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Terrestrialisation in peat turf ponds 

 
 
 
Introduction 

Motivation 
In the Dutch rich fen landscapes the presence of different stages of terrestrialisation 
and of submerged macrophytes in turf ponds is of great importance for the 

biodiversity. At present, Scorpidio-Caricetum diandrae communities (belonging to the 
EU habitat type H7140A) are aging, whereas no rejuvenation by young 
terrestrialisation occurs. Especially in the Oostelijke Vechtplassen, a fen area in the 
centre of the Netherlands, little terrestrialisation seems to occur. 
 
For this reason the OBN knowledge network and Water net, the local water 

management authority, started this research project. The project was carried out by a 
consortium of B-ware Research Centre, the Netherlands Institute of Ecology, Altenburg 
& Wymenga, the University of Amsterdam, the Radboud University Nijmegen, 
Witteveen+Bos (because of the transfer of ex-UofA researcher Casper Cusell), 
Hogeschool VHL (because of the transfer of ex-Altenburg & Wymenga researcher 
Jasper van Belle), and the volunteers Rob van Leeuwen and Wim Weijs. 
 

The most important bottleneck for the realisation of N2000 and Water Framework 
Directive objectives, has been formulated as follows: 
 
Bottleneck: The almost absence of succession in the Dutch turf ponds and lakes, from 
aquatic vegetations and young shoreline terrestrialisation towards different 
terrestrialising plant communities such as Scorpidio-Caricetum diandrae communities, 
as a result of which almost all newly constructed turf ponds stay open and face a small 

biodiversity, without terrestrialisation. The very small area of well-developed Scopidio-
Caricetum diandrae communities with Scorpidium mosses will for this reason not be 
enlarged (a.o. Lamers et al., 2010). (DLG, 2013) 
 
The most important research questions that were to be answered in this study, are: 

- Which terrestrialisation took place in turf ponds in the period between 1920 

and 1960? 
- Which terrestrialisation can be found at present? Is it true that young 

terrestrialising plant communities are almost only found in the North-Western 

part of the Province of Overijssel and in isolated areas in the Nieuwkoopse 
Plassen? 

- Which surface water quality, soil quality, physical characteristics and 
hydrological factors are characteristic for turf ponds with and without 

terrestrialisation? Which differences occur at locations with present 
terrestrialisation? 

- Do ecosystem engineers play a decisive role at different moments in the 
succession and how do they do this? 

- Can succession from open water to quack fens be influenced by measures in 
the field? 
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Study area 
 
Two sampling locations were selected for this study: Stobbenribben and Westbroek. 
Stobbenribben is part of the National Park Wieden-Weerribben. It is fed by surface 
water and is characterised by various stages of terrestrialisation and important Nature 
2000 habitats. Westbroek makes up part of the Vechtplassen area, which was 

originally a groundwater fed fen system. 
 

 
Figure 1. Sampling sites Stobbenribben (ST) and Westbroekse Zodden (WB). 

Terrestrialisation types and succession towards Scorpidio-Caricetum diandrae 
The trophic state of the surface water determines among others which type of 
terrestrialising plant community will occur. Under mesotrophic conditions these are 
communities of species such as Carex rostrata, Equisetum fluviatile, and Menyanthes 
trifoliata. Under eutrophic conditions these will be Stratiotes aloides, Cicuta virosa, 

Carex paniculata, Phragmites australis and Typha species. Especially the mesotrophic 
terrestrialising plant communities are known to be able to establish Scorpidio-

Caricetum diandrae communities. 

Method 
In this project, we followed a threefold approach: historical research to answer the 
questions relating to the historical terrestrialisation pathways and the circumstances in 
which they occurred, present-day research to answer these questions for the current 
terrestrialisation, and experimental research to test possible management measures to 
initiate terrestrialisation. 
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Historical development 

Paleo-ecological reconstruction 
A paleo-ecological reconstruction of the terrestrialisation pathways was made in two 
cores from former Scorpidio-Caricetum diandrae plant communities (Westbroekse 
Zodden and Stobbenribben). Many assumptions about the successional pathways of 
fen terrestrialisation have been based on spatial zonation of plant community types. 

