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Introduction  
 

The project  
The research done in this thesis is based on the project that took place in the course of the 

winter, on one of the lakes in the nature reserve of Meijendel. Under the supervision of Dr 

Michael Field, samples were taken from this particular lake at Meijendel. The project was 

made possible with the help of eight different students. With the assistance of Dr Field and 

Alem Gusinac, a big dataset could be produced.  This data was presented in the form of a 

spreadsheet, with all of the taxa found in the samples. Meijendel is located close to the city of 

the Hague, in the province of South Holland. The location can be seen in detail on the map 

listed below in figure 1. 

 

Figure 1: the location of Meijendel in the Netherlands (made with Google Earth) 
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The project, fortunately, came to a good end, but that doesn’t mean that everything went as 

planned during the entire length of the project. It was a project which took a few months to 

entirely complete, and that could have been completed earlier in the year, but due to quite 

some restrictions and a few bumps along the road, it took longer than expected in the first 

place. Permission from the company of Dunea was a necessity to take any samples from the 

lake in the Libellenvallei. Permission from Dunea gave way to take samples from the lake in 

the Libellenvallei in the first place. This sampling got done over the course of the winter 

months. This will be also later on explained in the methodology part.  

The main focus of the project was that of taphonomic processes. The analysis of taphonomic 

processes at sites is important for the reconstructions of past vegetations. Observations of 

taphonomic processes at different archaeological sites can allow predictive models to be 

constructed that can show palaeovegetation reconstruction (Greenwood 1991, 164). When 

talking about taphonomy, we mean the study of the various processes that lead to the 

formation of a fossil assemblage (Field, 2021). Examples of taphonomic processes are the 

dispersal of plants and the sexual strategies of plants, so how plants reproduce. Taphonomic 

processes can cause biases in the assemblage compared with abundance in the source 

vegetation in found macrofossil assemblages. This could have possible relevance to a better 

understanding of the plant macrofossil assemblage from archaeological sites to the original 

vegetation surrounding the site.  

In a way, we can say that the present is the key to the past (Field, 2021) since taphonomic 

processes can help us understand how certain plant taxa ended up at a certain location and 

in what quantity. To gain a better understanding of the surrounding vegetation of Meijendel 

the choice was made to focus on the sexual strategies of the found taxa and also their life 

cycle. Sexual strategies and plant life cycles are important taphonomic process. These 

processes can help us to gain a better understanding of found biases and to understand the 

quantity of a found taxon. Sexual strategies of the taxa could influence the frequency of a 

found taxon together with its life cycle. The possible sexual strategies and life cycles will be 

explained extensively, later on. 

 

Site description  
The Netherlands is rich in many nature reserves across the whole county. Meijendel is one of 

these nature reserves which is unique in its own way. Meijendel is located in the village of 

Wassenaar bordering the North Sea and located close to the city The Hague. It can be 

considered a dune area with some inter-dune ponds or lakes, and Meijendel has plenty of 

these lakes or ponds that are spread around the whole nature reserve. The lake that has 
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been studied for this research is located in the Libellenvallei and is surrounded by dunes. 

The site is unobstructed from urban development and industrialization and has a very diverse 

plant species composition (De Bonte et al. 1999, 59). Meijendel is, however, managed 

heavily by Dunea.  

 

Figure 2: the lake at the Libellenvallei where the samples were taken from (photo made with Google Maps) 

Many plant species can be found at Meijendel, but this hasn’t been always the case. Since 

the 1950s the vegetation was gradually declining. To counteract this problem grazing 

animals were introduced in Meijendel. A few years after these grazing animals had been 

introduced it become clear that the vegetation structure did change in the course of years, 

but it did become more extensive, meaning that more plant species were present at the end 

of the experiment and that the experiment had a positive outcome (De Bonte et al. 1999, 66).  

 

Taphonomic processes  
Previous research did take place at Meijendel over the course of years during its existence 

only almost no research has been performed on the effect of taphonomic processes on the 

macrofossil (big enough to see with the naked eye) assemblage.  

Taphonomy is also more than looking at the processes alone, it is also about understanding 

an important relationship. Plant macrofossils assemblages are likely to represent only the 

immediate vegetation (Greenwood 1991, 152) since plant taxa usually don’t travel that far 

from their source. So, the first part of this relationship is the quantity and the location of the 

plant species in the vegetation where it came from (Field, 2021). The second part is about 

understanding the representation of a taxon by fossils in an assemblage from a point of 

sampling (Field, 2021). Understanding this relationship between these two parts is 

fundamental when attempting accurate reconstructions.  
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So, it is an important factor when looking at the sexual strategies and the life cycles to also 

look at the surrounding vegetation of the lake in Meijendel. Which can be considered as the 

original vegetation of Meijendel. 

 

Sexual Strategy  
Many plant species were found in these six taken samples and taphonomic processes play a 

big part in how these plant species were deposited here and why a certain plant taxon can 

be found more in one sample and less another. Plants are in a few ways like people, since 

just like people, plants also have sexual intercourse. So, researching plant sexual strategies 

can shed light on why this is the case.  

The project that was executed at Meijendel was a very big project with very many different 

angles to focus on. For this research the choice was made to zoom in and focus on the 

sexual strategies and the corresponding life cycles of the found taxa at the lake. This is 

something that is out of the box when looking at other research performed on taphonomic 

processes at archaeological sites. This is something that isn’t often done or even ever, which 

is strange considering sexual strategies and life cycles are a great source of information 

when it comes to biases in the macrofossil assemblage. Since identification of the sexual 

strategies and the life cycles of the found taxa made it clear that a possible bias could be 

presented in the original vegetation of Meijendel.  

Sexual strategies of plants can influence the number of seeds found at a certain site (Barrett 

1998, 335). Some plant taxa were found in greater numbers than others and there could be 

multiple reasons for this, but sexual strategies can play a part in this and therefore research 

questions can be asked concerning this theme: 1) To what extent does the sexual strategy of 

plants around the lake in the Libellenvallei influence the composition of plant macro remains 

in the surface sediment from the lake? 2) Which sexual strategy gives the plant the highest 

rate of success to reproduce at Meijendel? 

