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Christopher F. Dossena

The Fox Lane High School

Bedford, NY

Grade Level/Subject Area:

· 9th and 10th grade Living Environment

· Biology – AP


Project Type:

· Review and reinforce state goals and standards

· Individual/Group activity

· Authentic research

Notes to Teacher:

· This activity will involve independent research outside the aquarium.  Access websites on seals, sea lions, river otters and sea otters.  Suggested websites are listed in the Materials/Sources section of the lesson plan.

· Permission to arrive and tour the aquarium prior to normal visiting hours can be beneficial as the animals will be in a more relaxed state and more likely to exhibit natural behavior.  However, if this is not possible, observations can be made that are relevant to the lesson during normal visiting hours.

· Reservations to visit the aquarium should be made a minimum of one month in advance, but two months is preferred (203-852-0700).
· Be sure to observe a feeding of the seals and river otters.  Times are subject to change and make sure to call ahead of time.

Student Requirements/Objectives:

Students Will Be Able To:

· Distinguish and explain the terms convergent and divergent evolution, as well as homologous and analogous structures.

· Explain the evolutionary relationships that exist between harbor seals and river otters.

· Identify and explain specific adaptations that harbor seals and river otters possess for survival in their environment.

· Investigate and explain how evolution has shaped the similarities and differences between seals and sea lions; river otters and sea otters.

· Identify modern technological methods used to support evidence of common ancestry between these and other marine mammals.

Learning Standards: (In accordance with NYS Learning Standards for the Living Environment)
Performance Indicator 3.1:
Explain the mechanisms and patterns of evolution.

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.

3.1f 
Species evolve over time. Evolution is the consequence of the interactions of (1) the

potential for a species to increase its numbers, (2) the genetic variability of offspring due to mutation and recombination of genes, (3) a finite supply of the resources required for life, and (4) the ensuing selection by the environment of those offspring better able to survive and leave offspring.

3.1g 
Some characteristics give individuals an advantage over others in surviving and reproducing, and the advantaged offspring, in turn, are more likely than others to survive and reproduce.  The proportion of individuals that have advantageous characteristics will increase.

3.1h
The variation of organisms within a species increases the likelihood that at least some members of the species will survive under changed environmental conditions.

3.1i 
Behaviors have evolved through natural selection. The broad patterns of behavior exhibited by organisms are those that have resulted in greater reproductive success.

Preparation Time:

· Approximately one month in advance (2 months is best), reservations should be made to coordinate with aquarium and education staff regarding lesson plan activities.

· Approximately one week can go into the lesson, prior to the aquarium visit, for students to do preliminary research.  This will also afford time for the teacher to do final preparatory steps with the aquarium for the trip.

Class time Required:

Pre Aquarium Visit:
2-3 days

Aquarium Visit:
1 day

Post Aquarium Visit:
1 day

Instructional Procedure:

Prior to Aquarium Visit

· Students will be introduced to the concept of evolution – change over time.  Time will be spent on organic evolution – the evolution of living things.

· Students will be asked what the term common ancestor means.

· Students will then be asked what are ways that evolutionary biologists can come to conclusions about whether or not organisms have a common ancestor.

· The teacher can introduce the terms comparative anatomy, comparative biochemistry, comparative embryology, and comparative cytology.  Students and teacher can discuss what they mean and why importance to finding common ancestors amongst species.

· Have students define the following terms for homework:

· Homologous structures

· Analogous structures

· Convergent evolution

· Divergent evolution

· Explain to the students that these terms will be important to their visit to the aquarium.

Aquarium Visit

· Explain to the students that they will be studying the behavior and anatomy of two species of mammals – the harbor seal and the river otter.  They must spend significant time (a minimum of 15 minutes each) looking at them in their exhibit.  They must take notes and answer the questions in the packets they are given.  They will be responsible for doing outside research on the river otters and seals and will make comparisons to respective cousins – the sea otter and sea lion.  

· Within their observations, students must include observations of feeding behavior in both exhibits.

· A discussion based on the information they require will take place the following day and they will be tested on the evolutionary material learned and its application to the Maritime aquarium visit.

Sources and Materials:

HARBOR SEAL

http://members.lycos.co.uk/dantheorca/fourphotogalery3.html
http://www.press.jhu.edu/books/walkers_mammals_of_the_world/pinnipedia/images/image.pinnipedia.phocidae.phoca.html
http://www.palomar.edu/oceanography/harbor_seals/facts.htm
http://www.tmmc.org/learning/education/pinnipeds/harborseal.asp
SEA LION

http://www.farallones.org/docs/pinniped_fs.pdf
http://www.forest-bird.org.nz/Marine/sealions/factsheet.asp
RIVER OTTER

http://www.letus.org/bmatters/animals/otter.html
SEA OTTER

http://animaldiversity.ummz.umich.edu/site/accounts/information/Enhydra_lutris.html
http://www.careforthewild.org/otters.asp
FURTHER INVESTIGATION

http://www.deeperblue.net/article.php/225
http://www.seaworld.org/just-for-teachers/guides/pdf/s&sl-k-3.pdf
Project Cost:

· The Maritime Aquarium:
See Maritime website as prices are subject to change http://www.maritimeaquarium.org
Method of Assessment/Evaluation:
· Successful completion of aquarium handout and in class discussion taking place the day after aquarium the visit.

