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PREFACE

The High School Marine Science Studies Project (HMSS) has developed a program with ten instructional chapters

to be taught as a one- or two-semester course. Selected portions can be combined as marine science modules for
use in other secondary courses.

HMSS has been developed in Hawaii by tne staff of the Curriculum Research and Development Group, University
of Hawaii. in consultation with teachers from Hawaii public and private schools, University of Hawaii faculty,
and community professionals. The design of the HMSS materials is based on the premise that study of the
oceans provides opportunity for students of all abilities to actively engage in multidisciplinary scientific
inquiry while learning the basic concepts of science,

The HMSS chapters fall under three themes. Two of the themes, Fluid Earth and Living Ocean together represent
the traditional areas of oceanography. The third theme is Technology.
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INTRODUCTION TO THE HMSS STUDENT

Marine Science refers to a wide ranging study of the earth's water environment with emphasis on study of the
sea. Marine Science includes content drawn from biology, physics, chemistry, meteorology, geology, cartography,
oceanography, aquaculture and marine engineering. You will carry out investigations, design experiments, make
instruments, and make interpretations of your findings.

As the program progresses, you will be placed in different roles to get a clearer picture of what science means
in modern society. Your chief role will be that of a marine scientist seeking to understand and make
predictions about our ocean world, but you will also assume the roles of engineer, technician, and citizen

to get insights into how the knowledge of science is used in our society.

STUDY AIDS
To help you study and rapidly understand procedures, several aids are provided.
1. The first time a new science word is introduced, it is generally underiined.

2. This book is not to be written in. Tables and figures which you write on appear full size in
your workbook and are identified in the text with the m sign.

3. Each chapter contains a set of activities. Each activity has six basic parts:
Activity - This statement tells you what the activity is. It is a boxed~in statement.
Backaround - This is an introduction to the activity.
Materiqls - The things you need to perform the activity.
Procedure - This is a set of directions to aid in carrying out the activity.

Summary Questions - These questions aid in summarizing and interpreting your knowledge and findings.

Further Investigations -This is a set of additional questions, investigations, and challenges that

can extend the meaning of experiments and widen the significance of work
completed.



LABORATORY SAFETY

The following safety precautions apply to all laboratory classes:

1.
2.

Wear safety goggles whenever you are working with chemical reagents.

Wear a laboratory apron when doing laboratory investigations. If chemicals are spilled, the apron protects
both clothing and skin,

Stand when doing laboratory work. Standing avoids having chemicals spilled in laps.
Always wear shoes with closed tops in the laboratory.

If chemicals should be spilled on clothing or skin, wash immediately with large quantities of water. This
dilutes, and washes away the chemicals.

Never taste any chemical unless instructed to do so.

Tie or pin long hair at the back of your head so that it will not accidentally fall into chemicals or
flames.

Know where the fire extinguisher and fire blanket are and how to use them in case of an emergency.
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CHAPTER 1

EARTH AND OCEAN BASINS

Making maps, charts, and globes of the earth
gives a better understanding of the earth's geog-
raphy, size, and time zones. Maps are models that
permit us to better visualize parts of the earth's

surface.

In this chapter we will make and study a series
of maps to get clearer pictures of the geography of
earth's oceans.
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1.- How Much Water?

For centuries the onlﬁ available maps of the
world were those drawn by explorers and traders.
Studying maps of the world drawn centuries ago
reveals much about what was then known or under-
stood about our planet. Today we have photographs
from earth satellites and data from space and
oceanographic missions. This information has
allowed us to develop very detailed and highly
accurate maps of the earth.

As we begin our study of the earth and its
ocean basins, we will examine two types of maps
commonly used to show the surface areas of the
oceans and continents. The map in Fig. 1-1 is an
equal-area projection. Fig. 1-2 is a Mercator
projection. Specifically for this topic, a 0.5 cm
grid has been superimposed over both maps. At the
equator each grid box represents a surfacg arga of
1,250,000 square kilometers {or 1.25 x 10° km€)

Materials

-colored gencils
-atlas, globe, or world maps (optional)

-calculator or siide rule {optional)

Activity
Identify major continents and oceans.

Determine how much of the earth's surface is
covered by water, by land, and by ice.

Compare the effectiveness of an equal-area and
a Mercator projection map in depicting the
surface area of continents and oceans.

Procedure

Study each map; then select the one which

you feel best represents the world's relative
surface area of liquid water, land, and ice.
You might want to examine a giobe before
making your choice. Record the reason{(s) for
your selection.

Fig. 1-1. Equal-area projection map. 1.2s x 105«?, o [

(1,250,000 km)"

AT bl W

- B2
2l
>

= Htg‘;;':y.fi%“
A AN




2.

Label oceans and continents on the map using
colored pens or pencils. Draw in the bound-
artes of oceans and continents. Lightly shade
in areas covered by ice. You may use an
atlas, a globe, or a classroom world map as a
reference 1f needed.

Estimate the surface areas of oceans and
continents. Describe the method you use in
making the determination.

a. Determine the surface area of each of the
continents and oceans. The surface area
under %he grid marked_on the map is 1.25 x
106 kmé (1,250,000 km?). Record data in
Tables 1-1 and 1-2.

Table 1-1. Area of the continents.

Lontinents Squares Area Rank Area

Number of Accepted

gl

b. Rank the continents and oceans in ofder of
size. Rank the largest (1), the next (2),
etc. Record data in Tables 1-1 and 1-2.

c. Using an atlas or other reference, look up
the accepted area for each of the conti-
nents and oceans. Record data in Tables
1-1 and 1-2.

Table 1-2. Area of the oceans.

Mumbar of Acceptad
Oceans Squares Ares Rani Ares

Determine the total surface area of the earth
that is covered by {1) Tiquid water, (2) land,

(3} ice. Record data in Table 1-3. Calculate
percentages.

Tabie 1-3. Comparison of area of land, liquid

and ice.
umber of Acceptad
Material Squares Area Percentage Percantage
Land
I Liquid water

Ica 1
Total surfica ares —— @

Using the average depth of each ocean given in
Table 1-4, calculate the approximate volume of
water found in each ocean. The volume will be
equal to area times depth,

=
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Table 1-4. Depth and volume of the major oceans. your calculated area with the sum of the areas
measured in Procedure 3. How close are your
Oceans  Ares Ot oTume hank | ccapted two measurements? If they differ by more than
10%, explain why.
Arctic 1200
Atlantic 3300 3. Compare the surface area of oceans in the north-
ern hemisphere with the surface area of oceans
Indien 3800 in the southern hemisphere. Which is greater?
Pacific e 3900 @
4, Refer to Table 1-3 giving your calculated
6. Rank the oceans according to their volume. The percentage of the total area of the earth that
one with the most is ranked (1), the one with is covered by liquid water, ice or land. How
the next most (2), etc. well does your data agree with the fact that

25% of the globe is covered by continental
land masses and 75% is covered by the ocean
or ice? Explain your answer. What are the
physical features outlined on the maps?

7. Using an atlas or other reference, look up:

a. the accepted area for each of the conti-
nents and oceans. Record in Tables 1-1 and

1-2. 5. It has been said that the continents are but
isTands in one great ocean. Explain what might
b. the accepted percentage of land, liquid, be meant by this statement. Are there excep-
and ice record in Table 1-3. tions to this statement? Why?

c. the accepted volume of the oceans. Record ) L
in Table 1-4. 6. Comparing the Mercator projection map and the

equal-area map, what are the advantages and
disadvantages of each map?

S ues S
. 7. Check your understanding of the following terms

1. State at least two reasons why you selected by defining them in your own words. Give

the map you used as giving the better repre- examples where appropriate.

sentation of the earth's surface area,

atlas

2. Calculate the approximate surface area of the continent

earth. The formula for area 1s: Area of equator

ocean basin
physical features
surface area
volume

sphere = 4aré, where "r" is the rgdius of the
earth which is equal to 6.38 x 10 km or
6,380 km and "&" is equal to 3.14, Compare

W —ho oo oo

b



Further Investigations

1.

Compare old maps showing the way the world
was thought to be at other times in history,
(a)} when the Phoenicians traded extensively
around Africa, (b) when the Vikings explored
the Atlantic, {c) when Columbus discovered
America, and {d) when Cook "explored" the
Pacific. How are these maps similar? How do
they differ? How did the cartographers' view
of the world change over this time as
represented by the maps?

Make a study of place names on maps. Show

how some traditional names tell much about
what people used to think about themselves

and the earth. Begin with "Mediterranean."
Find out how the oceans got their names. Give
other examples.

Locate the seas of the world. How many are
there? How are they different from oceans?
Make a table comparing features like area,
depth, and location.

2. Maps and Cartographers

To a person studying the earth, as well as to
travelers, maps are an essential tool. There are
many different types of maps. Each has been
developed to serve some special purpose, but each
map has limitations as to what it can represent to
us.

In this topic we will investigate how it is
possible for the cartographer, a map maker, to
make a flat representation of the spherical and
irregular surface of the earth. We will also
consider how one locates places on a sphere.

Activity A

Make a globe marked of f with reference
lines of latitude and longitude.

Backaround

Reference 1ines. Reference lines are necessary
in order to locate a position or place on a
spherical surface. Cartographers, people who
make maps, use a standard set of imaginary
reference lines that we will be learning about in
this topic.

Equator and hemispheres., Perhaps the best
known of the cartographer's reference lines is the
equator, an imaginary reference line drawn around
the center of the earth halfway between the north
and the south poles. See Fig. 2-1.

The entire surface area of the earth above the
equator is the northern hemisphere; below it is
the southern hemisphere. The United States,
including Ataska and Hawaii, are in the northern
hemisphere.
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NORTHERN
HEMISPHERE

.
o
.
AR

', HEMISPHERE 34

sl
et
W 2T

Fig. 2-1. The equator divides the earth into
hemispheres.

Parallels of latitude. Latitude is the number of
degrees a place is located north or south of the
equator. Parallels of latitude are imaginary lines
which form complete circles around the earth paral-
Tel to the equator and to each other (Fig. 2-2).

The distance from the equator to either of the
earth's poles is 90°, or one-quarter of the full
circle (360°) around the earth. By deciding that
the equator is 00, the location of any parallel of
latitude can be described by how many degrees it is
north or south of the equator. This is shown in
Fig. 2-2. A position on the earth then can be lo-

cated from 0° to 90° north (N) or south (S) latitude.

Note that the equator is neither north nor south,
Degrees latitude are always labeled as either
north or scuth so that we know whether a location
js north or south of the eguator. Hawaii, for
example, is 21°N. Sydney, Austraiia, is 34°S.

- 30‘5

Fig. 2-2, Parallels of Tatitude form complete
circles around the earth,

Meridians of longitude. |ongitude is the east or
west Tocation of any place on earth. Meridians of
longitude are another set of reference Tines.
Meridians are drawn from pole to pole and are not
parallel to each other as shown in Fig. 2-3.

By international agreement the 00 meridian, also
called the prime meridian, is drawn through Green-
wich, England. Directly opposite the prime
meridian (on the other side of the globe) is the
1800 meridian which runs through the Pacific Ocean.
Together, the prime meridian (0°) and the 18Q°
meridian separate the earth into eastern and west-
ern hemispheres. The 02 meridian and the 1800

meridian, however, are neither east nor west.



Moterials

-1 orange, thick-skinned
-1 wooden skewer
-1 Erotractor
lack ballpeint pen
-1 felt-tip pen, fine, waterproof
-1 thin cardboard or oaktag, 10 x 15 c¢m approx.
-1 shayp knife or scissors
-hot water and detergent
~drawing compass and pencil

INTERNATIONAL
DATELINE I

Procedure

1. Make a globe of the earth using a skewered
orange as shown in Fig. 2-4.

Fig. 2-3. Prime meridian and the international
datel ine,

The location of all other meridians of longitude
can be described as east or west from just beyond
00 to just up 180°. Places to the east of the
prime meridian (the right half of the globe in Fig.
2-3) have east longitude. An example is Rome,
Italy, which is located at 120 E. Places to the
west of the prime meridian (the left half of the
globe in Fig. 2-3) have west longitude. Washington,
D.C., for exampie, is a 770 W.

The international dateline is about at the 1800
meridian, but it is adjusted so it does not cross
through any land areas.

Fig. 2-4. Making a globe from an orange.
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Obtain a thick-skinned orange. Wash with
very hot detergent water to remove the
waxy coat. Dry the orange.

Insert a skewer down through the center
of the orange. Enter at the stem scar
and exit on the bottom at a point direct-

ly opposite the scar.

Attach a small paper flag to one end of
the skewer, This represents the north

pole. Put your names or initials on the
flag.

2. Make cardboard degree templates like those
shown in Fig. 2-5.

a.

Measure the diameter of the globe {orange).

Describe in your notebook how you measured
the diameter.

On a piece of cardboard, draw a circle
large enough for the globe to barely slide

through.

Using a protractor and felt pen, mark
degrees at 30° intervals around the outer
edge of the cardboard circle as shown in
fig. 2-5A, the template for latitude.

Using another cardboard piece, make a
template for longitude as shown in Fig.
2-58B.

3. Mark the equator on the globe.

a.

Place the orange in the Tongitude template
as shown in Fig. 2-6.

Using a waterproof marking pen, draw a
line around the globe where the template
touches the orange.

8

A. LlLatitude template.-

FANCHTY
s} _ "é

.-.-

l"f/“" ; 7

B. Longitude template.

Fig. 2-5. Using a protractor to mark the templates
for latitude and Tongtitude.




Fig. 2-6. Drawing an equator around the globe. A.

4. Draw meridians of longitude on the globe

a. Continue holding the globe as ycu did,
as shown in Fig. 2-6.

b. Make small marks at 309 intervals along
the equator as shown in Fig. 2-7A. Use
a ball point pen.

c. Draw a line connecting each of the 30°
marks to the north pole. See Fig. 2-78.

d. Remove the template. Continue drawing
each line from the equator to the south

pole as shown in Fig. 2-7C. B. Connect 30° mark to north pole.

e. Select one meridian line. Darken it in . . ‘s :
from pole to pole. Consider this the F;gB 2-7, Drawing meridians of longitude on the
prime meridian on your globe, 7008
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C. Connect meridian lines to poles.

5. Draw the parallels of latitude. Refer to Fig.
2-8.

a. Place the globe in the latitude template as
shown in Fig. 2-8A. Align the prime merid-
jan line with the template. The skewer
should run from 900N to 900S on the
templiate,

b, Make small marks at 30° intervals along
the prime meridian.

¢. Hold the pen so that it contacts the globe
at 300S. Rotate the globe to draw the 300S
latitude line.

10

d. Using the same procedure, draw latitude
lines at 60°S and at 30°N and 60°N.

B. Rotate globe to draw latitude line,

Fig. 2-8.

Drawing parallels of latitude on globe,




‘6. Draw a Targe imaginary continent and an island
on the globe,

a. Locate the continent so that the prime
meridian passes through it as shown in
Fig. 2-9,

b. Make the continent a simple blocklike
drawing. This will be easier to reproduce

later in Activity B.

c. Lolor in the continent and island. Be
careful not to color ocut the jatitude and

longitude tines.

prime meridian

Fig. 2-9. Drawing a continent and an island on the

surface of the globe,

11

Activitv B

Make a equal-area map, an orthographic map, and a
Mercator projection map of a globe.

Backaround

A major problem in all mapping of the globe is
that of representing a sphere on a flat sheet of

paper. Cartographers use many different techniques
to solve this problem. Each technigue has its
advantages and its disadvantages. We will prepare
three common types of maps: an orthographic map of
the earth, an equal-area projection map, and a
Mercator projection map.

Materjals

-white paper 8% x 14 in or larger
-straight-edge ruler

-pencil

-1 corrugated cardboard, 21.5 x 28.0 ¢m
~straight pins

-compass

Procedure

1. Make brthographic maps of the globe. Ortho-
graphic maps are hemisphere projections like
those shown in Fig. 2-10.

a. Draw two circles on a sheet of paper with
diameters the same as that of the globe.
Use the template you made in Activity A to
trace the circles.
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continent as

2) equator

3)
4)
5)
6) north
7) south
8) east
A. View from the north pole. 9¥ west
10} 180°

to Fig. 2-11,

your globe.
should be as

the globe.

globe.

B. View from the equator. paper.

Fig. 2-10. Orthographic maps.

b. In one circle, draw a

it looks

1) prime meridian (0°)

north and south poles
meridians of longitude in 30° intervals
parallels of latitude in 30° intervals

2. Make a sheet of Mercator
projection paper,

Refer

a. Cut a sheet of paper
so that it is just
long enough to make
a cylinder around

The paper
long as

the circumference of

b. Remove paper from
This is the
Mercator projection

AN
\
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i
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/

’
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fig, 2-11,

jcture of the
rom the north pole

Locate the continent on the drawing,
example is given in Fig. A.

c. In the other circle, draw a picture of the
continent as it looks from the equator,
Fig. 2-10B gives an example.

d. Label the following on one or both drawings:

=

]

bl R

Deter-

ining 1 hof
Mercat ect]
paper.

.’



3. Mark the prime meridian and the meridians of
longitude in 900 intervals on the Mercator
prajection paper. Refer to Fig. 2-12.

a, Fold the Mercator projection in quarters.

Open. Draw light pencil lines down the
fold lines. :

b, Ilabel the'csnter line as the prime
meridian (0 longitude),

c. Label the line on the left as 90% lgngi-

tude and the line on the right as 90°E
longitude.

30°w o* 0" E

prime Meridian

Fig. 2-12. Marking meridians on Mercator projection

b. Open, then draw a line along the fold

line, Llabel this as the equator (0~ lati-
tude).

c. Your Mercator projection paper should now

look 1ike Fig. 2-13.

I0*w 0* A'E

equator

Fig. 2-13. Mercator projection paper with equator,

paper.

