Ab08
1Ab09
1Ab10

Fetch

1Ac01
1Ac02
1Ac03
1Ac04
1Ac05
1Ac06
1Ac07
1Ac08
1Ac09
1Ac10
1Acl1

Water Depth Polygons NAP1
Water Depth Polygons NAP2
Merge Depth Classes 0.5 NAP
Depth RangeSharaNAP

Depth Range@otamogetomNAP
Real Water Depth Polygons 1
Real Water Depth Polygons 1
Merge Real Depth Classes 0.5
Real Depth Rangé&hara

Real Depth Rang&otamogeton

GIF Images to Polygon

ZWS5 IIM Wave Height Classes
ZW5 MM Wave Height Classes
ZWS5 IIM Wave Length Classes
ZW5 MM Wave Length Classes
ZWS5 1IJM Union HL

ZWS5 1JM Union HLd

Calculate Bottom Velocity 1JM
ZW5 MM Union HL

ZW5 MM Union HLd

Calculate Bottom Velocity MM

Pumping stations (PS)

1Ad01

Pumping Stations Buffered

Recreation (R)

1Ae01
1Ae02
1Ae03
1Ae04
1Ae05

Recreation Buffer Navigation
Recreation Buffer Harbours
Recreatiepunten

Recreactie rustig

Recreatie speed
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Bird grazing (B)
1Af01 Birds Grazing Zones

Vegetation

1Ag01 Vegetation Total

1Ag02 VegetatiorChara

1Ag03 Vegetation P Perfoliatus
1Ag04 Potamogetootal
1Ag05 Vegetation M Spicatum
1Ag06 Vegetation Species
1Ag07 Vegetation Total, points

Habitats and calculation of coverage
1Ah01 CharaUnion DBPSR

1Ah02 Potamogetorunion DBPSR

1Ah03 CharaDBPSR calculate coverage
1Ah04 PotamogetoDBPSR calculate coverage
1Ah05 CharaB calculate coverage

1Ah06 CharaPS calculate coverage
1Ah07 CharaR calculate coverage

1Ah08 CharaRS calculate coverage
1Ah09 PotamogetorB calculate coverage
1Ah10 PotamogetorPS calculate coverage
1Ah11 PotamogetorR calculate coverage
1Ah12 PotamogetorRS calculate coverage
1Ah13 PotamogetorD calculate coverage
1Ah14 CharaD calculate coverage

1Ah15 CharaDR calculate coverage
1Ah16 CharaDB calculate coverage
1Ah17 PotamogetorDB calculate coverage
1Ah18 PotamogetoR calculate coverage

1Ah19 Vegetation coverag€liara Potamogetontotal vegetation) for each recreation point sefedy

1Ah20 Vegetation coverag€liara Potamogetontotal vegetation) for each pumping station peeparately

1Ah21 CharaPS outer area calculate coverage
1Ah22 PotamogetorPS outer area calculate coverage
1Ah23 Total vegetation PS outer area calculate remee
1Ah24 CharaDPS calculate coverage

1Ah25 PotamogetoPS calculate coverage
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Appendix E — Maps

Figure 16. Maps of depth ranges and growtBladraspecies in respectively the Friesian coast, Goawze

Hoornsche Hop and Dike Houtr
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Figure 17. Maps of depth ranges and growtRatimogetorspecies in respectively the Friesian coast, Goawzd

Hoornsche Hop and Dike Houtrib
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Figure 18. Maps of all vegetation and locationsagfeation and locations where high speed is aliowe

respectively the Friesian coaGouwzee, Hoornsche Hop and Lak
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Figure 19. Pumping stations and presence of vagetit respectively Dike Houtrib, Wervershoof, Gaee and

Hoornsche Hao
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Figure 20. Bird grazing zones and presence of atigetin respectively Friesian coast, Gouwzee aakeLJ,

Hoornsche Hop and Dike Hout
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Appendix F — Turbidity in Lake Marken, 1J and Lakssel

Figure 21 shows the secchi depth in five monitofmgations in Lake Marken and 1J per season (aecoagr
the years 2005 to 2008). The secchi depth ranges 20 to 82 cm. In the monitoring locations Markean
Midden and Lelystad Haven secchi depth is very lemthese locations the water is quite deep archfistvery
long with most wind directions. In the locationsoBkerhaven, Hoornsche Hop and especially in ParGmss
the secchi depth is greater. In summer and aut@mchsdepth is greater than in winter and sprirgmBRrkable
is that the difference between summer and wintéariggreater for Pampus Oost than for Lelystad Haaed
Markermeer Midden. Furthermore, from calculatioppears that secchi depth is smaller than 50 cné@er0

% of the time in locations Pampus Oost, Broekerhaared Hoornsche Hop (for the other locations a diigh

percentage).
Average Secchi depth per season

9.0

8.0 -

7.0
€ 6.0 O Broekerhaven
E’ 5.0 ] | Hoornsche Hop
% O Lelystad Haven
S 4.0 -
= O Markermeer Midden
[8]
b B Pampus Oost
& 3.0 e

