
BIOLOGY/PART 6

Behavior of Ocean Creatures

Humans have always been interested in the
behavior of the organisms that share this planet.
Some interest is based on the need to use other
organisms for food. But much cunosity comes from
fascination with other living things and our desire to
understand how they survive � how they meet the
basic needs to eat, be safe and reproduce.

This interest is particularly focused on ocean
creatures. How do they survive in a watery environ-
ment that poses such danger to humans? How do the
tides. temperatures and levels of light affect their
behavior? How do they internally balance their physi-
ology to cope with their salty, aqueous environmenP

This unit will introduce students  o some behaviors
that are unique to the marine environment. It may
raise more questions that it answers But that, after all,
is one of the delights of science.
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Purpose

introduction

Procedure
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ACTIVITY 1

8iological Clocks

To introduce students to two different biological
clocks found in one organism.

There is a season for everything
And a time for every purpose under the heaven
A lime lo be born, and a time lo die,
A lime to plant and a lime to reap.

The words of Ecclesiastes are familiar. They speak
of the cycle of life. Although the wnter was not a scien-
tist, he understood the unrelenting rhythms of the
earth. The cy:lical patterns of physiological functions
and of behavior in plants and animals have been estab-
lished by research. In the last 30 years. the work in
this field has expanded. We assume the patterns pro-
vide a survival advantage for the organisms. For some
behaviors, it is clear how a cyclical activity is benefi-
cial; for others, research continues to deterinine their
value.

For terrestrial organisms, patterns are often tied to
the movements of the sun. The annual migrations of
birds are a good example. In addition, there are an ar-
ray of circadian, or 24-hour, rhythms. The ocean pro-
vides a different environment with different demands

John Palmer, a leading researcher in the field,
defines biological clocks as the mechanisms that con-
trol rhythmic behaviors that persist in constant condi-
tions. This definition distinguishes biological clocks
from those behawors that are cy:Iical but depend
upon a recurnng external stimulus. As we shall see the
distinction is sometiines difficult to maintain

Use Figures 1 to 4 concerning the green crab.
Either overhead transparencies or student copies can
be made from the figures.

Figure 1 shows the level of activity of the crab.
Have students describe the pattern. They should see
that there is an increase in movement at 12-hour inter-
vals; in addition, activity is greater during the night
time. Can students suggest a reason for the 12-hour
rhythm?

The green crab lives on sand and mud flats along
the sea's edge. The crab's cyclical behavior can be ex-
plainecf by the return of high tide. If the graph is stud-
ied carefully, you can see that the peak of activity is

actually a bit longer than 12 hours. High tide occurs
every 12 hours and 25 minutes, Under natural condi-
tions, the green crab forages during each high tide
but is even more active during darkness.

Figure 2 shows the color change of the green
crab. At night, the crab blanches, dunng daylight, it
darkens. This color change is controlled by chromato-
phores in the crab's hypodermis. This rhythm is circa-
dian. However, there is a slight tidal factor because
they are darker at low tide. The green crab has two
clocks � one related fo tidal rhythms; the other, solar
rhythms.

Both graphs are based on the behavior of crabs
in a laboratory where it was continually dark with no
tidal rhythm, ln other words, the activity and color
change continue without any environmental stimulus.
This fulfills the definition of a biological clock. If you
have made overhead transparencies. you can lay one
graph over the other and see both rhythms together.

Figure 3 shows the migration of the diatom,
Hantzschia, during a three-day period. This single-
celled organism lives in the intertidal sands. Again ask
students to describe the pattern of migration.

This photosynthetic organism migrates to the sur-
face dunng daytime Iow tides. Other times, it lives
about a millimeter below the sancl's surface where it
will not be earned away by the waves. This graph also
results from data collected in a laboratory of constant
darkness and no tidal rhythm.

The persistence of rhythms in the laboratory vary.
However, within days or weeks most rhythms are
curbed. Figure 4 illustrates what happens to the pat-
tern of activity of the fiddler crab in the laboratory.
Within six days, the activity level of the crab at low tide
has deteriorated. Keep in mind that light. temperature
and water-level conditions are held constant in the
laboratory

A senes of experiments has been done to deter-
mine what is required to restore the crab's biological
clock. By immersing the crabs in seawater or lowering
the temperature without immersion, the crabs return to
their former pattern. The immersion or temperature
drop appears to reactivate the biological clock.