4, Draw the equator on the Mercator projection
paper. ‘

a. Fold the paper in half lengthwise.

5. Draw the latitude and longitude 1ines at 30°

intervals. Refer to Fig. 2-14 as you carry
out the steps below.

a. Use the orthographic map you drew of your
globe in Procedure 1. (Your map should

look §omething like the one shown in Fig.
2-10,

b. Line up the equator on the Mercator pro-
jection paper with the equator on your

orthographic map. The two equators must
form a straight line.



Logate jhe center of the orthographic map
(0° , 0Y), This is the point where the

equator and the prime meridian intersect.

Draw a straight Tine conneatingothe center
of the orthographic map {0V , 0°) to the
outer edge of the map at 300N Jlatitude
(300N, 90°F),

Extend this line until it touches the left
edge of the Mercator projection paper,
You have just projected 30°N latitude onto

the Mercator projection paper.

Orthographic Map

h. Oraw the parallels of latitude in 30°
intervals on the Mercator projection
paper. Extend each 1ine from the pro-
Jected latitude point across the paper,
Latitude lines must be parallel to the

Mark the point where the line touches the
Mercator projection paper. This point is
at 30°N latitude on the Mercator projec-
tion paper,

Following the same steps as above, project
60°N, 30°S, and 60°S onto the Mercator
projection paper. Mark and label each
projected latitude point.

equator.
90°W ° 90°F

=

=

o “a

# 60°N =

g

@

E

30°N 5

equator

30°S
$60°S

4

Fig. 2-14. Marking latitude on a Mercator projec-
tion map.

00



6.

7.

Make a Mercator projection map of the globe.

a.

b.

Locate and mark on the Mercator projection
map the boundaries of the continent that
you drew on the globe. Suggestions for
doing this are given below,

1) Hold the globe so that you view it
from the equator as in Fig. 2-10B.
Locate on the globe where the
boundary line of the continent cuts
across the equator. Mark the cor-
responding point on the Mercator
projection map.

2) Locate on the globe where the
boundary line of the continent cuts
across each of the parallels of lati-
tude. Mark these points on the
Mercator projection map.

3) Locate where the boundary of the
continent cuts across the meridians
of longitude. Mark these points on
the Mercator projection map.

{On the Mercator projection map, connect
the boundary points of the continent.

Color in the continent using the same
color as you did on the globe.

Draw the island on the Mercator projection
map. Follow the steps given above.

Complete the labels on the Mercator pro-
Jection map, Refer to the list given in
Procedure 1d,

Map an equal-area map of the globe.

a.

Draw a horizontal line across a sheet of

8% by 11 inch paper., This will represent
the equator, Tape the paper to a piece of
thick cardboard.

Cut the orange into segments along the
meridians. Carefully peel skin segments

from the orange,

Open the segments and stapie or pin them
flat onto the paper on the cardboard.

Make further cuts along the meridian 1ines
if the segments won't 1ie flat. Be sure
that the equator on the segments aligns
with the equator on the equal-area map as
shown in Fig. 2-15.

In pencil, trace the outline of the seg-
ments onto the white paper. Remove the
orange peel segments. You now have an
equal-area map, a map showing the earth as
segments.

Carefully draw the continent on the equal-
area map.

Label the equal-area map as you did the
orthographic map in Procedure 1d.

Fig. 2-15. Making an equal-area map.
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Summary Questions

1.

6.

Explain why both parallels of latitude and
meridians of Tongitude are needed to locate a

particular place on the earth.

Compare the area of the continent when it is
drawn on an orthographic map, on an equal-area
map, and on a Mercator projection map. How
are they different? How are they similar?

What are the problems that must be overcome in
making a Mercator projection map of features

on a globe? How does your drawing of the
continent on the globe compare with its repre-
sentation in the Mercator projection?

What are the problems that must be overcome in
making an equal-area map projection of the
globe?

Compare the advantages and disadvantages of
globes, orthographic maps, Mercator projection

maps and equal-area maps in doing the fol-
Towing:

a. seeing the total surface area of the earth
b. measuring distance between places

¢, determining surface area

d. determining direction

e. ease of reading.

Check your mastery of terms. Write a para-
graph using at least half of the following
terms properly:

1.

cartographer

dimension (two-dimension, three-dimen-
sion)

directions (north, south, east, west)
distortion

equator

globe

hemisphere (morthern hemisphere, southern
hemisphere)

latitude (parallel of latitude)
Tongitude (meridian of longitude)

map projections

parallel

pole (north pole, south pole)

prime meridian

reference lines

o

D8 —~wxa - S ok D L0

Further Investigations

What other types of projections are used to
represent the surface of the earth? How are
these projections made? Prepare demonstra-
tion(s) for the class,

At sea or on land, how is it possible to use
the stars or the sun to determine latitude?

If you saw a constellation directly overhead,
at what position in the sky would someone else
20~ to the north of you view it?

"Using library reference books, find out how

meridians of longitude are used as an aid in
establishing standard time on earth. Learn
where the international dateline is located.
If it were 12:00 noon now where you are, what
time would it be {a) in Washington, D. C., and
(b} in Greenwich, England?



3, The Shape of the Segshore

The shape of the seashore often tells us much
about the way in which the land and sea interact.
Models of oceanic landform features are used ex-
tensively by scientists to explain how the
features are formed and how they change over time.

Relief maps are widely used to represent
physical features such as hills and valleys on a
flat paper. One kind of relief map is the
contour maﬁ. A contour map uses sets of lines to
show the shape of hills or valleys. Each line
represents the shape of the land at a fixed
elevation. Elevation 1ines are usually chosen to
represent regular intervals, as, for example, 10,
20, and 30 meters above or below sea level
(0 meters). An example of a contour map is given
in Fig. 3-1A.

Relief maps are sowmetimes raised to show detail-
ed features of landforms. Raised relief maps are
often plastic sheets that have been molded to show
hills and valleys. Molded relief maps, however,
are hard to store and are easily damaged. In this
topic we will construct another type of raised
relief map.

Activit
Interpret contour maps of oceanic landform
features.

Construct a raised relief map of a common
oceanic feature.

Hypothesize how features were formed and how
they will change over time.

A. Contour map.

B. Raised relief map.

Fig. 3-1. Examples of maps.
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Materials

Contour map
-colored pencils, pens or paint

Relief ma

-carbon paper

-ballpoint pen or pencil

-8 cardboard sheets (8% by 11 in)
-sharp knife to cut cardboard
-white glue

~paper cutter

-stapler or tape

Landform Model

-newspapers

-1 bucket with 1id

-white glue, diluted 1:1

-1 blender

-cotton cloth, about 20 x 20 cm

-1,000 m1 beaker or % gal milk container

-1 piece cardboard, about 25 x 35 cm

-1 plastic bag, gallon-sized

-% or % 1in brushes

~tempera paints (blue, green, white and black)
-containers for paints (% pint milk cartons)
-1 wooden skewer

Procedure

Read the descriptions of features given in the
Glossary (Table 3-1) below.

Refer to the Glossary as you identify features

shown on the contour maps (Figures 3-2 to 3-8).

a. Begin the identification of features in
each map by first locating sea level, the
zero (0) elevation contour Tine.

b. Locate the contour lines of features with
elevations above sea level. Study the
shapes of the contour lines and identify
and label features on the maps,

c. Locate the contour lines of features below
sea level. Elevations of features below
water are shown as negative numbers.
Identify and label features that are under-
water.

d. Using colored pencils, pens, or paint,
color code features on the map. Select
appropriate colors for features above and
below sea level. Use shading to show
changes in elevation.

Construct a cardboard relief map from one of
the contour maps.

a. Select one of the contour maps. Your
teacher will give you an 8% x 11 inch
enlargement of the map you choose. Label
and color code the enlarged map.

b. Place carbon paper under the enlarged
contour map. Position the map and carbon
paper over a piece ¢of cardboard so that
the straight edges of the map are either
parallel or vertical with the corrugation
in the cardboard.



Table 3-1. Glossary of common landform
features of the ocean and coastlines

Abyssal Plane: a flat region of deep ocean basins,

Alluvial Fan: broad, sloping deposit of material
at the foot of a canyon or mouth of a river.
The deposits may form alluvial cones.

Banks: a shallow area of the ocean caused either
by elevation of the sea floor or by submerging
of a Tand mass.

Bay: an inlet of the sea. An indentation in the
shoreline often between headlands or capes.

Cape: a large point or extension of land jutting
out into a body of water. A cape may be a
peninsula or an angular piece of land.

Channel: a deeper part of a river or harbor that
is navigable. The term channel is sometimes
used to describe a broad strait, as for exam-
pie, the English Channel.

Continental Shelf: the shallow ocean bottom
“extending outward from the edge of a
continent. It is seldom deeper than two
hundred meters. Continental shelves are
submerged parts of continents extending out-
ward to the continental slopes.

Continental Slope: the cliff front of a continen-
tal shelf. 1t is the place where the conti-
nent ends. The bottom of the continental
slope is the continental rise.

Continental Rise: the area of the ocean bottom
between the continental slope and the deep
ocean floor.

Guyot: a sea mount with a flat top. Tops are

always below the ocean surface.

Headland: a cape or other landform jutting into
the ocean. It is usually high above water
and prominent when viewed from the sea, It
gets its name from the practice of sailors
using such features to take their bearings
or "headings."

Island: a land mass less than a continent in
size and surrounded by water. The smallest
continent is Australia. A1l land masses of
lesser size are jslands.

[sland Chain: a 1ine of islands_that have been
formed by the same geological process.

Isthmus: see peninsula.

Lagoon: a shallow body of water almost completely
cut off from the sea by land or reef.

Ocean Basin: one of the large depressions in the
earth's crust that holds the waters of an
ocean.

Ocean Ridge: a long, continuous mountain range
on the ocean floor. Ocean ridges are often
of volcanic origin and a point of separation
of the-earth's crust.

Ocean Trench: a deep cut or trench in the ocean
floor, usually found at points close to where
continental shelves and ocean floors meet.

Peninsula: a piece of land almost completely
surrounded by water. It is usually connected
to a larger land body by a narrow land strip
called a "neck" or "isthmus."
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Point: the tip end of a cape, headland, peninsula,
or other iand feature jutting into a body of
water.

Sea Mount: an isolated undersea hill or mountain.
It is usually in the form of a cone.

Sea Stack: an offshore column or pillar formed

by wave erosion of the mainland. Many look
1ike islets.

Sound: a wide waterway connecting two larger
bodies of water. It also may be a body of
water between the mainland and an offshore
island.

Strait: a long, narrow water passage connecting
two larger bodies of water.

Submerged Canyon: a deep canyon cut into the

continental shelf and slope, often at the
mouth of large rivers.
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Fig. 3-3. Contour map 2.
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¢. Prepare a cardboard template for each
elevation line. Pressing hard with a
ballpoint pen, carefully trace the
elevation 1ine onto the cardboard. Trace
also the elevation line for the next high-
er contour so that later you will know
exactly where to position the higher
contour template. Label the elevation
of both contour lines. In¢clude a compass
rose showing the directions north, south,
east, and west,

d. Cut out the lower elevation 1ine on each
of the contour templates. To prevent
making siash marks in the table, place a

blank sheet of cardboard under the template
you are cutting. Work sTowly and carefully.

Try not to bend the cardboard.

e. Stack the cardboard contour templates in
order of increasing elevation. Use the
elevation Yines drawn on each template to
position the next higher contour template.
See Fig. 3-9.

Fig. 3-9. Stacked cardboard contour templates
without risers.

22

Put risers, if needed, between contour
templates to provide the proper vertical
scale for the model. Risers are scrap

pieces of cardboard that are glued together
and placed between the contour templates.
Determine how many thicknesses of cardboard
to include in each riser. To do this you
must first decide what elevation interval
is to be represented by one thickness of
cardboard. Fig. 3-10 shows an exampie.

. Fig. 3-10. Stacked cardboard contour templates

g. Glue the assembled model together. Glue

risers to the bottom side of contour
templates. Working from the lowest to

the highest elevation, carefully position
each contour template and its risers.

h. Allow the glue to dry thoroughly before
handiing the relief map or continuing
with the next procedure.

Cover the relief map with papier-mache to make
a model of the landform.



If you have not already done so, glue a
cardboard base to the assembled cardboard
relief map.

Prepare papier-mache by carrying out the
steps below. Your teacher will give you
additional information on how best to
prepare papier-mache. Here are some tips:

1) Tear newspaper into strips.

2) Soak newspaper strips in water for a
few days to soften the paper.

3) Use a kitchen blender to make a slurry
of paper and water. Keep blender on Tow
speed.

4) Filter the water from the slurry
through a piece of cloth. Wring out the
water. Save the pulp.

5) Mix pulp with diluted white glue so
that it has a smooth, medium, firm, clay-
1ike consistency. Use this firm mixture
for the first coat on the model.

6) Make a thinner, more moist papier-mache
for the finishing coats. Add a more
diluted glue solution to the pulp.

Coat the cardboard relief map with firm
papier-mache. Fill in all exposed spaces
between contour templates and the exposed
cut ends of corrugated cardboard. Make a
smooth, natural slope between the tem-
plates. See Fig. 3-11.

Dry the first coat and filling. If
possible, place model in 120°C oven for
an hour. Otherwise, use fans or lights to
hasten drying.

Apply a second finishing coat of thinner
papier-mache over the entire model. Using
a wooden skewer or the handle of a fine

brush, stroke wet papier-mache in an upward
movement to sculpt valleys and erosion
effects,

Dry the model thoroughly.

Paint the model. Color code features on
the map using shades of colors to show
changes in elevation. Allow paint to
dry.

Label the model. Identify landform fea-
tures. Include a compass rose and a
legend showing the different contour
heights. Put your name and date on the
mode].

Fig. 3-11. (Coating cardboard reiief map.

5.

Make accurate drawings of the model. Show
all of the following contours:

[1. 3 =0 o N

1ooking straight down from the top,
from the north looking south,

from south to north,

from east to west, and

from west to east.
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6.

Display each model together with its contour

map and your drawings from Procedure 5.

Summary Questions

1.

Compare a relief map, a contour map, and a
shaded contour map. Make a table showing the
relative advantages and disadvantages of each.

Discuss the physical feature you have modeled
and its relationship to the following:

aid or hazard to navigators
economic value

ecological value

aesthetic value

oo T

Using all models and contour maps, form
hypotheses to explain:

a. How were these oceanic features formed?

b. How might the oceanic features change over
time? Explain.

Make a list of examples of local shoreline
features. How well do the terms used in

Tocal names agree with the technical terms

for geological features? How would you change
the local names s$p they are technically
correct?

Define the terms listed below in your own
words. Give examples where possible:

a8. contour line
b. elevation

24

c. landform

d. model

e. physical feature
f. sea level

Further Investjgations

1. Construct an accurate relief map or model of
the local shoreline.

a. Obtain a navigation chart showing your
Tocal shoreline.

b. Using tracing paper, construct one or a
series of contour maps.

c. Carefully mark contour elevations and
latitude and longitude lines.

d. Using lines on your contour map{(s), con-
struct and assemble contour templates to
form a relief map.

e. Sculpt with papier-mache .

f. Label features and latitude and longitude
Tines.

(Note: To construct a larger map, prepare a
series of relief maps, each carefully marked
with latitude and longitude Tines. Assemble
the series of relief maps in a large box.
Sculpt with modeling mixture.}

2. Make profile bathymetric maps from your models.

a. Cover the model with peg-board or hardware
cloth covered with aluminum foil.

b. Using skewers as "depth probes,” poke
skewers into holes in even rows across the
mode]l.



Record the depth of each probe.

Graph the depths recorded for each straignt
line (called a transect) that you sampled.

The graph represents the profile of your
mode] .

4, Earth’s Moving Plates

Mount Saint Helens erupts with the force of a
giant hydrogen bomb (1980). The earth shakes,
and 200,000 are buried in China (1976}. A
tsunami is recorded moving down from Alaska which
levels the water front of Hilo, Hawaii (1960).
Unconnected events? In time, yes, but these are
events that can be traced to common beginnings.

The land masses on which we live are part of a
relatively thin, solid crust sealing in the in-
tensely hot matter of the earth's interior. Parts
of the interior act as a very slow-moving fluid
which constantly moves the crust, sometimes caus-
ing it to swell, sometimes to crack, sometimes to
rupture and spew out ash and lava. Over the past
20 years, much has been discovered about the
structure of the earth and the dynamics of these
movements. Many of the recent discoveries have
been made by cceanographers, because it is in
the deep oceans that we find much of the evidence
for regular patterns of crust movements.

Activity

Read about earth's moving parts
and carry out the operations
described.

Procedure

1. On the left side of a separate sheet of paper
draw a vertical line 12.7 centimeters long.
Keep your ruler on the 1ine. This line repre-
sents the earth's radius.
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Z. Label and mark the boundaries of each of the
following layers:

a. At 1 millimeter from the top of the line,
make a mark. This represents the average
depth of the lithosphere or the earth’s
rigid outer sheTl. The Tithosphere is
made up of the oceanic crust and conti-

nental crust, as well as of a layer of
solidified "mantlelike" material.

b. At 1.4 centimeters make a mark. This
marks the inner 1imit of a layer called
the asthenosphere. This layer is par-
tially molten and is thought to move
1ike thick tar. The asthenosphere lies
between the "mantlelike" rock in the
lithosphere above and the true mantle
below,

c. At 5.8 centimeters make a mark. This is
the inner limit of the mantle, thought
to be a rigid layer of rock resting on
the outer core.

d. At 9.2 centimeters make a mark. This is
the inner 1imit of the outer core, a
region thought to be made of a li1quid
material rich in iron and nickel. At the
heart of the earth is the inner core,
thought to be a solid mass composed
mostly of iron and nickel.

3. Each millimeter in your diagram represents
about 50 km. Record in km the distance of
each layer from the top of your diagram.

