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QUADRAT SAMPLING OF DUCKWEED (Lemna minor)  

 
 
MARKS: 50               TIME: 1.75 HR  
 
 
              
         
NAME:              
       
 
PLEASE READ THE FOLLOWING INSTRUCTIONS CAREFULLY 
 

1. Write your name in the space above.  
 

2. This Practical consists of 8 pages and a separate Information Book of 4 pages (i – iv). Please 
check that your practical is complete. 

 

3. You have ten minutes reading time before you begin (this is built into the total time of the 
prac). You are advised to read carefully and spend time planning your work. 

 

4. Perform the task with care. You will be assessed on your ability to follow instructions. 
 

5. Standard accommodations will apply to this practical. 
 

6. Please answer the questions in the spaces provided. Either type on the lines or print out the 
document and scan it in and email it. Please note that when you submit the practical you have 
to include: 
i. A photo of your quadrat. 
ii. A photo of your drawing for question 1.10.2 

These can be emailed to me as well.  
 

 

CRITERIA 

Following instructions 0 1 

Procedural skills 0 1 

Manipulative skills 0 1 

TOTAL  (3) 

 

FOR MARKERS' USE ONLY 

Procedure       Total 

        

        

 
 
 

Please read the Information Book very carefully before you start and refer to it during your 
investigation.  
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There are two parts to this PAT: Part 1 – Investigation and Part 2 – Experimental Design. 
 

A freshwater ecologist is attempting to determine the population number of duckweed in a 
small region of the Vaal River. She is using a quadrat method to get an indication of the 
population number.  

 

You have been asked to determine an estimate of the population number of 
duckweed in this small region of the Vaal River.   

 
 

Before you begin your investigation, please follow the instruction below to make the equipment you 
need for the practical: 
 

 Take a paper clip, and straighten it out. Form it into a square as best you can, so that you 
have formed a small quadrat. Ensure that the ends of the paper clip touch to form a proper 
square. Put a piece of Prestick onto the ends to keep the shape. Please see the diagram 
below to see how to fold the paper clip.  
NB: Take a photo of it and email it together with your drawing in Question 1.10.2. 3 

 

                                       
[Adapted: <https://www.tr2.cbistatic.com>] 

 
Please read the Information Book very carefully before you start and refer to it during your 
investigation.  

 
PART 1 INVESTIGATION 
 
1.1 Study the photo of the sample region in the Information Book (page iv) showing the distribution 

of duckweed.  

1.2. Decide on your rules for counting the duckweed (page i of the Information Book) 

1.3. Drop the quadrat onto the page. 

1.4. Count the number of duckweed that occur within the quadrat and record it in the table that you 

draw on the next page. 

1.5. Repeat steps 1.3 and 1.4 another 9 times. 
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1.6. In the space below, draw a table in which you record the total number of duckweed plants in 

each quadrat that you sampled. In addition, include the average number of duckweed in the 10 

quadrats in your table.            6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.7.  

1.7.1. Calculate i) the total area of your quadrat in cm2; and ii) the total area of the sample 

region. Show your working. 

i. 

 

 

 

 

 

 2 

  ii. 

 

 

 

 

   1 
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1.7.2. Calculate the number of quadrats that could fit into the sample region on the Information 

Book. Show your working. 

 

 

 

 

 

 2

  

1.7.3. Use the information that you have recorded to work out an estimated number of 

duckweed plants in the sample region. Show your working. 

 

 

 

 

 

 

    3 

1.8. Based on the numbers that you have recorded, is your population estimate reliable? Explain 

your answer.                 

    

    

    

     2 

1.9. Explain TWO ways to improve the accuracy of the answer in 1.7.3.  

              

              

              

               4 
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1.10. Study the photo below showing one duckweed plant.  

 

1.10.1. Using the line scale shown, as well as the other measurements on the diagram, 

calculate the length across one duckweed leaf XY. Show your working. 
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1.10.2. Draw a correct biological diagram of the photo of the duckweed. Do this in the space 

next to the photo. Label one of the leaves. NB – take a photo of your drawing and 

remember to email it to me together with your photo of your quadrat.  6 

 

1.11. The following table shows the mass of certain amino acids per 100g of protein in samples from 

6 different species of duckweed. 

