Module 4 - From Simple to Complex  

Big Ideas 

In this module, students will examine prepared slides of 6 algae differing in morphology and complexity. The volvocine algae lineage offers a model of increasing complexity for eukaryotic cells. Chlamydomonas reinhardtii, being single celled, is the simplest organism in this group compared to the multicellular Volvox carteri with up to 2000 cells, differentiation of cells into two functional types, and a large volume of extracellular matrix. 

Terminal Objective: Using lab observations, students will be able to list the modifications needed for a simple organism (Chlamy) to evolve into one of higher complexity (Volvox). 

Since this lesson involves an inquiry activity, the terminal objective will be stated in the form of a question: What modifications are necessary for a single-celled organism to evolve into a complex multicellular organism? 

 Materials: 

· Compound microscopes 

· Glass slides 

· Cover slips 

· Lab handout sheet 

· Colored pencils 

· Algae (prepared slides and live cultures): 

· Chlamydomonas reinhardtii 

· Gonium pectorale 

· Pandorina charkowiensis 

· Eudorina 

· Volvox carteri 

All prepared slides/live cultures may be purchased from Wards Scientific: http://wardsci.com/search.asp?t=ss&ss=algae&x=0&y=0 

 Lesson Sequence 

Set the Stage: This lesson was designed for a block schedule (90 min.) class. It may be split between two periods: the first being the lab itself followed by discussion on day 2. 

Engagement 

Bellwork (~4-5 mins): List 3 physical items/things that you own and consider simple. Describe what makes them simple. Do more complex versions of your item(s) exist? What makes them more complex? 

Discussion of Bellwork (~4-5 mins): Pick non-volunteers (raise Level of Concern) to generate a class list of simple items and then select different students to list characteristics that might make those items seem simple. Follow this with the complex versions and different non-volunteers. 

Transition/Set the Stage (~2 mins): State the day’s or lab’s objective in student-friendly language on the board. Give directions for getting into groups. 

Materials: Each lab group will have prepared slides of the above listed algae. At the front of the class, the teacher will prepare live slides of each algae. Students will later come up in groups to analyze the motility of each organism.  

Exploration 

Activity (~30 mins): As a group of 3-4, students will take turns setting up microscopes and examining prepared slides of the 6 different algae. Students must record observations and the scientific names of each organism on the front of their handout. The teacher will periodically bring individual groups up to the front to examine the live samples pointing out different versions of motility and cellular features. 

Discussion with Groups (~10-15 mins): Each group shares their thoughts on the questions on the top of the back page. Teacher uses questioning regarding cell characteristics to check for understanding while moving from group to group. 

Intermittent Closure (~10 mins): The teacher asks a representative from each group to tell the class which organism they selected to be the simplest (#1) and most complex (#6). A list of votes can be tallied on the board. A second representative from each group will then describe why each organism was selected for each position. The teacher will then reference back to the Bellwork for the day regarding simple items and complex versions. Prior to final discussion of the groups, the teacher will then explain the final task of listing modifications needed to go from organism #1 to #2 and so on. Emphasis should be put on using the student’s observations (both qualitative and quantitative) to help them draw conclusions. 

Discussion (~10-15 mins): Each group will work together to compose a list of changes needed for the cells to evolve into a complex multicellular organism. 

Link to Next/Future Lesson: The following day the teacher may continue a discussion on the changes needed to become more complex. Timing during the year may vary but a direct link to the evolution of the eukaryotic cell and the endosymbiosis theory is intended. A further extension regarding the discussion of “Darwin’s Eye” may correlate during a unit on evolution. 

Plan for Evaluation: At the end of this lab, students will be expected to correctly explain how a simple item (species) might be changed over time (evolve) into something more complex. Students will also be expected to hypothesize about the reasoning for changing into something more complex and the costs and benefits that might be associated with such changes. 


