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Abstract 
Global salt marshes have declined over the last decades. Tidal channels form naturally in salt marshes and the 

processes of initiation and evolution are poorly understood. Research on natural hydrologic processes in relation 

to the presence of vegetation may be a key factor for channel development.  The density and typical dominant 

vegetation species differ in salt marsh zones. This is thought to have different influences on the hydro 

geomorphology of salt marshes. This thesis is dedicated to understanding the interaction between vegetation 

(density and type) during the channel initiation and evolution. Therefore the research question is: how does 

vegetation type and density contribute to channel formation in salt marshes located in temperate zones? Recent 

publications showed that the initiation of channels was influenced by the presence of vegetation in high density 

patches with a significant diameter of larger than two meters. In contrast, smaller and more dispersed 

vegetation has little influence on tidal channels. Higher elevated regions contain slower processes in which the 

vegetation contributes to channel stabilization and geometric efficiency. Meanders may occur depending on the 

sedimentation and erosion rate that is altered by vegetation types which influences the depth-width ratio. The 

vegetated channels become deeper not necessary wider if vegetation occurs on the banks.  The geometric 

efficiency reduces in non-vegetated areas. The dominant vegetation in the pioneer zone and low-mid elevated 

zone has different life traits. The fast colonizers with expansion trough seedlings showed to have a bank 

stabilizing function if the morphological processes are low. Slow colonizers that expand laterally are more likely 

to initiate channel formation since these will have higher clump densities. The root depth differed for all species 

that caused the geomorphology to change, since the grain size of sediments is altered. Growth strategies 

diverged for the dominant species with the first haplotypic colonizer to grow dispersed and the later dominant 

grasses to grow in higher density clumps. The grasses spartina growing through lateral expansion or by both 

lateral dispersed seeds and lateral expansion. Channel evolution networks should be studied as a whole in order 

to understand the environmental conditions. In addition, models that are explored are often simplifications of 

the reality of environmental conditions of the salt marsh and need to be compared with empirical data.   
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1 Introduction 
The global salt marshes have declined significantly over the last decades (Ferronato et al., 2018 and Hughes, 

2004). The highest influence for this decline is caused by a variety of anthropogenic stressors such as: 

overgrazing polluted discharges and the introduction of invasive species (Hughes, 2004). In addition, 

environmental changes increases stress on salt marsh processes as well (Ferronato et al., 2018). Salt marsh 

ecosystems are neither purely aquatic nor terrestrial but form a transition zone (Stammerman et al., 2012). This 

results in unique ecological characteristics that may be endemic to the specific regions. Besides the ecological 

importance, the intertidal zones provide ecosystem services such as natural protection (Moller, 2006). Regions 

have been increasingly restored as response to the decline of the salt marshes, (Bij de Vaate, 2018). The 

efficiency of this restoration proves to be complex due to the high amount of physical factors that influence the 

system. A salt marsh is a dynamic system since the eco-geomorphology is constantly changing by two key 

processes: sedimentation and erosion (Mofett, 2010). 

Generally, temperate salt marshes are observed to show similarities in their zonation (Hughes, 2004). 

These zones occur because of the high amount of biotic and abiotic factors that occur such as: elevation, 

distance-to-channel, the intraspecific competition of species, inundation time, water velocities, and substrate 

texture (Bijd e Vaate, 2018, Roman et al. 2012 and Hughes, 2014)). Elevation determines as the measure of 

elevation change, accretion and accumulation. The elevation change is the measure below the marker horizon. 

Salt marsh accretion is the vertical growth rate of the near-surface area sedimentation. Accumulation is referred 

to as the deposition rate in mass of sediments above a marker horizon. (Roman et al. 2012). All these processes 

cause specific vegetation to colonize on these zones. Therefore, the dominant vegetation is often used as an 

indicator for zonation (Little, 2010) (See fig. 1). In North-Western Europe the species Salicornia, and Spartina are 

dominant pioneer species on the mudflats. The Low-mid marsh zone is characterised by the Puccinella, Atriplex 

and Limonium (Hughes, 2004 and Redelstein, 2017).  

