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	Lesson Plan Title 

	The Phylogenetic Tree- Tracing Back Biological Ancestry

	

	Goals

	1. The students will learn how organisms are related to each other.
2. The students will learn how to classify different types of organisms.
3. The students will learn the differences between plant, animal, fungus, and bacteria kingdoms. 
4. The students will learn to identify oldest and newer organisms.

	

	Objectives

	1. Given a diagram of the phylogenetic tree, the students will be able to verbally identify organisms as belonging to the three domains, inclusive of eukaryotes and the two prokaryote domains archebacteria and bacteria.
2. Given a diagram of the phylogenetic tree, the students will be able to identify in writing which of the three domains each kingdom of organisms belongs to with 100% accuracy.
3. Given a cladogram for vertebrates, the students will predict, in writing, which organisms are closer related and farther related to each other, based off of position on the phylogenetic tree with 100% accuracy.
4. Given the same cladogram of vertebrates, the students will identify, in writing, which organisms are oldest and newest in evolutionary history, based off of position on the phylogenetic tree with 100% accuracy.
 

	

	Discipline and Topic

	This lesson will cover the topic of evolution, phylogeny, and cladistics within the context of biology.

	

	Target Population

	9th/10th Grade Living Environment Class. 

	

	Curriculum Alignment

	This lesson satisfies the NYS Standard number 3 for Living Environment.  Students will learn that evolution is the change of species over time. This theory is the central unifying theme of biology.  The lesson satisfies the following major understandings:
 3.1a The basic theory of biological evolution states that the Earth’s present-day species developed from earlier, distinctly different species.
The students will use the cladogram and phylogenetic tree to show that present-day species originates from earlier, distinctly different species.

3.1e Natural selection and its evolutionary consequences provide a scientific explanation for the fossil record of ancient life-forms, as well as for the molecular and structural similarities observed among the diverse species of living organisms.

The students will use the phylogenetic tree of life as a means to show evolutionary relationships between organisms.

3.1j Billions of years ago, life on Earth is thought by many scientists to have begun as simple, single-celled organisms. About a billion years ago, increasingly complex multi-cellular organisms began to evolve.

The students will use the phylogenetic tree to observe how complex multi-cellular organisms have evolved.

3.1k Evolution does not necessitate long-term progress in some set direction. Evolutionary changes appear to be like the growth of a bush: Some branches survive from the beginning with little or no change, many die out altogether, and others branch repeatedly, sometimes giving rise to more complex organisms.

The students will use the phylogenetic tree diagram to show that evolutionary changes follow the bush-like growth pattern, where some branches survive and others die out altogether.


	

	Lesson Description

	1. At the beginning of the lesson, the students will do a “Do Now” question in their notebooks, which is written down on the board: “How would you show a relationship between you and your relatives?”  The students will take 5 minutes to write down their answers.

2. For 3 minutes the students will be given the opportunity to share their responses to the class, “How would you show a relationship between you and your relatives?”

3. The students will take notes on cladistics, phylogeny, also known as The Tree of Life.  This will take 20 minutes of class time.  The notes will be posted up as a PowerPoint presentation on the SmartBoard.  The students will be shown how a phylogenetic tree shows relationships between organisms.  A basic example of the diagram will be drawn on the board, with three hypothetical organisms drawn out on each branch.  “As you had suggested in creating a family tree to show how you are related to your parents and grandparents, it is the same as making a phylogenetic tree to show relationships between various organisms.  Which would you predict is the oldest organism on the tree?  Why do you think that?  How about the youngest in evolutionary history?  Why?  Is this the same as diagramming your own family ancestry?  How is it different?”

4. The students will be given the assessments where they will classify each kingdom on the phylogenetic tree, as well as identifying which domain the kingdoms belong to.  The students will write their responses down on the worksheets.  “Which domain does bacteria belong to?  How about the animal kingdom?”  The next worksheet will be given to them where the students will identify which organisms on a cladogram are related to each other, which ones are the oldest and newest in evolutionary history, as well as writing down their rationale based off of the cladogram.  “Which organisms are the oldest in evolutionary history?  Why?  Which organisms are closely related to each other?  Why?”  The students will have 15 minutes to complete these worksheets.

5. The students will be given 2 minutes to ask questions and provide feedback on the activities.


	

	Supplemental Materials/Links

	Name: __________________________       Per._____                        Date:________________
Miss Fleck- Biology                                                                        The Tree of Life- Domains
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Using the ‘Phylogenetic Tree of Life’ Diagram above, answer the following questions:

1. Which domains are in the phylogenetic Tree of Life?
___________________________________________________________________________________________________________________________________________________________.

2. Which kingdoms are in each domain?
_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________.

---------------------------------------------------------------------------------------------------------------------

Name: _______________________                Per:_____                       Date: _____________
Miss Fleck- Biology                                                                             The Tree of Life- Cladistics

 Cladogram of Vertebrates
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Answer the questions below based on the diagram:

1. Based off of the diagram above, which organisms do you predict are the oldest?  Which ones are the youngest?  Why?
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________.

