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Engaging students through an experinetial learning activity has significant positive impacts on their interest, 
understanding, and knowledge retention. This experiential learning activity incorporates cross-disciplinary elements 
to enhance student understanding and retention of concepts related to algal evolution and morphology. This 
exercise is designed for students with basic knowledge of evolution and ecology or students currently enrolled in a 
phycology course. A pre- and post-test was used to assess concept knowledge in the areas of algal evolution and 
morphology. During the exercise students handle and examine algal specimens to complete written questions 
associated with algal morphology and evolution. Once completed, algal specimens were used to create algal 
pressings and paint. At the conclusion of the exercise, students possessed a greater understanding of the process of 
algal evolution and a higher proficiency with the morphological identification of algal phyla. 
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Introduction 

Pedagogical research has demonstrated that 
cross-disciplinary design and implementation of varied 
learning styles can be very beneficial to student learning 
and content retention. Cross-disciplinary learning is the 
merging of components of academic disciplines, such as 
science and art (Segarra et al. 2018). During the 
exercise, students created an art piece from algal-based 
materials, including macroalgae and algal paints. The 
students used macroalgae and microalgae to examine the 
many morphologies present and the evolutionary 
differences between each organism. Incorporating this 
style of learning enhances student learning.   

Kinesthetic-tactile learners use their hands or 
bodily movements to retain information (Northern Illinois 
University 2019). Students participating in this exercise 
handled different types of algae and were able to adjust 
their specimen. They also learned the techniques of 
algal pressings and paint making during the exercise. 
The application of kinesthetic-tactile learning allowed 
students to create their own relationship with the 
material through the specimens they were handling.  

Naturalist learners examine the relationships and 
patterns within nature (Northern Illinois University 2019).  

Students participating in the exercise identified differing 
morphologies of various algae phyla. Students were also 
made aware of the evolutionary patterns and relationships 
of algae. Having students participate in naturalist learning 
allows them to be aware of their surroundings and to 
acknowledge many of the unseen relationships that occur 
in nature.  

Morphology of Algae 
Algae can be divided into two categories: 

microalgae and macroalgae. Both microalgae and 
macroalgae can undergo photosynthesis and are 
responsible for 40-50% of the photosynthesis that occurs 
on Earth (Qin et al. 2012). All algae lack true plant 
morphologies, such as possessing roots, stems, and leaves. 
Macroalgae are visible to the human eye, ranging up to 30 
meters in length (Bhattacharya and Medlin 1998), and 
have blades (leaf-like structure), stipes (stem-like 
structure), gas bladders and holdfasts (root-like structure) 
(Brooker et al. 2017). Microalgae are single-celled 
photosynthetic protists that are not visible to the human 
eye (Brooker et.al. 2017). They can possess flagella, 
which allows certain species of algae to be motile 
(Bhattacharya and Medlin 1998). 
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Evolutionary History of Algae
 Algae is a term used to describe photosynthetic 
protists. These organisms stem from six major phyla: 
Chlorophyta (green algae), Rhodophyta (red algae), 
Glaucophyta, Euglenophyta (euglena), 
Chlorarachniophyta, and Chromophyta (heterokonts, 
haptophytes, cryptomonads, and dinoflagellates) 
(Bhattacharya and Medlin 1998).  

Evolution is known as a change in a 
characteristic that can be inherited by later generations 
(Brooker et. al. 2017). This event can produce changes 
in morphologies and behaviors, as well as produce new 
organisms (Brooker et al. 2017). Algae, more 
specifically, evolved through a mechanism known as 
endosymbiosis. This mechanism is responsible for the 
creation of plastids and mitochondria, which ultimately 
led to the algae that we see today (Keeling 2010).  
Endosymbiosis can occur in three different 
processes: primary, secondary, and tertiary. Primary 
endosymbiosis originally occurred 1.5 billion years ago 
when a heterotrophic eukaryotic cell engulfed a 
photosynthetic cyanobacterium (Chan and Bhattacharya 
2010). From this stage, primary plastids were established, 
which led to the creation of the three main algae phyla: 
Chlorophyta, Rhodophyta, and Glaucophyta. From 
Chlorophyta, land plants were later established (Brooker 
et al. 2017). Red algal cells continued onto the second 
stage, secondary endosymbiosis, where they are 
engulfed by a new heterotrophic eukaryote. Secondary 
endosymbiosis leads to the creation of secondary plastids, 
which received their name due to the fact the plastid has 
more than two membrane envelopes (Brooker et al. 
2017). These secondary plastids were then found 
within the following types of algae: diatoms, kelps, 
euglenoids, cryptomonads, haptophytes, 
chlorarachniophytes, and some 

dinoflagellates (Brooker et al. 2017). Tertiary 
endosymbiosis leads to the creation of other 
dinoflagellates. Tertiary endosymbiosis occurs through the 
engulfment of a protist with a secondary plastid by a 
dinoflagellate (Brooker et al. 2017). Through these three 
processes, all algal life was created and will continue to 
evolve into the future. 