 

Tidal channels develop naturally in salt marshes to drain water from the marsh towards the sea. The 

waterflow is bi-directional and the velocity is dependent on tidal cycles. This means that the water height in the 

trench is constantly fluctuating (Schwarz et al. 2014). The channels are observed to shape either parallel, 

braided, dendritic, reticulate, complex and superimposed (see fig. 2) (Bij de Vaate, 2018).  

 

Figure 1. Three salt marsh zones with most dominant species of North Western European Salt Marshes. 
In the pioneer zone, the vegetation must endure most environmental stress while in the upper salt marsh 
competition is more present. MHT stands for the mean high tide and MHWN refers to mean high water 
neap   (Redelstein, 2017).  
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Tidal trenches are important for the transfer of resources between marsh and adjacent waterbodies (Moller, 

2006). The developments of channels are measured by channel depth, bank height, drainage and bank height 

(Bij de Vaate, 2018). 

 

Natural response of salt marshes and channels development to restoration is of great interest for 

conservationists (Hughes, 2004). Understanding the natural hydrologic processes may be a key factor for salt 

marsh restoration projects, to improve habitat quality and to decrease the intensity of conserving its present 

state (Schwarz et al., 2014). Comparable to the general processes of salt marsh development, the mechanisms 

of tidal trench formation in saltmarshes are not yet understood. The interaction between geomorphology and 

vegetation are more often recognized as drivers in the formation of salt marshes (See fig. 2)(Fagherzzi et al,. 

2011 and Doody, 2008). 

This thesis is dedicated to review studies that explore the impact of vegetation on trench formation in 

temperate intertidal saltmarsh areas, in particular specific traits, life strategies, the initiation and evolution of 

channels. This thesis investigates the question: How does vegetation type and density contribute to channel 

formation in salt marshes located in temperate zones? In order to answer the research question, the following 

sub-questions are derived: 

 
1. How does the geomorphology of mudflats and salt marshes change by vegetation density and type 

during in the initiation of tidal channels? (Chapter 2) 
 

2. How is the geomorphology of already existing channels influenced by the vegetation type and 
density? (Chapter 3) 
 

3. How do species-specific plant traits such as plant above- and belowground morphology and life 
strategy affect channel development? (Chapter 4) 

  

Figure 2: On the left, Six trench shapes (A) parallel, (B) braided, (C) dendritic, (D) reticulate, (E) complex and  (F) superimposed  (Bij 
de Vaate ,2018). On the right; a scheme is shown of interactions between the marsh ecology and geomorphology in salt marshes 
(Fagherazzi et al., 2011).  
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2 Network evolution:  Influence of vegetation on 
channel initiation 

This chapter will explore vegetation strategies in relation to salt marsh processes, tidal channel initiation and 

early development. First the impact of vegetation stem and root density on flow patterns of the tidal waters is 

discussed. The second paragraph discusses the vegetation in relation to erosion and channel stabilization.   

2.1 Vegetation strategies and relation to hydro geomorphology  
Fragments of plants have diverse types of influences on the hydrology, for example roots binds to sediments, 

whereas the plant stems alters the hydrology of the waterflow (See fig. 3) (Fagharezzi et al., 2011). Vegetation 

has the capability of trapping sediments that stabilize salt marsh regions.  

 

 

Figure 3: The concept of vegetation density in relation to sedimentation process (Fagherezzi., 2011). 

The typical growth patterns of vegetation are either clumped (tussocks) or dispersed. These patterns depend on 

the different species as well as the life stage (Schwarz et al., 2018). The development of these two strategies is 

important to the survivability of a singular species. Silliman et al (2015) explored the ecomorphological 

consequences of these high and low density vegetation at salt marshes in Florida and the Netherlands. He found 

that marsh vegetation in clumps established higher survival and growth rates than dispersed vegetation in both 

low and high elevated areas. A significant difference in elevation and biomass of vegetation was found between 

these different salt marshes. In which the biomass on the Dutch salt marshes is generally lower with also lesser 

biomass on higher elevated areas (Silliman at al., 2015).  