Paleo-ecological reconstruction, on the other hand, shows the real temporal succession 
on a certain location. In Westbroek, terrestrialisation started with a vegetation of 
Characeae and Equisetum fluviatile after a turf pond had been dug out in the 16th 
century. Scorpidium scorpioides entered already in the aquatic vegetation phase. The 
combination of species point to the influence of iron-rich seepage. The subsequent 
development is unknown, as the turf pond was shallowly dug out again in the 
beginning of the 20th century. 

Under the already eutrophic conditions in the ‘60s the second terrestrialisation phase 
developed in a different way than the first: now Typha species and Juncus 
subnodulosus colonised the turf pond and from here a more eutrophic form of 

Scorpidio-Caricetum diandrae developed with Calliergonella cuspidata, Calliergon 
giganteum and Straminergon stramineon in the moss layer. 
 

In the Stobberibben, terrestrialisation followed another pathway in a deep turf pond: 
the presence of Stratiotes aloides, Nuphar lutea and Nymphea alba suggests also 
buffered, but also eutrophic circumstances. Scorpidium scorpioides, Juncus 
subnodulosus, Phragmites australis, Thelypteris palustris and Typha angustifolia 
settled on the Stratiotes. After the Scorpidio-Caricetum diandrae phase, the vegetation 
developed towards a wet heathland. 

Recent developments in the terrestrialising plant communities in the 

Oostelijke Vechtplassen 
During the last century, changes occurred in the young terrestrialising vegetations in 
the Oostelijke Vechtplassen. Despite that the first descriptions in the age of Thijsse 
were anecdotic, we learn from them that at the beginning of the 20th century the 
botanical diversity was large, with species such as Menyanthes trifoliata, Equisetum 

fluviatile, Stratiotes aloides, Comarum palustre and Calla palustris starting the 
terrestrialisation. Detailed vegetation descriptions from the 1950s also support this 

diverse image, varying from mesotrophic terrestrialisation (with Menyanthes trifoliata 
for instance) to eutrophic terrestrialisation with Typha latifolia. Around villages and 
industrial waste water disposal the first, local effects of eutrophication were visible. 
The descriptions of the vast presence of Scorpidio-Caricetum diandrae quacking fens 
with orchids appeal to the imagination. 
 

Large changes occurred in the 1960s and 1970s in the areas directly influenced by the 
river Vecht. Species indicating eutrophication entered the area, aquatic and semi-
aquatic vegetations disappeared and the quality of the Scorpidio-Caricetum diandrae 
quacking fens decreased. At the same time the area with Moerasbos increased by a 
more extensive management, among others, at the expense of the area of young 
succession stages. To promote new succession, in a number of reserves existing turf 
ponds were deforested, such as in the Westbroekse Zodden, or new turf ponds were 

dug, such as in the Oostelijke Binnenpolder van Tienhoven. In these turf ponds, 

species which could start the terrestrialisation process were found very soon. However, 
these species partly disappeared subsequently, such as Stratiotes aloides in the 
Westbroekse Zodden. Also recently young terrestrialising vegetations declined, for 
instance in Het Hol and the Molenpolder, where vast, dense Stratiotes aloides stands 
disappeared. 
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Figure 2. Stratiotes aloides in Het Hol, July 22, 2003 (left) and the same location on 
the first of July, 2005. Photographs: Jeroen Geurts. 

 

Reconstruction using aerial photographs 
Terrestrialisation rates in the Molenpolder, Het Hol, Oostelijke Binnenpolder Tienhoven 
and the Westbroekse Zodden were reconstructed for a selection of turf ponds using 
aerial photographs from 1936, 1943, 1956, 1967, 1977, 1995, 2001, 2006 and 2012. 
This study provides a unique image of the terrestrialisation pace in a vast area during 
periods with rather pristine water quality, as well as in periods with pollution. To make 
this reconstruction, the shores of these turf ponds where manually drawn at each 

photograph, and shoreline progress and the rate of disappearance of open water were 
calculated. 
 