Educational Importance 
Education on algae is important because it has 

many impacts on our environment and industrial practices. 
For example, harmful algal blooms (HABs) are a naturally 
occurring process that arises through the overproduction of 
algal cells due to an increase in nutrients. This increase of 
nutrients can be attributed to agricultural and industrial 
runoff. These blooms can negatively impact us and our 
environment, for if left untreated, HABs have the potential 
to produce cyanotoxins, which can harm, and in some cases 
kill, humans and animals. However, if monitored, the 
number of cases related to cyanotoxin poisoning can be 
decreased (Cyanobacterial Harmful Algal Blooms 2017). 
The industrial applications of algae are diverse, from fuel, 
nutritional supplements, textiles and cosmetics. For 
example, extracts found in Arthrospira sp. and C. vulgaris 
are commonly found within cosmetic products. 
Arthrospira sp. extract has been found to revert signs of 
premature aging and tighten the skin. C. vulgaris extracts 
have been found to promote collagen synthesis, which can 
lead to a reduction in wrinkles (Stolz and Obermayer, 
2005).  
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Student Outline 

Safety precaution: do not participate if you are allergic to algae. Be sure to wear aprons and gloves. Be 
careful when placing heavy books and practice caution while using scissors to avoid injury 

Objectives 
• Use Spirulina algal powder provided to make green paint
• Learn the evolutionary history of Bacillariophyta, Chlorophyta, Rhodophyta, and Phaeophyta
• Hands-on experience with kelp and Rhodophyta

Introduction 
You are a biology student with a passion for art, who has enrolled in a phycology course this semester. After the 

introductory lecture, you were amazed to learn that algae are more than just the scum that grows within your betta fish tank in 
your dorm room. Wanting to learn more about the morphologies between the different phyla and how they relate to algal 
evolution, you meet with your phycology professor during office hours. Your professor suggests creating an art piece to help 
deepen your understanding and to appeal to your personal interests. After your meeting, you rush back to your dorm room 
and research ways to include algae and art and decide to make an algal pressing. You go to Amazon® and order different 
types of algae, and by the end of the week your package has arrived in the mailroom. When you open the box, you have 
found all the labels are missing. You decide the best way to figure out the identity of each specimen is to identify them based 
on their morphological features. After rehydrating your algae, you lay them out on watercolor paper and use your lecture 
notes on algal morphology to help you identify and label each specimen. Next, you layer wax paper and cardboard over your 
pieces and place many textbooks on top. One week later, you decide you want to add more to your piece before showing it 
off to your professor. You recall finding an algae powder during your research and decide to make an algal-based paint to 
paint over your work. Once your piece is finished, you decide to write about the relationship between art and algal evolution. 
You then contact your professor to discuss your findings and display your artwork in the hallway outside of the lecture hall. 

Materials 

Table 1. Supplies needed by instructor and students to complete exercise. 
Pre-Lab Materials Lab Day One Materials Lab Day Two Materials 

Pre-lab packets (found in appendix) 9 pairs of scissors (1 pair per person) 9 paint brushes (1 per person) 
lab lecture and PowerPoint (found 
in the link to supplemental 
materials and to be used for the 
entire lab) 

9 large pieces of watercolor paper (1 
piece per person) 

6 ounces of Spirulina powder (shared 
among all students) 

5 large, dehydrated pieces of algae 
(Rhodophyta, Chlorophyta, or 
Phaeophyta) (shared among all 
students) 

5 large, hydrated pieces of algae 
(Rhodophyta, Chlorophyta, or 
Phaeophyta) (shared among all students) 

16 ounces of clay powder (shared 
among all students) 

plastic containers with a lid (if 
rehydrating two-three days prior) 

9 Sharpies® (1 per person) large beaker filled with water (shared 
among all students) 

Turkey roasting pan (if rehydrating 
the day of the exercise) 