The aim of this thesis is to answer these questions by looking at the complete macrofossil 

assemblage of the six samples taken from the lake. The next thing I will look at is what 

sexual strategy is used by the plant taxa that are found at the lake and, if possible, what the 

plants' life cycles are. If a pattern is found between the sexual strategies and the plant life 

cycles, meaning that one certain sexual strategy or plant life cycle stands out, it will also be 

mentioned in the results.  
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Case Study  
To gain a better perspective for this research, the site in the Libellenvallei will be compared 

to multiple sample points. One of the sites where the Libellenvallei will be compared with is 

with the Greek Middle Pleistocene archaeological site of Marathousa. Marathousa is located 

in the basin of Megalopolis (Panagopoulou et al. 2018, 34). The basin of Megalopolis is 

located in the southwestern part of the Arcadia region of the Peloponnese, southern Greece 

(Michailidis et al. 2018, 85). The location of the site can be seen below on the map in figure 

2. Marathousa was a butchery site, so no hominins lived here permanently.  

 

Figure 3: the location of Marathousa on the map (photo made with Google Maps) 

The site of Marathousa can be considered a useful candite to compare to the lake in the 

Libellenvallei since it is also a lacustrine site (Field et al. 2018, 108). Much research at 

Marathousa was performed on the found skeleton of a Middle Pleistocene elephant. 

However, research was also performed on the plant taxa found at the site. This research on 

the plant taxa revealed an estimation of how the climatic conditions were when the elephant 

was butchered. 

Plant macrofossils at Marathousa were investigated and just like the site at Meijendel high 

concentrations of plant macrofossils became apparent during the investigation of the 

sediments (Field et al. 2018, 110). There was also some focus on the issues of taphonomic 

processes, and all of the research done at Marathousa made a detailed reconstruction of the 

environment during the butchering of the elephant possible (Field et al. 2018, 117-121).  

A complete list with all the plant taxa found at Marathousa was published. All the plant taxa 

found at the Meijendel site were collected, counted and written down after identification of all 

the plant taxa. Not all the taxa found at Marathousa matches with the taxa found at the site of 
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Meijendel.  Even though this is the case, a comparison of the common taxa of both sites will 

be discussed later on in the discussion part.    

The second site the Libellenvallei will be compared with is that of the site of East Farm, 

Barnham, Suffolk in the United Kingdom. Paleobotanical analyses were made on Middle 

Pleistocene fossiliferous lacustrine sediments (Field et al. 2021). Just as the Libellenvallei is 

this also a lacustrine site, so a good site to compare the results to. This will also be 

discussed in the discussion part.  
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Material and Methods  
 

Sampling and sieving  
The first step in the research process was to take samples from the lake at the Libellenvallei. 

The sampling wasn’t so easy to carry out since we needed permission before the process 

could occur. Meijendel is under regulations from Dunea, and the samples were taken over 

the course of the winter after Dunea gave the team the green light to start with the sampling. 

A total of six samples got extracted from the lake. All the samples were extracted from 

different parts of the lake, which influenced the plant taxa found in each sample. The 

samples that were located deeper in the lake were taken not by hand but were taken with a 

device called a clamshell sediment sampler (Field 2021). The clamshell sediment samplers 

are the most common method of retrieving soil samples from waterbed surfaces and can be 

used for any seabed or waterbed to recover samples (Audibert and Huang 2005, 1251-

1252). A simple explanation of how a clamshell sediment sampler operates is portrayed in 

figure 3 down below. Multiple sizes are available, but for this project, only a smaller one was 

sufficient. This smaller one operates by hand and not any hydraulics. The lake at the 

Libellenvallei also did not contain many big cobblers or boulders.  So, this makes the 

clamshell sediment sampler useful for this site. The grabs of a clamshell sediment sampler 

can only jam when a body of water does contain a lot of big cobblers and boulders (Audibert 

and Huang 2005, 1252). 

 

Figure 4: a simplification of how a clamshell sediment sampler works, image adapted from: 
http://geophile.net/Lessons/sediments/sediments_07.html  

http://geophile.net/Lessons/sediments/sediments_07.html
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The sediment samples that were taken closer to the service were taken with the help of a 

sieve. This sieve can be operated also by hand just as the clamshell sediment sampler. In 

figure 4 the sieve is shown.  

 

Figure 5: the sieve that 
was used for samples 
closer to the service 
(photo taken by Mieke 
Bulder) 

 

 

 

 

 

 

 

 

 

Each sample contained a total of 150cm3 sediment. All the taken samples got divided under 

eight students, and most students worked together on one of the samples, so no one had to 

investigate the 150cm3 of material alone. 

After dividing the samples among the students, the next step was to sieve the taken 

samples. We did the sieving to sieve out the bigger particles of sediment to end with mainly 

botanical material. The samples were sieved with four sieves before the team looked at 

them. When moving on to the next sieve, the holes of the sieve become smaller. When we 

started with the sieving, we began with the sieve with holes of 1mm large. The parts that get 

sieved out at this part are mainly large parts of sediment. The smaller parts that stay on the 

sieve were collected and were put into a beaker. The next sieve has smaller holes of 500 µm 

(1µm equal to 0.001 mm). The parts that don’t get sieved out are collected again and put in 

another separate beaker. This process is repeated with the sieve of 250µm, and repeated 

until the fourth and the last sieve of 150 µm is reached. 

So, in the end, we are left with a total of four beakers of 1mm, 500µm, 250µm and 150µm. 

The material did need to be kept wet, so water had to be added to each of the beakers. The 

content of the last two beakers will contain smaller and fine-grained material. As already 

mentioned earlier, the lake is located close to the dunes. Due to this fact, means that it is 

possible that the material sieved with the last two sieves could contain portions of sand.  



 

11 
 

Picking  
After sieving all the samples, the next step in the process was picking the already sieved 

samples. With the help of a stereomicroscope, the sieved samples were looked at by all the 

team members. All the possible botanical material from the beakers had to be picked and 

collected on multiple Petri dishes to identify later on. How the botanical material got identified 

will be explained in the following part of identifying and tubing. 

Picking is a step-by-step process that can take a lot of time to finish, and the time spend on it 

relies on the size of the sample. Each of us started with the material of the beaker of 1mm. A 

portion of the material gets poured onto a petri dish together with water. Then looked at it 

through the microscope. With tweezer or otherwise, a small paintbrush is the botanical 

material collected from the petri dish and put onto a separate Petri dish. The material which 

was impossible to identify or what could not be considered botanical material got disposed of 

into a separate beaker. This beaker with the disposed of material was seen as the waste 

beaker. This waste beaker gave the opportunity if you disposed of something you weren’t 

sure about that you could re-check it possibly with one of the team members to make sure 

that what you disposed of wasn’t anything important. If it was indeed botanical material that 

was disposed of, you could still collect it and put it aside. 

