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Abstract 
 

The vegetation dynamics of submersed Charophyta vegetation were studied in three shallow 

lakes, located around 25 km southeast of Gävle, close to the Baltic Sea. The samples were 

taken with a plastic tube used as a homemade sediment core sampler. The samples were then 

divided into a lower, middle and an upper layer so that temporal patterns inferred from 

sedimentation order could be studied. For making the statistical analyzes the program R 

version 2.12.1 for windows was used. The aims of this study were to describe how the 

vegetation dynamic changes over time in the three different lakes selected and develop 

methods on how to use the spore bank to make temporal surveys.  

Altogether three species were found at the study sites, Chara intermedia, Chara 

aspera and Chara tomentosa. The results showed that Chara in general behave differently 

between the communities, i.e. the lakes have different vegetation dynamics. Directional 

changes were shown for C. aspera and C. intermedia whereas C. tomentosa showed clear 

signs of patch dynamics. The results are discussed from different viewpoints, such as 

eutrophication, salinity variation, intraspecific competition and founder or dominance- 

controlled communities. 

Stoneworts are sensitive to eutrophication, and many of the Swedish species are 

today red listed. Understanding the vegetation dynamics of stonewort species are therefore of 

great relevance. This study show that it is possible to make a temporal vegetation dynamics 

survey using a spore bank. 
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Sammanfattning 
 

Vegetationsdynamiken hos Charophytavegetation har studerats i tre grunda sjöar. De 

studerade sjöarna ligger ungefär 25 km sydost om Gävle, nära Östersjön. Sedimentproverna 

togs upp med hjälp av ett plaströr som fungerade som en sedimentprovtagare. Varje prov 

skivades sedan upp i tre skikt, undre, mellan och övre för att kunna studera 

vegetationsförändringar över tid. För de statistiska analyserna användes programmet R 

version 2.12.1 för windows. Syftet med denna studie var att beskriva hur 

vegetationsdynamiken förändras över tid i de tre utvalda sjöarna och utveckla metoder för att 

kunna använda sporbanken till dessa undersökningar. 

 Totalt hittades tre arter i de studerade sjöarna, Chara intermedia, Chara aspera 

och Chara tomentosa. Resultaten visar att Chara generellt uppför sig olika mellan de olika 

samhällena, sjöarna har olika vegetationsdynamik. C. aspera och C. intermedia visade sig ha 

riktade förändringar medan C. tomentosa visade tydliga tecken på patch dynamik. Resultaten 

diskuteras utifrån olika tolkningar, som eutrofiering, salthaltsvariation , intraspecifik 

konkurrens och founder eller dominance- kontrollerade samhällen. 

 Kransalger är känsliga för eutrofiering och många av de svenska arterna är idag 

rödlistade. Förståelsen för vegetationsdynamiken hos kransalgsarter är därför av stor relevans. 

Denna studie visar att det är möjligt att göra en undersökning av vegetationsdynamikens 

förändring över tid genom att använda sig av en sporbank. 
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Introduction 
 

Around the world there are about 400 different stonewort species. The name “stoneworts” 

derives from the fact that they can after some time be encrusted in calcium carbonate. Another 

typical attribute of stoneworts is that their branches are arranged in a wreathlike structure 

(Blindow et al. 2007). The stoneworts have in older systematics belonged to both 

Chlorophyta and angiosperms, but in later classification they belong to their own division 

Charophyta. Within the group stoneworts there is only one order (Charales) containing only 

one family (Characeae). There are fossil records of 6 families, which means that 5 families 

are extinct. The family Characeae is divided into two sub-families, Charoidae and 

Nitelloidae; Charoidae with three genera in Sweden: Chara (18 spp.), Lampthrotanium (1 

sp.) and Nitellopsis (1 sp.), and Nitelloidae with 2 genera: Nitella (9 spp.) and Tolypella (4 

spp.) (Giegold et al. 1996). 