Van de Wal et al., (2007) observed that the diameter of clumped vegetation is important for the 

hydrology of the tidal waves. If the diameter of vegetation patches becomes larger than two meters, the water 

velocities increases around it.  This results in higher flow velocities between different clumps which contribute 

to a higher intensity of erosion (Van der Wal., 2007). The water above the large patches of vegetation has a low 

water velocity if the diameter of the clumps is smaller than two meters. The water above the relative small grass 

patches resulted in less erosion between the clumps since the down-stream velocity is lower. Additional studies 

have confirmed this process about the different flow velocities in relation to the vegetation density.  (Van de 

Wal et al., 2007; Bij de Vaate., 2018; and Swarchz et al., 2018).  

In addition to the above ground biomass, plant roots influence the erosion intensity of salt marsh as well. The 

underground biomass of the vegetation interacts with the composition of silt and clay and strengthens the 

region. At higher elevations a positive relation occurs between sedimentation and plant growth (Fagherazzi et 
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al., 2011).   A study from Wang et al. (2017) found a relation between the root biomass and the reduction of 

sediment grain size. A lower root biomass resulted in more sediment erosion of the marsh. Complementary high 

root biomasses showed to have a strengthening impact of both the sediments and the plant (Wang et al., 2017).  

2.2 Vegetation and premature channels 
The presence and densities of vegetation contributes to channel initiation and channel shaping (Van der Wal et 

al., 2007). Generally, the salt marsh channel initiation is during ebb (Bij de Vaate, 2018). A study conducted by 

Schwarz et, all (2014) comparing aerial photos with simulations for Chinese and Dutch salt marshes, suggests 

that two major processes are always present during channel development: vegetation- stabilizing and induced 

erosion processes. Salt Marshes showed similar development of channels. Moreover, this study noticeably 

concluded that the frequency of high magnitude tides did not significantly correlate with the rate of lateral 

saltmarsh erosion (Schwarz et al., 2014). According to Vandenbruwaene et al. (2012) a relation between 

vegetation presence or absence and the channel initiation was not found. While a relation between elevation 

and vegetation was present. This study used topographic measurements and processed these with the program 

GIS. The measure used for this study was drainage density (vandenbruwaene et al., 2012).     
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3 Network evolution:  Influence of Vegetation during 
Maturation of Channels 

This chapter is dedicated to exploring the later evolved channels. The vegetation absence and presence is 

compared and connected to the channel capacity and eco-morphology of the saltmarsh and channels.  

The grasses and shrubs occurring on the mature marshes influences the 

width- depth ratios and the channel shape (Faghazzi et al., 2011). The 

vegetation density showed to have a significant impact on both the 

development of salt marshes and channels. In 2012, consequences of 

vegetation removal on spatial flow patterns were being assessed by 

Temmerman et al., (2012). This study contributed to form a more 

holistic view by implementing vegetation interaction in relation to the 

existing tidal channel network and the flow from the salt marsh itself. 

The results showed that flow velocities in channels decreased 

dramatically as result of removal of vegetation. The consequences of 

low tidal downstream velocities are sedimentation in tidal channels that 

causes the channels to sludge. In addition, the flow patterns were 

changing as response to the vegetation loss as well (See fig. 4). This 

means that the living conditions for existing vegetation worsens as well 

and a negative loop may occur which results in even more vegetation 

loss. The platform sedimentation rates would decrease as well.  

Kearney and Fagherazzi (2016) expanded scientific knowledge 

on channel networks in particular by dedicating research to meandering 

of channels in which he presence and absence of vegetation was taken 

into account. They expand on how vegetation density is related to the 

channel geometric efficiency. The geometric efficiency is a measure in which the Hortonian length is divided by 

the unchanneled path length of a channel network (Kearney and Fagherazzi, 2016). In addition, the geometric 

efficiency is used to determine the capability of channels to drain salt marshes. The drainage is favourable for 

vegetation on banks, since the water is rich in soils that promote growth. The non-vegetated channels resulted 

straight and inefficient, no matter the channel width. The study concluded that vegetation encourages channel 

stabilization with the possibility of meanders to occur. A relation was measured between the vegetation density 

and the unchanneled path length on the salt marshes. The higher the vegetation density the higher the 

unchanneled path became to be (Kearney and Fagherazzi, 2016). 