Picking the botanical material and disposing of the rest was done until all the botanical 

material in one beaker is collected.  All that is left that couldn’t be identified or wasn’t 

botanical material could be disposed of in the waste beaker. After doing all of this means that 

you could start with the next beaker. The process is repeated over for each of the four 

beakers. So, after the first beaker of 1mm was processed means that the beaker of 500µm is 

next, then 250µm, and we ended with the one of 150µm. The last thing that had to be done, 

to make the next steps of identifying and tubing easier was to organize the Petri dishes with 

the collected botanical material. To make the upcoming steps easier comes down to putting 

all the same species or parts of the plants together. 

The picking took quite a few weeks to complete. Some of the samples, even after being 

sieved, consisted out of a lot of sand. A lot of sand can make it quite difficult to check each 

petri dish for botanical material. When almost every petri dish contained a lot of sand, and 

barely any botanical material meant that you could use the rule of three. With the rule of 

three, a total of three Petri dishes viewed for botanical material. If all the three Petri dishes 

don’t contain any botanical material, gives way to the remaining material in the beaker to be 

disposed of. 
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Identifying and tubing  
After completing the picking meant that identification of the botanical material could take 

place. Identifying the material was mainly focused on the found seeds, nutlets or leaves 

since it can be difficult to identify other parts of plants. Identification of seeds and leaves 

could be made with the help of books that either contains photographs of the seeds and 

leaves or else drawings of them. The photographs or either the drawings in the books made 

identifications of the picked leaves and seeds possible.  

When not entirely sure if the picture or drawing in the book corresponds with a seed or a leaf, 

the reference collection can offer a helping hand. The botany laboratory contains an 

extensive reference collection consisting of all kinds of seeds from all over the world. Seeing 

the actual contender for your seeds could help you to decide if your guess was correct or not. 

Unfortunately, not all the picked seeds or leaves were in the reference collection. So, that 

made it sometimes quite difficult to identify one of your seeds or leaves since photographs 

and drawings are one dimensional.   

Extra resources used during identifying were the expertise of other team members or looking 

up photos from the internet to be sure what kind of species your leaf or seed is. Making a 

secure identification of your seed can only be difficult when you only have pictures when 

comparing. It is, therefore, in some cases sufficient to identify the seed to the family level if 

this can be said with certainty. With the help of the reference collection, it is easier to identify 

the seeds to the genus level or even the species level. 

After the identification of all the seeds and leaves, the counting and the tubing could 

commence. All of this information was also gathered and written down. All the plant species 

that were identified in the process got written down in a digital spreadsheet, together with the 

quantity of that species. 

After producing all of this data and writing it down in this digital spreadsheet the tubing was 

the next thing on the list. Tubing is essential to keep the found seeds and leaves together. It 

is also necessary to make sure that the species last for years to come. 

For the tubing, we used smaller bottles, which got filled up with a mixture of 30% glycerol. 

After filling the bottle, the name of the species can get written down. The seeds or leaves 

from this species can then be collected from all the Petri dishes and put into the same bottle. 

Tubing is very time-consuming, and because of this, it was a smart move that the Petri 

dishes got organized beforehand. Organizing beforehand makes the counting and the tubing 

of a single species easier since there all grouped.    
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Sexual strategies and life cycles 
After identifying all of the plant taxa, it was time to move on to the next step: looking at the 

sexual strategies of the plant taxa. The sexual strategies possible for the identified plant taxa 

were hermaphrodite, monoecious, dioecious and asexual. 

When looking at people, we can’t imagine them reproducing without sexual intercourse 

between a male and female partner. But when it comes to plants this isn’t, however, a 

strange prospect. Plants can reproduce without the use of sex (Lehtonen and Parker 2014, 

1161). The flowers of hermaphrodite plants have male and female parts, and reproduction by 

hermaphrodite plants is also the most common way of reproducing (Klinkkamer and De Jong 

2002, 333). These plants, therefore, don’t need another plant to reproduce.  

The second sexual strategy is that of monoecious plants. Monoecious plants have both male 

and female flowers on the same plant, or that plant has flowers that contain both male and 

female reproductive components (https://www.gardeningknowhow.com) 

Even though the names are similar, dioecious plants differ from monoecious plants. While as 

mentioned earlier, monoecious plants have male and female flowers or reproductive 

components, while dioecious plants only have either male or female flowers. For dioecious 

plants to reproduce, a female and male plant must be nearby for the plant to be able to 

reproduce (https://www.gardeningknowhow.com). 

When looking at sexual reproduction, we see that it involves the transfer of pollen from an 

anther to the stigma of the pistil, which is then followed by germination (Halfhill and Warwick 

2008, 35). Sexual reproduction can be seen as the traditional way of plant reproduction. 

Plants, however, can also reproduce through asexual reproduction. When we talk about 

asexual reproduction we talk about the process of cloning. The new produced plants are 

identical to their parent plant (Halfhill and Warwick 2008, 38).  

How plants can reproduce is quite different, but the sexual strategies are not the only factor 

when looking at the macrofossil assemblage. Another factor that could play a part in this are 

the plant life cycles. In the following section, not only the sexual strategies of the found plant 

taxa will be identified, but, if possible, also the life cycle. Plant life cycles are different from 

sexual strategy but also play a role in the reproduction of plants. There are three plant life 

cycles: annual, biennial and perennial. 

A plant with an annual life cycle will complete its life cycle in less than one year 

(http://www.illinoiswildflowers.info). There are two kinds of annual plants: winter and summer 

annuals. With winter annuals, the seeds will germinate during the autumn, and the plants 
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themselves will reproduce in the spring. The summer annuals will reproduce in the summer, 

and their seeds will be germinating during the summer (Han et al. 2016, 17) 

Plants with a biennial life cycle are similar to plants with an annual life cycle, but instead of 

one year, they require two years to complete their life cycle 

(http://www.illinoiswildflowers.info). In the first year, the plant will bloom, and in the second 

year, the plant will form seeds which, is then followed by the plant’s death (https://aggie-

horticulture.tamu.edu).  

While biennials and annuals only last for one or two years, the perennials persist for many 

growing seasons. The top portion of a perennials dies back each winter and will regrow the 

following spring from the same root (https://aggie-horticulture.tamu.edu). 
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Results  
 

Frequently found  
The location where the samples had been taken from also influenced what kind of plant taxa 

were found. In figure 5 below, the locations from each of the taken samples are indicated. 

The location of the samples could also influence the found taxa in the samples.  Each 

sample can be considered different from the other samples. Some plant taxa could be found 

in almost all of the samples. But there are some exceptions since some taxa were found in 

great numbers in one sample but were missing in other samples. 