4. Table 4-1 Tists some of the physical charac-
teristics associated with each layer.
Record these on your diagram next to the
proper layer.

Table 4-1. Density and temperature data on earth.

Layer Average Average

Estimated Estimated

Density Temperature

o B W N

Asthenosphere 3.5 g/cm3 1400°¢C

Lithosphere 3.0 g/cm’ 800°¢
Inner Core 11,5 g/cm3 4800°C
Mantle 4.5 g/em® | 2250°C
Outer Core 9.0 g/om | 4000°C

Summary Questions

1.

What is the radius of the earth? The dia~
meter of the earth?

What happens to the density of the material
in the earth as depth increases?

What happens to the temperature of the mate-
rial in the earth as depth increases?

Fig. 4-1 shows a stylized cross section of
the lithosphere.

d.

Where is the lithosphere the thickest?
Where does it extend the deepest into
the earth?



b. How does the density of each layer affect
its location in relationship to other
layers?

menbat shel§ contmental
I 5C
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pronuhe

comtrngntat crst
- iy 1
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ety X 5’3:‘5-«3

Fig. 4-1. A stylized drawing of the lithosphere

and asthenosphere.

1t is thought that two forces are constantly
opposing each other within the earth. One
is the tendency of interior material to get
hotter, melt, and form currents 1ike water
heating in a pan. The second tendency is
for matter under pressure to solidify. In-
ternally, the earth is heated by the decom-
position of radioactive material. The

solid crust of the lithosphere acts as an
insulator which allows a build-up of heat
within the earth. Periodically, the crust
cracks and heat is rapidly released as lava,
steam, and ash which is pushed out over the
earth's surface and sometimes into the
atmosphere,

Over the past 20 years, a great worldwide
system of cracks in the oceanic and conti-
nental crust has been mapped and interpreted.
These cracks break the crust into sets of
plates (Fig. 4-2). Inspect the map of
crustal plates and answer the following:

a. How many plates are shown?
b. What plate are you now on?

c. Where are the boundaries of plates usu-
ally formed--on land or in the ocean?’

d. What kinds of structures are found at the
boundaries of plates?

e. What plates, if any, carry no continents?

At the boundaries of the plates several things
may occur. First, one plate may plunge be-
neath another. Second, the earth may open up,
spreading, or pushing, two plates apart. Third,
plates may slide past each other (Fig, 4-3),

Subduction is the descending of one plate under
another. It produces two primary earth
structures: deep ocean trenches where an

ocean crust slides under another plate and
great mountain chains where continental

crusts collide,

a. Locate on Fig. 4-2 the area of subduc-
tion. Are there places without trenches?
Where, if any, are they?

b. In what direction does the Pacific Plate
seem to be moving? Explain.

c. In what direction does the Australian
Plate seem to be moving? Explain.
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Eurasion

Pln- te-

Fig. 4-2,

Map of the earth's plate system,

7. We can think of subduction as the earth's
way of repossessing dense oceanic crust
material. For example, look at the Nazca
Plate. This plate plunges under the South
American Plate, at a rate of 2-3 cm per
year. As the dense oceanic crust enters
the asthenosphere, it melts and the less
dense molten material within it rises.
This molten matter periodically breaks
through the surface to form the great vol-
canoes in the Andes., Fig. 4-4 shows the
subduction of the Pacific Plate,

a. What event in the Pacific Plate might
account for the eruption of Mt. St.
Helens? ’

b. Look at a map of the Pacific. What
processes would you predict formed the

Aleutian Islands, Japan, the Philli-
pines? Explain.

8. Once the process of subduction starts it
seems to continue to pull the sea floor
downward like a giant conveyer belt. But when
piates carry continents to the point of
subduction, they collide and the process
stops {Fig. 4-5).

This stoppage has occurred in Europe where
the African Plate is colliding with the
Eurasian Plate at the Mediterranean, pushing
up the Alps.

a. Inspect Figure 4-2 and determine where
else continents have collided. What
mountain ranges are formed?
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Subduction - one plate plunges below another (A & B)
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Spreading - two plates are pushed apart (E & D) by C

Fig. 4-4. Subduction of the Pacific Plate.

Transverse fracturing - two plates slide past each
other (E & F)

Fig. 4-3. Major movements of the earth's crust

9, One hypothesis which explains why the conti-
nents act Tike a knot in the conveyer belt
can be understood by comparing the denser
ocean crust and the lighter continental
crust. The less dense parts of the ocean
crust are melted out and the remaining
crust material gets denser and denser as it
sinks into the asthenosphere. The continental
crusts are already composed of low density
material and cannot sink very far once they
reach the point of subduction. Therefore,
the process stops when a continent starts to
be subducted.

Spreading - as one boundary of a plate is

being nibbled away by subduction, the oppo-

site boundary is being formed into new plate
crust by a process called sea floor spread-

ing. We stated that there are great cracks in
the ocean floor where heat carrying molten matter
from the asthenosphere rises up and pushes the
sea floor apart. This occurs at sites called
ridges and rises. See Fig. 4-6.

a. Locate the areas of sea floor spreading
at the boundaries of the Pacific Plate
on Fig. 4-2. What direction does
spreading seem to be driving the plate?
Does this agree with Question 6b? Explain.

b. How would the relative density of new
ocean crust material formed in spreading
compare with the density of continental
crust material? Explain,
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Fig. 4-5. Progressive subduction of a plate

carrying both oceanic and continental crusts.

aestherospher e

El?, 4-6. Spreading of the sea floor as
mo

ten material from the asthenosphere breaks

rough the crust.

10. As we might expect, spreading doesn't occur

simultaneously along the entire length of

a ridge or rise. Instead, it occurs at
different sites and times. The plates tend to
break two ways--along the ridge during spreading
and perpendicular to the ridge. These perpen-
dicular breaks called transform faults allow
the plates to slip by each other. See Figure
4-7. The slippage of plates 1s often a

very jerky process. Great tension can

build up before slippage occurs so that when
it does, earthquakes result. People living
near the San Andreas Fault in California
regularly experience such quakes,

Fig. 4-7. System of transform faults near a ridge,




On Fig. 4-2, use a colored pencil to
mark in areas where great volcanic ac-
tion could be expected.

Use a colored pencil to mark the region
where frequent earthquakes could be
expected.

San Francisco is approximately 10,000 km
from Tokyo. The Japanese Trench is
gobbling up crust at the rate of 3 cm/year.
At this rate, how many years would it take
before San Francisco might collide with
Tokyo.






CHARPTER 2
FISHES

Fish are cold-blooded animals with backbones,
gills, and fins. A1l aspects of their lives depend
on the water they swim in.

The anatomy of fish is sufficiently complex to
provide enough of the structure we will find in the
study of most other water creatures. Knowing how
fish function, we can better understand how less
complex organisms function,

We will apply this knowledge of fish in other
chapters. For.example, in the chapter on inverte-
brates {animals without backbones) a chart will be
filled in for each group of animals we will study.
There is a section in this chart labeled "Phylum
Chordata." This is the animal group that includes
fish and whales, porpoises, and other mammals.

Completion of this chart will draw upon knowledge
gained in this chapter.
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1. Fish as a Food Resource

The oceans once seemed to offer a boundless
supply of fish for food, but today we know there
are limits to this supply. A few fish species are

already overfished because of high consumer demand.

In addition, much fish biomass is wasted in pre-
paring food for humans,

To help meet the growing world need for food, we
could use the edible parts of popular fish or
develop food products attractive to consumers from
underused or unpopular fish species.

Fish protein concentrate, or FPC, is an effi-
cient way of using fish and fish waste products.
FPC is a dry powder made from ground fish and fish
parts, which can be used as a food supplement for
animals. For example, it is commonly added to
chicken feed. FPC is not yet commonly used as a
food additive for humans.

Americans prefer eating fish fillets or formed
fish pieces such as fish sticks. 1In time, we may
be attracted to other fish products like fish
cakes made from underused or unpopular fish spe-
cies. Kamaboko (Japanese) and gefilte fish
{Jewish) are two types of fish cake products.

Fish cakes are made from chopped fish mixed with
sugar, salt, seasoning, and starch or eggs as a
thickening agent (binder). They may be shaped into
patties or sausages for frying, deep-frying, boil-
ing, breiling, baking or steaming.

Activity

Make fish cake from several local fish species
hat are not usually considered good eating.

Materials
-several fish, 15 cm or larger, to make 3 cups
of meat
~ingredients for one assigned recipe
-fryin? pan and hot plate
-2 tablespoons oil
=1 600 ml beaker
-1 dinner plate
-1 fork, sharp knife, and spatula
-newspaper and paper towels
-measuring spoons and cup
Procedure
1. Wash fish. Scale them or remove their skins.

(If you are using bonefish, cut off the tail
and squeeze the flesh out through the cut like
toothpaste. Bonefish flesh is not to be
filleted, nor should it be washed.)

Fillet fish {your teacher will demonstrate
how) .

Chop or dice fish into 1 cm cubes.

Place diced fish into a 600 m] beaker. Wash
flesh with tap water. Pour the water out of the
beaker.

Select one of the recipes given in Table 1-1.

Add ingredients to diced fish in beaker and
mix. For a finer textured product, place

diced flesh into a blender and add ingredi-
ents. Add cornstarch if needed to thicken.

Shape into small patties or sausages. If
desired, coat patties with flour or corn-
starch,



8. Heat oil in pan.

minutes per side.

Fry fish patties for 3-5

9., Give your cooked fish cakes to your teacher so
that samples can be distributed to each

student.

10. If you modify your recipe in any way, record

modifications.

Turn these modifications in

with your name(s) and comments.

Table 1-1. Recipes for fish cakes.

Add three cups of assorted diced or blended fish

to each recipe.

1. ONION

 t. garlic sait

1 egg, beaten
1 onion, diced

2. PIZZA

k t. oregano

1 T. onion, diced
1 egg, beaten

1 t. garlic salt

3. TERIYAKI

S0y sauce
. sugar
. ginger
. sherry
egg, beaten

aladals
.

e
5
5
%
1

4, CHIVE

1 egg, beaten

% ¢. chopped carrots
% ¢. diced chives

1 clove garlic
 t. sugar

5. VEGETABLE

% onion, diced

% ¢. carrot, diced
2 t. celery salt

1 t. cornstarch

2 t. soy sauce

1 egg, beaten

6. POTATO

gg, beaten

. garlic salt

. diced onions

. mashed potatoes
. pepper

le
Xt
17
lc
5t
1 t. chopped parsley

. MUSHROOM

5 ¢. onion, diced

. carrot, diced

. celery, diced

arge mushroom, diced
. garlic salt

. salt

T. chives

% t. sugar

c
C
i
t
t

Lt el et

Note: Salt is added to taste, and often the

cooked fish cake is dipped into a prepared

sauce such as hot mustard and soy sauce.

Sumory Questions

What are the advantages of fish cakes over
whole fish?

How is fish protein concentrate used?

What are some of the reasons for the lack of
popularity of kamaboko in the U.S5.?

What local underused fish species would you
suggest using in fish cake?

Which fishes should not be used in fish cake?
Why?
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6. What are some of the uses for unpoputar fish?

Further Investigations

1. Visit a local kamaboko factory and study the
process used in making fish cake. Find out
what local fish species are used.

2. Do a cultural/historical study on the use of
fish (e.g. Chinese, Japanese, Indian, etc.}.

3. Have a fish cake sale in your community and
discuss the advantages of fish cake with your
customers.

4. Look up information on commen food fish con-
sumed in the U.S. Obtain information on how
many tons of each fish are caught per year.
Prepare a chart ranking the fish from largest

to smallest catches. Which fish are consid-
ered overfished? What, if anything, is being
done to protect them?

5., Collect and try new fish recipes.

6. Make a study of the local fish and fish prod-
ucts in your supermarket.

7. Conduct a class survey of how much fish is
eaten each year, what kinds of fish and how
they are prepared.

8. Compare the nutritional values of fish with
other protein sources such as milk, cheese,
beef, chicken.

2, Fish Prints

Marine biologists need to be able to rapidiy
obtain and readily store accurate information on
orcanisms. Today they rely heayily on photogra-
phy. In this topic we will be using gyotaku, fish
printing, a method for recording the details of
external fish structure. It is older than photog-
raphy and less expensive. In Japan, gyotaku is a
ponular art form. Color, spatial arrangement and
clarity of details contribute to the quality of
gyotaku as art.

Activity

Experiment with ways of making fish prints.

Prepare a collection of fish prints of common
fish species.

Materials - per team of 2 students

-1 fresh fish (3-10 cm length)

-corrugated cardboard (8% x 11 in, approxi-
mately)

-pencil

~-razor blade, single-edged

-plastic modeling clay or pins

-water based ink or paint

-paper for prints (rice paper, newsprint,
paper toweling or crumpled mimeograph paper)

-brush with % inch stiff, pointed tip
-newspapers

-paper towels

-wax paper {10 x 10 cm, approximately)
-soap



Procedure

1.

Cover the surface of the table or lab bench
with newspapers.

Gently clean the outside of the fish with

soap and water,

Pat dry with paper towels.

Place the fish con a sheet of corrugated card-
board.

a.

Trace the outline of the main body of the
fish on the cardboard.

Remove fish.

Using a razor blade, cut the outline out of
the cardboard.

Place fish in the "well" formed in the card-

board.

a. Spread fins out.

b. Hold fins in place using clay and pins,

c. If desired, insert a piece of clay into the
mouth of the fish to hold it open.

Paint fish.

a. Put a small dab of paint onto a piece of
waxed paper.

b, Use this paint to brush a thin, even coat
on the fish. You may want to dilute the
paint.

c. Apply ?aint gently from tail to head being
careful not to damage scales.

d. Clean brusn thoroughly before proceeding to

Step 6.

37

6.

Apply paper to fish.

a.

Practice the technique with newsprint or
inexpensive paper. One partner positions

the paper over the fish, holding it in

place. The other partner gently uses a

gqiﬂt brush to press the paper onto the
ish.

Gently stroke paper with brush. Use the
top of the brush to reach the curved surf-
aces and to bring out features of the fins.
The harder you press, the less detail you
will get.

Remove the paper and allow the print to dry.
Sign your name on the paper.

Repeat procedure and try new techniques to make
a collection of fish prints.

Try making prints in more than one color.
Make a print with more than one fish.

Use a smaller brush to add dots of color
to the fish.

Be prepared to explain your modified
procedure to the class.

Summary Questions

1.
2.

Suggest ways that gyotaku can be used.

How does gyotaku compare with photography as a

means of obtaining and storing information?
What are the advantages and disadvantages of

each?
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3.

How did you obtain detail in your prints?

Further Investigations

1.

Prepare a set of fish prints of common fishes
or of major fish groups.

Use fish prints as an art form for wall hang-
ings, note paper, place mats and other
decorations.

Experiment with making fish prints on cloth.
Make direct prints onto cloth using fabric

dves.

a. Dip brush into water, then mix ink into
brush.

b. Apply ink in one direction, either tail to
head or in reverse.

c. Use only one color of ink as you learn
this procedure. Later, as you become more

experienced, you can experiment with
mixing colors on the print.

Prepare a sitk-screen fish print,

3, External Fish Anatomy

Anatomy is the study of the different structures
of an organism and how they are arranged in rela-
tion to each other. The external anatomy of a fish
gives clues to where and how it lives. Modifica-
tion of these body parts permits different fish
to live in different types of environments, or
parts of the same environment.

In this investigation we will seek to find what
anatomical structures are common to most fish.
Then, we will get some idea of how the shapes,
sizes, and arrangement of anatomical structures
are modified in different fish,

Activity

Identify the common external anatomical
structures of several fish.

Compare the relative size, shape, and location
of these structures.

Materigls - per team of 2 to 3

-1 dissecting pan or newspaper
-1 fish

-1 glass slide and coverslip
-1 dissecting microscope

Procedure

1. Obtain a fish. Place it on its side in a
dissecting tray or on newspaper.



first dorsal fin Table 3-1. Fish spines, rays, and scales.

[“Hase of Fish |~ First $pine in | First Ray in |~ Scale ~ 7]
Dorsal Fin Darsal Fin from middle
of body

. R R 4. [

gill cover {G)

pectoral fins pelvic fins
(P1) (P2}

Fig. 3-1. External anatomy of a soldierfish,

2. Using the soldierfish diagram (Fig. 3-1) as a
guide, draw your fish in your notebook. Make
your drawings large.

3. Identify and Jabel the structures of your fish
that are found on the soldierfish diagram.
(Some fish may not have all of the structures
found in the diagram.)

fin sbines and rays

. : . , , Fig. 3-2. Generalized drawing of a dorsal fin,
4. Identify your fish's family using the key in spine and a ray.

Topic 9 or obtain the name from your teacher.
Write 1ts name on your drawing.

5. Complete Table 3-1. b. Remove a few scales from the middle of the
. body and place them on a slide with a drop
a. Draw a ray and a spine from your fish. of water. Cover and examine them under a
Refer to Fig. 3-2 for an example of dissecting scope. Do not use lateral Tine
a spine and a ray. scales.
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c. Draw and identify the scale type. Compare
drawing with typical scales shown in Fig.
3-3.

cycloid scale ctenoid scale

Fig. 3-3. Two types of fish scales.

6. Compare your fish with the soldierfish (Fig.
3-1), and complete Table 3-2. Draw or describe
the relative size, shape, number of parts, and
location of each of the structures listed in
the table.

7. Follow your teacher's instruction in preparing
your fish for preserving.

Summary Questions

1. Refer to Table 3-2 and other drawings.

List the major distinguishing structures of the
two fish, such as shape or size of anatomical
parts.