Salt marshes have an erosive potential (Roman et al., 2012). Erosion cliffs can easily appear as result of storm 

surges or high water velocities. Cliff formation may be present at channel banks after storm surges. This may 

occur at low and high elevations of channels. In general after such event, the process of zonation re-emerges 

with sedimentation and algae colonization at the lower levels of the cliffs. In general, the presence of cliffs 

increases wave heights in the water body adjacent to it (Moller, 2006).  

  

Figure 4: The influence of vegetation presence and absence 
on flow direction and velocity. The arrow length indicates 
the average flow velocities. Black areas are the channels 
and white areas the salt marsh (Temmerman et al., 2012). 
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4 Physical plant features that influence channel 
development 

Besides the life stages, the above- and underground biomass of plants are species specific. This chapter explores 

the northwest European dominant species traits, the transition between different dominant species and their 

influence on the development of channel.  

4.1 Characteristics of Vegetation on the mudflat and the pioneer 
zone 

The dominant pioneer vegetation, Salicornia, Spartina and Suaeda are regularly grouped in mosaic formation. 

The species interact with each other and usually occur in separate succession stages. The higher elevated salt 

marshes contain growth of the grass Puccinelia. These different species consist of diverse life strategies and 

characteristics, for example whether a species is annual or not. In European salt marshes the Salicorna species 

are abundant and often the first vegetation to colonize. This halophyte species has a high tolerance to salinity 

and is observed to endure the entire tidal water range (Roman et al., 2012). The growth substrates are usually 

clay or sandy at low elevations. However, this species is observed at higher altitudes with low water drainages 

as well. In addition, the Salicornia appears to survive periods of droughts. The roots are relatively short 

compared to the above ground biomass (ten to twenty centimetres of root length compared to approximately 

forty-eight centimetre above ground). This causes low water velocities to become very impactful for the 

survivability of the species. The Salicornia will not survive through winter and will start its starvation in 

September (Bij de Vaate, 2018). The reproduction depends on the hydrodynamics of the area since it disperses 

seeds. Consequently, as soon as the elevated mudflats reach the level of mean high water neaps, additional 

vegetation is able to colonize. Since these species are dispersed, have limited root depth, the Salicornia should 

not induce erosion. Simulations, with these species-traits taken into account, showed that the Salicornia has 

indeed no effect on channel initiation (See fig. 5).  

 

Figure 5: Simulation of the effects on hydro morphology due to the presence of Salicornia (Bij de Vaate., 2018). 

An additional dominant halophyte pioneer species of north-western European belong to the Spartina. The 

Spartina maritima is able to survive reducing conditions as it is sulphide tolerant (Silvestri and Marani, 2004). 

During the 19th century, the species Spartina anglica were introduced to the Dutch salt marshes as a 

conservation strategy to promote sediment accretion. This has led to a rapid colonization and domination of the 

pioneer zone between mean neap low and mean spring high water level. This grass is able to be distributed on 

a variety of substrates like sand, and clay. The slope on which it grows need to be gradually. In contrast to the 

Sea side Land  
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Salicorna, the root structure of the Spartina is complex and considered strong since it contains creeping 

rootstalks. The root length increases up to about ten centimetres. In more than a month time it can also tolerate 

an overflowing time of nine hours. The highest biomass yield is reached in September. Spartina does have a 

positive correlation between the sedimentation and growth rate (Bij de Vaate, 2018). This species is considered 

the main influence for the initiation of tidal channels since this grass grows in large patches, has deep roots and 

is annually present.  The colonization of Spartina resulted in a dendritic and braided channel network at about 

five hundred meters from land. Spartina showed higher depths, higher water velocities and erosion that exceeds 

the sedimentation processes. Interestingly, these simulations showed that channels merged together to existing 

channels. The shape of these particular channels became much wider and straighter.  

4.2 Characteristics of Vegetation in the Higher Elevated Zones 
Puccinellia martimia is a perennial grass that is distributed between mudflats and hummocks. The difference in 

average coverage between these two areas is significant, with five percent for mudflats and more than ninety-

five percent at higher elevations. It is less tolerant to salinity with a much lower exposure to high saline waters. 