Figure 6: The locations of the samples in the lake (photo made by Alem Gusinac) 

A taxon that we found in every one of the samples was that of Hippophae rhamnoides. Other 

taxa, as Hippophae rhamnoides, were found in every sample were Characeae and Juncus 

acutiflorus / subnodulosus. Two species have been written down for the found Juncus seeds 

since it was tricky to distinguish the species because these two taxa look much like another. 

So, the Juncus seeds were either Juncus acutiflorus or Juncus subnodulosus and were 

added together. 

There were also some outliers when we look at the frequency of some of the taxa found. 

Sample 2 and 3 didn’t contain that many taxa when compared to the other samples. Quite a 

few differences could be distinguished when we compare sample 1 to sample 2 and sample 

3. Sample 1 contained a large amount of Characeae when compared to the other samples. 

Sample 1 alone already contained more than a thousand seeds of Characeae. In sample 4, 

we see a large number of Berula erecta. Sample 4 is also the only sample where this taxon 

was found in. Sample 4 also contained the most Juncus acutiflorus / subnodulosus: a 

thousand plus seeds of this taxon were found in this sample. As already mentioned all the 

other samples also consisted of Juncus acutiflorus / subnodulosus, but not even close to the 

number that was found in sample 4.  
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There are also plenty of taxa that were only a few seeds were found in only one or two 

samples. Examples of taxa that weren't found as much are Salix repens and Orchidaceae. In 

figure 6, listed above, a photo from up close can be seen from an Orchidaceae seed. All the 

mentioned taxa and all the others can be found in the spreadsheet. This spreadsheet is in 

the appendices.  

 

Sexual strategies of the found species  
All the sexual strategies of the taxa found were identified when possible. Identification of the 

sexual strategies for all the taxa was only possible if the family and at least the genus of the 

taxa were known. There were also some taxa where only the family level was known since it 

couldn’t be said with complete certainty what the species was or even the genus. These taxa 

have been processed in a separate category of unknown/not possible since it wasn’t possible 

to identify the sexual strategy. For some of the found taxa, it was also not possible to figure 

out the sexual strategy in the end and were also counted in this separate category.   

When looking at the sexual strategies of the found taxa, we can see that the most common 

sexual strategy was that of hermaphrodite. A total of 36 different taxa were found at the lake 

at Meijendel. From these 36 taxa, a total of 18 taxa were hermaphrodite. So, almost half of 

the taxa were hermaphrodite. An example of a hermaphrodite taxon that was found very 

frequently is that of Juncus acutiflorus / subnodulosus. This taxon was found in each of the 

six samples.  

Taxa with the sexual strategy of monoecious and dioecious were also found among these 36 

different kinds of taxa. Only five taxa were monoecious, and seven taxa were dioecious. So, 

around ten per cent of the taxa were monoecious and around twenty per cent of the taxa 

were dioecious. 

So, the sexual strategy that was most common amongst the taxa was hermaphrodite. While 

almost fifty per cent of the taxa being hermaphrodite was quite the other way round for 

asexual taxa. Only one taxon among all the 36 different taxa was found to be asexual: Musci.  

Figure 7: an Orchidaceae seed (photo made by me) 
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The taxa with an identifiable sexual strategy make up for a total of 30 taxa. We are, 

therefore, left with the remaining seven taxa, which got classified into the separate category 

of unknown/not possible. An example of a taxon that got classified into this category was that 

of Characeae. Characeae was put into this category because only the family name was 

identified. No sexual strategy could, therefore, be identified for this taxon. 

Identifying the sexual strategy wasn't possible for each taxon. Some of the sexual strategies 

were impossible to figure out for some of the found taxa. For some of the taxa, it was only 

known that the taxon was self-compatible. Taxa that were identified as self-compatible were 

Carex cf. flacca and Baldellia ranunculoides. Both Carex cf. flacca (Taylor 1956, 288) and 

Baldellia ranunculoides (Vuille 1986, 173) are considered self-compatible.  Self-compatible 

taxa can reproduce from a single individual when mates are scarce or not in the near vicinity 

and are considered to have an advantage over self-incompatible taxa (Razanajatovo et al. 

2016, 1-2). 

A pie chart with the percentages of the sexual strategies can be found on the next page, in 

figure 8. This gives a quick overview of the frequency of the sexual strategies among all the 

samples. A diagram with an overview of the sexual strategies in the separate samples can 

be found in the discussion part.  

 

 

 

Figure 8: a pie chart with the data of the sexual strategies of the found taxa (made with 
Excel) 
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Life cycles of the found species 
Just as the sexual strategies, also the life cycles of the found taxa were identified when 

possible. The life cycles of the found taxa weren't always possible to identify. This is similar 

to the case of the sexual strategy. Identification of the life cycle can only be done if three 

things are known: the family, the genus and the species.  

There were taxa where the sexual strategy was unknown, but this wasn’t the case with the 

life cycle. All the life cycles of the found taxa have been identified when this was possible. 

Only for the taxa where only the family was known, was it not possible to identify the life 

cycle. There was an extra category needed for the life cycle which was different from the 

sexual strategy part. This separate category for the life cycles of the taxa was that of two 

possible life cycles. Some of the taxa had two possible life cycles, so an extra category was 

created for this. 

As already mentioned before, there was a total of 36 different taxa found among the taxa. 

There were three different kinds of life cycles: perennial, annual and biennial. There were 

only two taxa among the 36 that got classified into the two life cycles possible category. The 

taxa were: Ranunculus subgenus Batrachium and Linum catharticum. At first, it wasn’t an 

easy task to identify the life cycle of Linum catharticum. After quite some extensive research 

it was made clear that Linum catharticum can be both annual and biennial. Annual forms of 

Linum catharticum can be found in the Netherlands, and Linum catharticum is considered as 

a facultative biennial (Kelly 1985, 293). Ranunculus subgenus Batrachium is considered to 

be both annual and perennial (Lumbreras 2011, 118) 

Just as with the sexual strategies of the taxa, we can again see that one of the three life 

cycles was most common amongst the taxa. For the life cycle, the most common of the three 

was that of the perennial life cycle. A total of 25 taxa got identified as perennial. This total 

comes down to that 65% of all the taxa were perennials. 

There were also some taxa where the life strategy couldn’t be identified of. This was the case 

for a total of nine taxa. Nine taxa are more than the seven sexual strategies that couldn’t be 

identified. The reason for this is that the sexual strategy can be identified for taxa where the 

family and the genus were known. For the life cycle, the species was also necessary. So, for 

nine taxa, it wasn’t possible to identify the life cycle. This total comes down to about a quarter 

of all the 36 taxa.  