By this reconstruction it became clear that terrestrialisation still takes place in these 
areas and the assumption that terrestrialisation came to a standstill after the 1950s 
can be rejected. Yet, it seems that the terrestrialisation rate in part of these areas is 
slower last decades. At this moment, this rate is approximately 25-35 cm per year at 

most in selected turf ponds where terrestrialisation still takes place. Before the 1960s 
a higher terrestrialisation rate was determined: up to 90 cm per year in the 
Molenpolder. In the Westbroekse Zodden the terrestrialisation rate of the turf ponds 
that were dug out again at the beginning of the 1990s was calculated. In half of the 
selected turf ponds, terrestrialisation took place. In some of them approximately half 
of the open water terrestrialised between 2001 and 2012. 
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Figure 3. Terrestrialisation in turf ponds 10, 12 and 13 in the Molenpolder area. Shore 
lines for different years are projected on an aerial photograph of 2012. Note that 
between 1936 and 1943 a new turf pond was excavated to the south of turf pond 13. 

In 1956 the new pond was completely filled in. Generally, terrestrialisation progressed 
with large strides early in the period studied, later it slowed down considerably. 
(Translation legend: Legenda = Legend, Oever = Shore, Luchtfoto = Aerial 
photograph) 
 

 

Interviews with rich fen experts 

A picture of the terrestrialisation and the changes in water quality, management and 
grazing pressure in the Oostelijke Vechtplassen, the Wieden-Weerriben and De 
Nieuwkoopse plassen was drawn from interviews with 13 fen experts. Despite the 
improved water quality last decades, terrestrialisation seems to be slowed down by the 
accumulation of phosphates and toxins such as sulphide and ammonium in the 
sediment, an inheritance of the bad surface water in the past. Also agricultural 
fertilisation and fixation of the surface water levels led to degraded, hypertrophic peat 

shores, where terrestrialising species are outcompeted by faster growing species. In 
addition, the decrease of groundwater pressure decreased the inflow of iron rich, 
buffered water into the turf ponds. Besides, also the shape of the newly dug turf ponds 
(shallow and not too steep) and the management after the construction is of 
importance for the development of young terrestrialising communities. If all these 
circumstances are right, the grazing by geese, swans and the invasive Procambarus 

clarkii, can still slow down terrestrialisation. 

Changes in water quality in the Oostelijke Vechtplassen 
The changes in surface water quality were reconstructed using data of for instance the 
Hoogheemraadschap Amstel, Gooi en Vechtstreek. During the 1980s and 1990s the 
reserves showed a large influence of polluted, hypertrophic water of the river Vecht. At 
this moment, eutrophication is successfully dealt with. In the Westbroekse Zodden, 
Oostelijke Binnenpolder van Tienhoven and a part of Hollands Ankeveen the data show 

the influence of groundwater seepage. Other areas, such as the Tienhovense Plassen 
and Molenpolder, are infiltration areas, which are fed with surface water. The changes 
in water quality in Het Hol since 1999/2000 are striking: nutrient concentrations were 
already low in before, but from this certain moment, also concentrations of calcium, 
bicarbonate, magnesium and potassium dropped. 
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Present terrestrialisation 

Comparison by field survey 
In a field survey, almost 80 Dutch turf ponds in the Oostelijke Vechtplassen, Wieden-
Weerribben, Mieden and Nieuwkoopse Plassen were compared on vegetation 
development, surface water quality, sapropelium and sediment quality, shore soil 
quality and turf pond characteristics. The selection contained turf ponds without 

terrestrialisation as well as turf ponds with terrestrialisation, varying from mesotrophic 
to eutrophic communities. This is the first study to portray these young terrestrialising 
plant communities so comprehensively. 
 