The colonized soils are generally oxidized except when these flood. This occurs a couple of times per year 

(Silvestri and Marani, 2004). In addition, this species grows in high biomass patches. The P. maritimia forms long 

lateral roots that could reach a length of one meter. Moreover, these roots are mostly present at a depth of five 

centimetres. The actual maximum depth of the roots is at twenty five centimetres. The two reproductive 

strategies, by seed release and partial dispersal causes the Puccinellia to spread. Whenever the marsh overflows 

these plants are able to withstand tidal currents due flexible stems can bend with the currents of the tidal water 

(Bij de Vaate, 2018). The effect on the hydro morphology showed for the Puccinellia as well since simulations 

showed braided channels forming at about two hundred meters from land. Similar as the Spartina, the 

Puccinellia causes the width-depth ratio of the channel to change but not as high as Spartina (See fig. 6). The 

Pucinellia generates channel to be less deep with lesser bank height.  

Higher elevated areas from mature salt marshes become more suitable for higher biodiversity of vegetation like 

the Partinex and Limonium (Schwarz et al., 2018).  

 

Transition zones between the Salicornia to Spartina resulted in morphological changes of the channel 

due to a high erosion pressure. Nevertheless, the shift from Spartina to Salicornia formed wider channels and 

lower banks. That is unfavourable for the development of channels since the natural resilience of the salt marsh 

decreases. The transition between Puccinellia and Spartina formed deeper channels with steep and wider banks 

this results in a lower drainage density (See fig. 7) (Bij de Vaate., 2018).   

Sea side Land  Sea side Land  

Figure 6: Observed differences between the hydro morphology caused by the presence of the Spartina (left) and Puccinellia 
(right).  This simulation has run over a time period of thirty years. The vegetation range is indicated with the black and the 
spotted line (Derived from Bij de Vaate, 2018).  
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Vegetation plays a role for the stability of banks and cliffs. The intensity of erosion of cliffs is depended 

on the location of these in the salt marsh. Sheltered cliffs have less exposure to wind. This explains that the 

erosion is less intensive then when a cliff is exposed to high magnitude of wind. This causes exposed cliffs reduce 

faster (Wang et al., 2017).  According to a study from Wang et al. (2017) pioneer species, Aster, Atriplex, Elytrigia, 

and Spartina, causes a reduction of the breakdown of salt marsh edges. The cliffs at mudflats showed no 

significant change in elevation height.  The vegetation at the edges of the higher elevated zones resulted in a 

lack of regression between wind exposure and the erosion potential. Plants with low root depth and length 

caused more erosion then vegetation with relatively long roots (Wang et al., 2017). In 2018, Schwarz et al. (2018) 

conducted further studies on the specific strategy of vegetation and the relation of channel evolution. The 

colonization speed and expansion strategy were studied in relation to the hydro morphology of the salt marsh 

area. Fast colonizers are determined as the dispersed vegetation that has homogenous growth patterns. Slow 

colonizers grow less in number and form clumps. Results showed that slow colonizers are an important aspect 

for initiation of new channels (self- organization of marshes). Whereas fast colonizers may function to stabilize 

pre-existing channels. This equivalent is shown in the conceptual model where the colonization speed together 

with the colonization dominance index (CDI) corresponds to the hydro-geomorphological development and 

disturbance of the channels (See fig. 8) (Schwarz et al., 2018).  

Figure 7: The simulated environmental effects as result of vegetation shift between Spartina to Salicornia (red) or Puccineallia to 

Spartina (grey) over fifty years of simulation time. (Derived from Bij de Vaate et al., 2018).   
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Figure 8: This is a conceptual model on the time scale of vegetation colonization and landscape shaping that is required for self 
stabilization of a system. The coloured arrows show the shifts that may appear in the system. For example, the dark blue arrow shows a 
shift of from stabilizing to self-organizing status of the system as result of the reduced morphological development and low 
hydrogeomorphic disturbance. (This figure was derived from  Schwarz et al., 2018). 
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5  Discussion 
This literature study explored impact of vegetation density with the specific types on channel formation in 

saltmarshes of the temperate zones. Generally speaking, the presence of vegetation influence hydro-