Table showing mass of different amino acids per 100g of protein from 6 species of duckweed 

Amino acid Mass of amino acid per 100 grams of protein from different duckweed species (g) 

Spirodela 

polyrhiza 

Landoltia 

punctata 

Lemna 

minor 

Lemna 

gibba 

Wolffiella 

hyalina 

Wolffia 

microscopica 

Cysteine 0.8 0.4 0.9 0.9 1.0 1.2 

Methionine 1.6 0.4 1.6 1.6 2.0 3.6 

Aspartame 7.8 4.1 8.2 10.6 7.3 10.9 

Glutamine 9.6 9.5 9.8 10.3 10.5 10.9 

Valine 4.4 4.6 4.6 4.5 4.8 4.9 

Tyrosine 3.1 2.1 3.1 3.2 3.8 3.3 

Arginine 4.7 2.0 4.8 4.9 4.7 5.2 

[Adapted: Appenroth, K.J., Sree, K. S., Böhm, V. Hammann, S., Leitere, M. & Jahreis, G. 2017. Nutritional value of duckweeds 
(Lemnaceae) as human food. Food Chemistry 217: 266 – 273.] 
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Answer TRUE or FALSE to the following statements relating to the table above: 
 

1.11.1. Landoltia punctata contains the greatest mass of the listed amino acids.        

1.11.2. Glutamine consistently occurs in the highest quantity per 100g protein 

in these plants.               

1.11.3. In 550g of protein from Landoltia punctata there is 11g of arginine.      3 

1.12. Study the following graph showing the total percentage fat and starch in the same six species 

of duckweed as in 1.11. Study the graph and answer the questions which follow. 

                         Graph showing fat and starch content of six species of duckweed 

                                       
[Adapted: Appenroth, K.J., Sree, K. S., Böhm, V. Hammann, S., Leitere, M. & Jahreis, G. 2017. Nutritional value of duckweeds 

(Lemnaceae) as human food. Food Chemistry 217: 266 – 273.] 

 

1.12.1. What is the starch concentration of Lemna minor?      1 

1.12.2. Which species would be the best to use as a biofuel?       1 

1.12.3. Consider the table in 1.11 as well as the graph in this question. Which species is richest 

in fats, starch and the listed amino acids?       1 

[38] 
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  PART 2 EXPERIMENTAL DESIGN 
 

Azolla filiculoides (common name: Azolla) is a miniature water fern. It is also a floating plant like all of the 

species of duckweed. It is often found growing in the same environment as duckweed and can compete with 

the duckweed for light, space and nutrients. 

 

 

[<https://www.keys.lucidcentral.org>] [<https://www.ghag.gh.funpic.de>] 
 

You are required to design an experiment to test the effect of the presence of Azolla on the 

population numbers of duckweed over time.  

 

You have been provided with 2 large 20 litre plastic tubs suitable for growing duckweed and 

Azolla, wire to make quadrats and compost to add to the water to provide nutrients for plant 

growth. Only 50g of compost per 10 litres of water is required for the plants to grow. You also 

have an unlimited number of duckweed (Lemna minor) and Azolla plants. You will need to 

use one container as the control experiment as well.  

 

2.1 Formulate a hypothesis for this experiment that you are designing. 

   

  

          3 

2.2. Provide ONE controlled (fixed) variable in your experiment. 

               1 
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2.3. Outline your method using numbered points. 

             

             

             

             

             

             

             

             

             

             

             

             

             

             

             

             

             

             

             

             

             

             

             

             

              8 

[12]
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INFORMATION BOOK 

Quadrat Studies 

Quadrats are usually square frames of wire. They are usually used to count the numbers of organisms of a 

particular species that fall into the area covered by the quadrat. Quadrat sampling is an indirect method of 

population sampling – indirect methods are conducted when the actual number of individuals is too high to 

count by using a direct method (a census). Quadrats are placed in the study region and the number of 

organisms in each quadrat area is counted. This is used to calculate an estimate of the numbers in the study 

region. 