2. Based off of the diagram, list the organisms from the oldest to the newest in evolutionary history.
_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________.

3. Based off of the diagram, write down which organisms are closely related to each other, and which ones are not closely related to each other.  Explain your reasons.
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________.



	

	Assessment of Students

	The students will be given two handouts as assessments.  

One handout will have the phylogenetic tree with each domain outlined.  The students will answer the questions on the handout to first identify the types of domains that are included on the phylogenetic tree.  Next, the students will answer questions as to which domain the eukaryotic kingdoms animal, plant, fungus, as well as prokaryotic kingdoms bacteria, archebacteria, belongs to.  

The next assessment will be another handout with a cladogram of vertebrates.  The students will write their predictions on which organisms are older and newer in evolutionary history, providing their rationale based off of position on the phylogenetic tree.  The students will identify which organisms are the oldest and newest, listing them from older to newer order.  The students will also identify whether or not specific species of vertebrates are closely related to each other using the cladogram.  

Rubric for phylogenetic tree:
Criteria                         Raw Score               Raw Score            Raw Score          Raw Score
3
2
1
0
Identification of domains on phylogenetic tree.

Identifies all three domains.

Identifies only two domains.

Identifies only one domain.
Identifies none.

Identification of kingdoms in each domain.

Identifies all eukaryotic and prokaryotic kingdoms.

Identifies most eukaryotic and prokaryotic kingdoms, with one incorrect.

Identifies half to a few of the eukaryotic and prokaryotic kingdoms in the correct domain.

Identifies none of the kingdoms in the correct domain.




Rubric for cladogram:

Criteria                        Raw Score              Raw Score              Raw Score        Raw Score

3
2
1
0
Predicting evolutionary age of organisms.

Accurately predicts all older and newer organisms, providing clear rationale behind interpretation of cladogram.

Predicts most older and newer organisms, providing moderate details of rationale based on cladogram,

Predicts few older and newer organisms, rationale is minimal to support hypothesis.

Predicts none, provides no rationale.

Identification of evolutionary age of organisms.

All organisms are listed from oldest to youngest in correct order

Most organisms are listed in correct order from oldest to youngest.

Few organisms are listed in correct order from oldest to youngest.

None of the organisms are ordered chronologically.

Identification of closely related species.

All organisms are mentioned with how they are closely related to each other with interpretations based on the cladogram.

Most organisms are mentioned with how closely or farther related they are, with use of information found on the cladogram.

Few organisms are mentioned based on how closely or farther related they are, with minimal to no use of information found on the cladogram.

None of the species are correctly identified as being closely or farther related to each other.



	

	Evaluation of Lesson

	If 70% of the students scored at least 85% or better on both written assessments as outlined by the objectives, then the lesson would be successful.  If less that 70% of the students scored within the 85% range, then the lesson would not be successful.  The types of cladograms used would have to be adjusted.  Additionally, if students ask questions to clarify the questions in the assessments, this would be an indicator that the assessments would have to be reworked.  Conversely, if students requested to know more information to help them to understand what was written in their notes during the lesson, then the objectives will not be met to the expected proficiency, especially if this causes students to struggle answering the questions in the assessments. 

	

	Rationale for using the medium

	
Graphic organizers are used prevalently in the sciences. In the context of biology, showing evolutionary relationships between organisms is shown using a cladogram, or the biological tree of life.  It shows relationships between organisms with a common ancestor.  Students can use the biological tree of life to interpret likeness between organisms, or how organisms differ from each other.  The phylogenetic tree is an example of a network tree, which is used to show hierarchy, branching procedures, and superordinate and subordinate categories (Vickers, 2013).  A cladogram is a visual representation of the relationship between organisms.  It provides a symbolic interpretation of the relationship between organisms.  Students have to use the patterns they observe in the lines in the graphic organizer to understand relationships. “Lines suggest action, direction and movement. They can thus be used to move the viewer's eye through a visual. They can also be used to highlight particular areas of a visual or to separate specific areas.” (Vickers, 2013).  In this case, there is separation of specific organisms.  The lines are diagonal, and “diagonal lines imply movement and dynamism,” (Vickers, 2013).  The phylogenetic tree suggests changing traits in organisms over time.   The first phylogenetic tree highlights the domains within the tree of life in specific colors to draw attention to and show differences between them.  Color is used to point out differences between visual concepts (Vickers, 2013).  Thus, using a cladogram in the form of the phylogenetic tree of life is a way to deepen students’ understanding of evolution and how organisms evolved over time from a common ancestor. It is important to illustrate the basic concepts of organisms originating from a common ancestor prior to showing students the diagram so then they can make accurate predictions.  Students will have to know the basic concept of evolution before analyzing the phylogenetic tree. 
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	Low Tech Modifications

	The students will complete the activities by using a simplified drawn out diagram and questions written out on the board, and write down their responses on loose leaf paper. 

	