2. How could you use Table 3-2 to distinguish or
separate one fish from the other? Explain
your answer.

Table 3-2. Structures of two fish,

Structure Soldierfish Your fish

Dorsal fin (D1/D2)

pectoral fins (P1)

Pelvic fins (P2)

Anal fin (A)

Caudal fin (C)

Gill cover (G)

Lateral line {Li)

Anus (An)
Eve (E)
Mouth (M)
. small, two roun @_
Nostril (N) openings, head
3. How would you know if the two fishes were the

same species? By "same species" we mean that
organisms are alike except for size and those
differences associated with sex and stage of
maturity.

Further Investigations

1.

Make a collection of preserved fish or fish
photographs for classroom use.

Make a key to kinds of fishes based on external
anatomy.



References 4, Fish Counts and Measurements

Goodson, Gar. 1973. The many-spliendored fishes

Researchers from the Department of Fish and Game

of Hawaii. Marquest color guide books. regularly survey fish populations to find out how
: many fish and what species are present in an area.
Norman, J.R. and P.H. Greenwood. 1963. A history They also try to find out whether overfishing or

of fishes. 2nd edition. London. underfishing is occuring and whether diseases or

pollutants such as chemicals are affecting fish
populations. To do these surveys, researchers must
be able to identify fish species by sight.

Scientists classify fish into species by counting
and measuring external structures of fish. This is
important since males, females and young of a spec-
ies may be differently colored or patterned.

In these activities you will take some counts
and measurements of different fish species and
compare them.

Activity A

Take counts and measurements of fish.

Materials

-1 large and 1 small fish of the same species
-1 metric rule

-1 dissecting pan or newspaper

-2 colored pencils
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Procedure

1.

Obtain two fish of different sizes but of the

same species.

Table 4-1.

Fish measurements.

No.

Measurement

Description

Standard length (SL)

The distance between
the most anterior part
of the head and the end
of the vertebral col-
umn, (To find the end
of vertebral column,
bend caudal fin toward
head. A crease indi-
cates end of column.)

Head length (HL)

From the most anterior
tip of head to poste-
rior edge of gill
cover,

Caudal peduncie depth

The narrowest part of
the caudal peduncle.

The distance from the
anterior margin to the

SL

eye
width

H
L caudal peduncle

Ty
// P2-A depth

greatest body depth
Fig. 4-1. Fish measurements. {Anterior is toward

3. Measure your fish.

4 | Eye width eye to its posterior
edge,
The distance from the
3 {Pelvic to anal fin base of the pelvic fin

length {P2-A)

to the beginning of the
anal fin.

Greatest body depth

The deepest part of the
body. (Estimate)

the head, posterior is toward the tail).

2. Study Fig. 4-1 and Table 4-1.

Record data in Table 4-2,

4. Take a Tateral 1ine scale count of the two

fishes. On Table 4-2 record information.

Refer to the arrows on Fig. 4-2 to start and
end your count. Lateral 1ine scales have tubes
through them.

5. Determine the fin formula of your specimen

after looking at the examples in Fig. 4-3,
Spines are indicated by Roman numerals (I, IV,
etc.); soft rays are indicated by Arabic
numerals (1, 2, 3, etc.). Count the bases of
the rays, not the multiple tips.

a. Record the number of spines in the first
dorsal fin. If rays are present, record a
comma (,) and the ray count.

b. If there is a second dorsal fin, record a
dash (-) followed by fin count (if any),
then comma (,) and ray count (if any).



Table 4-2.

Fish counts and measurements.

Measurement

Fish 1

Fish 2

1.

SL

. HL

. Caudal peduncle

depth

. Eye width

. Pelvic to anal

distance

. Body depth

{Estimate)

. Lateral line

scale count

. Fin formula for

dorsal fin

Fig. 4-2.

begin scale
count here

end scale

count here

How to count scales.

43

Single Dorsal
/-. m ]

D

Two Dorsals - Separate

Fig. 4-3. Fin formulas for different fin types.

Make a polygraph of data from Activity A and
compare with polygraphs of fish of the same
and different species,

Procedure

1. Put all your counts and measurements on a
polygraph (Fig. 4-4}. Use a different color
for each fish.

a. Put a large mark on each line showing
where each fish measurement is located on
the line. For example, if your fish's
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head length {HL) is 9 cm, put a dot on the
HL. 1ine halfway between 6 and 12. 1If HL

is greater than 18 cm extend the polygraph
1ine beyond the circle.

b. Using a ruler, connect adjacent marks with
a straight line.

2. Compare your fish polygraphs with the poly-

graphs of other fish species constructed by
other teams.

Mumbar of riys in AL iemd
or swcond dorssl
fin

FEyw wrathicm:

Yurter of lateral
Ting acales

+ audy] peduncle lepth
o
PE-A{cmi @

Fig. 4-4. Polygraph for comparing fish.

Summary Questions

1. Refer to your team's data on different sized
fish of the same species,

a. Decide what counts and measurements
remained the same as the fish grows.

Why might these counts and measurements
remain the same?

b. Decide which counts and measurements
differed as the fish grows. Why might

these be expected to be different?

2. Refer to work done with different species.
Where possible, compare fishes of approximately
the same iength. Decide which counts and
measurements could be used to tell the fishes
apart. What are they?

3. How does a polygraph help identify the dif-

ferences between different but similar sized
species?

Further Investigations

1. Visit local fish markets and make a tally of
the popular fish and the number of fish
species sold locally. Find out if the average
size of any of the fish is becoming smaller
each year.

2. Visit the local Fish and Game Department and
discuss the reasons for having or ngt haying

closed fishing seasons on many local fish.

References

Goodson, G. 1973. The many-splendored fishes
of Hawaii. Marquest color guide books.

Norman, J.R. and P.H, Greenwood. 1963. A
history of fishes. 2nd edition. London.



5.

Fishes have been swimming in the waters of our
planet for millions of years. During this time,
some body parts of fishes have changed. These
adaptations or adjustments to environments enable
them to survive and live in many different
habitats. A habitat is where animais Tive and may
be a coral reef, a sand patch, a bed of algae, etc.
This activity is designed to investigate some of
the similarities and differences in %ish body forms
and how they affect the way a fish behaves in its
habitat.

Hawaiian Fishes ~ Form and Function

Activity

Compare the external anatomy of different fish.

Predict the kind of envirvonments fishes have
adapted to and the behavior of fishes from
their external anatomy.

Materials

-5 different species of fish
-newspaper or dissecting pan

Procedure
1. Obtain a fish.

2. Identify its family using the fish key in
Topic 9.

3. Record the name above the same number on
Fig. 5-1 and Table 5-1.

4. Draw the parts listed on Fig. 5-1.

5. Use the key to fish form and function (Fig. 5-2)
as a guide.

45

a. ldentify each of the anatomical parts listed

_largest toath

Falred fhng .

Fig. 5-1. Fish Drawings.
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b. List their form and predict their function
on Table 5-1.

6. Obtain a second fish and repeat Procedures 1-4.

Summary Questions

1. Make the following predictions about your five
fishes on Table 5-2.

Table 5-2, Predicted behavior in habitat.
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Further Investigations

1. Visit the aquarium during feeding time and
make the following observations:

a. What are the principle body parts of each
fish below used in locomotion:

i. Jack (ulua)

ii. Triggerfish (humu)
iii. Scorpionfish {nohu)
iv. Eel {puhi) :
y. Wrasse (hinalea)
vi. Pufferfish (o‘opu)
vii. Butterflyfish (Eikakapu)

b. Name a fish which usually:

i. rests on its pectoral fins
ii. hangs in the water
iii. swims continuously

iv. lives in holes

y. ‘'hops" along the substrate

¢. Determine three different ways in which
fishes feed.

Determine which fish are nocturnal (in the open
at night and in holes during the day).

Visit a fishing boat or fish market and report
on the kinds of fish you see and what habitat
you think they live in,



6. Fish Watch

Animal behaviorists often study their subjects
with sophisticated equipment such as event record-
ers which resemble typewrifers. Every time an
animal does something a key is pressed down and
held there until the animal does something else.
The time taken to perform the activity is record-
ed. The object or behavior which is thought to
stimulate the activity is also noted. For
example, if two male and two female fish were
being observed, the record might look Tike Table
6-1.

Table 6-1. % Time of activity

[Activity [Male T [Male 2| Female T Ttemale 2

Courting
male 1| -- -- 25 --
male 2| -- wa - -

female 1 | 25 - -- -

female 2 | ~-- -- -- -

Fighting
male 1| -- 25 -- --
male 2} 25 - 10 --

female 1| -- 10 - -

female 2 | -- -- -- --

[Other 50 65 65 100

The table shows that male 1 and female 1 are
involved in courtship behavior. Male 2 does not
attempt to court the females but he fights with
both male 1 and female 1. This indicates that the
pair have staked out a territory (defended space).
When male 2 enters the territory, he is attacked.
Female 2 spends all of her time doing other things.

Male 1, male 2, and female 1 recognize each other.
Since female 2 didn't interact with the other
fishes, we can't say that she was recognized by
them.

In the following activities, we will be observ-
ing several different kinds of fish., These fish
react not only to other fishes but to the habitat
(type of substrate, e.g. rocks, sand, plants
that we give them. Observe changes in both their
actions and their coloration.

How an animal behaves is determined by something
in its environment that causes the behavior, The
cause is called a stimulus and the behavior a
response. In the Tollowing activities, ask your-
seif, "what is the fish responding to?" and "how
is it responding?”

Activit

Describe different fish behaviors and determine
the stimuli for these behaviors.

Materials

Listed with each option or design your own
using Aquarium Reference.

Procedure

1. Scan the Aquarium Reference.

2. Become familiar with the following behaviors:

a. Schooling is a behavior of some fish species
which orient in the same direction, move at
the same speed and keep equal spacing.
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Aggregating is a behavior of some fish
which bunch together but de not orient in
the same direction or keep equal spacing.

Aggression is threateming or fighting
others. To show aggression most fish
raise their dorsal fin spines, push out
their gill covers, open their mouths and
approach other fishes. Some fish may also
change color. If fighting takes piace,
fish may bite, stab with their spines or
blades and chase offenders away.

Aggression arises from territory and
peck order. If space is limited, fish

may defend smaller areas than they normally do.

Courtship occurs during mating activities

and differs from species to species.
Behaviors inciude abnormal swimming patterns .
like wriggling and shuddering, close con-
tact between mating fish and changes in
color. The male usually takes the lead
during courtship and the female during
spawning.

Food searching is a behavior that varies
from species to species. Among some fish,
food searching may look like random hunt-
ing and pecking. Other fish may lie in
wait to dart out and snatch passing prey.
Some fish feed alongside other species

and some do not. Some feed in schools and
some feed alone.

Topic 5 lists many examples of feeding
types.

Swimming, hovering, perching, or lying on

the bottom are behaviors which differ from
species to species. Note which fins are
used, and if the animal swims all the time
or stays on the bottom most of the time.
Observe what fins a fish uses to move, how
they are modified and how the fish is
oriented. Some fishes such as shrimpfish
spend most of their time in a head down -
position while others such as sea horses
remain in a head up position.

Camouflage and mimicry are behaviors some
fish use to disquise their presence in the
environment. A fish that behaves like
seaweed mimics seaweed. A fish that

uses changes in bodily appearance to blend
in with coral, rocks or sand is camouflag-
ing itself. Fish use both mimicry and
camouflage to disguise their appearance,

Advertising coloration and other behaviors
occur in many fish. A fish with dangerous
spines of a different color from the rest

of the body is advertising this to others.
Poisonous fish may also advertise by

their bright coloration.

Cleaning wrasses attract fish to be
cleaned by advertising coloration and
dances. Fish wanting to be cleaned use
advertising behavior to signal that they
want to be cleaned,

Habitat preference is behavior related to

where a fish lives. Some fish require
substrates such as sand or rocks. As you




3.

put objects in the tank, which one does
your fish respond to? It may avoid or
remain near, on, or under the object.

Some fishes are very specific about what
they require. Certain butterfiyfishes
must have a particular coral to eat; other-
wise they starve.

Learning is a behavior which fishes
engage in to recognize objects and other
animals in their habitat. Many fishes
can easily be trained to come to a speci-
fic place to receive food and can learn
how to navigate mazes.

Fright in fish is a reaction similar to that
of humans and involves moving away, color
change, and other behavior.

Work in teams of two to four.

Each team should design a behavioral experiment,
select, or modify one of the suggestions which
follow and submit the design to your teacher.

d.

d.

Review the literature on the fish you
have chosen to watch.

Explain what you want to do, what is to be
observed or what hypothesis is to be tested.

Expiain how you will do it. What are
your methods?

Estimate the time it will take to do it.

Secure aquaria, pumps, filters, substrates,
and water as needed.

Set up the aquaria as needed.

7. Carry out the experiment or observations.
Keep records of the results. What happened?

8. Write a report describing your observations,
hypothesis, methods used, results, and the

literature reviewed. Do the results validate
the hypothesis?

9. Give a verbal report to the ciass.
References
Breder, C.M. and Rosen, R.E. 1966. Modes

of reproduction in fishes. WNat. Hist. Press,
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1, Tilapig in an_Aguarium.

Materials

-1 20 gallon established aquarium with 6
4-6 cm tilapia.

-1 bare 20 gallon aquaria with fresh water
-1 fish net

-1 needle

-1 stop watch

Directions

1. Observe tilapia in an aguarium
and fill in Table 6-2.

51
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Table 6-2.

Behavior and coloration of tilapia.

_Respiration rate

. _Coloration _ | .

Ty _Established Aquariwm | Bare Aguarium _|

Oorsal fin

Swimming

Other behavior

, e @

51it_tail

a. Use a stop watch to time the respiration
rate. This is the number of times the
gill covers or mouth moved per minute.

b. What color pattern{s) do your fishes have?

c. Dorsal fin. Is this fin raised or lowered
most of the time?

d. Swimming. Time a fish for one minute.
How many seconds is it engaged in swim-
ming?

e. List what other behavior you see.

Questions

1.

How does the behavior and coloration of the
tilapia in the bare tank differ from the
tilapia in the established tank?

What stimuli caused the behavioral color
change?

What stimuli do tilapia react to?

2, Guppy Courtsnip Behavior.

Materials

-1 small aquarium with fresh water and a few
-floating plants

-1 male and 4 female guppies

-1 plastic or glass partition

Directions

1. Put a partition into the aquarium.

2. Put the guppies into the aquarium the day
before doing the experiment. Isolate the male
from the females. See Fig. 6-1.

3. Observe the male. List four ways in which you
can tell the difference between male and female
guppies. Outline his color pattern in Fig.
6-1-

Fig. 6-1. Male quppy

4. Raise the partition. Observe the guppies and

record your observations in Table 6-3.

a. Color change. Does the male's color
pattern change when he is actively
courting? How?



b. Fin action. Which of the male's fins
moves differently when he is courting and
not courting? What is the function of
these fins?

¢. Body action. How is the body held when
the male is courting? Is this different
from a normal swimming position?

d. Position with respect to the female.
Where is the guppy located when he is
courting? Is he anywhere in the tank or
does he attempt to be in a specific loca-
tion with respect to the female?

e. Does the male single out a specific female
or does he court them all?

f. MWhat are the responses of the female to
the courting male?

Table 6-3. Guppy behavior.
|4 Colgr chamey
k. Fin agtion
g. Boay actiom
1 d. Potition with respeci to femgle
| ] ! femyl 5 w 2
f. Femple responzes

5. Observe the sequence of events in guppy
courtship and spawning. Look for:

a.

b.

Who initiates courtship?

What is the response of the female to the
male?

What is the response of the male to the
female?

Question

1. Describe or draw a diagram of the sequence of
events in quppy courtshin behavior. An
example of fish courtship is given in Fig. 6-2.

-
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Fig. 6-2. Courtship behavior stimuli of cichlid fish.

3, Learning to run @ maze,

Materials

-1 maze
-2-3 small, easily kept fishes
~-food

Directions

1. Design and construct a simple maze for your
fishes. A fish maze may consist of a series
of partitions with holes placed in the aquarium.

2. Every day, approach one end of the maze and_puf
food there; stand near the end until fishes
eat the food.
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Record in your record book the number of days
it takes for your fishes to go directly to the
end of the maze at feeding times.

Feed the fishes at the same end of the maze for

one week. Continue to stand at the end until
the fishes have eaten.

The following week, put food at the other end
of the maze. Record as in Directton 3.

Repeat Direction 4.

The following week put food at the other end of
the maze, but stand at the end where you were
the week before.

Continue to do this for a week and record the
number of days it takes for the fish to go
directly to the food with you standing on the
other end of the maze.

Questions

1.

Is the learning process faster or slower when

you feed the fishes at the one end of the
maze than the other end?

Does your presence at one end of the maze and
the food at the other end result in the fishes'
learning speed being different than when food
js given in your presence?

4, Damselfisn Territoriality
Materials

-1 cora1.head

-1 aquarium with sand, sea water and one
coral head

-6-12 similar sized moon damselfishes in a
holding tank

Directions

Place one damselfish in an aquarium with
coral head. Record its behayior for 5 minutes.

On the next day, record its behavior for one
minute; then place another damselfish in the
aquarium. Record what happens.

If the fishes ignore each other, add another
fish every 5 minutes until they interact.
Record the behavior.

Add another coral head to the aquarium,
Record what happens. Record where the damsel-
fishes are on the next day.

Questions

1.

How many fish have to be added for an interac-
tion to take place with one coral head?

What happened when a second coral head was
placed in the tank?

5. QOther suggestions.

1.

Observe spawning fishes 1ike Hawaiian gobies
ar fighting fish (Betta). Describe their
behavior and record the stimuli that trigger
this behavior.



Observe fishes by snorkeling or diving. Are
male and female color patterns different? Do
they behave differently?

Determine the extent of a fish's territory
and change the rocks around. Then recalcu-
late the territory size and shape. Remove
rocks from or put rocks into the territory:
and record the changes.