It appeared that abiotic circumstances were mostly right for terrestrialisation. The type 
of terrestrialising plant community however strongly depended on the chemical quality 
and on the turf pond shape. Young mesotrophic terrestrialising communities, 

supposedly having the highest potential for succession towards Scorpidio-Caricetum 
diandrae, were generally found under circumstances characteristic for groundwater fed 
systems: high iron, calcium and bicarbonate concentrations and low nutrient 

concentrations. Most of these communities develop from species rooting in the sandy 
sediment, so turf ponds should be shallow and have not too steep shores. 
Terrestrialisation by Stratiotes aloides, also a pathway towards Scorpidio-Caricetum 

diandrae, however, requires more nutrients. Especially the low N/K ratio and the high 
CO2 concentrations in the surface water are noteworthy for this type of 
terrestrialisation. Mostly all other communities studied are growing under eutrophic 
circumstances. Communities of Thypha angustifolia and Thelypteris palustris occur in a 
broad variety of systems, from rainwater fed towards eutrophic buffered water. 
 
Using surface water quality data from other sources, the suitability for terrestrialisation 

of a wide range of turf ponds in the Oostelijke Vechtplassen was studied. From these 
data it appeared that some of them are too eutrophic for terrestrialisation, and in 
some others terrestrialisation might be hampered by their rainwater fed character. 
Only a small part of the turf ponds seem, based on the surface water quality, 
appropriate for terrestrialisation by communities with a high potential for succession 
towards Scorpidio-Caricetum diandrae: for the groundwater fed mesotrophic 

communities these are turf ponds in the Westbroekse Zodden, Oostelijke Binnenpolder 

Tienhoven and a part of Hollands Ankeveen. For terrestrialisation a number of turf 
ponds in De Molenpolder, Tienhovense Plassen, Westbroekse Zodden and Het Hol 
seem to be suitable. Strikingly, many turf ponds in Het Hol don’t seem to be suitable 
for the mesotrophic terrestrialising plant communities, nor for Stratiotes aloides 
anymore, whereas the reserve used to be known for these communities. The lack of 
terrestrialisation isn’t caused by absence of terrestrialising species, so called 

ecosystem engineers. On nearly every shore some of these species are present. For 
some of the potential ecosystem engineers that aren’t dispersed by wind, dispersal 
might be a problem if they are also absent in the surroundings and the seed bank. 
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Figure 4. Terrestrialisation starting from the turf pond bottom (top), from the shores 

(centre) and from floating quacking fens (‘kragge’) (below). Red-brown: primary peat; 
purple: secondary peat (‘kragge’); brown: sludge. From: Weijs (2011). 
 

Study of vegetation development in the Wieden and Weerribben 
In the Wieden-Weerribben vegetation succession in permanent plots followed since 
2009, was studied. This provides new insight into the direction of the succession: the 

direction seems to be still reversible during the aquatic and young terrestrialisation 
phase, something many schemes of successional pathways rather neglect.  
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Additionally, terrestrialisation by Stratiotes aloides was studied in a selection of turf 

ponds. Some of these Stratiotes aloides stands are able to form a substrate of floating 
detritus within 6 years, on which a rainwater lens can be formed, where floating raft 
formation takes place. In the dense Stratiotes aloides stands a gradient of electrical 
conductivity and pH was found from the inlet towards the other side of the turf pond. 

Reference study in Poland 
In the Drawa National Park in Poland, two different types of terrestrialisation were 
studied in hydrological intact systems. The first one concerned a marginally buffered 

terrestrialising vegetation, which might not be active anymore. The other was a 
strongly buffered limestone containing fen, with active terrestrialisation developing 
towards a Scorpidio-Caricetum diandrae community. This reference study emphasizes 
the importance of a low nutrient availability –especially phosphorus- and high calcium 
concentrations. Besides, groundwater influence in the reference areas was larger than 
in the majority of the Dutch locations. In the Dutch situation, groundwater influence is 

often strongly reduced compared to the past. On the contrary, in the Netherlands, the 
influence of the enlarged nutrient concentrations and grazing pressure are higher than 

in the past and in the research areas in Poland. 
 