morphological changes that causes were erosion occurs. The higher the density of the vegetation the larger the 

area in which the water is directed. This is likely to initiate channels in the pioneer zone. In addition to 

inducement of erosion, vegetation stabilizes the channel banks as well. In the higher elevated zones with more 

vegetation additional bank stabilization occurs. This causes less erosion to pressure on the width of the channel 

but makes it deeper with higher water velocities. Different specie traits of dominant salt marsh vegetation 

species propagates altered effects on channel development and initiation  

This literature survey concluded that the geomorphology of the mudflats is influenced by the different 

vegetation densities since plants in high densities cause more hydraulic changes. The vegetation clumps (high 

density) alters the tidal flow in such way that between these patches a high water velocity occurs. The 

consequence of this event endorses the erosion potential between the patches. In contrast, bank stabilization 

may occur if fast colonizers expand through seedlings with high (hydro-) morphological changes. The patch sizes 

are of importance, since the smaller patches does not seem to cause a significant difference in the geo-

hydrology. Therefore, dispersed plants (in low densities) will cause a limited or no influence on the initiation of 

channels. The underground biomasses of plants are explored to gain understanding on vegetation- soil 

interaction. This showed that the grain size is related to the erosion potential and the root biomass in which a 

low root biomass results in erosion inducement. The study from Vandenbruwaene (2012) showed a 

contradictory result in which the drainage density was not affected by vegetation. The salt marsh was dominated 

by fresh water vegetation Phragmites australis and the Salix Alba. It might be the case that these two species 

have a channel stabilizing function instead of contributing to channel initiation since the time frame of this study 

is four years. This might be the reason for Vandenbruwaene et al. (2012) to have determined this lack of 

influence. In contrast, for this thesis halophytic northwest European salt marsh species are being implemented.   

The geomorphology of already existing channels is influenced by the vegetation since a higher chance 

for meandering occurs, the shape and the width-depth ratios are altered. Vegetation contributes to channel 

stabilization and geometric efficiency for salt marshes. In all cases, when vegetation is absent, the geometric 

efficiency decreases. If no vegetation is present at channel banks, the channel shape seemed to become straight. 

The presence of vegetation usually causes the channel to become less wide with higher depths. This was 

comparable to the results from Bij de Vaate who found that the channel depth- width ratio is influenced by 

vegetation presence as these become deeper with less sediment erosion from the shores. The geometric 

efficiency proved to be influenced by the presence or total absence of vegetation in which the lowest efficiency 

occurred for the non-vegetated areas. In addition, a study from Kearney et al. (2016) denied the drainage density 

to be the indicator of channel evolution. Instead the geometric efficiency was taken into account. According to 

Kearney et al. (2016) the importance of the geometric efficiency lies in catching the meandering behaviour of a 

channel. This is more in-depth then the drainage efficiency only. This suggests that more research may need to 

be conducted on channel development.  

The impact of vegetation resulted to be species-specific for dominant salt marsh vegetation since 

different initiation channel width, depths and shape occurred with the presence of singular dominant species 

and species shifts. The hydro-geomorphology is influenced when high vegetation densities occur both above- 

and underground. The interaction and shift between vegetation species seem to induce alternative shaping to 

the channels compared to a singular species in an area. Even if the characteristics of these different grass species 

are quite comparable. It is suggested that the root biomass is an important factor for the survivability of 

vegetation, whereas for the erosion intensity of the sediments. If roots are relatively long, banks are 

strengthened and high erosion intensity is prevented. This corresponds to a study from Wang et al. (2016) who 

similarly concluded the root lengths to be in relation with the erosion of cliffs. The studied dominant species 
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with high underground biomass showed to have high aboveground biomass as well. The studied dispersed 

vegetation for this thesis, showed to have low underground biomass and have little impact on the hydro-

geomorphology. The interaction between vegetation and environmental factors are argued to be more complex. 

Studies from Kearney and Fagherazzi (2016) showed that vegetation traits such as the colonization speed and 

hydro-morphology of the region has an important role to play during channel development. Slow colonizers that 

expand laterally with low hydro-morphological processes initiate channels. This overlaps with the results from 

the study that showed that clumped grasses endorse erosion at particular locations between the patches.  