Experiment with different damselfishes and
cover items Tike coral or rocks to determine
their preferences,

Observe damselfishes in the field and deter-
mine their preferred habitat and territory
boundaries,

/. Internal Fish Anatomy

In this topic we will study the internal anatomy

of a fish,

Activity

Read the material, fi1l in the figures and tables,
and answer the Summary Questions.

Like humans, fish are made up of parts called
organs arranged in interacting groups of systems.

€ systems react together to enable a fish to
function. We will investigate 10 of these systems,
Table 7-1 1ists these systems, along with some of
their functions and organs. '

spine

fin support

.....

fin support
spine

Fig. 7-1. Diagram of an x-ray of a fish skeleton.
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Table 7-1. Body systems.

Systam Organs T Tunc TTom

1. Smletal systa hnlT, ribs, vartebras, fin Toppert and
supprts, W01 protaction

2. Muescular syitEm muscles . tomions nrvent

3. Digestive systam —th, » SEOmBCH ., food precaasing
intusting, sy, digmtive
plandy

4. Ampiratory syitam 1 fHlemests, fT] cover, gas oxyger aml Carims
bladdar dioxide exchangs

4. Circulatory sywtem heart, artertas, capfllaries, body Twie
veing, Daphatic ducts, dlood transport

§. Excretery nystem kidnay, blmites, 1811 M lamtwts, wasta removal
urinary duct fron tlood

7. Mervowi systam beain, spinal cowd, nerves. eyes, sanging, coord!-
taiancing mechantsm, srethers natien ar

’ recapinry, mstrils, tasts reapense

recaptors Asd sars

4. Regroductiva system owkrtes, testes, ganitil suct m:nl of the

spacies
9. Integueentary tystem | scalme, fkin pretection
10, Endoerime system horeone producing glands charical rogulation

Skeletal system

The system that most determines the body shape
of a fish is the skeletal system. Some of the
hard organs of the skeletal system house and
protect softer organs related to other systems.

A diagram of an x-ray of a fish is shown in
Fig., 7-1. The fins are supported by bones, and
the body cavity is protected by ribs. The skull

houses the eyes and nostrils and protects the
brain. Observe that the vertebral column, or
backbone, is not a solid rod but a string of small
bones or vertebrae. When muscles are attached,
the bones act as levers to move large parts of
the body.

Table 7-2 gives a quick overview of the skeletal
system. It 1ists the organs and their functions.

Table 7-2. 0Organs and functions of the skeletal
system.

[ Skeletal system B
general function Organs Organ functions
Skull Protects brain, eyes,
nostrils, supports jaws
Ribs Protects body, glves
shape
Support and Yertebrae Levers for moving wuscles,
protection central support beam of body
Spines Protection

Fin supports Swimming, body shape

Muscular System

Muscles are special organs that have the power
to contract, or shorten, and to relax, or extend.
Fishes move by contracting and relaxing their
muscles. Like humans, fishes have three types of
muscles:

1. Skeletal muscle moves the skeleton and the
entire body.

2. Heart muscle moves blood.

3. Visceral or smooth muscle lines the tubes of
the body and moves food and blood in these
tubes,




Skeletal muscles are called voluntary because
they move only when the thinking part of the brain
signals them to move. Animals must Tearn how to
contract and relax their skeletal muscles properly.

Pairs of skeletal muscles are connected to the
bones. As a muscle contracts, it pulls the bone
it is connected to towards it. As it does so, the
other muscle relaxes and the bone moves away from
it. For example, a fish wiggles its tail from
side to side to move forward by first contracting
the muscles on the right side of its tail, then on
the left side.

muscle bands

Fig. 7-2. Fish voluntary muscle pattern.

Visceral or smooth muscles are called involuntar
because to move they do not need signals from the
thinking part of the brain. Smooth muscles con-
tract and relax in waves to push food in the
digestive tract from the mouth to the anus,

The heart muscles are also involuntary. By con-
tracting and relaxing, they create a pump-like
effect to move blood through the body.

Fil1l in Table 7-3, using the information from this
reading,

Table 7-3. Muscles and their functions.

Tuscular Systen

General Function Muscles Organ Functions
Skeletal
Heart

R L

Digestive System

The digestive system's function is breaking down
food into molecules small enough to pass into the
bloodstream. These molecules are distributed to
the other organs of the body. Undigested waste
products are eliminated through the anus.

There are three main parts to the digestive
system: the mouth, the digestive tube, and the
digestive organs and glands.

1. Food first enters the body through the mouth,
From here food is either swallowed whole, or
it is first broken into smaller pieces by the
teeth. In.swallowing, the tongue helps push
food into the digestive tube. Gill rakers
(Fig. 7-4) prevent food from escaping through
the gill covers.

2. As food passes from the mouth and gharﬁnx into

the digestive tube, it first goes to the
stomach. Here food is partially digested by
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chemicals similar to those in the human
stomach. This partially digested food moves
into the intestine where other chemicals
complete the digestive process. Digested food
and water are absorbed into the blood through
vessels in the intestinal walls. Undigested
solid waste moves along the intestine and is
passed out of the body through the anus.

WATET LFAVES \;
'. Gl SPEMNEE . C

sromacH

TP ANVS

TNTRSTINE

. 7-3. The digestive system of a fish.

The chemicals used in the digestive process are
produced by digestive organs.

Two such organs are the liver and the
pancreas. The liver, a large, red organ, can
easily be seen in a fish dissection. The
liver's bile breaks fats and oils into smaller
particles which are absorbed through the wall
of the intestine. The pancreas, and Otner
small digestive organs lining the intestines,
produce digestive juices.

_ Fill in Table 7-4 using the information from this

reading.

Table 7-4. Organs and functions of the digestive
system,

[ Ulgustive Systam
| Gktacnl fungsicn

Orowrs

i

Respiratory System

The main function of the respiratory system is to

take oxygen into the body and to pass carbon
dioxide {COp) out of the body. The fish's chief
organs for doing this are gills. Each gill has
many gill filaments which contain a vast network
of capillaries (very thin, small blood vessels).

Water is brought into the fish's mouth and
forced over the gills. As this occurs, blood in
the capillaries of the gill filaments picks up
oxygen from the water and passes carbon dioxide
into the water. The blood carries the oxygen to
the body, the water is flushed out through the
gill slits, and the process is ready to be
repeated (Fig. 7-4).

Oxygen in the body combines with food molecules
to release energy for the body's needs. This
chemical process (nutrient oxidation) breaks food



down into water and carbon dioxide, releasing
energy in the food molecules. The oxidation of
sugar is an example of this process:

6 0p + CgH1206 — 6 CO2 + & H20 + Released
Energy

gi1) raker
g1171 filament

gilt arch

Fig. 7-4. One gill of a fish.

The gas bladder (if present) is considered
another part of the respiratory system. It is a
silvery sac which 1ies below the kidney. The
amount of gas in the bladder determines whether
the fish can rise, sink, or maintain its level in
the water. Blood vessels supply gases used for
its inflation and remove them during deflation.

Because of the slow movement of gases into and out
of the bladder, fish caught at great depth and
suddenly hauled up and into a boat are often
bloated because of increased gas pressure in the
gas bladder. This normally results in internal
injuries to the fish. Therefore, fish collectors
bring their fish up in stages to give gases enough
time to Teave the gas bladder. Most fishes which

sit on the bottom do not have a gas biadder. How-
ever, for those fishes that spend most of their
time in open water, a gas bladder is extremely
important.

Fi11 in Table 7-5 using the information from this
reading.

Table 7-5. Organs and functions of the respira-
tory system.

" ‘Respiratory System

| General Function 1 Urgans Organ Functions

Circulatory System

The circulatory system is a transportation sys-
tem for body fluids. It is made up of four kinds
of organs:

1. The heart is the pump of the system. In the
fish it 1s a muscular organ with two
chambers and pumps blood to other body
parts.

A fish's heart Ties just under its gills
(Fig. 7-5). Blood, which is low in 0, and
high in CO,, flows from the heart to the gill
filaments where C0s is released and 0, is
picked up. From tﬁe gitls, the now oxygen rich
blood moves forward towards the brain and back-
wards towards the digestive system. Food
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absorbed from the digestive system is carried
in the blood and distributed throughout the
body.

Sor " "

%

Fig. 7-5. Parts of the circulatory system.

2. A network of tubes called arteries, veins,
and capillaries connect the pump with all
parts of the body. Collectively, these make
the organs called the blood vessels.

3. Another organ is a group of tubes called
1ymph ducts which pick up the liquid that seeps
out of the vein-artery system and coliects in
various parts of the fish's body.

4, The blood may be called an organ. It is made

up of plasma and blood cells. Water, CO,s
hormones, food, waste materials, and othgr
compounds are part of the plasma. There are
two main types of blood cells, red and white.
White blood cells are disease fighters. Large
concentrations of these white blood cells may
be found around infected wounds {e.g., pus is
dead white cells). Red blood cells carry 0
from the gills to the other cells in the boay.

The circulatory system is much like a canal sys-
tem. It carries the fuel and building material
necessary to maintain and allow the (body) to grow
and be repaired; it transports police (white blood
cells) to wipe out disease invaders; and it acts
as a sewer for the bodily wastes.

Fi11 in the Table 7-6 using the information
from this reading.

Table 7-6. The circulatory system.




Excretory System

The excretory system is the filter system for
the blood. The fish kidney looks 1ike a single,
fong, dark red organ which lies just under the
vertebrae. The blood carries a host of waste
products to the kidney (Fig., 7-6). The function
of this organ is to filter waste materials from the
blood. A1l reusable materials such as sugars,
salts, water, etc., remain in the blood. Only the
wastes and other selected materials are removed by
the kidney and pass down the urinary tubes to the
bladder, if present. Wastes are finally excreted
from a hole behind the anus. Eqgs or sperm from
the ovary or testis leave also from this opening.

The blood also carries waste products to the gill
filaments. CO2 is excreted by these organs and
also salt if the fish lives in seawater.

Kidney

bladder

intestine

anus cloaca

Fig.fz-ﬁ. Excretory and reproductive systems of
a_fish.

Fi11 in Table 7-7 using the information from

this reading.

Table 7-7. The excretory system of the fish.

[ Excretory System
_. General Function Drgans

Organr Functions

| —

MNervous System

A.

Brain, Spinal Cord and Nerves

The nervous system is a complex group of
organs that start, stop, and control most
processes of the body. It operates and is
built Tike a city telephone system, with a
master computer in its central office., This
analogy is a good one because both the tele-
phone system and the nervous system are
electrical systems. Both communicate through
electrical impulses. There are three primary
parts to the nervous system:

1. The brain, 1ike a central computer, receives
information from sense organs that monitor
the environment around the fish and the con-
ditions within the fish. The brain interprets
this information and sends response commands
to the body.

2. The spinal cord, like a telephone trunk line,
connects the brain with the rest of the body.
Composed of a long bundle of nerve fibers,
the spinal cord receives and transmits nerve
impulses between the brain and the body.
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3. Peripheral nerves, like branch lines, lead
from the spine or from the brain to body
organs. The nerves are either sensory or
motor nerves. Sensory nerves carry infor-
mation from the body to the spinal cord or
brain. Motor nerves send commands from the
brain or spinal cord to the body.

A third group of nerves, connector nerves,
carry nerve impulses between sensory and

motor nerves.

The brain of fishes is divided into five
parts. Each part has a different function. At
the very front of the brain are two bulb-Tike
structures sitting side by side. These are
called the olfactory lobes, and receive informa-
tion about chemicais in the water from the
nostrils.

Behind the olfactory lobes are two lobes
called the cerebrum., The cerebrum controls the
voluntary muscles. Fish also have a limited
memory because they can learn simple tasks and
adapt to new environments. In higher animals,
such as man, the cerebrum is the center for
thought processes.

The two lobes, just behind the cerebrum, are
the optic lobes. Large nerves connect the
optic Tobes to the eye. Right behind the optic
lobes are two bulbs called the cerebellum,

Here is centered control of the involuntary
muscles.,

Finally, the medulla 1ies underneath the
cerebellum and connects the rest of the brain
within the spinal cord. One of its functions
is to control the flow of hormones in the
fish.

Label the parts of the moray eel brain in
Fig. 7-7.

Fig. 7-7. Moray eel brain.

Fi1l in Table 7-8, listing the parts of the
nervous system and their functions.

Table 7-8. Parts of the brain, spinal cord and
nerves.

| Geera) Fupcrion | o orcan_fsnsxiom |

| — i

B. Sense Organs

Fish have a number of sense organs to monitor
changes in their enyironment and in their bodies.
This group includes the eyes, nostrils, ears,
and lateral lines. Also every part of
each organ has sensory nerve endings.



Fish eyes closely resemble those of humans
(Fig. ;-8). The eye has a lens which
focuses and makes a clear image of the

the object on the retina. The retina is a
1ight sensitive surface which is rich in
nerves. These nerves are connected to the
optic lobe of the brain. Fish have no
eyelids, therefore the eye is constantly

optic nerve

1.

open.
Fig. 7-8. Fish eye.
2.

Fish have two inner ears imbedded in
pockets of their skulls. They are used
for balance and detecting sound vibra-
tions. Sound vibration detection cor-
responds to human hearing.

The semicircular canals in the innper ears

are shown in Fig. 7-9. They act much like
the bubble in a carpenter's level. When

-the fish rolls right or left, tail up or

down, the Tiquids and otoliths (earstones)
push against hair-like nerve endings which
line the canal. When these nerve endings
are moved, messages pass to the brain.

semicircular
canal

otolith

Fig. 7-9. Fish inner ear,

Fish haye a row of nerves running along both
sides of their bodies which register changes in
pressure. These sensing nerve endings are in

a system of tubes. When water pressure changes
or when the fish enters a current or another
fish swims by, water moves faster through the
tubes and activates the sensory nerve ending. This
system of tubes and pressure sensing nerve
endings is called the lateral line. As can

be seen in Fig. 7-10, the lateral line runs
laterally down the length of the fish and

also appears as pores on the head.

Touch and taste receptors are found in
many parts of the body. Taste receptors
of most fishes are located in the mouth
but some fishes have touch-taste bud
combinations located on their fins or on
other special structures.

Fill in Table 7-9 using the information
from this reading.
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e e i

T

lateral line tube with pore

Fig. 7-10. A) Location of the lateral line along

Table 7-9. The sensory system of the fish,

| imerdl Fpctien | ormes | orees femviw |

the sides and head of a fish.
B) Section of the lateral 1ine.

| ' o

Reproductive System

Reproduction is the process by which organisms give
rise to offspring. Fishes develop when eggs from
the ovaries of a female are fertilized by a sperm
from the testes of a male. These eggs develop into
free-swimming individuals.

Fishes have numerous ways of spawning (shedding
eggs and sperm). In the ocean, most males and
females simultaneously shed their eggs and sperm
into the water. However, some female fish lay eggs
on the bottom where the males fertilize them.

Other fishes, including sharks and guppies, ferti-
lize the eggs internally and the female gives birth
to living young.

Several groups of fishes have caught the atten-
tion of the public because they are able to change
their sex. Some of the most interesting fishes of
this group are the Pacific cleaner fishes. A male
cleaner fish often has harems, or groups of females
which remain with him. If a male disappears from
his harem, the dominant female assumes the role of
the male and in a week, her ovaries become functional
testes. Some of the fish which change sex also
change their color patterns and behavior.



Although there are some fish that can change
their sex, at any given time, the gonads {ovaries
or testes) of these fish contain either eggs or
sperm, not both. Therefore they cannot fertilize
their own eggs.

The gonads of the fish are connected to a
genital duct through which eggs or sperm pass to
the outside. For a diagram of the gonads and
their ducts, see Fig. 7-6.

Fi1l in Table 7-10 using this reading as a
guide. List both the testes and ovary.

Table 7-10. The reproductive system of the fish.

Teproductive Systam
General Function Organs Organ Functions

o

Integumentary System

The integumentary system includes the skin or
epidermis, the scales, and the dermis, out of
which the other two grow.

Most fishes have a covering of scales which grow
out of the dermis to protect them from mechanical
damage when they bump into things or fight with
other fishes (Fig. 7-11). A few fish, such as
catfish, have no scales.

Fishes also have pigment grains in their epidermis.
Pigment grains give the fish color. Expansion
or contraction of colored grains in pigment cells
are controlled by hormones (see Endocrine System)
and nerves.

Mucous cells are found in the epidermis of most
fish. Mucus is the sticky material, like unjelled
jello. It helps the fish slide through the water.

epidermis Mucous cell
scale

Fig., 7-11. Fish epidermis.

Fill in Table 7-11 using the information from
this reading.

Endocrine System

In addition to control by the nervous system the
fish has a chemical control system called the
endocrine system. The chemicals that operate in
this system are called hormones. Hormones are
produced in ductless glands that are built around
great beds of capillaries. Hormones can pass
rapidlx into the capillaries and bloodstream.
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Table 7-11. Parts of the integumentary system and kidney lateral line
their functions. ovary Tiver
anus vertebrae
T -
(R Lo [ e siomet, Ll bladder

i
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Hormones can speed up body processes, slow them
down or start new ones.

Common hormones perform the following kinds of
functions:

1. regulate growth rate Fig. 7-12. Internal anatomy of a fish:

2. regulate sex characteristics

: . ) References
3, regulate the capacity to respond to 1ight '
and stress. Marshall, N.B. 1965. The life of fishes. Werden-
feld and Nicholson.

A1l Systems
Normap, M.R. and P..Greenwood. 1963. A history of
Figure 7-12 is a drawing showing the internal fishes. 2nd Edition London.

systems of a fish. Parts of every system, except
the endocrine system, are visible. MWrite the
organ and system to which the organs 1isted below
Eeiong and draw an arrow from your label to the
picture of that organ on the fish diagram.

rib blood vessels
fin support tongue

skull bone nostrils
gills heart
intestine muscle



8. Dissection of g Fish -1 pair scissors and 1 single edged razor
blade
-newspaper cr dissecting tray
A1l living things are made up of one or more -pins
cells. Groups of similar cells form tissues, such
as muscle and bone. Groups of tissues form organs.