 

Stoneworts have until recent years been a somewhat overlooked group in Sweden (Giegold et 

al. 1996) and due to the fact that they are green plants they can be mixed up with green 

terrestrial plants (Church and Stewart 1992). They are submerged macroscopic plants and are 

anchored to the sediment with rhizoids. They grow in both temporary and permanent waters 

and are most common in clear and calcium rich freshwaters, but can be found in brackish and 

marine waters as well (Blindow et al. 2007; Glimn-Lacy and Kaufman 2006). Stoneworts can 

be encrusted with a lime shell, as they uses the bicarbonate ion as a source for carbon during 

photosynthesis and secrete calcium carbonate on the plants surface. This attribute is especially 

common for the genus Chara (Church and Stewart 1992). Stoneworts are haploid and consist 

of a stem made up by large multinucleus internode cells with multicellular nodes. The 

branches, which are placed in wreaths by the nodes carries the male and female reproductive 

organs, antheridiums and oogons (Glimn-Lacy and Kaufman 2006). The fertilized and diploid 

oospores are forming a seedbank preserved in the sediments which I have been looking at in 

this study.  

 

At the time of writing 20 out of 34 Swedish stonewort species are red listed according to the 

Swedish Species Information Center (http://snotra.artdata.slu.se/artfakta). This high amount is 

due to that many species are naturally rare, but many species have showed declines in 

abundance. Reasons for the declines are acidification of lakes and reduced numbers of ponds. 

But the biggest threat to this group is the eutrophication of both freshwater and brackish 

waters (Giegold et al. 1996). Stoneworts are more sensitive to eutrophication than other 

submersed vegetation, and have been used as bioindicators for clean waters (Blindow et al. 

2007). There are differences in sensitiveness among stonewort species, for example between 

Chara aspera and Chara tomentosa that are studied in this thesis. C. aspera, which is a small 

species, can be found in shallow water of highly eutrophicated lakes. In deeper areas they are 

more limited due to reduced light conditions. The larger sized C. tomentosa need a larger 

water depth than C. aspera, and will more likely disappear in waters with low secchi depth 

(turbidity often attributed to eutrophic waters) (Blindow 1992; Pełechaty et al. 2004). 

 

Many studies have been made regarding the importance of seedbanks for population 

dynamics. But when it comes to the presence of stoneworts in seedbanks not many studies 

have been made (Karlsson 2003). I have found two studies (Dieffenbacher-Krall and Nurse 

2005; Hannon and Gaillard 1997) with the aim to reconstruct water depth in lakes by studying 

macrofossils (Chara oospores included) in the sediment and one study (Yu et al. 2003) that 

uses Chara oospores as a marine water indicator. There have previously not been any attempt 

to use a spore bank to make a temporal vegetation dynamics survey.  
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When a study of vegetation and its dynamic is made in a terrestrial environment, the method 

usually is to monitor permanent plots during a period of time. Studies of permanent plots of 

submerged vegetation are, however, not as common and a study similar to this one was not 

possible to find. The attempt in this study is to trace the vegetation dynamics in permanent 

plots over time by using the sediment stratigraphy as an historic archive.    

 

The aims of this study are to describe how the vegetation dynamic changes over time in three 

selected lakes and to develop methods on how to use the spore bank to make temporal 

surveys. 

 

 

Background 
 

Vegetation dynamics 

 

Vegetation dynamics can be looked upon as something that occurs in three different steps. For 

example, the first step could be that plants disappear from a place due to death, resulting in an 

empty space. The reason behind the death of plants is usually disturbances such as fires or 

human impact of some sort, but sometimes the reason is biological aging (Picket and White 

1985). When this initial step has taken place the patch that has opened will then be colonized 

with new plants emerging from the seedbank or by drifting vegetative parts which is also an 

important recruitment factor. When the different species have started to colonize the empty 

space the third step of the process begins competition. The deciding factor of the competition 

usually bottoms down to the individual size of the plants and also the competition between the 

different species. These types of competition can of course change if the environment for 

some reason changes (Idestam-Almquist 1998).  

 

When stoneworts die a long-lived spore bank is important for the conservation of the species 

richness and the survival of the populations in the habitat (Bonis and Lepart 1994). Most 

stoneworts produce longlived oospores that can rest in the sediment for many years. Thus 

oospores from different growing seasons are stored in the sediment, forming the spore bank. 

This spore bank can help the regeneration even if the reproduction is absent some years. A 

spore bank with a mixture of oospores from different species and generations would help 

against the risk of extinction of populations and maintain the species and genetic richness 

during fluctual disturbances (Bonis et al. 1995). As species differ in their demands the chance 

of colonization increases with the diversity of the spore bank. 

 

Patch dynamics 

 

When a whole ecosystem, a lake for example, consists of a mosaic of small ecosystems, i.e. 

that there is heterogeneity within the system, we talk about the study of patch dynamics 

(Townsend et al. 2008).   