The maior organism activities that function in con-
Junction with tidal rhythms are motor activity, respira-
tory ventilation, oxygen consumption and color change.
All have adaptive significance in the anticipation of
either high or low tide. Fiddler crabs retreat to their
burrows before the tide comes in. Thus they avoid
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Figure 1 Level of activity of crab throughout day
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predators who arrive with the incoming tide. The
beach isopod, Eumpice depends upon maintaining
its place in the intertidal region. To accomplish this, it
must amid the swash of the waves and the pull of the
receding tide, It anticipates the falling tide by burrow-
ing below the surface

QvsstlcNS

Figure 1

1, When are the green crabs most active~  Describe in
terms of light and dark as well as tides.!

2. Is tidal or solar rhythm most important?

Figure 2

3. When are green crabs darkest?

4. Whch external sbmutus seems most important?
Solar or tidal rhythms?

5 If these graphs are of organisms kept in a lab that
was continuously dark and had no tidal rhythm, what
do you conclude about the control of the crabs'
behavior?

Figure 3

6 What controls the migration of the diatom
Hantzschia~ Tidal or solar rhythms or a combination
of both~

7. What is the advantage of staying below the surface?

8. What is the advantage of corning to the surface at
noon during low tide?

9. Again, this data was collected in a lab in constant
darkness and no tidal rhythms. What do you conclude
about the behavior?

Figure 4

10. In nature, what is the fiddler crab's pattern of
activitP

11. Describe what happens to the fiddler crab's
biological clock in Iab conditions of constant light and
temperature.

12 How can a fiddler crab's clock be restored?

13. Of what advantage is it to a fiddler crab to hide
during high tide?





BIOLOGY/PART 6

Deaignlrtg an Experiment
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2. Which behavior would you like to investigate
further?

3. What are the possible factors that cause this
behavior?

4. Which factor do you think is likely to be the cause?

Write your hypothesis, using one behavior and
one factor that you can test. Rernernber your hypothe-
sis must be a statement that can be tested with an

experiment.

Now you' re ready to design an experiment that
tests your hypothesis. Determine what you need to set
up your experiment, what type of data you will collect
and how long to run your experiment. Use the follow-
ing questions to guide you in the development of your
investigation:

1. What is the hypothesis that you are going to test?

2. What will your variable be?

3. What factors will you need to control?

4. Describe your experimental design. How many
aquaria'/ How many crabs in each aquarium? What
rocks, sand, water, light, etc. will you provide for each
aquarium? How will each aquarium be treated
differently?

5. What will you be observing? If you are observing an
activity, how will you recognize the activity. Can you
quantify the observation?

6. How often will you observe and for what duration?
How long will the experiment continue?

Prepare a sheet with the following information:

a. Your hypothesis.

b. Your vanable  what you change in testing!

c. The factors you need to control.

d The experimental design. Diagrams are appropriate,
be very complete. You need a list of equipment and
materials required as well as the actual setup.

e. A description of the data that will be collected, in-
cluding how often and for what length of time,

f. A sample data chart.

g. How long will you run the experiment?

Reporting and Analyzing the Data

Create graphs to display your data. Compare
your data with your hypothesis and determine whether
it was supported or not Suggest improvements on the
experimental design, and discuss sources of possible
error. Use the following questions to direct your
presentation of data and analysis of the results.

1. Using you data charts, create a graph or graphs to
display your results. Place the dependent variable on
the "y" axis.

2, Examine your graphs and data charts, compare
them to your hypothesis. Does your data support your
hypothesis~

3. Do you think your data is reliable~ If not, why not?

4. Do you think that there is another variable that
should be tested? What variable>

5. What are some sources of error in your experimen-

tal design and collection of data?