Body organs perform specific functions. For

-1 heat source
-1 model or diagram of a human

example, the eye is an organ in which all the dif- -1 pot
ferent tissues operate together to provide sight.
Groups of organs form systems. Procedure

Systems perform more general functions. For 1. Open the fish to expose its organs.
exampie, the eyes, ears, taste buds on the tongue, '
the smelling part of the nose, and the feeling part a. With razor blade or scissors make a shal-

of the skin all make up the system that helps each
of us sense the world. Each part of this system is
connected by nerves to the brain. The brain is the
body's control center.

In this activity, you will examine the internal
anatomy of a fish. Refer to Topic 7, Internal Fish

Anatomy, for information and drawings you will use
as you dissect your fish.

Activity

Examine a fish internally and identify organs
of the different systems.

Compare the organs in a fish with those of a
human.

Materigls - per team of 2 or 3

-1 microscope and dissecting microscope
-prepared slides of human and fish blood
-1 fresh fish

-1 probe

-1 stide

Tow cut (avoid cutting into organs)
through the skin of the belly of the fish.
Start at the anus and cut toward the
throat.

Expose the organs in the body cavity (see
Fig. 8-1) by cutting the skin upward in
front and back of the body cavity. Snip
away this skin flap or pin the fish to a
dissecting pan or newspaper.

Fig. 8-1.

Exposing the internal anatomy of a fish.
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2. Draw an 8" outline of your fish and its body
cavity on a piece of 8% x 11 in paper.

a.

Write the fish's name and your team's names
above the drawing.

Refer to Topic 7.

Draw in and label as many of the organs

as you can see of each organ system listed
in Topic 7. Be sure to draw the organs that
you observe in your own dissected fish, not
those shown in the examples in Topic 7. The
organs of different fishes vary in shape,
size and location.

Compare the fish's organs to those of the
human body by looking at a labeled model
of a human.

3. Study the digestive system.

d.

Draw, label, and describe the functions of

the organs listed below on your fish outline:

stomach teeth
liver tongue
intestine pharynx

Identify and label the three kinds of body
openings to the outside.

Cut open the stomach and remove somé of the
food, (if present). Put a small amount on
a slide, add a drop of water and observe
under the dissecting microscope. Attempt
to identify the contents. Another animal,
plant, or both?

d. Examine your fish's teeth. [f they are

small, pull or cut one or two out and view
under a dissecting microscope. Draw a
tooth in your notebook.

Study the reproductive system.

a. If your fish has well developed ovaries

or testes, the ovaries will be filled with
tiny pinkish or yellowish eggs or the
testes will contain white fluid. Draw and
label either the male or female organs on
your fish outline.

b. Locate the opening through which eggs or

sperm pass into the water. Draw and label.

Study the excretory system. Draw and label the
kidney in your fish outlime.

Study the respiratory system.

a. Remove a gill arch with its attached fila-

ments and rakers and draw it on your diagram.

Label the following:

{1) gill raker
(2) gill filament
(3) gill arch

b. Determine whether or not your fish has a
gas bladder. If it is present, draw and
Tabel it »n your diagram.

Study the circulatory system.

a. Draw the heart in your fish outline and
label it.

b. Locate and draw in the fish's large blood
vessels that (1) lead to the heart and
(2) that lead from the heart to the gills.



10.

11.

c. Obtain slides of fish and human blood from
your teacher. Locate and draw a white blood
cell. Draw a few red blood cells from fish
and from humans in your notebook.

Study the muscular system.

a. Tease away some of the skin from the area
near the base of the tail. Observe the
muscles and silvery tendons.

b. Draw the muscle pattern near the tail on
your diagram,

Study the skeietal system.
Draw in

a. Examine the backbone and ribs.
your notebook.

b. Observe the bones which support the fins.

¢. Cut off the head and ptace it in boiling
water for about five minutes. Pour off the
water and let the head cool.

d. Pull back the skin, remove any muscles and
fat tissue and examine the skull. Draw in
the details on the skeletal diagram.
Record which parts are hard and which are
flexible.

Study the nervous system.

a. Carefully cut away the top of the skull
and expose the brain, . Locate some of the
nerves leading from the brain. Draw and
label.

Study the sensory system.

@d. Remove an eyeba1l.

Carefully cut it in
half and draw and Tabel the parts in your

notebook.
b. Separate the brain from the skull. Locate
and remove the inner ear stones. Draw the

largest stones in your notebook,

Summary Guestions

1.

10.

What do we mean when we say an organism is made
up of different systems?

Is your fish an herbivore (plant eater) or a
carnivore (animal eater)? How did you deter-
mine the answer?

Was your fish a male or female?
make this determination?

How did you

How were the red blood cells of fish similar
or different from those of humans?

Gi11 rakers belong to what system?
your answer.

Explain
Why don't bottom living fishes need gas blad-
ders?

When you eat fish, what system are you -
eating?

What is the function of gill filaments?

Are the bones which support the fin attached
to the backbone? Why or why not?

What sense organs do fish have that humans
don't have?
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11. Why does a fish, which is supported by water,
Qeed a backbone? Why are there so many bones
in the backbone?

12. How does a human skeleton differ from a fish's?

Further Investigations
1. Make mounted fish skeletons.

2. Trace the path of blood through the circulatory

system and of food through the digestive system.

3. Make a list of fishes with special kinds of
SeNnsSory organs.

4. Dissect several types of fishes and find out
the differences between them.

5. Make a collection of scale types and otoliths
or skulls of local fish species.

References

Marshall, N.B. 1965, The life of fishes.
Wedenfield and Nicholson.

Norman, M.R. and Greenwood, P. 1963. A history
of fishes. 2nd Editon, London.

9, Fish Clgssificgtion

Scientists classify and name organisms to make it
easier to quickly identify them and to show rela-
tionships among them. We know most organisms by
their common names.

While common names are useful, confusion may
arise when speakers of different languages or even
speakers from different regions of the same culture

try to talk about the same organism. Here are some

reasons why ccnfusion may occur:

1. A language may contain several common names
for a single organism, especially if the
organism is important in some way. In
Hawaiian there are 12 common names for one
species of mullet which was an important food
fish.

2. A language may have one common name for
several similar but different organisms. In
Hawaiian there are only 2 common names,

kikapu and lauhau, for 15 species of butter-
flyfish.

3. Common names differ from language to language.
One species of butterflyfish is called the
"racoon butterflyfish" in Hawaii, the "cross
butterfiyfish" in Polynesia, and the "red-
striped butterflyfish” in parts of Melanesia.

4, Common names sometimes contain misleading
descriptive words. "“Starfish," "silverfish,"
and "crayfish" are not fish.

To help people all over the world to talk about
any given organism, scientists have developed a



2-name, or binomial system, for identifying organ-
isms. Speakers of all languages can use this sys-
tem to talk with each other about organisms.

Scientific names are written in Greek or Latin
with latinized endings. A scientific name
includes the genus name written first with its
initial letter capitalized, and the species name
written second and not capitalized. For example,

the scientific name of the "racoon butterflyfish"
is Chaetodon lunula which may be written as you
now see jt with both names underlined, or it may
be in italics like this without underlines,
Chaetodon lunula.

When a new organism is identified, its name is
entered in an international registry of organisms
used by scientists worldwide. Further, a speci-
men of the new organism is carefully described
and placed in a museum.

Biological classification is used for placing
organisms into an orderly arrangement of easily
identifiable groups. The basic unit in biological
classification is the species. A species is defined
as a group of organisms that can breed and produce
fertile offspring. Members of each species share
the same features. Two or more species which
cannot produce fertile offspring but which have
- somewhat similar features are grouped together to
form a genus. Genera (plural of genus) are grouped
together to form a family. Groups of families form
an order, groups of orders form a class, groups of
classes form a phylum and, finally, groups of phyla
form a kingdom. The characteristics of a kingdom
are common to all organisms in that kingdom. The
organisms making up a species have all the charac-
teristics of their kingdom, phylum, class, order,
family, and genus, but they also have features that
are unique to the species.

The "racoon butterflyfish" is classified
as follows:

Kingdom. ........cooiiiiiiiniinn Animal

Phylum. ... ... .. i Chordata

A58, inierierevenrenvonansass Osteichthys
Order. ot i i i Perciformes
Family. . ...t Chaetodontidae
BBNUS . ot vt v mnr b ai i Chaetodon
SpeCiesS . i ii et Tunula

Normally, easily seen external features like
hq1r or scales are used in classification. Some-
times, not easily seen features of internal anatomy
need to be used. For example, the presence or
absence of a cavity around the gut is a classifica-
tion feature for worms.

—ACLIVIitY A

Identify species of butterflyfish using a
classification key.

Background

There are over two million named species of
organisms and probably hundreds of thousands of
them yet to be named. To distinguish one organism
from another, modern biologists place them in a
classification system of easily recognizable group-
ings of similar organisms and make keys so that
these organisms may be identified. A key helps us to
quickly sort through organism descriptions until we
find one that matches the organism we wish to
identify.

The following key, Fig. 9-1, in the form of a
diagram shows different descriptions to identify
vertebrates (backboned anima]sg that live in the
ocean around the Hawaiian Islands.
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Fig. 9-1. Xey to Hawaiian oceanic vertebrates.

Look at the first branch point. If one animal
has gtlls it is a fish or a shark. If it has
lungs it is a turtle, seal, porpoise or whale.

Now look at the second branch point above gills.

If it has only one gill opening it is a fish, If
it has more it is a shark. We would have to make
a more refined key if we were to find the scien-
tific names of a particular fish or shark.

Procedure

1. Use the butterflyfish key (Table 9-1) to
jdentify the butterflyfishes shown in Fig.
9-2. In the following explanation, one but-
terflyfish (C) will be keyed out.

a. Find fish (C) in Fig. 9-2.

b. The key is divided into a series of
alternative choices. Look at the two
statements made describing one character-
istic of fish at #1 and decide which fits
the picture of fish.
the correct description for fish C.

¢. Refer to the number on the right side of
the page opposite this statement under
cross reference. It is 2.

d. Go on to description #2 and decide which
statement best describes fish C. The
second statement, "Lacks the two large
white subdorsal spots” is the correct
choice.

e. Follow the directions under cross reference
and go to #3. Again select the proper
description. Of the two choices there,
"Tail with one dark bar at tip" is the
correct choice. With description #3 we
have identified the organism and its name
appears. It is Chaetodon kleini.

Record the name of your fish below its picture
in Fig. 9-2.

Pick another fish and follow the same identifi-
cation procedure. MWrite its name below its
picture in Fig. 9-2. Do the same for all the
fish shown.

Further Investigations

"Pelvic fin dark" is

1.

Make a key that will allow anyone to quickly
identify each person in your lab class.

Make a key to the trees around your school.

Find a published key to a group of organisms
that you are interested in and see if you can
identify some species within that group.

Activity B
Identify fishes to the family level.




Fig. 9-2. Butterflyfish.

Table 9-1. Key to the butterflyfishes of the genus Chaetndon
1. Pelvice finmdark ... ... . i e e icaa,
Pelvic fin T9gRt ... i i i et ea e
2 (1) Two large white spots below dorsal ftmn .......... ........ c
Lacks two large white spots below dorsal
3 (2) Tail with two dark bars at tip ..... ... ... ... ... ......
Tail with one dark bar at tip .........................., L

4 (1) Posterior or dorsal fin has long filament extension

Filament extension lacking from dorsal fin . ..., .............

5 (4) Spot on body half body length ...........................
Spot on body only twice the size of eye . ................

6 (4) No vertical band through eve .........cveviniiieennnnn.. .
Vertical band through eye ... ... ... ... . ... . . ... it

7 (6) Incomplete eyeband on face ........................c....., L.
Complete eveband on face .................... ... . ..ol

8 (7) Mose area with band ... ... ... ... iuieniiniiin e,
Nose area Tacks bamd ... ... . .. e

9 (8) Eyeband split ........ e e e et C. oratissimus
Eyeband not split .. ... ... ... el T. trifasciatus

10 (B) Eyeband split ...... USRI C. Hineolatus
Eyeband not split ... ... ... et T

11{10} Sides with faint brokem Hnes ............c.ciiiiinrrinninn.. 12
At least 1/3 of side darkly pigmented ... ..................... 13

12{11) Mo black band on caudal fin _....... ... ... C. citripellus
Obvious black band at base of caudal Fin ...... e T. miTiarTs

13(11) Approximately 1/3 of side darkly pigmented ................... 14
Almost entire side darkly pigmented .......................... 15

14(13) Side with a large black teardrop ....................u... C. unimaculatus
Side with & stanting black region ....................... C. tinkeri

15{(13) Black shoulder patch contains white finger-like region .. C. lunula
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Background

There are over 700 fish species in Hawaii. If
you had one of these fishes and wanted to know
something about it, how would you find out?

One of the easiest ways is to identify the family
to which the fish belongs. The pictoral key in
Fig. 9-3 includes the 40 families to which the most
common fishes belong.

If you compare your fish with the drawings and
descriptions in this key, you can match your fish
with a family name. Then you can use a more
detailed fish book to find out what species you
have and something about it. This saves you from
having to look at 700 individual pictures.

Using the sub-keys on the first page of the key
further reduces the amount of time you have to
spend looking for your fish. The 40 families are
divided up into 4 different sub-keys based on what
the pelvic and dorsal fins of your fishes look
like.

Materiagls

-tagged fishes (fresh or preserved)

-djssegting pan or newspapers

-simplified key to Hawaiian Fish Families
(Fig. 9-3)

Procedure
1. Obtain a fish and the key.

2. Find which sub-key applies to your fish and
turn to that section of the key.

3. Identify your fish with the key. Put the
family name in Table 9-2 with its tag number.

74

Table 9-2. Family of fishes,

S — —_—— J—

_ Family

-

4. Repeat Procedures 1-3 and identify as many
. fishes as you can.

Summary Questions

1. Which features should be used when construct-
ing a key for a group of animals or plants?

2. Why is it important to classify organisms?

3. List the rules to be followed when writing
scientific names of organisms.

4. If you were to make a dichotomous {(two choice
or branching) key for another group of organ-
jsms, what rules would you follow? Review the
present key.

5. Starting with your own description, construct
your own key for the 15 butterflyfishes in
Fig. 9-2.

6. Using your fish family key, name a fish
family:

a. with scutes on the caudal peduncle.

b. without a pectoral fin.



c. with sharp spines over body surface.

d. with a medial caudal filament.

e. with spine(s) on the operculum or cheek.
f. with pelvics fused into a suction cup.

g. with the lower jaw longer than the upper
Jjaw.

h. with a tubular snout.
i. with finlets.
j. with a blade on the caudal peduncle.

7. How many families with more than five pelvic
fin rays are included in the key?

8. In the key, how does:
a. a white eel differ from a moray eel?
b. a triggerfish differ from a filefish?
€. a wrasse differ from a parrotfish?
9. How many dorsal fins do the following have?
a. mullet
b. awa awa
c. butterflyfish
d. triggerfish
e. porcupinefish

10. Name 3 fish families with caudal fins that

are:
a. truncate

b. forked

Further Investigations

1. HWrite your own key to a group of fishes found
in Tocal tide pools, or reef. Use references
Gosline and Brock, or Tinker, to identify your
fishes to species.

2. Identify the fish sold/found in your local
fish markets. Find out about their habits.

References

Goodson, G. 1972. The many-splendored fishes of
Hawaii. Marquest color guide books.

Gosline, W.A. and V.E. Brock. 1960. Handbook of
Hawaiian fishes. University of Hawaii Press.
Hawaii,

Hobson, E.S. and E.H. Chave. 1972, Hawaiian reef

animals. University of Hawaii Press, Hawaii.

Tinker, S. 1979, Hawaiian fishes, Hawaiian Service

Press.
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Fig. 9-3.

{Modified from Hawaiian Fishes, by W.A. Gosline and V.E. Brock.)

Simplified key to Hawaiian fish families.

1. Eyes on either side of head. ....... .. ... . ... . o ?

Eyes on one side of head. Flatfish. [Paku). BOTHIDAE.

e Jp—
e et T
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2. Ho ture in front of spines on head. ..... . .., e {subkeys)

Lure in front of spines on head, pared fins hand-tike. Anglerfish.

ANTENHARITOAE
0
'] -
by de

L S e
WA T

Sub-Key A
Pelvic fins absent..

Sub-Key B
Pelvic fins with wore than 5 soft rays.
Sub-key €

Pelvic fins with 5 or fewer soft rays. Oorsal fins conposed of
2 or more completely separated parts.

Sub-Key D
Pelvic fins with & or fewer soft rays. A single dorsal fin

which may be somewhat divided, but section one is connected
basally to section two.

76

SIB-KEY A
Palvic Tins absent

L Caudal Fin present ... ..ot caiuintiiiieniie it iiia i 2
Ho caudal fin

Body eel-1ike. Pectora) fin present. White eel. [Puhi uha].
COHGRIDAE

Pectoral fins absent, Moray eel, [Puhi]. MIRAENIDAE,

2{1) Single dorsal.......ooivniiiniiinnns b aasaaieriEsarar e P |
Two separated dorsals

First dorsal composed of only one targe spime. Filefish. [0'1H].
MONACANTHIDAE X

)

First dorsal composed of two or more spines. Triggerfish. [Humu],
BALISTIDAE.




3 (2) Body nF1atable. .. ..oeoierirnieeae et eeraanas 4 SUB-KEY B

Body enclosed in non-inflatable bony box. Trumkfish. [Pahu]. Pelvic tins with more than 5 soft rays

OSTRACIONTIDAE —_— /\ 1. No spines Tmanal flR. .. .. i it e ssas ?
< —
( Q N One or mare spines in front of the anal fin. Squirrelfish. [Ala'ihi).