This thesis contributes to the understanding of the interaction between dominant vegetation and 

channel development processes in salt marshes. In addition, this provides knowledge to a more holistic view on 

the complex salt marsh processes. For this thesis, northwest European dominant species primarily focussed 

upon. This substitutes to general models or strategies for conservation purposes on these specific regions. 

Further research opportunities may be advised to be taken into consideration when the following systems are 

analysed. As Schwarz et al. (2014) suggested, research on sedimentation (mixture, compositions etc.) will 

provide a more dynamic insight on the geomorphology and vegetation in landscapes. The importance research 

the channel formation network as a whole. Kearney at al. (2016) discusses this for its study as he a certain sub-

area or sub-basin is not as efficient as studying it as a whole salt marsh (Kearney at al., 2016). Studies are still 

often dedicated to the initiation of channels in relation to vegetation instead of the further development of 

channels in relation to vegetation growth. The vegetation on channel processes should be studies as an 

interaction in which the vegetation influences the channel processes but also as channel processes that 

influences the vegetation distribution and survivability. In addition, more simulations with different kinds of 

pioneer species from temperate salt marshes are advised to be performed and compared to metric data. It 

should bet taken into account that more factors may have influence on the initiation or development of 

channels. For example, the benthos could be able to alter the morphology of an area which again may have 

influence on the vegetation during initiation. This example adds to the complexity of the system.  
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6 Conclusion 
The type and density of vegetation is argued to have an influence on the vegetation of initial channel 

development. Important findings are summed up below: 

- Hydro geomorphology of the mudflats is influenced by the different vegetation densities since plants 

(grasses and perennial grasses) in high density clumps cause more hydraulic changes that influence the 

hydro geomorphology of channels. 

- The dispersed vegetation has no influence on hydro-morphology in which no erosion inducement 

appears.  

- More braided channel shaping occurs in the presence of high density vegetation during initiation.  

- The interaction between vegetation and channel development remain complex since vegetation speed, 

expanding strategy and morphology and hydro morphology are closely related.  

- Underground biomass and density is of influence on the erosion potential since the grain size is altered 

by the root system. 

- The geometric efficiency is altered by the presence of vegetation at shores of channels. Higher salt 

marsh efficiency occurs at vegetated areas banks.   

- Stabilizing vegetation reduces the width and deepens the channel shape in more elevated areas.  

- The impact of vegetation showed to be species-specific for dominant salt marsh vegetation since a 

different impact on the hydro-geomorphology occurred with the presence of a singular species and 

species shifts in simulations.  

 

 

 
 

  



 Influence of Vegetation on Trench Formation in Temperate Saltmarshes| Thesis 
17 

7 References  
Bij de Vaate I. (2018). Effect of Different vegetation Species Traits on Channel Development in Tidal  

Marshes. Utrecht University. Utrecht. The Netherlands   
 
Doody J. P. (2008). Saltmarsh Conservation, Management and Restoration,  Springer,  

Brampton, UK. volume 12 
 
Fagherazzi, S., Kirwan, L. M., Mudd, S. M. Gunenspergen. G. R., Temmerman, S., D’alpaos A., van de Koppel, J.,  

Fybzcyk, J. M., Reyes, E., Craft, C. and Clough J., (2011). Numerical Models of Salt Marsh Evolution: 
Ecological, Geomorphic and Climate Factors. Reviews of Geophysics, Volume 49. P. 1-28  

 
Ferronato C., Speranza M., Ferroni L., Byscaroli A., Vianello G., and Antisari L. V. (2018). Vegetation  

response to soil salinity and waterlogging in three saltmarsh hydro sequences through macronutrients 
distribution. Elsevier, Volume 200.  P. 131- 

 
Hughes R. G. (2004). Climate change and loss of saltmarshes: consequences for birds. School of biological  

Science, University of London. Londen, UK. Ibis, 146. Suppl 1. P. 21-28. 
 
Kearney W. S., and Fagherazzi S. (2016) Salt Marsh Vegtation Promotes Efficient Tidal Channel Networks.  

Nature Communications, Boston, USA, 7:12287 doi: 10.1038/ncomms12287. P. 1-7. 
 