 

A community can be described as founder controlled or dominance controlled. The latter can 

in short be described as a community where some of the species hold a big competitive 

advantage against other species whereas a founder controlled community is made up of 
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species that don’t have any significant differences in colonization ability or competitiveness. 

The two different community organizations differ in terms of their dynamics (Townsend et al. 

2008). 

 

In a founder controlled community all species are equally good of colonizing an empty patch 

and also equally competitors, and when one of the species have colonized the patch it can 

hold it against the other species until it for some reason dies (Townsend et al. 2008).  

 

If a founder controlled community is frequently exposed to disturbances which causes gaps 

this will make the chance of competitive exclusion less probable. This is why founder-

controlled communities have been likened to “competitive lotteries”. So for example if an 

organism dies and disappears, this gap can be colonized by any of the conceivable species, for 

instance all species in a seed bank. The species that invades the patch spend its whole life-

time there, but when it dies it is not at all certain that the same space will be invaded by the 

same species (Townsend et al. 2008). The tickets in a lakes “competitive lottery” could for 

example be the oospores, and the first oospore to germinate in the empty patch would be the 

winning ticket. 

 

In the other type of community, the dominance- controlled community, there are species that 

are superior competitors to others. Thus the species that colonizes the vacant patch might well 

be ousted by another species. There are differences in the species attributes and their 

strategies in a dominance controlled community; the first species to arrive have good 

attributes for fast growing and colonization. Other species are able to grow with lesser amount 

of resources invading the space and will oust the first colonizers. A process like this is called 

succession. Succession can be simplified in four phases. In the first phase the gap is invaded 

of early-succession species. In phase two more species will arrive. In phase three the new 

species will with time continue to grow and mature and start to dominate the patch, this result 

in ousting of all or most of the early succession species. The fourth and last phase is when the 

most powerful competitors outmanoeuvre their neighbours, when this has happened the 

community has reached its climax stage (Townsend et al. 2008).  

 

Disturbances that open up free spaces can act on both smaller and bigger scales. A 

disturbance such as a forest fire would cause extinction on large part of the community; in 

that case the large gap that has been freed up will go through the same succession. Small 

disturbances will generate a patchwork of habitats. If a community is exposed continually and 

randomly to disturbance, the community will be made up by a mosaic of patches, all being in 

different phases of succession (Townsend et al. 2008).  

Study sites 

Three shallow lakes situated between 0-5 m above sea level were selected for this study. The 

lakes are located at the east coast of Sweden around 25 km southeast of Gävle and very close 

to the Bothnian Sea (Fig. 1 and  2). Due to the fact that the lakes are located close to the coast 

at an elevation less than 5 m above sea level they have until recently been a part of the 

Bothnian Sea. The glacio-isostatic uplift cut off the lakes from the Baltic basin and isolated 

them not more than 500 years ago (Sund 2010). The exact ages of the lakes is not possible to 

say due to lack of information regarding the elevation data of the lake thresholds at the study 

sites. All lakes were located closely to each other and seemed to have a similar type of habitat. 

The water depth at all sampling sites were around 0.5 m. The sediment types at most sites 

were mud. In the Gävle Bay the bedrock consists of calcareous limestone. This has resulted in 
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areas south of Gävle which has been supplied with calcareous glacial deposits as the 

Weichselian ice sheet (the last glaciation) were picking up, transporting and depositing 

crushed bedrock as till and meltwater during the deglaciation deposited glacial clays. 

 

 

 

 

 

 

 

 

 

 

 

Methods 
 

Collecting of samples and species identification 

 

The sampling was carried out during one day in November 2010. A total of 14 cores were 

sampled with a plastic tube with a diameter of approximately 6 cm. Of the 14 collected cores 

12 were used for statistical analyzes. 4 cores were sampled from lake A, 5 cores from lake B 

and 3 cores from lake C. Due to the cold Swedish winter in 2010 all the lakes were covered 

by ice, and in order to get down to the sediment an ice pick were used to break the ice layer. 