 
 
Figure 5. Set up of the sampling of a terrestrialisation vegetation.  
(Translation legend: Poriewater = Porewater, Bodem = Soil, Oppervlaktewater = 

Surface water, Vegetatieopname + Biomassa = Vegetation releve + Biomass) 
 
 

Field measures 

Introduction of floating rafts (pilot) 

To stimulate the formation of floating rafts, small rafts with Calla palustris, Thelytpteris 
palustris, Typha angustifolia and Phragmites australis were introduced in De 
Molenpolder and Westbroekse Zodden. Within 2 years, the Molenpolder rafts fell apart 
and sank mostly, but in the more shallow turf pond in the Westbroekse Zodden they 
kept floating. PVC pipes and pine tree trunks were used as floaters for the rafts. 

Around half of the rafts a cage was placed to protect them from grazing by water fowl 
and bigger fishes. The rafts with the wooden floaters lay deeper into the water than 

the rafts with the PVC floaters. At the rafts with the wooden floaters, Calla palustris 
and Hydrocharis morsus-ranae performed well. The rafts with the PVC floaters were 
dominated with Juncus articulatus and Bryum pseudotriquetrum, Carex paniculata and 
Carex pseudocyperus. Within the cages, the area around the rafts was covered with 
helophytes, especially Sparganium erectum. Typha angustifolia and Calla palustris 
established at the greater part of the rafts, increased, and expanded towards the open 

water. The introduced Phragmites australis didn’t increase, although initially this 
species was even germinating from seed. Thelipterys palustris performed worse and 
decreased. Scorpidium scorpioides, which was introduced to the rafts in the second 
year, seemed to perform better on the rafts with the PVC floaters. Presumably, the 
helophytes around the rafts facilitate the expansion of the ecosystem engineers 
towards the water, but if they grow too dense, the shading is counterproductive. 

Poriewater

Bodem

Oppervlaktewater

Vegetatieopname 
+ Biomassa
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Figuur 6. Vegetation development and depth of the floating reed-rafts in Westbroek 
from 2013-2015. (Photographs: J. Geurts).  
 

 

Introduction of floating rafts (LIFE) 
In 2014 two nature management organisations, Staatsbosbeheer and 
Natuurmomumenten, introduced large rafts (approximately 100 m2) into three 
reserves (Westbroekse Zodden, Ankeveen and Weerslootgebied) to stimulate 
terrestrialisation. This project was financed by LIFE (European Union). The project 
gave the opportunity to study the establishment and expansion of young 

terrestrialising vegetations on floating rafts on a large scale. Seed mixtures of seeds 
from the Westbroekse Zodden and Krimpenerwaard and seeds of Phragmites australis, 
Cicuta virosa and Typha angustifolia were sewed into the rafts, together with 
fertilizers. Stratiotes aloides plants were introduced into the gaps in between the raft 
parts. On each raft a small cage was placed to follow the development without grazing. 
The turf ponds, into which the rafts were placed, differed in nutrient concentrations 
and buffering and depth. 

 

After two years the vegetation coverage, biomass and often also plant diversity were 
higher within the cages than outside. The difference in biomass became larger the 
more eutrophic the rafts. The trophic state of the rafts depended on the nutrient 
availability in the turf pond as well as the shallowness of it; beneath the rafts an 
anaerobic zone was formed and more nutrients became available from the sediment if 
they were placed in shallow water. In Ankeveen as well as in the Westbroekse Zodden, 

some rafts had a coverage of less than 10% in the oligotrophic turf ponds. Only in 
one-third of the rafts Stratiotes aloides was still present after two years, mostly with 
low coverages and showing marks of grazing. 

Sod-cutting of shores 
Sod-cutting of shores as a measure to promote terrestrialisation was studied in the 
Westbroekse Zodden and the Molenpolder. The idea behind was to both flatten the 

shoreline as well as remove a surplus of nutrients – which succeeded especially in 
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Westbroek-, so species able to start terrestrialisation from the shores would gain more 

space. This measure was taken both with and without anti-grazing cages, and with or 
without the introduction of the ecosystem engineers Calla palustris, Typha angustifolia 
and Thelypteris palustris. This introduction was in half of the plots accompanied by the 
introduction of Stratiotes aloides stands, which should facilitate the expansion of the 
species towards the water. 
 