6. What conclusion can you draw concerning the
behavior you identified and the variable you tested? Is
the behavior controlled by internal or external stimulus
or a combination of both~

7. Suggest what the next experiment might be for fur-
ther investigations.

Prepare a sheet with the following information

a. Hypothesis

b. Materials

c. Procedure/experimental design

d. Data/results/graphs

e. Conclusions

f. Sources of error

g Suggestions for further investigation
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ACTIVITY 4

The Sea Wom

To learn how a marine worm maintains a balance

in its internal fluids and its environment.

The graph below  Figure 6! shows what occurs
when a sea worm, Nereis cfiversicoior, is placed in
water of 1.0% salinity. It usually lives in seawater with a
salinity of 3&Vo salinity. Study the graph carefully, and
answer the questions. Keep in mind what you learned
about osmosis and diffusion as well as the ability of
organisms to maintain homeostasis.

Flgtjre 6 Change in body weight of Nerers Ckversicofor

lt0

hours

B/68

150
2

140

:~ 130
C

120

10 20 30 40 50

Questions

1. What was the rnaximurn gain in body weight?

2. What could account for this increase dunng the first
five hours?

3. How can the gradual loss of weight be explained?

4. Is this an example of homeostasis? Explain.

5. Consider the pattern illustrated in the graph. Nerers
inhabits coastal regions. Of what value to the
organism is the ability shown here'?

6. Far fewer organisms are adapted to live in coastal
waters than in the open ocean. Suggest a reason for
this based on what you have learned in this exercise.

7. For an organism to survive changes in salinity, what
must the cells of this organism be able to do?

8. More highly evolved organisms are generally more
capable of controlling osmosis than less evolved
organisms. Why? As an illustration, compare the con-
tractile vacuole of the ainoeba versus the paramecium
or the kidneys of higher animals.

9. Some organisms migrate from fresh water into the
ocean or vice versa. Describe what these organisms
can do to survive this passage.
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ACTIVIITY 5

Homeostasis on a Graph

Purpose

To investigate how some organisms adlust to
changes in salinity

Procedure

Examine the chart below  Figure 7!. In the first
column are data representing changes in the salinity
of water. In the other three columns are the data for
the changes in the internal salinity of three different
organisms. Plot the data on the graph below  Figure 8!.
The diagonal line represents a perfect balance be-
tween internal and external salinity It is there only for
reference.

Figure 7 Internal salinity change of three organisms Figure 8 Changes in salinity
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ACTIVI TY 6

The Homeostat«Reiationship Between Water Ternpewtum
and ReSPiratiOn Rate in Mal lne Fisg

ProcedurePurpose
To determine what effect a change in water

temperature has on the rate of respiration in fish.

Teacher Background

Materials

For every two students provide:
1 kiffifishrgoidfish
crushed ice
1 large beaker
hot water

1 thermometer
timer

plastic zip-lock bag  sandwich size!
1 sheet graph paper
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Fish are cold-blooded. Very high or very low
temperatures can cause lethal enzyme damage, either
by causing the cells to literally burn themselves up or
by crystallizing the proteins.

Counting operculum  gill cover! movements is a
way to calculate respiration rate in fish. Fish breathe
by taking water in through the mouth and forcing it
over the gills when the mouth closes. An oxygen-
carbon dioxide exchange occurs. Then the operculum
opens to allow the carbon dioxide-rich water to exit.
The speed of oxygen intake is an indicator of the
speed of cellular respiration. Complicating this pro-
cess is the fact that the solubility of oxygen in water
decreases as the temperature of the water increases.
Less oxygen is available at higher temperatures.

This activity has been done using goldfish, gup-
pies or other small, inexpensive freshwater fish. But it
is adaptable to the use of marine fish. The value in
using manne fish is that thermal pollution of our
marine fisheries is a practical problem that could be
discussed as a result of doing this lab.

Any fish that can be kept in a marine tank in your
classroom can be used. Exotics are fine, but expen-
sive. An excellent choice are is killifish  Fundufus!.
They live in estuanne tidal flat habitats

Put your fish in a plastic bag that is half filled with
the marine water from the tank that held the fish. Put

the bag in the beaker, which should be half full of tap
wafer at room temperature.