Little C. (2010). The biology of soft shores and estuaries. Biology of Habitats. Oxford, UK. P. 91-94 
 
Mofett K. B., Robinson D. A., and Gorelik S. M. (2010).  Relationship of Salt Marsh Vegetation Zonation to  

Spatial Patterns in Soil Moisture, Salinity, and Topography. Ecosystems, Springer.  
 

Moller I., (2006). Quantifying saltmarsh vegetation and its effect on wave height dissipation: Results from  
a UK East coast saltmarsh. Elsevier, volume 69. Pages 337- 351. 
 

Redelstein, R., (2017). Dissertation: Root System Structure and Functions Across Coastal Saltmarsh Flooding  
Gradients. Centre of Biodiversity and Sustainable Land Use. Gottingen, Germany.    
 

Roman C. T., Burdick D. M., (2012). Tidal Marsh Restoration, a synthesis of Science and Management. The 
Society for Ecological Restoration (SER). Island Press, Washington, Covelo and London. P. 11-138 
 

Schwarz C., Gourgue O., van Belzen J., Zhu Z., and Bouma T. J. (2018). Self-organization of biogeomorphic  
landscape controlled by plant life-history traits. Nature Geoscience, volume 11, p. 672–677 .  
 

Schwarz C., Ye Q. H., van der Wal D., Zhang L. Q., Bouma T., Ysebaert T., and Herman P. M. J. (2014).  
Impacts of salt marsh plants on tidal channel initiation. Journal of Geophysical Research: Earth 
Surface. AguPublications. Volume 119. doi:10.1002/2013JF002900 P. 384- 400.  
 

Silliman B. R., Schrack E., Cope R., Santoni A. Van der Heide T., Jacobi R., Jacobi M., and van de Koppel J. (2015).  
Facilitation shifts paradighms and can amplify coastal restoration efforts. PNAS. Volume 112, 46. 

 
Silvestri, S., and Marani, M., (2004). Salt-marsh Vegetation and Moprhology: Basic Physiology, Modelling and  

Remote Sensing Observations. American Giophysical Univion, Coastal and Esutarine Monograph 
series.  

 
Stammermann, R., and Piasecki, M. (2012). Influence of Sediment Availability, Vegetation, and Sea Level  

Rise on the Development of Tidal Marshes in the Delaware Bay: A Review. Journal of Coastal Research, 
volume 28, Issue 5 p. Coconut Creek, Florida.   
 

Temmerman, S., Bouma, T. J., van de Koppel, J., van der Wal, D., de Vries, M. B., and Herman, P. M.  



 Influence of Vegetation on Trench Formation in Temperate Saltmarshes| Thesis 
18 

J., (2007). Vegetation Causes Channel Erosion in a Tidal Landscape. Geology. Volume 35, Issue 7, P. 
631-634.  
 

Temmerman, S., Moonen, P., Schoelynck, J., Govers, and G. Bouma., T. J., (2012). Impact of Vegetation die-off  
on Spatial Flow Patterns over a Tidal Marsh. Geographycal Research Letters, Volume 39, Issue 3. P. 1-5 
 

Ungar, I. A., (1987). Population Characteristics, Growth and Survival of the Halophyte Salicornia Europaea.  
Ohio University, Athens, Ohio, USA.  
 

Van der Wal D., Wielemaker-Van den Dool A., and P. M.J. Herman, (2007). Spatial patterns, rates and  
mechanisms of saltmarsh cycles. Elsevier. Volume 76, Issue2, p. 357-368.  

 
Vandenbruwaene W., Meire, P., Temmerman, S., (2012). Formation and Evolution of Tidal Channel Network  

within a Constructed Tidal Marsh. Geomorphology. Volumes 151–152. P. 114–125 

 
Wang H., van der Wal, D., van Belzen, J., Herman, P. M. J., Hu, Z., Ge, Z., Zhang, L., and Bouma T. J., (2017).  

Zooming in and out: Scale Dependence of Extrinsic and Intrinsic factors affecting Salt Marsh Erosion. 
Journal of Geophysical Research: Earth surface surf., 122, Dol 10.1002/2016JF004193. P1-16 

 

 