9 pairs of forceps (1 per person) plastic cups to divide paint and to hold 
water to clean brushes (shared among 
all students) 

colored pencils (to be shared 
among students and used for pre-
lab assignment) 

9 cardboard pieces (1 per person) gloss spray, varnish, or gel medium 
(shared among all students)  

gloves and aprons (to be used by 
all students while handling algae 
during pre-lab and day one) 

paper towel (shared among all students) post-lab questions 

at least 5 heavy books 

Methods and Data Collection 
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Part A: Pre-Lab: 
A day or two before starting the lab, the instructors will provide students with a brief presentation on algal evolution 

and morphology. After the presentation, students will receive a pre-lab packet (found in the appendix) with three exercises 
discussing the material discussed. The pre-lab packet is to be completed and corrected before the students can create their 
piece of art. Instructors may consider having students place the algae in water beginning the rehydration process at this time 
to be able to see some of the morphological features of the specimens they are working with.  

Part B: Preparation – Day One 
After watching a brief demonstration of the pressing process, students are to put on gloves and their aprons before 

handling the algae. The students will receive the following: a piece of watercolor paper, macroalgae of their choosing, paper 
towel, sharpie marker, scissors, and forceps. Students are to sign their name on the bottom of the watercolor paper to be able 
to identify their work. After signing their name, the students may opt to cut their selected algae into shapes and then blot the 
algae mostly dry before placing it on the watercolor paper. Once the students are content with their placement, they will 
receive a piece of wax paper and cardboard and be instructed to continue with steps three and four shown in the timeline 
below (Fig. 1).  

Step One: Rehydrate and rinse algae to be used. This 
process can be done up to three days prior to specimens 
being used. If rehydrating days prior to running the exercise 
please store algae in a sealed container and in a cool place, 
the algae will begin to develop a strong odor if left more 
than three days.  

Step Two: Provide students with a brief presentation on the 
algal pressing process. After the presentation, students will 
then be able to choose their pieces of algae, remind them to 
blot it some to remove excess water. The students will then 
arrange their piece till they have achieved a design they 
enjoy. This step will take at least 10-20 minutes.  

Step Three: After students are content with the placement 
of their algae, instruct them to place a piece of wax paper 
and cardboard on top of their artwork making sure their 
whole design is covered.  

Step Four: Have students bring their artwork to the 
windowsill or table set up with a fan, which will provide 
ventilation during the pressing process to deter mold from 
growing. You may stack multiple pieces but be sure to 
circulate them every other day (This can be done by the 
instructors or the students if desired). After the pieces are 
stacked please place up to five heavy books on top to 
ensure that the algae will adhere to the paper and press 
evenly. This step will take up to a week to complete.  

Figure 1. The process for making an algal pressing. 

Part C:  Painting – Day Two 
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One week after the algae have been pressed, students will have the opportunity to further customize their artwork. The 
instructors will provide the students with brief demonstrations that include making the Spirulina paint (Fig. 2) and how to apply 
a gloss spray, varnish, or gel medium to seal their piece and protect it from damage. After the students finish their work, they 
are to answer the post-lab questions at the end of the Student Outline. At the end of the lab period, the instructors will facilitate 
a discussion going over the questions from the student handout. After all the art pieces have dried, the instructors will display 
them in the hall for all students to see. The students may collect their pieces after the display is taken down.  

Paint recipe: (How to make non-toxic herbal paint for children, 2009). 

Ingredients: 
• 3 tsp. of white clay powder
• 1 tbsp. of Spirulina powder
• 11 tsp. of water (tap or distilled)

Mixing the paint: 
1. Combine the clay and Spirulina

powder together in a plastic cup
2. Add the 11 tsp. of water, 1 tsp.

at a time. Stir at least 3 times
between each teaspoon.

The paint will have a somewhat thick 
consistency. However, if the paint is too 
thick add more water following the 
process in step two. If the paint is too 
thin add more clay or Spirulina powder 1 
tsp. at a time until desired consistency is 
achieved. 

Figure 2. Algal paint recipe. 