2.0

1.0

0.0

Spring Summer Autumn Winter

Figure 21. Secchi depth (dm) in five monitoringdtions in Lake Marken and 1J per

season (average over the ye2005 to {008’

Figure 22 shows the secchi depth of three monigdooations in Lake IJssel per season (averagetbeeyears
2005 to 2008). The secchi depth ranges from 362t@ri and most turbidity is at location in Vrouwedan
Remarkable is the difference in time of the yeat the highest turbidity prevails, namely summet aotumn,
exactly the time period in which the water of LalMiarken becomes clearer. This observation follows th
statement that turbidity in Lake Marken and |Jasised by resuspension of sediment by wind and wawvesn

Lake 1Jssel by algae growth. Generally all locatibave 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 monitoringateons in Lake 1Jssel per season
(average over the yee2005 to {008

Table 12 and 13 show the average secchi depthameeyear, for the years 2005 to 2008. Year 2007angesar
in which turbidity augmented significantly, in Homche Hop for example with almost 50%. In the 2438 in
almost al locations in Lake Marken turbidity decesagain somewhat. In Lake IJssel the locatiortritboek

hardly shows change. The other two locations as agethe locations in Lake Marken loose quite se@echi
depth.

Table 12. Average secchi depth (dm) at five momitpr
location: for the years 2005 to 2008 for Lake Marken ar

Locations 2005| 2006 2007 2008

Broekerhaven 4.44 4.60 3.35 3.91
0.13 -1.25 0.56

Hoornsche Hop 5.89 5.56 2.92 3.79
-0.33 -2.63 0.83

Lelystad Haven 4.89 3.56 2.00 2.5(Q
-1.33 -1.56 0.50

Markermeer Midden| 3.85 3.23 1.92 2.5(
-0.62 -1.31 0.58

Pampus Oost 7.1] 6.44 5.15 4.83
-0.67 -1.29 -0.32
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Table 13. Average secchi depth (dm) at three mongo

locations for the years 2005 to 2008 for Lake Jsse

Location 2005 | 2006 | 2007 | 2008
Houtribhoek 5.2 5.8 5.7 55
0.66 | -0.09 | -0.18
Steile Bank 7.9 6.1 5.1 4.2
-1.78 | -1.03 | -0.85
Vrouwezand 7.0 5.2 3.4 3.9
-1.77 | -1.85 0.54
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Appendix G — Calculation of water velocity neartbot

Fetch is the distance that the wind streaks owetake until a certain point. For example, if ooeks to Lake 1J
with the wind blowing from a northern direction. & fetch at the island Pampus is greater than toé & the
island IJburg (some 4 km and 500mts respectivyyre 23).

Figure 23. Fetch in Lake IJ to the island of Pamgmu$ IJburg with the
wind coming from northern directi

A greater fetch implies that the wind has moreadisé to develop waves. One can see that wavesytwesters
from the coast are much smaller and calmer thaineémmiddles of a lake.

Waves generate circular movements of the waterruhaesurface (figure 24). Bigger waves logicalgngrate
movement with more power and therefore can reaetbtittom. Because the circular movements can fond n
passing at the bottom, the wave is forced to bréksircular way and continue over the bottom.aN¢he

bottom a vertical movement of the water generatatl tontinuously exerts a shearing force on thévssa of
the bottom.

Figure 24. Orbital movement of waves under the nseface (left drawing) and behaviour of waterrnea
the bottom (right drawing) (Mols 2006)

In this case the force was not calculated, butviiecity that the water has near the bottom. Teuate this
velocity the Linear Wave Theory (figure 25) wasdise
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O bottom=( *H/T)*1/(sin2 /L)

Figure 25. Equation of Linear Wave
Theory in which H is significant wave
height, T is wave peak period and L fis

wave length

Values for the parameters wave height H and wavgtlleL come from the Wave Atlas (Alkyon 2001). Foe
wave peak period T a report of RWS RIZA (RIZA 200s consulted.

A study of Witteveen+Bos (Mols 2006) would give maw to the calculated values: velocities abové Orls
induces resuspension on clay soils and 0.35 m&andy soils, which makes that light reduces arabéshment

of vegetation more difficult.

Calculations were done for a wind with power 5 be $cale of Beaufort from north western directierthas is
the prevailing direction with strong winds (figu&6). However, results turned out to be extremelghhi
velocities up to 700 m/s (or 2520 km/h) which seemnealistic (even jet-fighters don’t reach thatoadly).
Furthermore the ranges are quite broad which makaes precision (especially interesting near the low
velocities) is completely lost. Also, even the Isivealculated velocity is higher than the maximutaveable
velocity for resuspension to start which seemspnobable for the whole Lake |Jssel Area. The negatsults

refer to an opposite direction of the velocity.

Figure 26. Prevalence of wind

directions and veloci

The unexpected outcomes for water velocity nearbibttom have several probable reasons namely higat t
linear wave velocity theory is not perfectly useiinlthis shallow water and that peak periods amy veugh
calculations generalized for a great part of the.ld&or more precision along the coast it wouldnbgortant to

use more precise peak periods and it would be mtgeesting to use smaller ranges for wave heigtitlangth.
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