HOLOCENTRIDAE . ,f-
/"’“ _4
A {3) Body ot SPINY. ... ...t iinrinnrre i aaas PP 5 \
Spiny body. Porcupinefish. [0'opu]. DIODONTIDAE. 1) with . ’ )
2 Without adipese Fin. ... .o n i it i e

With adipose fin. Lizardfish ,,\[Ulae] S\'NOODNTIDAE.

3 (2) Snout not tubUlAF. . ... s !
5 {4) Erect flap on nose. Balloonfish. {O'Opu]. TETRADONT i DAE .

Snout tubular, tail with medium Filament. Cornetfish. FISTULARIIDAE.

s

Without erect flap on nose. Sharp-back puffer, CANTHIGASTERIDAE.

7 \/}-/J

Snout tubular with a barbel, tafl without a median filament.
Trumpetfish, [Nunu]. AULOSTOMIDAE,

e arnmnann
£ —2 \x‘—ﬁ
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4 {3) Lateral Tine obvious.. . .vvuriuen ittt L3
Mo lateral line, snout overhangs lower Jaw. Anchovy. [Mehu].
ENGRALI, [DAE .
£ ——d
—— T
5 {4) Mouth does not extend behind eye. .. .ccviveviiirerinrennccnnrennninss N3

Mouth long, extending behind eye. tadyfish. [Awa ‘awa]. ELOPIDAE.

<Ny

6 {5) Snout overhands Tower jaw. Bomefish. [0'fo]. ALBULIDAE

Snout and jaw equal. Milkfish. [Awal. CHANIDAE.

D 58
“»—-\—)—I\F\

SuB-KEY ¢

borsal fins composed of 2 or more completely separated parts.

1. Pectoral fins not winglfke. . ... nvnciiiii it

........ 2

Pectora? fin wing-Tike; head completely armored. Flying Gunard.

[Loto]. DACTYLOPTERIDAE.

2 (1) Pelvic fins separdte. ... ...vnviiannninnes fesia ey P

Two pelvic fins fused to one another to form a sucking disc.
[0'opu]. GOBTIDAE,

3 {2) Pectoral Fin without threads........c.oooiiiiiiiiiirinnenens

Base of pectoral fin divided into several thread-l11ke rays.
{Moi1]. POLYNEMIDAE.

Goby .

Threadfin,



4 (3} No finlets or separated anal SpEne. ... .t iinre it iirnaiaenann. 5

Two spines separate from the anal fin or fins followed by 1 to several
finlets. Anal fin preceded by two spines. Scutes on caudal peduncle
of many Jacks. {Akule, Ulua, Lae]. CARANGIDAE.

[Llua]

R ;

< j )r-*‘/"-“-w----— N {Akule)
e N

_—#““ . P I
@ . M [Lae]
Anal fin not preceded by two spines. Tuna, [Ahf, Aku}. SCOMBRIDAE.
4&%_&
e’\\? )'7 ‘--J(7
RV ar""\

S {4} Two dorsal Fins. ... .. i i e 5
Three dorsal fins, False blenny. TRIPTERYGIIDAE.

6 (5) Ho barbels on CRIn. ... i rirransrraanicrasnrnaarrrserasnraraone 7
A pair of barbels on chin. Goatfish. [Weke, Kwmu, etc.]. MULLIDAE.

m -*\\\\'@'\ <

7 (6) Pelvic fins behind pectoral finm base..........coiviiiieennaannnanan ..B
Pelvic fins below or in front of the pectoral base. Cardinalfish.

{Upapalu]. APOGONIDAE
@/ﬁ 2

8 (7) Lateral 1ine absent, teeth sman ........ e rerasmeranerennes 9
Lateral Tine present, teeth ltarge. Barracuda. [Xaku]. SPHYRAENIDAE.
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9 {8) Anal fin with about 17 soft rays. Silverside. [Tac). ATHERINEDAE. SUB-KEY ©
A single dorsal fin which maybe somewhat divided, but section one i3
connected basally to section two.

1. Body scales.............. et ireeeeedaararetatenE T r s 2
Body scalefess. @lenny. (Puo'c]. BLENNTIDAE.

/ W —
Anal fin with about 10 soft rays. Mullet. [Ama ‘ama}. MUGILIDAE. {rf"' B
2z JH\J """""" J
SN
2(1) 6111 openings reach under throat...... e neemee it aanane i aaran k|

Gitl cpenings not reaching throat (only on sides of head)., One or two
pairs with blades on the caudal peduncle. Surgeonfish. [Tangs, Xala,
Manini, Patani, ete.]. ACANTHURIDAE.

Blades lecking; First few dorsal spines greatly elongated. Moorish 1dol.

[Kkihikind]. TARCLIDAE . 7;,\

“~

N

3(2) Spiny ridge not running horizontally across cheek.. . ..............- 4
Spiny ridge running horizontally across cheek. {Mohu, turkeyfish, ete.].
SCORPAENIDAE. )

sia
g Y Ll
J"'(E-)l'/yﬁ ’ \.2/
g

t’%—‘_'\\g\



4 {3) Branched cauda) ravs,14 or more

..................................... 5 7 (6) Mouth moderate to lTarge; body depth no more than 1/2 the body length..8
Two front teeth protruding and separated. Wrasse. [Hinalea]. Mouth small; body about as deep as Tomg. Dorsal with 12 or more
LABRIDAE . spines. Butterflyfish. [Xikekapa, lau hau]. CHAETODONTIDAE.
/-@“W?ﬁ@?
<& 27
\‘) TR

Teeth fused into beak or with two to several overlapping fused rows
of front teeth. Parrotfish. [Uhu]. SCARIDAE.

borsal with 11 spines. Stripey. SCORPIDIDAE.

5 (4) Anal Fin with 3 Spines. ... .. iiiiieiireirianniorasirrrastannanninnn 6
Anal fin with 2 spines. Damselfish. [Kupipi, Maomao, etc.].
POMACENTRIDAE.
il
/ 2/ 8 {7) Anal rays 14 or more. Bigeye, [Aweowec]. PRIACANTHIDAE.
T'r' )j jﬂ ‘<
6 (5) Sides never plain; sllvery. .. . ... ... it iiir it i 7

Sides plain, silvery. Flagtail. [Aholehole]. NMMLIIDAE,
Anal soft rays 12 or less. Snapper. [Taape]. LUTJANIDAE,

7
G =
Y







CHAPTER 3

PHYSICAL
PROPERTIES OF
WATER

It is the unique properties of water that make 1ife
on this planet possible. What would happen to
fish in a.pond if ice did not float? Few other
solid compounds float in their own liquid form.
What would happen to fish in the pond if water dis-
solved only a small amount of gasses?

s |

””I[F T 7 ]

Think of these and other questions as you do the
activities in this chapter. Water is so much a
part of the earth's environment that we need to
study it specially. In the following series of
investigations we will look closely at its special
properties.
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1. Characteristics of Water 2. What properties of water might account for
and Other Liquids each of your observations?

3. Which observations, if any, might be explain-
ed by the sawe properties?

Looking at a picture of earth from space, one is
struck by the amount of the total surface that is
covered by water. In the oceans and takes we have
1iquid water; around the poles, ice; and in the
atmosphere, clouds. But what are the characteris-
tics of this substance called water? In a series
of laboratory investigations we will attempt to
observe and identify some of these properties.

4. Which of your observations can't you explain?

Activity

Test some of the properties of water.

Procedure

1. Go to each of your assigned stations and do
the following:

a. Perform the operations indicated on the
procedure card.

b. Record the observations in your notebook.

2. Put the station back in the same order it was
before you used the equipment. When instruct-
ed, go to the next station.

Summary Questions

1. What is meant by the phrase, “properties of
water?"



2, Gases in Water

Dissolved gases make it possible for fish and
other organisms to live in water. For example, we
know that enough oxygen will be dissolved in water
that has been stored at room temperature for several
days to support aquatic life, at least temporarily.

But what would happen if the temperature of the
water were increased or decreased? 1Is the same
amount of dissolved oxygen in cold as in hot water?
In salt water as in fresh water? Fresh water
water with such low content of minerals that we
cannot taste it. Salt water has sufficient dis-
solved minerals to taste salty.

Activity

Determine the effect of temperature on the
volume of gas dissolved in water taken from a
freshwater aquarium and from a saltwater
aquarium.

Materials

-1 250 m1 Erlenmeyer flask with solid stopper

-1 250 m] beaker

-1 65 mm diameter funnel with 5 c¢m of clear
plastic hose attached

-1 strong pinch clamp

-1 5 mil syr1nge

-1 50 ml syringe

-1 thermometer (-10 to 110° C)

-1 system for heating beaker and contents

-{ce

-aquarium fresh water {shaken)

-aquarium salt water (shaken)

-narrow strip masking tape (3-4 mm wide)

-1 container in which to cool beaker (bucket
or a gallon can of water)

-felt pen, fine tipped

Procedure

1. Assemble and calibrate a funnel gas collection
device following the steps shown in Fig. 2-1,

&

tape /,
-8 W7

stepo  stepb step

Fig. 2-1. Calibrating a funnel gas collection device.

Step a Slip a piece af plastic hose over the
end of the funnel stem.

Apply a strong pinch clamp as close to
the end of the funnel stem as possible
to tightly seal it off.

Mark the location of the clamp with a
fine-tip felt pen so the clamp can be
removed and returned to the same place.
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Run a narrow strip of masking tape from
the point where the clamp is attached
to the rim of a funnel.

Step b Using a 5 ml syringe, add water in 0.2
ml increments into the funnel stem.

With the felt pen,mark each increment
on the masking tape. Before marking an
increment, gently tap fumnel to remove
any air bubbles in stem.

When the stem is filled, add water in

5 ml increments to fill funnel cone.
Mark each 5 m} increment on the masking
tape.

Record the volume of funnel in Tables
2-1 and 2-2.

Table 2-1. Volume of gas collected upon heating

freshwater.

[ Starting Comdit)ang
tce Cocled  Room Temo (25°C3  50°C 5°C o0m e
Measurements .« Aerated Agrated Aerated Aerited won-lerateq

t, Total Volume of .

Watar fa Funnel

-2 Starting

Tamperature

. Highest
Tarparature

"4, ‘olume of Gas

in Funmel

. VJaluma of 3as
Per al of Liquid
in funnel

Table 2-2. VYolume of gas collected upon heating

seawater.
Starting “onditions
ce Cogled Aoom Temp (25°7. Z0°C et Room Temp
Mppsurements  Aerated Agrated cAerated lerited Non-Aerated

. Total Yolume of

Water in fummel.

'3, Itarring

Temperaturse

3. ighest

Tamperature

-k, Volume of Gas

in funnal

Volune of aas

" per ml of Liguid ) I .
in Funnel : . :
oo #H . .

.“‘FT - . ‘ I IE

Step ¢ Use a metric rule to divide each 0.2 ml

increment on funnel stem into 4 equal
intervals of 0.05 m! each. Mark these
on masking tape with felt pen.

Determine the volume of gas in different
samples of aerated, ice cold water. Run one
serjes using fresh water (Table 2-1) and a
second using salt water (Table 2-2). Follow
the steps below and in Fig. 2-2 to do this
experiment. Do not do Step ¢ for this

part of the experiment.

NOTE: These steps will also be used in Proce~
dures 3, 4, 5, and 6.

Step a Pour 100 ml of water into a 250 ml
Erlenmeyer flask.

Add about 50 g of crushed ice. Use
freshwater ice with fresh water and
saltwater fce with salt water.



atep -

=cAH T

Fig. 2-2. Determining the volume of gas in
different water samples.

Step b

Step ¢

Step d

Step e

Step f

Step g

Step h

Stopper the flask.

Shake flask vigorously until all ice
is melted. Doing this ensures the
water has a maximum amount of gas dis-
solved in it at the start of the
experiment.

(This step is only used in Procedures
4 and 5.)

Heat the aerated water to 50° C; then

cool to room temperature, about 25° C,
using an ice bath.

Pour water from flask into 250 ml
beaker.

Measure water temperature and record in
Table 2-1 or 2-2 as starting tempera-
ture,

Place funnel gas collection device upside
down into the beaker

Attach a 50 m1 syringe and remove clamp.

Draw enough water to fill funnel and
syringe.

Replace clamp and remove syringe.

Place beaker and gas collection system
on a heat source.

Heat to 902 C, or until there is a
sudden increase in gas volume.

Using a towel, remove beaker immedi-
ately from heat source.
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If gas escapes from under the funnel,
repeat this step.

Step i Place beaker and gas collection system
into a cooling bath.

Cool liquid and gas to room tempera-
ture.

Measure the volume of any gas produced
and record the volume to the nearest
0.05 m! on Table 2-1 or 2-2. Before
measuring, gently tap funnel until all
gas bubbles are collected in the upper
part of funnel stem.

Determine the volume of gas in an aerated water
sample (fresh or salt) with a starting room
temperature, or about 259 C,

Pour 150 ml of room temperature water into a
250 mi1 Erlenmeyer flask.

Stopper the flask and shake vigorously for 2
minutes. Remove stopper.

Carry out Steps d to i in Procedure 2.
Record data in Fig. 2-2.

Determine the volume of gas in an aerated water
sample (fresh or salt) with a starting tempera-
ture of 500 C.

Pour 150 ml of water into a 250 m! Erlenmeyer
flask.

Stopper the flask and shake vigorously for 2
minutes. Remove stopper.

Carry out Steps ¢ to i in Procedure 2.
Record data in Fig. 2-2.

Determine the volume of gas in an aerated water
sample (fresh or salt) with a starting tempera-
ture of 759 C.

Poar 150 m1 of water into a 250 ml Erlenmeyer
flask.

Stopper the flask and shake vigorously for 2
minutes. Remove stopper.

Carry out Steps ¢ to i in Procedure 2 and
Fig. 2-2, except heat the water to 759 C in
Step ¢ instead of 5090 C.

After carrying out these steps, save cooled
water sampie for Procedure 6.

Determine the volume of gas in a nonaerated water
water sample (fresh or salt) previousiy heated

to 900 C. Use the water sample from Procedure

5 after it has been cooled to 259 C.

Carry out Steps d to i in Procedure 2 and
Fig., 2-2.

Summary Questions

1.

Calculate the volume of dissolved gas/100 m1 of
1iquid in funnel for both fresh water (Table
2-1) and salt water (Table 2-2).

Volume of gas _ Volume of gas y 100
ml Tiqul Volume of liquid * 100
in funnel

Graph the aeration data from Table 2-1
(fresh water). Display the starting temps
eratures {00C, 25°C, 509C, 75°C) on the



horizontal axis and gas volume per 100 ml of
liquid on the vertical axis. Make a separate
graph for the salt water data recorded in
Table 2-2.

What happens to the amount of gas dissolved
in fresh water as the starting temperature
increases? In salt water?

At what starting temperature is the most gas
dissolved in fresh water? In salt water?

At what temperature would you expect no gas to
be dissolved in fresh water? In salt water?

Why was the water heated to 90°C or until gas
formed rapidly? Why not 1000C?

What is the role of aeration {shaking the
flask) in the investigation?

What gas or gases has this investigation
dealt with? Explain your answer.

What would be the total volume of gas re-
covered from one liter of ice cold fresh-
water? Of ice cold salt water?

3. Dissolved Gas and Daphnig

In this activity we will investigate the ability
of the fresh water organism called a Daphnia to
survive in water samples with varying amounts of
dissolved gas. The amount of gas will be con-
troiled by heating.

Activity

Test whether or not the amount of dissolved gas
in water affects the activity of an organism.

Materials - per team

-1 100 m1 beaker

-1 250 ml1 beaker

-5 20 m1 test tubes

-1 test tube rack

-1 250 ml Erlenmeyer Flask and stopper
-1 thermometer

-1 100 m1 graduated cylinder
-1 system for heating beaker and contents

-4 rubber bands (small)
-1ive Daphnia (about 25)
-ice

- tap water

-plastic wrap

-marking pen or labels (4)
Procedure

Procedures 1 and 2 involve preparing water
samples and test tube environments. Using teamwork,
these procedures should be done together. Read the
procedures before starting.
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temperature, about 250C (Fig. 3-1, a-d}.

Pour sample into test tube #2. Discard

1. Prepare four water samples with varying amounts excess water in beaker.
of dissolved gas. Follow the steps below (also

shown in Fig. 3-1). ¢c. 750 C water sample

Step

Fig. 3-1. Setting up experiment.

Repeat procedure for preparing 500C sample,
except heat water to 750C (Fia, 3-1, a-d},
Pour cooled water sample into test tube #3.

Discard excess water in beaker.

900 C water sample

Repeat procedure for preparing 50°C sample,
except heat water to 75°C (Fig. 3-1, a-d).
Pour cooled water sample into test tube # 4.
Discard excess water in beaker.

2. Prepare four experimental test tube environments.

a. While water samples are being prepared, put

5 healthy Daphnig and about 1 ml of their

Room temperature water sample (control) aquarium water into each of four test tubes
labeled #1, 2, 3, and 4. If a Daphnia is

Stopper a 250 ml Erlenmeyer flask centain- killed in the transfer, do not remove it.

ing 75 ml of water and shake for 2 minutes Simply add another one to take its place

to aerate (Fig. 3-1, adb). Pour water (Fig. 3-2, a).

jnto test tube #1 (see Procedure-2 for

preparing test tube). ODiscard excess b. Pour water samples into test tubes (Fig. 3-2,

water in flask (Fig. 3-1, a&b}. NOTE: Do b).

not discard water samples until test tubes

have been properly sealed as described in

Procedure 2. c. After the Daphnia and water samples have

500 C water sample

Stopper the flask containing 75 ml of
water and shake for 2 minutes. Remove
stopper and heat water to 500 €. Pour
water into cooling bath and cool to room

been added to each test tube, cover the
tubes with plastic wrap. Make sure there
are no air bubbles in any of the test
tubes. If a bubble appears, add more water
from the appropriate sample ard cover the
test tube again. Secure the plastic wrap
with rubber bands {Fig. 3-2, c).