The two life cycles that were left, were biennial and annual. With 25 taxa being perennial, two 

taxa with two life cycles and nine not being possible to identify means that only two taxa are 

left. Only one taxon was biennial, and one was annual. Barbarea vulgaris was the only taxon 

that was biennial, and Blackstonia perfoliata was the only taxon that was annual. 
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A pie chart with the percentages of the life cycles can be found below in figure 9. This gives a 

quick overview of the frequency of the life cycles among all the samples. A diagram with an 

overview of the life cycles in the separate samples can be found in the discussion part. 

 

 

 

 

 

 

 

 

 

  

Figure 9: a pie chart with the data of the life cycles of the found taxa (made with Excel) 
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Discussion 
 

Sexual strategies and life cycles  

 

Modern assemblage  
As we saw in the results, the most common sexual strategy was hermaphrodite, and the 

most common life cycle was that of the perennials. It was, however, quite interesting that 

almost a quarter of the total taxa got identified as dioecious. And the fact that almost no taxa 

got identified with the annual lifecycle.  

Two diagrams have been made with the sexual strategies and the life cycles of the taxa. 

These diagrams have been made to give a simple overview of the percentages and can be 

found on two pages further. 

Dioecious plants can cause a bias on the macrofossil assemblage since dioecious plants 

either have male or female flowers on them and need each other in the near vicinity to 

reproduce. We can see this clearly when we look at the taxon of Hippophae rhamnoides. Not 

one seed of this particular taxon has been found in any of the samples. Only scales have 

been found in all of the six samples which is indicated in the spreadsheet.  Hippophae 

rhamnoides is part of the original vegetation of Meijendel, and it is therefore strange that no 

seeds were found in any of the samples from the lake at the Libellenvallei. A list of all the 

taxa that can be found in the original vegetation of Meijendel can be found in the appendix.  

It is also interesting that only one taxon among the 36 found taxa got identified with an 

annual lifecycle. A smaller number of seeds was something that could be expected since 

annuals complete their lifecycle in less than a year and thus bloom for a limited time, which is 

different from the perennials. But it is still quite strange that only one taxon got identified as 

an annual considering that many annual species produce large numbers of tiny seeds that 

are dispersed shortly after maturation (Gutterman 2000, 117). This would mean that more 

seeds of taxa with an annual lifecycle would be expected in the samples. This could also be 

a possible bias similar to the case of the dioecious taxa. It is possible that by a certain 

disturbance that taxa with this particular lifecycle don't get much chance to reproduce at 

Meijendel.  

Biases such as these could give us a better representation of the vegetation, which could be 

beneficial for paleoenvironmental reconstructions, as already said before in the introduction: 

the present is the key to the past (Field 2021). The same trends when focused on Hippophae 

rhamnoides can be seen when looking at the modern macrofossil assemblage at Meijendel. 

This sort of trend was also visible at the site of Barnham. Barnham consisted of a macrofossil 
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assemblage from the Middle Pleistocene. Barnham will be discussed later on in the next part 

of the discussion.  

Hippophae rhamnoides was not the only taxon where no seeds were found of. The same can 

be said for Equisetum palustre. Equisetum palustre, just as Hippophae rhamnoides, is a 

dioecious taxon, and only plant parts were found of this particular taxon. It is, therefore, 

possible that just as in the case of Hippophae rhamnoides, this can cause bias on the found 

macrofossil assemblage. 

 

 

Application  
That no seeds of Hippophae rhamnoides were found, was also the case at the 

archaeological site of East Farm, Barnham, UK. The Hippopahae rhamnoides seeds were 

also absent from the sediments that were taken at Barnham. Only scales and pollen grains 

have been found at Barnham. It is a possibility that this could be a reflection of the sex ratio 

in the source population (Field et al. 2021). 

That not one Hippophae rhamnoides seed got found in the samples taken from the lake at 

the Libellenvallei has multiple possibilities. A possibility could be that the original vegetation 

of Meijendel exists out of a high number of only males or females. Without both the females 

and the males in the near vicinity, it is difficult for this taxon to reproduce. A high proportion of 

male plants will only contribute to the potential number of pollen grains, and if there is a low 

number of female plants, then the likelihood of seeds being preserved will be reduced 

(Field et al. 2021). 

Female dioecious plants produce not only flowers but also seeds and fruits. The assumption, 

therefore, can be made that female plants distribute more resources to reproduction than the 

male plants, and because of this present a higher reproductive effort than the male plants 

(Juvany and Munné-Bosch 2015, 6083-6084). 

Other factors that can influence the effects of reproducing plants are the location of the plant 

and the plant size. As said before, it was expected beforehand that most found taxa would be 

hermaphroditic perennials. But these factors can influence the frequency of these 

hermaphroditic perennials even more. The factor of inbreeding depression is, for instance, 

also strongly affected by environmental conditions (Wang et al. 2016, 7). Perennial plants 

are, also influenced by the climate they grow in. Perennials need a stable environment to 

grow better, which means that Meijendel presents a stable environment for perennials since 

the majority were perennials.  
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Results from previous research have shown us that larger plants of particular hermaphroditic 

taxa allocated more resources to reproduction than smaller plants, and investment into 

female reproduction increased more rapidly with a size relative to male investment (Wright 

and Spencer 1999, 228). In perennial plants, size-dependent reproduction may be a key 

element of an adaptive response to temporal environmental variation, in which these plants 

expand their lifetime fitness (Andrieu et al. 2007, 435).   

Hermaphroditic species can also employ different kinds of strategies in their lifetime. 

Dichogamy and herkogamy are two usual features of flowering plants (Duan et al. 2005, 

225). Herkogamy is the spatial separation of male and female functions in flowers (Opedal 

2018, 677), and dichogamy refers to the temporal separation of sexual functions within a 

flower which is considered as an effective mechanism to avoid self-fertilization (Naghiloo and 

Claßen-Bockhoff 2020, 1). These two strategies combined hinders autonomous and 

facilitated self-pollination, and the combination helps reduce sexual interference during 

pollination. Since hermaphroditic plants function as both maternal and paternal parents can 

cause conflict in these parental roles during the pollination and mating of plants. A 

combination of dichogamy and herkogamy can, however, alleviate such conflicts (Duan et al. 

2005, 229). 