This resulted in that the cores that were collected all came from a quite close range to the 

Figure 1. The location of the study site (red frame), 

approximately 25 km southeast of Gävle. © Lantmäteriet Gävle 

2011. Permission I 2011/0097 

Figure 2. The studied lakes are marked out with capital 

letters, Lake A, lake B and Lake C. © Lantmäteriet Gävle  

2011. Permission I 2011/0097 
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shore. Waders were used, and the range from the shore was around 1-5 meters. All sediment 

cores were taken from different sites. In field, each core was pushed out from the plastic tube 

with help of a circular piece of rubber and a stick. Each core was then sub sampled with a 

knife into lower, middle and upper layers where the upper layer represents the most recent 

sedimentation of oospores to the seed bank. The sediment cores collected did not have the 

exact same length (approximately 15-30 cm) which resulted in subsamples with different 

volumes. The differences in volume were later counted for in the statistical analyzes. All 

subsamples were collected in plastic bags and later stored in a cold room. 

 

In order to filter out the oospores each of the 36 subsamples was washed through two 

different wet sieves, one with 0.25 mm mesh size and one 0,5 mm mesh size. The whole 

volume of each subsample was used as the difference in volume between the samples were 

taken into account in the statistical analyzes. The oospores from each sub sample were then 

placed in small plastic containers for further investigation. The species identification and 

counting was made using a stereo loupe and a species identification key (Blindow et al. 

2007). The species identification was not always easy due to damaged or empty oospores. The 

empty oospores were counted separately due to lack of identification literature. 

 

Diagrams showing the average relative abundance of the species in each lake were 

constructed using Microsoft Excel. To calculate this all samples from each lake were used.  

Statistical analyses 

 

When making the statistical analyzes I used the program R version 2.12.1 for windows. The 

species used in the calculations were Chara aspera, Chara intermedia and Chara tomentosa. 

These three species were found in all of the three lakes that were examined in this study.  

 

One analyze I made was to see how and if the absolute abundance of each species differed in 

the different lakes as well as if the abundance of the species changes between the different 

levels. This analyze was performed to see if the vegetation changes differently with time 

between the different lakes. For this I used a generalized linear model with the number of 

oospores per each species set as response variable and sediment depth and lake set as 

explanatory variables. The volume of the sample was included in the analyses to take away 

effects of variation in sediment sample volume. 

 

I also wanted to see if the species abundance differs between different patches within the 

lakes. For this I also applied a generalized linear model with the number of oospores per each 

species set as response variable and sediment depth, lake and site as explanatory variables. 

 

The P-value for significant results was set to P<0.05. 

 

Results 
 

Altogether three different species were found at the different study sites, Chara intermedia, 

Chara aspera and Chara tomentosa. An example of how the oospores looks like are shown in 

figure 3. Figure 4, 5 and 6 gives a view of the relative abundance of these species in the 

different lakes. In the bottom layer in lake A (Figure 4) all three species were represented and 

the most abundant species was Chara tomentosa. In the middle and upper layer only Chara 
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aspera and Chara tomentosa were represented, Chara tomentosa being the most abundant 

species. In lake B (Figure 5) Chara aspera is the most abundant species in all layers. Chara 

intermedia is represented in the bottom and middle layer whereas Chara tomentosa is only 

found in the upper layer. In lake C (Figure 6) Chara intermedia is the only species 

represented in the bottom layer. In the middle layer all three species were found, Chara 

intermedia being the most abundant. In the upper layer Chara intermedia and Chara 

tomentosa were found, Chara intermedia being the most abundant.   

 

The results from the statistical analyze using sediment depth, lake, sediment depth-lake 

interaction and volume of samples as explanatory variables showed that the dynamic of Chara 

aspera differs between the lakes. In lake A and C C. aspera becomes less abundant with 

depth whereas in lake B the correlation goes in the different direction and the abundance 

increases with depth (Fig. 7 and Table 1). 

 

The same analyzes for C. tomentosa did not show any significant results (Table 3) but C. 

intermedia showed that this species also differs in dynamics between the lakes (Figure 8). C. 

intermedia becomes less abundant with depth in lake A and B whereas in lake C the 

correlation goes in the opposite direction and the abundance increases with depth (Figure 8 

and Table 2). 

 

The analyze using depth, lake, site, lake-depth interaction, depth-site interaction and volume 

of samples as explanatory variables showed that the abundance of Chara tomentosa differs 

between sites and also at different depths within the different sites(Table 3). 

 

The same test for Chara aspera and Chara intermedia didn’t show that the species abundance 

differs between different sites in the lakes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.Stereo loupe view of Chara oospores. The small round 

ones are Chara intermedia (approximately 0, 5 mm). The one at the 

bottom of the picture is Chara aspera (approximately 0, 5 mm). 