The effects of grazing were large: in the Westbroekse Zodden the aquatic zone within 

the cages was covered with macrophytes such as Hydrocharis morsus-ranae and 
Characeae in the sod-cut treatment, or with Stratiotes aloides in the plots where this 
species was introduced. Outside the cages almost no submerged or floating 
macrophytes were present and all Stratiotes aloides disappeared. In the Molenpolder 
aquatic vegetation and the introduced Stratiotes aloides were absent outside as well as 
inside the cages. The influence of the grazing of Procambarus clarkii was tested with 

small cages with a small mesh size into which one specimen of Stratiotes aloides was 
introduced. In the Westbroekse Zodden the influence of the grazing of Procambarus 
clarkii was rather small, in contrast to that of water fowl. In the Molenpolder, however, 

Procambarus clarkii had a large influence on the growth of Stratiotes aloides. It also 
appeared that its juveniles were able to enter the cages with the small mesh size. The 
absence of aquatic vegetation within the larger cages –with a larger mesh size-, could 
well be caused by Procambarus clarkii. 

 
In the Westbroekse Zodden, the introduced ecosystem engineers rooted in al 
treatments, but in the Molenpolder Calla palustris performed only well in the sod-cut 
treatment. In the Westbroekse Zodden sod-cutting had a positive effect on the 
establishment of other ecosystem engineers, such as Carex rostrata and Ranunculus 
lingua. The introduced ecosystem engineers hardly expanded within the 2.5 years’ 
time frame, although some Calla palustris plants were able to expand using the 

remaining Stratiotes aloides stands in Westbroek. 

Mowing mesocosm experiment 
The effects of mowing and nutrient supply were tested in a full factorial mesocosm 
experiment using floating sods from the Westbroekse Zodden. Under eutrophic 

conditions the vegetation expanded faster horizontally than under mesotrophic 
circumstances. The coverage with vascular plants was also higher, providing less light 

for the mosses. The buoyancy of the sods was also higher and CO2 and N2O were net 
emitted, whereas CO2 was net fixed and almost no N2O was emitted under 
mesotrophic conditions. Because of the higher buoyancy, there is the risk of losing 
contact with the buffering of the surface water. Added up, the circumstances for 
development towards Scorpidio-Caricetum diandrae seem less ideal in eutrophic 
conditions. The mowing caused a smaller buoyancy and a net CO2 fixation under the 
eutrophic conditions. 

 

 
Synthesis 

Present terrestrialisation 
The water quality in the Oostelijke Vechtplassen has improved since the 1980s to the 
extent that in few cases high nutrient concentrations will hamper terrestrialisation. 

However, for certain types of terrestrialisation, especially mesotrophic plant 
communities and terrestrialisation by Stratiotes aloides stands, supposedly having the 
highest potential for succession towards Scorpidio-Caricetum diandrae, the water 
quality in many turf ponds in the Oostelijke Vechtplassen, is not suitable: these turf 

pond either have too high nutrient concentrations or the bicarbonate concentration is 
too low. Also the sediment quality is often not appropriate. There where 
terrestrialisation probably could occur, grazing is an important factor hampering the 
terrestrialisation process. This role seems to be larger under eutrophic conditions, 
including Stratiotes aloides stands, than in the case of mesotrophic communities. 
Dispersion does not seem a factor of importance, except for certain rarer species 
without wind dispersal. 

  



Terrestrialisation in peat turf ponds        11 

 

Measures 

In the selection of location for the development of new turf ponds –or the excavation 
of old ones-, the preferred conditions of target terrestrialising communities should be 
kept in mind. If the purpose is to develop mesotrophic communities with a higher 
potential of developing towards Scorpidio-Caricetum diandrae, the turf ponds should 
be kept shallow, the slopes of the shores flat, the sediment sandy and, above all else, 
influenced by iron and calcium rich seepage. As an exception, the Juncus-Menyanthes 
type doesn’t need shallowness, as it doesn’t develop from the sediment. Also for Reed 

terrestrialisation a flat slope of the shore and a shallow turf pond are important. The 
flattening of a shore by sod-cutting could be a measure to make existing turf ponds 
more suitable for these types of terrestrialisation. This measure could also be taken to 
remove nutrients from hypertrophic shores to make them more suitable for the 
establishment of ecosystem engineers. 
 