Since only scales were found at the lake in Meijendel, and no seeds in the samples, it is a 

good possibility that only female or male plants represent the original vegetation of 

Meijendel. The gender of plants can be size-dependent, with an increase in the allocation to 

either male or female function with the size. This particular kind of gender bias can be 

frequently found in resource-poor environments (Andrieu et al. 2007, 435). It is, however, 

quite hard to say if the original vegetation of Meijendel consists of mainly female or male 

plants of Hippophae rhamnoides. This can't be said with much certainty since earlier 

research at the site of Meijendel has shown that the morphology of the scales is similar to 

whatever part of the plant they originate, whether from a male or female plant (Field et 

al. 2021). We can only make assumptions on this part. If we want to have more certainty, 

then we need to investigate this further. 
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Figure 10: A diagram of all the percentages of sexual strategies in the separate samples (made with Excel) 
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Another possibility is that when looking at Hippophae rhamnoides in the original vegetation of 

Meijendel is that the male plants start flowering at different times than the female plants. As 

said earlier: female dioecious plants present a higher reproductive effort than male plants 

(Juvany and Munné-Bosch 2015, 6083-6084). This higher reproductive effort necessitates a 

lengthier period of resource accumulation before the start of flowering. However, the 

flowering of male plants is not in itself adaptive (Forrest 2014, 338). And the males begin and 

reach their peak of flowering before the females do (Forrest 2014, 346). It is more often the 

case that in annual plants, the flowering seasons are more synonymous. Synonymous 

flowering seasons seem less applicable to perennial plants (Forrest 2014, 338). Hippophae 

rhamnoides has a perennial life cycle. It is, therefore, a good possibility that the flowering 

seasons of the male and female plants are not synonymous with each other. 

Some trends that got identified at Meijendel were also visible at the site of Marathousa. Most 

of the waterside and damp ground and aquatic taxa identified at Meijendel were 

hermaphrodites and perennials. The Greek archaeological site of Marathousa contained 

quite a lot of waterside and damp ground and aquatic plants. Some of these taxa got also 

found at Meijendel, but a substantial portion differed from Meijendel (Field et al. 2018, 112). 

The same trend from Meijendel, however, can still be found in these different taxa. With 

some exceptions, we can see that the majority of taxa found at Marathousa are also 

perennials and hermaphrodites. So, in this aspect, the two sites are similar. A large portion of 

hermaphroditic perennials could also indicate the same at Marathousa. It is also possible at 

Marathousa that a bias could be present when it comes to the dioecious species. 

This pattern at both Meijendel and Marathousa was easy to indicate and is indicated visually 

by two diagrams in figure 10 and 11 on the next page. It can be seen that also when looking 

at the separate samples, the majority of the taxa are perennials and hermaphrodites, with 

some exceptions. That most plants would be hermaphroditic perennials was the trend that 

was predicted from the start. This trend was the expected outcome because hermaphroditic 

reproduction is the most common way of reproducing between plants (Klinkkamer and De 

Jong 2002, 333). Even though most plants reproduce hermaphroditic does not mean that 

these taxa are always found most. Hermaphroditic reproduction can also be considered a 

liability. Hermaphroditic reproduction can cause incest, and by this, the gene pool can shrink 

over time what can cause mutations among these plants. And self-fertilization of plants often 

causes inbreeding depression. Inbreeding depression can reduce the fitness in a given 

population as a result, but in some cases, self-fertilization may increase the seed set 

(Wang et al. 2016, 1). The inbreeding depression affects the survivorship of both juvenile and 

adult plants (Wang et al. 2016, 6) 
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Most taxa found in the lake in the Libellenvallei got mainly identified as hermaphrodites. It 

can, therefore, be said with a probability that little inbreeding depression has taken place at 

Meijendel, and a small number of mutations caused by incest. It is more probable that the 

self-fertilization of the hermaphrodites has increased the seed set at Meijendel. This is a 

factor that can influence the frequency of found hermaphrodites at Meijendel. So, there are 

plenty of reasons why hermaphroditic perennials represented the majority of the taken 

samples.  

This modern research can help with looking at sites such as Marathousa or Barnham. The 

hardship of researching these older sites is that researchers can only look at the end. So, it is 

only known what kind of taxa were found at these sites. But not how these ended up there or 

where these taxa came from. Meaning that the beginnings and the middle parts of these 

older sites are unknown and that conclusions have to be made based mainly on 

assumptions. How certain taxa got at these sites and why is something where only 

presumptions can be made of. This is, however, something that can be said for Meijendel. 

The found macrofossil assemblage is a modern one and the beginning of this assemblage is 

known since the original vegetation of Meijendel is known, so we know where these taxa 

came from and how they could have ended up inside the lake in the Libellenvallei. Since we 

know the beginning and the middle part of Meijendel means that we can use this information. 

This information can be used for researching archaeological sites where these parts are 

unknown, such as with the sites of Marathousa and Barnham. This is also what makes the 

research at Meijendel relevant to archaeological research.  
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Conclusion 
 
It was a big project that got done at the site of Meijendel. One which produced plenty of data 

to interpret and manipulate. The mission of this project was to better understand the 

environmental context of archaeological sites. Many focuses were possible for this project. 

But for this thesis, the choice was made to focus on the sexual strategies and the lifecycles 

of the found taxa during the project.  

The results indicated that the most common sexual strategy found among the taxa was that 

of the hermaphrodites, and the most common lifecycle was that of the perennials. That a big 

portion of the taxa would be identified as hermaphrodites and perennials was expected from 

the beginning. These results also answer one of the research questions: Which sexual 

strategy gives the plants the highest rate of success to reproduce at Meijendel? The sexual 

strategy that has the highest rate of success to reproduce at Meijendel is that of the 

hermaphrodites. The most successful lifecycle was that of the perennials. But even though 

this is the case, there are still some peculiarities when the results were interpreted in the 

discussion part. 

The fact that almost a quarter of the taxa got identified with the dioecious strategy is quite a 

peculiar result. This result was also not expected from the beginning. Not a single seed 

of Hippophae rhamnoides and Equisetum palustre got found among the six taken samples 

from the lake. It may be that this could indicate that certain biases are present at Meijendel. If 

only male or female dioecious plants are represented in the original vegetation of Meijendel 

means that dioecious taxa can’t reproduce since no sexual partners are in the near vicinity. 

These biases can offer a great deal of information to older archaeological sites about the 

original vegetation. It may be the case that this kind of information is missing from these 

archaeological sites. The beginning and the end of the taphonomic processes are known at 

Meijendel. Conclusions about the middle part are, however, mainly based on assumptions. 

Therefore, further research is recommended to see if other biases are represented at 

Meijendel and if it’s the case that only female or male Hippophae rhamnoides are present in 

the original vegetation of Meijendel.  