The larger oospores are Chara tomentosa oospores, the blueish one 

in the middle is Chara tomentosa (approximately 1 mm) encrusted 

in limeshell. 
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Figure 6. The graph is showing the relative abundance of the three species Chara 

intermedia, Chara aspera and Chara tomentosa in lake C . The graphs are based on 

the raw data from lake C. 

Figure 4.The graph is showing the relative abundance of the three species Chara 

intermedia, Chara aspera and Chara tomentosa in lake A . The graphs are based on 

the raw data from lake A. 

Figure 5.The graph is showing the relative abundance of the three species Chara 

intermedia, Chara aspera and Chara tomentosa in lake C . The graphs are based on 

the raw data from lake B 
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Source Sum of 

squares 

DF F value p 

Sample Volume 27888 1 1.8788 0.181    

Depth 

(Sediment) 

24678 1 1.6626 0.207    

Lake 149478 2 5.0352 0.013 

Depth 

(Sediment):Lake 

205164 4 6.9110 0.003 

Residuals 430456 29 29   

Source Sum of 

squares 

DF F value p 

Sample Volume 2949.1   1 16.1564 0.001  

Depth 

(Sediment) 

300.5   1 1.6464 0.200     

Lake 1506.2   2 4.1259 0.026 

Depth 

(Sediment):Lake   

3022.4   4 8.2789 0.001 

Residuals 5293.6 29   

Figure 7. In lake A and C C. aspera becomes less 

abundant with depth whereas in lake B the 

abundance increases with depth. 

Figure 8. C. intermedia becomes less abundant 

with depth in lake A and B whereas in lake C 

the abundance increases with depth. 

Table 1. ANOVA table (Type II tests). The abundance of C. 

aspera is significantly dependable of lake and the depth-lake 

interaction. 

Table 2. ANOVA table (Type II tests). The abundance of C. 

intermedia is significantly dependable of volume, lake and 

the depth-lake interaction. 
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Discussion 
 

The results show that C. aspera becomes more abundant over time in lake A and C whereas in 

lake B the correlation goes in the different direction and the abundance decreases over time. 

The analysis of C. intermedias abundance in the different lakes over time shows a slight 

increase in lake A and B whereas in lake C the abundance decreases over time. 

 

The analysis of the species abundance in the different sites and the interaction between sites 

and depth showed that C. tomentosa differ in abundance between the different sites and also 

that the abundance differ over time in the different sites. This is interpreted as a sign of patch 

dynamics. It seems that the local C. tomentosa populations are not stable at certain patches but 

there seems to be a process of extinctions and recolonizations within the lakes. My 

interpretation is that C. tomentosa subpopulations are moving between patches within a 

metapopulation. 

 

If you view the different lakes as communities the Chara spp. seems to behave differently 

between the communities, i.e. the lakes have different vegetation dynamics. The Chara spp. 

come and go or, as for C. tomentosa, move between patches. 

 

So why are the studied species behaving in this way? It is not possible to answer that question 

fully in a study of this relatively small size. The study was designed to reveal if population 

dynamics were different between lakes and between patches within lakes. This was the case, 

but the causes of differences in dynamics can only be revealed in larger studies including 

measurements of variation in habitat variables. Here I will discuss possible reasons to why the 

vegetation dynamics are behaving in this way. 

 

Stoneworts and eutrophication 

 

Stoneworts form dense beds of vegetation and they are dependent on clear water where the 

light-conditions are good (Lindahl 2008). Some studies shows that competition for sunlight 

from other submersed species increases in turbid waters, and make the area colonized by 

Source Sum of squares DF F value p 

Sample volume 4.31   1 0.0370 0.851   

Lake 24.64   2 0.1060 0.900   

Depth (Sediment)  135.42   1 1.1645 0.304   

Sampling site 3064.66   9 2.9282 0.048 

Lake:Depth (Sediment) 25.63   2 0.1102 0.897   

Depth:Sampling site 3046.04   9 2.9104 0.049 

Residuals 1279.19 11   

Table 3. ANOVA table (Type II tests). The abundance of C. tomentosa is 

significantly dependable of sampling site and the depth-sampling site 

interaction. 
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stoneworts smaller (Karlsson 2003). So, good light-conditions are important for stonewort 

species. Eutrophication gives deteriorated light-conditions due to turbid water and 

overgrowth, and is believed to be the most common reason to why stonewort species 

disappears from waters (Lindahl 2008). As the lakes studied were covered with ice at the time 

of sampling no estimates of the turbidity of the water could be made, but as light-conditions 

seem to have a big impact on the composition of species it would be reasonable to believe that 

increases and decreases of Chara spp. may have to do with changes in the degree of 

eutrophication. 