Gently insert the thermometer in the plastic bag.
Do not disturb the fish too much, and be careful not to
break the plastic bag. Observe the movement of the
operculum or gill cover of the fish. Notice how it opens
and closes in rhythm with the opening and closing of
the mouth. The fish takes water in through the mouth,
then closes it, forcing the water over the gills. After the
oxygen-carbon dioxide exchange, the operculum
closes,

Count each time the operculum closes in one
minute. Record the water temperature and the
number of closings on your chart.

Slowly add ice to the water in the beaker until the
temperature is 10 degrees below the original room
temperature. After a few seconds, count the operculum
closings for one minute and record your results on the
chart.

Slowly add hot water to the water in the beaker
until the temperature has increased by 5 degrees.
Record the temperature and the number of operculum
closings in one minute of observation. Before each
count be sure to let the fish adlust for a few minutes.

Continue adding hot water to the beaker until the
temperature has increased by another 5 degrees.
Record the temperature and operculum closings in
one minute. Continue the procedure until the temper-
ature of the water in the beaker is 10 degrees above
the onginal room temperature.

Return your fish to the marine tank by floating the
plastic bag in the tank water to give the fish time to
adjust before you gently pour it into the tank.

Record your data on a class chart. You will use
class averages and your lab team data to prepare
your graph of the relationship between temperature
and respiration in marine fish.

On your graph, put the dependent vanable  the
operculum counts! on the y axis and the independent
variable  the temperature! on the x axis Be sure to
use all of your graph paper to label the axes and to
title your graph.

First plot the points for your lab team's results.
Join these points with a line. Now plot the averages,
and join these points with a different colored line.
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Questions

1. What General statement can you make about water
temperature and respiration rate in manne fish~

2. How did your team's results differ from other teams
in the class?

3. How did your team's results differ from the average
results~

4. What would you conclude abo~t the effect of ther-
mal pollution on the respiration rate of marine fish?

5. Name three or four other factors that you think
might affect respiration rate in fish.

6. When the operculum movement rate in fish in-
creases, what process is increasing in the cells of the
fish? What does this tell us about the metabolism?

7 Why do you think that the fish responds the way it
does to an increase in temperature?

8. An increase in water temperature means a
decrease in dissolved oxygen. How does this affect
your interpretation of the results?

9. How is this relationship between water temperature
and fish respiration rate an example of homeostasis?

B/7t
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Competency Factors/References

References

Biology/Applied Technical�
2.5 same as above
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Competency Indicators
Biology/Academic�

1.2 know the methods of science,

1.2.3 suggest at least one appropriate, controlled ex-
periment for solving a problem,

1.2.4 explain the purposes a hypothesis serves in
scientific problem-solvingi

2.5 know that living things exist in a state of dynamic
equilibrium;

4.1 have a general knowleclge of anatomy and
physiology of organisms,

5.1 know that ail organisms' survival requires suitable
responses to the external environment;

5.1.2 conduct an experiment to investigate the effect s!
of selected environmental variables on the behavior of
a selected organism; and

5.5 know about biological rhythms.

Competency Measures
Biology/Acadeinic�

2.5.1 define homeostasis as a self-regulating or steady
state condition;

2,5.2. give examples of homeostatic mechanisms in
plarits and animals;

4.1.2 describe various transport systems used by rnulti-
cellular organisms whose cells are too distant from the
environment to obtain materials by diffusion;
4.1.4 give evidence that the feature all respiratory
devices have in cornrnon is that they expose a moist
membrane to the environment;

4.1.6 give exaimples of feedback contro! mechanisms;
5.1.2 conduct an experiment to investigate the effect of
a selectecf environmental variable on the behavior of a
selected organism, and

5.5.1 discuss the importance of internal clocks in
organisms including humans.

Biofogy/Technical4pplied�

2.5.1 define, in simple terms, what is meant by
homeostasis,

2.52 explain that individual cells must exist in a
balanced condition with materials moving in and out
of each cell;

55.1 discuss the importance of internal clocks in
organisms including humans; and

5.5.3 name several environmental cues that govern
biological rhythms.
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