With all the results and this information, the main research question can be answered: To 

what extent does the sexual strategy of plants around the lake in the Libellenvallei influence 

the composition of plant macro remains in the surface sediment from the lake? The 

presented results of the found taxa showed that sexual strategies and the lifecycles play a 

substantial role in influencing the macrofossil assemblage at the lake in the Libellenvallei. 

Results showed that hermaphrodites were the most common among the macrofossil 

assemblage from the lake, which indicates that this is the most successful way of 
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reproduction, but other sexual strategies might have more struggles reproducing, such as the 

case of the dioecious plants when no sexual partners are present. The sexual strategies are 

a key point in this and could determine the survival and success rate of the taxa in the 

original vegetation of Meijendel. So, sexual strategies are a very important taphonomic 

process. One that has a lot of influence on the macro assemblage in the lake and also at 

other archaeological sites. 

 

 

 

 

 

 

  



 

28 
 

References  
 

Bibliography  
 

• Andrieu, E and M. Debussche (eds), 2007. Size-Dependent Reproduction and 

Gender Modification in the Hermaphroditic Perennial Plant Paeonia officinalis. 

International Journal of Plant Sciences 168(4), 435-441. 

https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1086%2F5117

55  

• Audibert, J.M. and J. Huang, 2005. Geophysical and Geotechnical Design, in S.K. 

Chakrabarti, Handbook of Offshore Engineering. Amsterdam: Elsevier Science, 1145-

1268. 

• Barrett, S.C.H., 1998. The evolution of mating strategies in flowering plants. Trends in 

Plant Science 3(9), 335-341. 
https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1016%2FS136

0-1385%2898%2901299-0  

• De Bonte, A.J. and A, Boosten (eds), 1999. Vegetation development influenced by 

grazing in the coastal dunes near the Hague, the Netherlands. Journal of Coastal 

Conservation 5(1), 59-68. 

https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1007%2FBF0

2802740  

• Duan, Y and Y, He (eds), 2005. Reproductive ecology of the Qinghai-Tibet Plateau 

endemic Gentiana straminea (Gentianaceae), a hermaphrodite perennial 

characterized by herkogamy and dichogamy. Acta Oecologica (Montrouge) 27(3), 

225-232. 
https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1016%2Fj.act

ao.2005.01.003  

• Gutterman, Y., 2000. Environmental factors and survival strategies of annual plant 

species in the Negev Desert, Israel. Plant Species Biology 15, 113-125.  

• Field, M.H., 2021. ‘The taphonomy of macroscopic plant parts’ [PowerPoint 

presentation]. Master Botany specialization course. Accessed 23 April 2021. 

• Field, M.H. and B, Verleijsdonk (eds), 2021. Hippophaë rhamnoides L. 

(Elaeagnaceae family) in the Pleistocene epoch of the British Isles. Review of 

Palaeobotany and Palynology 289  

• Field, M.H. and M, Ntinou (eds), 2018. A palaeoenvironmental reconstruction (based 

on palaeobotanical data and diatoms) of the Middle Pleistocene elephant 

(Palaeoloxodon antiquus) butchery site at Marathousa, Megalopolis, Greece. 

Quaternary International 497, 108-122. https://doi.org/10.1016/j.quaint.2018.06.014  

• Forrest, J.R.K., 2014. Plant Size, Sexual Selection, and the Evolution of Protandry in 

Dioecious Plants. The American Naturalist 183(3), 338-351. 

• Greenwood, D.R., 1991. The Taphonomy of Plant Macrofossils, in S.K. Donovan, The 

Processes of Fossilization. New York: Columbia University Press, 141-169. 

• Halfhill, M.D. and S.I. Warwick, 2008. Mendelian Genetics and Plant Reproduction, in 

C.N. Stewart, Plant biotechnology and genetics principles, techniques, and 

applications. Hoboken, NJ: Wiley. 

• Han, Z and T, Liu (eds), 2016. A two-year life history cycle model for autumn and 

spring seedling coexistence in an annual plant—An example of intraspecific niche 

differentiation. Ecological Modelling 330, 16-23. 

https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1086%2F511755
https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1086%2F511755
https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1016%2FS1360-1385%2898%2901299-0
https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1016%2FS1360-1385%2898%2901299-0
https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1007%2FBF02802740
https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1007%2FBF02802740
https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1016%2Fj.actao.2005.01.003
https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1016%2Fj.actao.2005.01.003
https://doi.org/10.1016/j.quaint.2018.06.014


 

29 
 

https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1016%2Fj.ecol

model.2016.03.011  

• Juvany, M. and S. Munné-Bosch, 2015. Sex-related differences in stress tolerance in 

dioecious plants: a critical appraisal in a physiological context. Journal of 

Experimental Botany 66(20), 6083–6092. 

https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1093/jxb/erv34

3  

• Kelly, D., 1985. On strict and facultative biennials. Oecologia 67(2), 292-294. 

https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1007%2FBF00384

302 

• Klinkhamer, P.G.L. and T.J. De Jong, 2002. Sex allocation in hermaphrodite plants, in 

I, Hardy, Sex ratios concepts and research methods. Cambridge: Cambridge 

University Press, 333-348.  

• Lehtonen, J and G.A. Parker, 2014. Gamete competition, gamete limitation, and the 

evolution of the two sexes. Molecular Human Reproduction 20(12), 1161-1168. 

https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1093%2Fmole

hr%2Fgau068 
• Lumbreras, A. and G. Navarro (eds), 2011. Aquatic Ranunculus communities in the 

northern hemisphere: A global review. Plant Biosystems 145, 118-122. 

https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1080%2F1126

3504.2011.602728  

• Michailidis, D. and G, Konidaris (eds), 2018. The ornithological remains from 

Marathousa 1 (Middle Pleistocene; Megalopolis Basin, Greece). Quaternary 

International 497, 85-94. https://doi-

org.ezproxy.leidenuniv.nl:2443/10.1016/j.quaint.2018.06.045  

• Naghiloo, S. and R, Claßen-Bockhoff, 2020. A combination of dichogamy and 

herkogamy mediates reproductive success in the desert shrub Zygophyllum fabago. 