 

Small species such as C.aspera are, compared to larger Chara spp., better competitors for 

sunlight at eutrophic conditions; due to their small size they can grow in more shallow waters 

where the light-conditions are the best without taking damage from ice and waves in the same 

extent as larger species would (Blindow 1992). With this in mind it would be plausible that 

the increase of C. aspera in lake A and C could have to do with increasing inflows of 

nutrients to the lakes, but to confirm this conclusion, the eutrophication history needs to be 

investigated. 

 

Other studies have showed that the plant Potamogeton pectinatus holds a competitive 

advantage towards C. aspera as it germinates at lower temperatures and can cope better when 

light conditions are limited (Van den Berg et al. 1998), so the decline of C. aspera in lake B 

could be because of competition from P. pectinatus. Whether P. pectinatus is present in the 

studied lakes is not known as it is not preserved in the sediments.  

 

Intraspecific competition and salinity variations 

 

The results show on a possible intraspecific competition between C. aspera and C. intermedia 

where the abundance of C. aspera decreases when C. intermedia increases. But it’s not 

possible to say whether this is due to competition or non-overlapping niches. 

 

The vegetation dynamics could also be explained by other differences in the habitat of the 

communities. The three different lakes showed a similar habitat in sense of sediment type 

(mud) and the lakes were sheltered to a similar degree. One thing that could be different is the 

lakes height above sea level. This would indicate the time of isolation from the Bothnian Sea 

which in turn could affect the salinity. Furthermore, lake C is located closer to the Bothnian 

Sea than the other two lakes, this could have an impact on the salinity and nutrient levels of 

the lakes as many nutrients is transported by winds. 

 

Dominance or founder controlled communities? 

 

Instead of explaining the changes in species abundance with habitat changes I will apply the 

two different kinds of community organizations, dominance or founder controlled, when 

looking at the results. It might be a bit bold to try to explain the lake communities as one of 

either of these types of community organizations with the results of this study. 
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Indications of dominance control 

 

Targeted changes were shown for the C. aspera and C. intermedia. 

 

As C. aspera is increasing over time in Lake A and B it would be plausible to believe that C. 

aspera is an efficient competitor and when it has once settled in the area it outcompetes other 

species. As for Lake C where there is a decline of C. aspera over time it would be plausible to 

think that C. aspera will be ousted by more powerful competitors. A possible intraspecific 

competition was found between C. aspera and C. intermedia where the abundance of C. 

aspera decreases when C. intermedia increases. But it’s uncertain whether this is due to 

competition or non-overlapping niches. 

 

The analysis of C. intermedias abundance in the different lakes over time shows a slight 

increase in Lake A and B whereas in lake C the absolute abundance decreases over time. If 

we also here ponder that the three lakes are dominance controlled it is plausible that C. 

intermedia is a good competitor and gradually starting to dominate Lake A and B. In Lake C 

it goes in the different direction and seems to have been ousted by other species. 

 

Indications of founder control 

 

The analysis of the species abundance in the different sites and the interaction between sites 

and sediment depth showed that C. tomentosa differ in abundance between the different sites 

and also that the abundance differ over time in the different sites. With these results you could 

make the conclusion that it moves between patches. From C. tomentosa tendency to “jump” 

between patches the conclusion could be drawn that this species is sensitive to local 

extinction. The local extinction could be explained by the large size of C. tomentosa which 

makes it more sensitive for icing during wintertime. The same analyse for C. aspera and C. 

intermedia doesn’t show results like this, and they might be more static in their appearance in 

the community. 

 

Conclusions 
 

The conclusion that can be made from this study is that the Chara spp. populations are 

dynamic as they behave differently in the three lakes. The causes for the different vegetation 

dynamics likely have, to some extent, its answer in some of the theories discussed above. The 

exact reasons to why the vegetation dynamic is different in the lakes are not possible to 

evaluate in this study due to its relatively small size. To do that a more thorough investigation 

would have been needed. But what is obvious to see in this study is that it is possible to make 

a temporal vegetation dynamics survey using a spore bank. As this is the first attempt to do 

this kind of investigation there are of course improvements that can be made in terms of 

methodology. Using the oospores of Chara spp. in this way would really help understanding 

different vegetation dynamics and in that way give more insight how the different species 

interact with other species and the environment.  
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