Also terrestrialisation by Stratiotes aloides – which mainly occur in surface water fed 
systems - could develop into a Scorpidio-Caricetum diandrae community. In the 
absence of Stratiotes aloides stands, floating rafts could be used to facilitate 

terrestrialisation. As the monitoring took only 2 or 3 years, it is however still not sure 
if this would be an appropriate measure. A possible development towards Scorpidio-
Caricetum diandrae only occurs under nutrient poor conditions, but will take longer 
than duration of the present experiments. The vegetation coverage of the floating rafts 

was much higher in shallow, nutrient rich turf ponds, whereas the biodiversity and the 
survival of Stratiotes aloides was higher in the deeper, non-eutrophic turf ponds. 
Because the phosphorus availability and grazing by waterfowl seem to correlate, turf 
ponds under nutrient poor conditions would eventually have more opportunities to 
develop towards Scorpidio-Caricetum diandrae in future. 
 
The management is nowadays much less intensive than at the time when the 

vegetation was used for economical purposes. For the development of Scorpidio-
Caricetum diandrae, however, a very intensive management is needed under present 
conditions. At the right time the yearly mowing of the young vegetation should be 
started, already before small tree seedlings become predominant. This might be in an 
earlier stage than before, because of the high nitrogen deposition. 

If the baulks (‘legakkers’) are next to the terrestrialising rafts are practicable by 

machines, mowing could be done with a far reaching cutter bar. Otherwise vegetations 
could be mown by an amphibian mower, or in winter in periods with ice. When the raft 
is able to support machinery, mowing could be switched to the summer period. 
 
Supply of buffering substances (often via groundwater seepage) is necessary for young 
mesotrophic plant communities with a high potential to develop into Scorpidio-
Caricetum diandrae. Despite the fact that the hydrology of many former seepage areas 

has changed, this still should be kept in mind when making changes in the hydrological 
system. For instance, seepage can be promoted by keeping the surface water level low 
in areas with some groundwater pressure and by filling drainage ditches or making 
them shallower in the areas where they drain the groundwater. If surface water from 
groundwater fed areas situated somewhere else could be used as a surrogate for 
seepage on the spot, should still be studied. Stratiotes aloides stands depend on a 
more eutrophic water type with enough buffering and enough macro-ions, especially 

potassium. They therefore depend on the supply (inlet) of surface water. Still, the river 
water has too high concentrations of nutrients and sulphate. For this reason, inlet of 

river water is restricted where possible. The allowance of surface water level 
fluctuation make the necessity of the inlet of eutrophicer even smaller. This will 
however also mean that some areas will become less suitable for Stratiotes aloides 
stands. 
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Figure 7. Potential for succession towards Scopidio-Caricetum diandrae, abiotic conditions and limitations for the most important terrestrialisation types.
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Recommendations for future research 

More research is still needed for a better understanding of young terrestrialisation and 
the development of Scorpidio-Caricetum diandrae quacking fens. The causes of the 
recent disappearance of Stratiotes aloides stands in the Oostelijke Vechtplassen 
remain yet unsolved. This species forms a crucial link in the terrestrialisation process, 
which seem to take place much slower in deep turf ponds without the facilitation of 
Stratiotes stands. Knowledge about the circumstances under which fast 
terrestrialisation took place in the past and whether this led to the development of 

Scorpidio-Caricetum diandrae communities, is also lacking. 
 
Besides, it is not yet completely clear which different pathways can be followed in the 
development of Scorpidio-Caricetum diandrae and which role mosses like Scorpidium 
scorpioides play at which moment in the succession. More time is needed for the 
testing of practical measures such as sod-cutting, the introduction of ecosystem 

engineers or the use of floating rafts. Nevertheless, it became clear that the grazing 
pressure by, for example water fowl, muskrats and Procambarus clarkii, is very high in 

the Oostelijke Vechtplassen. Measures to combat the grazing pressure on a large scale 
in the crucial stages of young succession should still be developed. 
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