Journal of Arid Environments 182, 1-6. 

https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1016%2Fj.jari

denv.2020.104279  

• Opedal, Ø.H., 2018. Herkogamy, a Principal Functional Trait of Plant Reproductive 

Biology. International Journal of Plant Sciences 179(9), 677-687. 

https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1086%2F7003

14  

• Panagopoulou, E. and V, Tourloukis (eds), 2018. The Lower Palaeolithic site of 

Marathousa 1, Megalopolis, Greece: Overview of the evidence. Quaternary 

International 497, 33-46. https://doi-

org.ezproxy.leidenuniv.nl:2443/10.1016/j.quaint.2018.06.031  

• Razanajatovo, M. and N. Maurel (eds), 2016. Plants capable of selfing are more likely 

to become naturalized. Nature Communications 7(1), 1-9. 

https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1038%2Fnco

mms13313 

• Taylor, F.J., 1956. Carex Flacca Schreb. Journal of Ecology 44(1), 281-290. 

• Vuille, F., 1986. The reproductive biology of the genus Baldellia (Alismataceae). Plant 

Systematics and Evolution 159, 173-183 

• Wright, S.I. and S.C.H. Spencer, 1999. Size-dependent gender modification in a 

hermaphroditic perennial herb. Proceedings of the Royal Society. B, Biological 

Sciences 266(1416), 225-232.  

• Y, Wang and Y, Li (eds), 2016. The evolution of optimal resource allocation and 

mating systems in hermaphroditic perennial plants. Scientific Reports 6(1), 1-8. 

https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1016%2Fj.ecolmodel.2016.03.011
https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1016%2Fj.ecolmodel.2016.03.011
https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1093/jxb/erv343
https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1093/jxb/erv343
https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1007%2FBF00384302
https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1007%2FBF00384302
https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1093%2Fmolehr%2Fgau068
https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1093%2Fmolehr%2Fgau068
https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1080%2F11263504.2011.602728
https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1080%2F11263504.2011.602728
https://doi-org.ezproxy.leidenuniv.nl:2443/10.1016/j.quaint.2018.06.045
https://doi-org.ezproxy.leidenuniv.nl:2443/10.1016/j.quaint.2018.06.045
https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1016%2Fj.jaridenv.2020.104279
https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1016%2Fj.jaridenv.2020.104279
https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1086%2F700314
https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1086%2F700314
https://doi-org.ezproxy.leidenuniv.nl:2443/10.1016/j.quaint.2018.06.031
https://doi-org.ezproxy.leidenuniv.nl:2443/10.1016/j.quaint.2018.06.031
https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1038%2Fncomms13313
https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1038%2Fncomms13313


 

30 
 

https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1038%2Fsrep

33976  

Websites: 

• https://www.gardeningknowhow.com/garden-how-to/info/dioecious-monoecious-

information.htm#:~:text=A%20monoecious%20plant%20is%20one,or%20female%20f

lowers%2C%20not%20both, accessed on 3 May 2021. 

• https://aggie-horticulture.tamu.edu/wildseed/growing/annual.html, accessed on 4 May 

2021. 

• http://www.illinoiswildflowers.info/files/line_drawings.htm, accessed on 4 May 2021. 

• https://pfaf.org (used mainly for the spreadsheet), accessed on multiple occasions. 

 

 

 

 

 

 

  

https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1038%2Fsrep33976
https://login.ezproxy.leidenuniv.nl:2443/login?URL=http://dx.doi.org/10.1038%2Fsrep33976
https://www.gardeningknowhow.com/garden-how-to/info/dioecious-monoecious-information.htm#:~:text=A%20monoecious%20plant%20is%20one,or%20female%20flowers%2C%20not%20both
https://www.gardeningknowhow.com/garden-how-to/info/dioecious-monoecious-information.htm#:~:text=A%20monoecious%20plant%20is%20one,or%20female%20flowers%2C%20not%20both
https://www.gardeningknowhow.com/garden-how-to/info/dioecious-monoecious-information.htm#:~:text=A%20monoecious%20plant%20is%20one,or%20female%20flowers%2C%20not%20both
https://aggie-horticulture.tamu.edu/wildseed/growing/annual.html
http://www.illinoiswildflowers.info/files/line_drawings.htm
https://pfaf.org/


 

31 
 

Figures and appendices 
 

Figures 
          Page number: 

 

Figure 1: The location of Meijendel in the Netherlands (Google Earth)             3

      

Figure 2: the lake at the Libellenvallei where the samples were taken from (photo made with 

Google Maps)                      5 

Figure 3: The location of Marathousa on the map (photo made with Google Maps) 7 

Figure 4: A simplification of how a clamshell sediment sampler works, image adapted from: 

http://geophile.net/Lessons/sediments/sediments_07.html      9 

Figure 5: The sieve that was used for samples closer to the service (photo taken by Mieke 

Bulder)           10 

Figure 6: The locations of the samples in the lake (photo made by Alem Gusinac) 15 

Figure 7: An Orchidaceae seed (photo made by me)      16 

Figure 8: A pie chart with the data of the sexual strategies of the found taxa (made with 

Excel)            17 

Figure 9: A pie chart with the data of the life cycles of the found taxa (made with Excel) 19 

Figure 10: A diagram of all the percentages of sexual strategies in the separate samples 

(made with Excel)          23 

Figure 11: A diagram of all the percentages of life cycles in the separate samples (made with 

Excel)            23 

 

Appendices 

 

Appendix 1: spreadsheet of the found taxa       32 

Appendix 2: list of the flora at Meijendel       33 

 

  

http://geophile.net/Lessons/sediments/sediments_07.html


 

32 
 

Appendix 1: spreadsheet of the found taxa  
 

Table: results of which taxa were found in the samples with their frequency and their 

accessory sexual strategy and life cycle.  
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Appendix 2: list of the flora at Meijendel 
List of the original vegetation at Meijendel (adapted from Dunea) 
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Abstract  
 

For a project, sediment samples of a lake located in the Libellenvallei, Meijendel 
(Wassenaar), were taken throughout the winter. 

Botanic macrofossils were extracted from these taken samples. These macrofossils got 
identified by multiple students of the University of Leiden. Taphonomic processes were the 
main focus of this project, and the choice was made to focus on the sexual strategies and the 
lifecycles of the found taxa.  

Sexual strategies can be considered a key element when it comes to the forming of a 
macrofossil assemblage. That can grant researchers plenty of information.  

The present can serve as a good indication of taphonomic processes that happened in the 
past. The mission of the project at Meijendel was to better understand the environmental 
context of archaeological sites. Knowing the taphonomic processes of a modern macrofossil 
assemblage and having good indications of how these macrofossils ended up at this 
location, can be a good source of information for less modern archaeological sites.  

The present can help us with making conclusions of vegetations of the past. Observations of 
taphonomic processes at different archaeological sites can allow predictive models to be 
constructed that can show palaeovegetation reconstruction. These predictive models are the 
reason why this research can be considered valuable for future archaeological research.  

 

 

 

 
 