· Students will be tested on the evolutionary terms learned and their application to the Maritime aquarium visit.

Name _________________________________________



Date __________

The Maritime Aquarium


Define the following terms:

1. Homologous Structures;

__________________________________________________________________________________ 

__________________________________________________________________________________ 

2. Analogous Structures:

__________________________________________________________________________________ 

__________________________________________________________________________________ 

3. Convergent Evolution:

__________________________________________________________________________________ 

__________________________________________________________________________________ 

4. Divergent Evolution:

__________________________________________________________________________________ 

__________________________________________________________________________________ 

5. Observe the harbor seals carefully.  

· Make DETAILED comments on their body structure, movements through water, feeding behavior and anything else that you feel is important to note. 

· YOU MAY FEEL FREE TO DRAW QUICK SKETCHES BELOW AS WELL.

· Some of the questions that follow can guide you in your observations.

COMMENTS AND SKETCHES:

6. Observe the river otters carefully.  

· Make DETAILED comments on their body structure, movements through water, feeding behavior and anything else that you feel is important to note. 

· YOU MAY FEEL FREE TO DRAW QUICK SKETCHES BELOW AS WELL.

· Some of the questions that follow can guide you in your observations.

COMMENTS AND SKETCHES:
Additional Questions

7. After taking notes on the feeding behavior of the seals and river otters, comment on any similarities or differences you observed.  Be sure to comment on the dentition of both the seal and the river otter.

8. What is the function of the tail on the river otters? 

· Do you observe it performing the same function on the harbor seals?  Explain your answer.

· What is the evolutionary term used to describe what the tail of the seal is becoming?

9. How is the general body plan of the river otter and the harbor seal consistent with its habitat and niche in their environment?  Be specific in your answer.

Observe the following skeletons below and answer the questions that follow.
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Harbor Seal
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California Sea Lion

[image: image3.png]




North American River Otter





Sea Otter

10. Compare the forelimbs (front limbs) of the harbor seal and the river otter.  Would you consider these structures to be homologous or analogous?  Explain your answer.

11. Seals, sea lions, and otters have different methods of thermoregulation.  Compare the fur of the seal and the river otter.  Is there a notable difference?  If so, explain.

· Research the density of the fur of the sea otter.  What is unique about the sea otter when compared to all other marine mammals with respect to their thermoregulation methods?

12. Compare the anatomy of the harbor seal with that of the California sea lion.

· What differences do you note about their skeletal structure?

· Do you suspect you are observing convergent evolution or divergent evolution?  Explain your answer.

13. Look closely at the hind feet of the sea otter.

· Why do you think that they seem to resemble the legs of the sea lion rather than the river otter?

· Do you think this is an example of convergent evolution or divergent evolution?  Explain.

13. You have just completed an investigation in the comparative behavior and anatomy of four different mammalian species.  Can you conclude, beyond a shadow of a doubt, that the seal and sea lion as well as the river and sea otters are common ancestors?  What evidence could you obtain that might give you a more conclusive answer?

Further Investigation: (ANSWERS TO BE TYPED ON A SEPARATE SHEET OF PAPER)

14. Investigate the diving reflex behavior in seals and sea lions and explain why it is so important to their survival and maintaining homeostasis.  Be sure to include the physiological adaptations that are involved.  BE SURE TO INCLUDE THE WEBSITES YOU USED.

15. Stimulation is an important part of the aquarium routine for both the seals and the river otters.  Once a month, the branches are rearranged and toys are given on a daily basis.  During the winter, snow is placed in both of their cages.  This is not done for many of the fish in other exhibits.  Why do you suppose that this is an important part of the mammal’s health and survival?

16. Using the internet, research the following information about the above organisms.  You may use a separate sheet of paper if necessary.  BE SURE TO INCLUDE THE WEBSITES YOU USED.

· Where are they found?

· What do they feed upon in the wild?

· What animals prey on them?

· What is their status in the wild?

An Investigation in Biodiversity – Comparing the Evolution of the North American River Otter and Atlantic Harbor Seal





ABSTRACT


Students will research and observe the exhibits of the North American River Otter (Lutra canadesis) and the Harbor Seal (Phoca vitulina) at The Maritime Aquarium.  Students will observe and record behavior and morphological relationships between each species for specific adaptations and evidence of a common ancestry.  Student’s final investigation will include research to compare characteristics of survival between the North American river otter and sea otter as well as harbor seals and sea lions.





Harbor Seals and River Otters – An Investigation into Biodiversity and a Search for Common Ancestry
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