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Outstanding Osmoregulation in Marine Organisms

Summary of Activities:


In this station the students will learn some of the basic concepts of saline regulation in marine organisms.  The topics covered will include the salinity differences between fresh and salt water; why it is important for marine organisms to be able to control saline levels; and finally, how various marine organisms control their saline levels.  The station will include an experiment where sections of a potato are exposed to differing levels of salinity to introduce the concept of osmosis.  Poster collages will be used to visually present relevant concepts to students and to provide a theoretical background for discussion.

Grade Level:

Given the simplicity of the experiment this station is best suited for younger students in grades 3 - 6.  However, the concepts presented in this station are relevant to older students in the 6 - 8 grade range.

Background Information for the Teacher:


The fundamental concepts of this station are salinity and osmoregualtion.  Salinity simply refers to the amount of salt dissolved in the water.  Freshwater such as that contained in lakes, rivers, and streams has a lower salt content and thus a lower salinity than seawater.   The salinity of the surrounding environment is an important constraint with which marine organisms must deal in order to survive.


Diffusion refers to the “desire” of all matter to be equally concentrated in its environment.  If a large concentration of something is put into a particular region of the environment, it will disperse until its concentration is uniform throughout the environment, provided it does not encounter any barriers through which it cannot pass.  Salt exists in water as sodium ions (Na+) and chloride ions (Cl-).  Charged ions like sodium ion and chloride ions are unable to pass through most biological membranes.  However, water molecules are able to pass through most biological membranes so salinity imbalances within biological systems are naturally corrected via the diffusion of water across biological membranes to equalize salt concentrations on both sides of the membrane.  This process is known as osmosis.


Because water will naturally diffuse across biological membranes from regions of lower salinity to regions of higher salinity, marine organisms must take great care to maintain the proper balance of water and salt within their bodies to sustain life.  The different salinities of freshwater and seawater present different challenges to the organisms that live in these habitats.  Organisms living in seawater must have a means of preventing the loss of water from the body to the highly saline environment.  Freshwater organisms must deal with the opposite problem of preventing excessive amounts of water from entering their highly saline bodies.  And organisms such as salmon, who are capable of living in both freshwater and seawater, must have a means of dealing with the different salinities of these different habitats.

Credit for Activity:


The potato experiment utilized in this station was borrowed from the “Diffusion and Osmosis” found in Patricia Kennedy’s Human Biology workbook.   Additionally, both Professor Katrina Mangin and Patricia Kennedy have assisted us in the design of this project. 

Estimated time to Complete Station:

The station, including the experiment, should run for approximately 25 - 30 minutes per group of students.

Goals of the Activity:


By the end of this station students should be able to:

1. Understand and explain the differences between isotonic, hypertonic, and hypotonic solutions.

2. Describe some of the methods of osmoregualtion by freshwater and seawater marine organisms.

3. Describe what happens to a potato (representing organisms who can not control salt content in their bodies) in isotonic, hypertonic, and hypotonic solution.

Materials:

· Potato.

· Small cork borer. 

· 3 small beakers or clear dishes.

· Table salt.

-    Deionized Water.

Preparation and Teacher “Heads-Up”:


The setup and procedure are quite simple and no additional supplies are needed for the activity.

Step-by-Step Procedure for the Activity:

1. Preparation of solutions A, B, and C for activity:  The station instructor must prepare three solutions prior to the activity.  Solution A consists of deionized water (hypotonic solution).  Solution B consists of regular tap water (isotonic solution).  Solution C consists of tap water and table salt added at a concentration of approximately 2 teaspoons of salt per 10 ml of water (hypertonic solution).

2. Divide students into groups.  Depending on class size, groups should range from 3 – 6 students per group.

3. Give each group a potato and have them prepare 3 cylinders of potato cells using the cork borer.  The exact length of the cylinders is not important, but 2 cm is a convenient size to use.

4. Place each potato cylinder in one of the three beakers or dishes.

5. Add sufficient solution A to the first beaker/dish to cover the potato cylinder.

6. Repeat above step using solution B in the second beaker/dish.

7. Repeat above step using solution C in the third beaker/dish.

8. Wait approximately 10 minutes for experiment to complete (osmosis to occur).  During this time, the students will be introduced to the concepts of salinity and osmoregualtion.

9. Once the waiting period is over, students will attempt to reinsert each potato cylinder into the cork borer.

10. Students will then decide the osmotic nature of each solution on the basis of “feel” of the reinsertion.  Student results will be recorded on a data sheet and the board and compared to the expected results. 

Items for Discussion or Conclusion:

1. What happened to the potato in the hypo/hyper/isotonic solution?  Why?

2. Why is osmoregualtion important for marine organisms?

3. How do freshwater marine organisms regulate their salt content?  Seawater marine organisms?

Conclusion:
The experiment and intervening discussion should introduce students to the concepts of salinity and osmoregulation.  Additional discussion with visual aids will be used to illustrate how certain marine organisms undergo osmoregulation.  Examples will include the salt excretion glands of marine birds, the specialized kidneys of fish, the isotonicity of marine invertebrates, and the osmotic versatility of salmon.  

Assessment:


Because students will be actively participating in the experiment and all discussion, it will be relatively straightforward to assess the students’ understanding of the concepts addressed in this station.  Students should be able to answer the three questions listed in “Items for Discussion and Conclusion” upon completing this station.

Beyond the Activity:

Students could be asked to use the concepts learned from the potato experiment to explain why their fingertips shrivel when they go swimming.  Students should be able to explain the osmolytic state (hyper/hypo/isotonic) of the water relative to their fingers.

Web Resources:

http://purchon.com/biology/osmosis.htm
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