 

Procedure to conduct quadrat sampling:  

1. The quadrat is placed randomly in the study region. It is important to place the quadrats randomly in 

order to avoid biased sampling.  

2. Count the number of individuals of that species within this quadrat and record in a table. 

3. Repeat steps 1-2 so that you have a total of at least 10 counts. 

What if the quadrat falls only partly over a plant? Should it be counted? How much of the plant is allowed to 

fall outside of the quadrat? These are all rules that must be decided on before sampling is done. It does not 

matter what the decision is, as long as these rules are applied consistently throughout the study.   

4. Calculate the average number of plants per quadrat. Add up the number of plants in each quadrat and 

divide by the number of samples taken.  

5. Calculate the total area of the quadrat. E.g. If the quadrat is 0.5 m by 0.5 m, the area is 0.5 × 0.5 = 0.25 

m2.  

6. Find the total area of the study region being sampled. E.g. If the study region measured 10 m by 10 m, 

then its total area is 10 m × 10 m = 100 m2. 

7. Divide the total area of the study region by the area of one quadrat.  

8. Multiply the average number of plants per quadrat by the total number of quadrats that can fit into the 

study region.  

                                                 

                                 Quadrat covering some dandelion plants in a lawn. [Adapted: <https://www.cdn.shopify.com>] 
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One application of this method could be to study the effect of interspecific competition between two different 

species – quadrat sampling can be conducted over different times in order to count the numbers of individuals 

of each species to check if one species is able to out-compete the other. 

Duckweed  

Duckweeds are members of 7 different species of tiny, floating, aquatic plants commonly found in slow moving 

water around the world. They are members of the family Araceae and are one of the world’s smallest 

angiosperms (flowering plants), measuring between 2 – 7mm in size. These plants have a simple structure, 

lacking obvious stems and sometimes even roots. The leaves are only a few cells thick, often with air pockets 

that allow the plant to float on the water surface.  

 

Duckweed can be used as an organism to test water pollution caused by metal contamination, sewage 

pollution or agricultural runoff – for example, they grow and reproduce faster when in water polluted by 

sewage and agricultural runoff, due to the extra nitrates and phosphates being available as nutrients.  

 

They are also successfully used for phytoremediation. This means that they use up large quantities of waste in 

the water (such a phosphates and nitrates) in order to grow. They can therefore be used to prevent 

eutrophication in water and to treat wastewater. 

  

Duckweed can also be eaten as food. These plants are very high in protein and are a significant potential food 

source. Duckweeds are also being studied by researchers around the world as a possible source of clean energy 

as a biofuel. They are good candidates as a biofuel because they grow rapidly, produce five to six times as 

much starch as corn per unit of area, and do not contribute to global warming.  

 
Lemna minor [<https://www.researchgate.net>] 

[Duckweed Wastewater Treatment and Reuse for Fodder (West Bank). 2011. https://www.Idrc.ca] 
[Iatrou et al. 2019. Investigation of biomass production, crude protein and starch content in domestic wastewater 

treatment systems planted with Lemna minor and Lemna gibba. Environmental Technology 40: 2649-2656.]  

 

https://web.archive.org/web/20110608214049/http:/www.idrc.ca/es/ev-6314-201-1-DO_TOPIC.html
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Vaal River 

The Vaal River is a major river in South Africa flowing from southern Mpumulanga, forming the border 

between the Free State and Mpumulanga, Free State and Gauteng and the Free State and North West 

Province. It eventually joins with the Orange River in the Northern Cape. Due to sewage leaks and fertiliser 

runoff from agriculture, the river has high levels of pollution as it flows through Gauteng. This provides ideal 

conditions for the growth of excess algae, resulting in eutrophication. 

[Adapted: <http://www.waterafrica.co.za>] 

 

This practical involves counting duckweed in a small region of the Vaal River forming the border between 

Mpumulanga and the Free State near the town of Villiers. This region is shown in the picture on the right 

below. 