Part D: Post Lab Questions 

The following two questions are to be answered after the completion of the activity. At the end of the lab period 
there will be a discussion that includes the answers to the following:  

Question 1: Research: a famous artist that makes algae art. Specify what art form they use, type of algae, and any 
specific challenges that follow. (Use google for this exercise)  

Question 2: Using your knowledge of algal evolution explain how this concept can be applied through art 
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Materials 

Please note that the macroalgae and Spirulina 
powder that is listed is sustainably harvested, certified 
USDA organic, and 100% vegan  
Scissors  
Watercolor Paper:  

Ranger Inkssentials Watercolor Paper White, 
8.5 x 11 (Pack of 10) Amazon.com: $9.11 USD 
Macroalgae  

Vitamin Sea Organic Dulse whole leaf 4oz 
package Amazon.com: $14.97 USD 
Vitamin Sea Organic Kombu Sugar Kelp whole 
leaf 4oz package Amazon.com: $14.49 USD 
Vitamin Sea Organic Bladderwrack whole leaf 
4oz package Amazon.com: $13.95 USD 
Vitamin Sea Organic Wakame whole leaf 4oz 
package Amazon.com: $13.99 USD 
Vitamin Sea Organic Sea Lettuce Seaweed 
whole leaf 4oz package Amazon.com: $14.49 
USD 

Spirulina Powder 
DNA 707 Organic Spirulina Powder 250g 

Amazon.com: $12.75 USD 
Sharpie™ Markers 
Wax Paper  
Cardboard Pieces 
Forceps 
Colored Pencils  
Plastic Cups  
Paper Towel  
Plastic Container with a Lid 
Disposable Turkey Roasting Pan (optional) Student 
Handouts (found in appendix)  
Paint Brushes 

Darice Kid’s Paint Brushes 24 pc Amazon.com: 
$3.11 USD 

White Clay Powder 
Monterey Bay Spice Co. Kalolin Clay Powder 

1lb Amazon.com: $9.41 USD 
Gloss Spray, Varnish, or Gel Medium  

Mod Podge 1470 Clear Acrylic Sealer Gloss 
Spray 12oz Amazon.com: $6.88 USD 
Mod Podge Waterbase Sealer 16 oz Matte 
Finish Amazon.com: $7.44 USD 
US Art Supply Clear Gel Medium Matte or 
Glossy 200 mL tube Amazon.com: $6.96 USD 

Notes for the Instructor 

Common Issues
 The following three sections provide 

information on how to fix common issues that may occur 
with this exercise.

Preparation 
To prepare this lab quickly, you can fill a 

container with cold water the day of the lab and soak the 
macroalgae that you will be using 15-30 minutes prior to 
the lab period. Be sure to rinse the macroalgae before 
students work with it.  

Cost 
To decrease the cost of supplies needed, please 

consider having the students work in small groups. 
Groups can be up to 4 people large; be sure to give each 
person a specific task during the process to ensure that 
each member can participate in the exercise.  

Mold 
To prevent mold from forming, be sure to place 

the artwork in a well-vented place, like in front of a 
window. In the case of inclement weather, place a fan in 
front of the artwork being pressed. Also, be sure to check 
(or have students check) the artwork at least every other 
day, and to circulate the pieces if pressing multiple pieces 
under the same set of books. To circulate the pieces, 
simply place the top piece on the bottom and continue 
doing this to the whole stack. It is best to limit the number 
of pieces per stack to 3-4 if pressing under the same set of 
textbooks.  

Modifications for Lab Exercise 
The following sections provide some 

modifications that can be made to the lab if desired. 

For Algal Pressings 
Consider allowing students to use cookie cutters 

or decorative scissors to create patterns and shapes. This 
will also allow students to be more creative in the piece 
that they make.                 Cookie Cutters: Wilton Cookie Cutters 101 

Piece Set Amazon.com: $9.19 USD 
               Decorative Scissors: Emraw Craft Scissors Pack 

of 6 Amazon.com: $11.49 USD 

For Algal Paint 
If short on time, you may use a pouring medium 

to turn the Spirulina powder into paint instantly. If using 
the pouring medium, the recipe is as follows: for every 4 
oz of liquid pouring medium use 3 tablespoons of 
Spirulina powder. You can also change the tint of the 
paint if using the pouring medium by adding in acrylic 
paints (the ratio is 3 drops for every 4oz of Spirulina 
paint).  
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               Pouring Medium: 349620 Color Pour Pouring 
Medium Clear or White 8 oz Hobbylobby.com: 
$7.99 USD 

Displaying Artwork 
To have a more professional display of the 

artwork you can do any of the following ideas:  
Place pieces in frames 
Create a shadow box piece 
Algal collage using multiple types of macroalgae 
and paints made from microalgae  
Making jewelry by adhering the pressed pieces 
to the backs of glass pendants 
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