 

 

 

The photo on the following page shows the study region to be sampled. It shows various 

duckweed plants floating on the water surface. 
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MEMO 

CRITERIA 

Following instructions – a square is formed 0 1 

Procedural skills – ends of paper clip sealed with Prestick 0 1 

Manipulative skills – sides are straight and equal 0 1 

TOTAL  (3) 

 

 

1.6. Table showing number of duckweed plants recorded in each quadrat sampled 

Column headings correct 

Table format acceptable 

10 readings present 

Average present and correct          6 

 

1.7.  

1.7.1. i. Length x breadth  = Area (with units)       2 

ii.Length x breadth = area (with units)        1 

1.7.2. Area of region / area of quadrat = answer       2 

1.7.3. Average number of duckweed x number of quadrats = answer   3 

 

1.8. Base answer on the assessment of how close the numbers in each quadrat are to one another 

 - if numbers are close together answer is more reliable as the average calculated will be 

closer to reality    2 

1.9. Use more quadrats  to get a more representative answer – improve reliable Biased method 

of quadrat placement Shouldn’t look at picture before dropping   3 

 

1.10.1. 3.5 / 2.1 x 5 = 8.3mm         3 

1.10.2. Heading: Drawing of a duckweed plant 

Drawing is larger than the original  

Drawing is in pencil  

Leaf correctly labelled (NO arrow-heads acceptable; label line preferably in pencil, but 

pen is acceptable; label should preferably be in lower case, but upper case is acceptable) 

Shape and proportion (length and width proportions must be correct )  

No colouring or shading           6 

.  

1.11.  

1.11.1. False 
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1.11.2. True 

1.11.3. True            3 

 

1.12.  

1.12.1. 4%             1 

1.12.2. Landoltia punctata          1 

1.12.3. Wolffia microscopica          1 

 

2.1. It is expected that the presence of Azolla will decrease the population numbers of 

duckweed  Statement          3  

2.2. Number of Azolla / duckweed to start with  

Volume of water  in container 

Mass of compost added to water        1 

 

2.3.  

Labels two containers with a marking pen 

Add 20 litres of water (measured with a measuring jug) to each container 

Add 100g of compost to each container (weighted with a scale) 

 Place containers in the sun next to one another 

 Use (specific mass)  / number of Azolla and same of duckweed and add to one containers 

(containers A) Use the same mass / number of duckweed to container B (control) 

 Over (given period of time) measure, using quadrats number of each species present. (using  

method mentioned in method) 

 Must measure for a certain period of time.  

 Record results in a table 

 Species which decreases the most is least successful competitor.    8 

 

 5 4 3 2 1 0 

Layout     Neat and tidy, 

bulleted 

Hard to read, not 

neat, tidy 

Method related to 

aim 

   Method clearly 

tests an aim that 

relates to the 

prescribed 
experiment and 

achieves the 

required result.  

 

Method relates to 

the prescribed 

aim given, but is 

a little confusing 
and does not 

achieve the 

required result.  

 

No relation to aim 

Method    Instructions are 

logical 

One instruction 

illogical / 

unnecessary 

More than one 

unnecessary 

instruction 

All 5 criteria met 

1. Original 

experiment 

2. Equipment is 

appropriate and 
used correctly 

3. All  

measurements 

mentioned 

4 criteria 3 criteria 2 criteria 1 criterion No criteria met 
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 Skill areas  Blooms levels 

 1 2 3 4 5 6 7 8  K                                                                                      U                                           Ap                                     An                                          S                                             E                                                      

           

Question #                

Instructions  1          1    

Procedural skills     1       1    

Manipulation    1        1    

1.6   5   1      5 1   

1.7      8       8   

1.8      2         2 

1.9        4       4 

1.10.1      3       3   

1.10.2 1  5         1  5  

1.11      3       3   

1.12      3       3   

2.1       3       3  

2.2       1     1    

2.3       8       8  

                

TOTAL MARKS 1 1 10 1 1 20 12 4  0 0 10 18 16 6 

TOTAL % 2 2 20 2 2 40 24 8  0 0 20 36 32 12 

          10 = 20% 40 = 80% 
 

 
 
Requirements – paper clip – email kids 

4. Instructions are 

valid  

5. Instructions 

produce 
measureable 

results 