Daphnia

plastic wrap

Fig. 3-2. Pouring daphnia into test tubes.

3. Observe the swimming behavior of Daphnia until
the end of the class period. Compare with
behavior of control Daphnia (room temperature}
in test tube #1. Describe differences in your
notebook. Record number of active Daphnia
every 5 minutes in Table 3-1.

"“ Rubber band

a1

Table 3-1.

Number of active Daphnia in test tube,

Temperature
of water before
cooling to 259

Time

o' 5" |10' |15 |20 | 25 ; 24hrs,
Room (2590) 3
500 J
750 i
900 {
K
4. Allow the test tubes to sit overnight

6.

(24 hrs.) and record number of active
Daphnia in Table 3-1.

Calculate the percentage of swimming Daphnia
for each time period.

rnumber of swimming Daphnia
% Swimming _ at time of measurement
Daphnia  number of swimming Daphnia
— 7 at start

X 100%

Make a bar graph of the Daphnia activity as
related to the amount of dissolived gas as
controlled by temperature. Show the time on
the horizontal axis and percent of active
Daphnia on the vertical axis. If 5 Daphnia
are active, there will be 100% activity. If 4
Daphnia are active, 80%, 3 Daphnia; 60%, etc.
Use a different color to represent each temp-
erature (280C, 50°0C, 750C, 900C} treatment.
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Summary Questions Table 3-2. % composition of gases and air by volume.

1. What happens to the activity of Daphnia in

the test tubes where water was subject to nitrogen 78'I%Hq
different temperatures? Oxygen 20.9
P ’ Argon .97
) . Other 1%
a. During the first class period of obser-
vation.
b. After 24 hours, Table 3-3. % composition of gases in sea water by volume.
2. What was the role of heating the water in this itrogen
investigation? Oxygen 36
Carbon Dioxide
3. What role did the plastic wrap play in the Other 1

investigation?

4. Compare data on Daphnia with data collected on
gases (Topic 2, Question 2). What relationship, 10
if any, might exist between % activity and g

dissoived gas? = o

=5
Discussion of Topics 2 and 3 ey @
[

The principal components of air and their _§ :T Nit
percentage composition by volume in sea water are e R\““\a\lgzif?n
shown in Tables 3-2 and 3-3. 55 10 ———

) . s Oxygen

The relative amounts of dissolved oxygen Q —
and nitrogen in fresh water and seawater are v |
shown in Figures 3-3 and 3-4. o ® 0

T T

The principal gases dissolved in seawater o o 20

and each percentage composition by volume are shown Temperature in 0%
in Table 3-2.

Fig. 3-3. Oxygen and nitrogen dissolved in
sea water,




[ 73]
[

[t
&

3

—r
O

Concentration in mi/1
at 1 atm of pressure

o

] L] T
o 10 10

Temperature in 0°C

Fig. 3-4. Oxygen and nitrogen dissolved in
fresh water,

Based on the these data, answer the following:

1. How does the concentration of. gases in air
compare with the concentration of the same
gases in seawater? In fresh water?

2. How do the concentrations of the gases, nitro-

gen and oxygen, compare in seawater and fresh
water?

3. Estimate the expected nitrogen and oxygen
content in seawater in Hawaii (average water
temperature 250C), New York (200C), Los An-
geles (lsocl, Portland, Oregon (100C}, and
Antarctica (-1°C).

4, Would temperature change have a greater effect

on fresh- or saltwater organisms? Explain your
reasoning.

g3

6‘

Suggest a reason for aerating aguarium water.
Explain your answer using information gathered
on the gas content of water that had pre-
viously been heated.

Suggest circumstances where aquarium water
would not have to be aerated.
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4, Floating and Sinking

To anyone using a boat, it is important to know
how much mass the boat will carry before it sinks.
In this topic, we will try to find out how to
predict the maximum amount of mass a boat will
hold before sinking. To do this, we need to re-
view the meaning of several terms.

MATTER is anything that has the properties of mass
and volume. Objects are examples of matter.

MASS is a measure of the amount of matter in a
body. We measure mass on a balance. The basic
unit of mass is the gram. One cubic centimeter
of pure water at 4° C, has a mass of 1 gram.

VOLUME is a measure of the space an object takes
up. We measure volume of Tiquids using a
graduated cylinder. We can also calculate the
volume of geometric solids. The basic units of
volume are the mi1liliter (ml1) and the cubic
centimeter {cm3). One cubic centimeter equals
one mitliliter, 1 cm3 = 1 ml.

DENSITY is a measure of the amount of matter
{mass) im a given volume of an object. We
measure the density of an object as the number
of grams of matter in 1 cm3 or 1 m}, of its
volume. We use a formula:

mass

Density = —~volume

Pure water at 4°C, for example, has a density
of 1 g/cm3 or 1 g/ml. Seawater has an average
density of 1.027 g/ml. Iron has a density of
7.86 g/cm3; common woods have densities that
vary from .12 g/cm3 for balsa wood to 1.07 g/cm3
for iron wood.

DISPLACED LIQUID is the 1iquid pushed out of the

way when objects are put into that liguid.

FORCE is a push or a pull. Though there are
several units of force,we will use the gram force
(gf) and the kilogram force {kgf). One gf is
the force of gravity acting on one gram of matter
measured at sea level, while 1 kgf is the force
of gravity acting on one kg or 1000 g at sea level.

MOVEMENT of an object is produced when an unbal-
anced forge acts on an object. The direction of
movement 18 in the direction of the unbalanced
force,

STATIONARY OBJECTS on earth have equal and oppo-
site forces {balanced forces) resisting all
pushes or pulls on them.

BUOYANCY is an upward force exerted by water which
tends to make objects float. Buoyancy opposes
the force of gravity, which tends to sink
objects.

Activity

Test the conditions in which an object floats
or sinks in fresh water and salt water.

Materials

-1 plastic cup

-1 1arge container in which to float cup
-1 10 m1 graduated cylinder

-tap water

-salt water

-unknown object

-balance

~-toweling



Procedure

1. Take

water that just floats in tap water.

measurements on a cup filled with tap
Record

all data in Column A, Table 4-1.

a.

Fig. 4-1.

Fill the large container with enough tap
water so that a plastic cup can completely
sink in it. See Fig. 4-la.

Place an empty plastic cup into the water
in the container and remove all air bubbles

beneath the cup.

=

CECH

i
cup Parely
b fioat=

3 habbles

Cup in container.

Use a graduated cylinder and add measured
quantities of tap water to the cup until

it just barely floats. See Fig. 1b. Record
the volume of water used in Table 4-1. Make
all volume measurements to read to 0.1 ml.

Remove the cup and dry it on the outside.
Measure and record the mass of the cup and
water in Table 4-1. Keep the balance dry.
Mark all mass measurements to read to 0.1 g.

g5

d. Determine the approximate mass and the
volume of the water displaced by the cup
filled with tap water.

Take measurements on a cup filled with
salt water when placed in tap water. Record
all data in Column B, Table 4-1.

a. Fill the cup to the rim with salt water.
Weigh the cup and contents and record in
Table 4-1.

b. Predict whether the cup and contents will
float or sink in tap water. Circle F for
fioat or S for sink in Table 4-1.

c. Test your prediction. Record whether it
floats or sinks in Table 4-1. Be sure
there are no gas bubbles beneath the cup.

d. Determine the mass and volume of the
water displaced by the cup. Record in
Table 4-1.

Take measurements on a cup filled with salt
water when placed in salt water. Record all
data in Column C of Table 4-1.

a. Fill a large container with enough salt
water so that a cup will completely sink
in it as in Procedure la.

b. Follow procedure 2a-2d and test whether the

cup filled with salt water floats in
salt water.

Take measurements on a cup filled with tap
water when placed in salt water. Record all
data in Column D, Table 4-1.

Follow procedures 2a-2d and test whether a

cup filled with tap water floats 1n salt
water.
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Table 4-1.

If time allows, get an object from your
teacher. Make whatever measurements are
necessary to predict whether the cup, when
holding the object, will float or sink when
placed in salt water.
Record in Column E, Table 4-1.

Complete the calculations required in Table
4-1.

Data on floating and sinking,

B.

9

1
1

12.

Xind of Dats A B _ & D2
Salt
Water

Kind of Substance

{Liquid-Qbject) in cup

Mass of Cup and
Contents

. Voluma of Contents

(Volume of Cup)

Kind of Liquid ip
Container

Mass of Liquid
Displaced

Volume of Liguid
Nisplaced

| Water 4 X2

Test your prediction.

Qensity of Cup
and Contents

(#2 1 13)

Circle Prediction -

Cup and Contents

(F} Floats

[5) Sinks

. Circle Actual
Obsnrvation, Cup and
Contents 0y p
{F) Floats s F s F s 5
{5} Sinks

0. Mass of Cup

1. Mass of Contents ", AN \
(f2 - M0}
Pensity of Contents
(#11 + #3)

El

Summary Questions

1.

What assumptions are made in determining the
mass and volume of tap water and salt water
displaced by the cup and its contents?

What effect might the mass and volume of the
cup have on a more exact measurement of the
density of salt water and tap water? How are
the mass and volume of the cup dealt with in
this investigation?

Show the relationship between the force of
gravity and the buoyancy force acting on the
cup. Use the symbols from Table 4-2 to show
the relationship between the forces in Tables
4-3 to 4-5.

Show the relationship between the density of
the cup and contents and the density of the
supporting liquid in Tables 4-6 to 4-8. Use
symbals from Table 4-2,

Show the relationship between the volume of
the cup and its mass, and the volume of the
liquid displaced and its mass. Use the
symbols given in Table 4-2 in Tables 4-9 to
4-11.

Table 4-2., Mathematic symbols,
a=»>b a equals b
a>b a greater than b
a<hb a less than b




Table 4-3. Object fleats at surface. Table 4-6.

Object floats at surface,

Relationship Relationshi
Gravitational uoyancy
Force of Force Density of Density of
Object Pushing ;m Object Displaced
Pushing Down Up Liquid

Table 4-4, Object sinks.

Table 4-7. Object sinks.

Relationship Relationship
Gravitationa Buoyancy
Force of Forcg of Density of Density of
Object Pushing m Object Displaced : @
Pushing Down Up | e L'iq_llid

Table 4-5, Object floats above surface,.

Table 4-8. Object floats above surface,

Relationship Relationship
Gravitational Buoyancy
Force of Force Density of Density of
Object Pushing Up Object Displaced 1m
Pushing Down _ Liquid R
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Table 4-9. QObject floats at surface. 6. The density of sea water in a certain region
is 1.02 g/ml. From the investigation above,
fill in the statements.

R S onship A water soaked Tog that just floats so
Volume of elation Volume of that it is just seen at the surface will
Object Displaced have a density that is (= > <)
Liquid 1.02 g/ml.
Mass of Mass of A boat that sinks sc the bottom will have
Object Displaced a density (= >< ) 1.02 g/ml.
Liquid @

A boat that floats high above the surface
of the liquid has a density

Table 4-10_. Ob:ject sinks. (= > <) 1.32 g/nﬂ.
A 10,000 kg vessel that floats in the
. ] Tiquid displaces kg of liguid,
Relationship T
Volume of Volume of A 10,000 kg object that sinks will displace
Object Displaced a mass of liquid (=><) 10,000 kg.
Liquid -
An object that floats above the surface
ggqs gf E?§S1gZed W will have a volume (= > <) the
Jec Li Rl ﬁ } volume of the liquid displaced.
iquid
An object that just floats will have a
Table 4-11. Object floats above surface. ¥?;ﬂ?§ disp1a£2d> <) the volume of the
An object that sinks will have a volume
Relationship _ (= > <) the volume of the liquid
Volume of Volume of displaced.
j Displaced
Object Liouid A 10,000 kg object that floats in the
liquid has a gravitational force of
Mass of Mass of kgt
i Displaced
Object Liquid w) A 10,000 kg object that floats in the
|k Tiquid is supported by a buoyant force of

kaf.

L



7.

10.

A 10 g object sinks to the bottom of a fresh
water lake {water density 1.0 g/m1). From

the investigation above fill in the statements
below. Include all units.

a. The volume of the object is
(z=>< ) 10m.

(=><)

b. The buoyant force is
10 gf.

c. The density of the object is
(=>< ) 1.0 g/ml.

d. If the volume of the object were 5 ml the
buoyant force would be

e. If the volume of the object were 5 ml the
unbalanced gravitational force tending to
sink the object would be

f. If the volume of the object were 5 ml its

density would be

How would you determine the maximum amount of
mass a boat can carry before it will sink?

g. If the volume of the object were 5 mi it
would displace of liquid.

Under what conditions will a boat float in
fresh water? (Density 1.0 g/m1} Use the

density of water in your explanation.

Under what conditions will a boat float in
salt water? Use the density of seawater,
1.027 g/ml, in your explamation.

5. Making and Standardizing a Hydrometer

: A common device for measuring the density of

iquids is the hydrometer. In this activity we
will make and standardize hydrometers which will
be used throughout the remainder of the course.

Carg should be taken in construction so that the
device is durable and accurate.

Activity

Construct and standardize a hydrometer.

Materials

-1 small 3 ml shell vial
-fine grain sand

-cork to fit vial

-1 skewer

-1 metric rule

-1 pencil

-standard solutions stations
-1 nail

-1 razor blade

-white glue

Procedure
1. Mark the hydrometer scale (Fig. 5-1).

a. Cut a skewer 6.5 cm long and sharpen one
end with a knife or razor blade.

b. Start at the unsharpened end. Use a

metric rule and pencil to mark a scale
with divisions 1 mm apart. Darken every
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5th mark to represent 0.5 cm., Number every
10th mark using consecutive numbers of your
choice: for example, 1, 2, 3, etc., or 30,
40, 50, etc.

(r‘zor
@ Ll 23498 6

Fig. 5-1. Measuring and marking skewer.

2. Make the scale-cork assembly following steps
shown in Fig. 5-2.

step C.

Fig. 5-2. Making the scale-cork assembly.

Step a. Mark the center of the cork.

Step b. Press the cork flat against a table

edge. Align a small nail and push
it 1 cm intoc the cork. Remove the nail
and insert the skewer.

Step ¢. Mark the point where the skewer

emerges from the cork with a heavy
1ine. (If the skewer is pulled out,

it can be reinserted to the same
depth.}

3. Seal the scale and cork against water by
spraying with a fast-drying clear varnish
(See Fig. 5-3).

.

Fig. 5-3. Varnishing.

4, Weight the vial and complete assembly.

a. Add wet sand to a small shell vial to a
depth of approximately 1 cm. Tap down
the sand so that it is deposited on the
bottom of the vial. Insert the scale-
cork assembly into the vial.



Fig. 5-4.

Adjust the hydrometer by pushing down on
the cork so that the vial floats with
about 1.0 cm of the scale above the water
level in tap water (Fig. 5-4).

Vial being weighted.

c.

Dry and glue scale-cork assembly in place.

Lightly cover with spray varnish.

5. Standardize hydrometer.

a.

Record the density of the five standard
solutions.

Place your hydrometer in solution 1.
Twirl it gently to overcome surface
tension. Read the stem in ¢m and
record in Table 5-1.

Repeat procedure (b) with the remaining
standard solutions.
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Table 5-1. Standardizing the hydrometer.

"Scale Reading ~ T 7 T} “Standavd Uensity T

of Hydrometer

)

Summary Questions

1.

Construct a graph of the standardization data.
Show density on the horizontal axis, your
hydrometer's reading on the vertical axis.
This graph will be used in later investiga-
tions to provide conversion for direct read-
ing of density.

What are the highest and lTowest readings you
can make with your hydrometer?

Explain how changes in density of the 1iquid
affect the hydrometer.

Explain how the small diameter stem increases
the sensitivity of the hydrometer.

At what density would the vial part of the
hydrometer emerge above the water's surface?

Explain what occurs when the hydrometer is
not twirled.

Explain how you could restandardize your

hydrometer.






6. Density and Temperature of Water

We have seen that fresh water and salt water have
different capacities to dissolve oxygen when
heated. We have also seen that salt water and fresh
water have different densities. In this investi-
gation we will look at the effect of change in
temperature on the density of fresh water and sait
water.

We will need a new concept, salinity. Salinit
refers to the amount of mineral matter dissalved
in water. Salinity is measured as the number of
grams of minera]a per kilogram of water. Its
abbreviation is “/oo (parts/thousand).

Salinity (9/00) = g of mineral dissolved
1000g solution

Thus, if 35g of mineral are recovered in boiling
away the water in a kilogram sample of seawater,
the salinity is 35g/kg or 35%/cc.

ACtivity

Test the effect of increasing temperature on
the density of fresh water and salt water.

Moterials

-1 250 ml beaker

-1 400 m1 beaker for bath

-1 thermometer (-100 to 1109C)}
-1 hydrometer {from Topic 5)
-1 stirring rod

-fresh water {ice-cold)
-salt water (ice-cold)
-system for heating beaker

Procedure

Check hydrometer against a standard solution
and adjust the scale as needed. Record in
Table 6-1.

Table 6-1. Hydrometer data.

Standard Hydrometer Hydrometer]l
Solutiaon Density Reading Error

¥l

2 ! i

}
i
l

#3 |

Total ' _
— W)

Average | [ —
j—_——-——l

Measure density change on warming of cold
fresh water as it is heated to boiling.

a. Put 200 ml of ice water (0° to 1°C) in a
250 m] beaker. Record the temperature
and density in Table 6-2.

b. Place the 250 ml beaker in a bath of
warm 30° - 40° water. Stir the cold water
beaker contents with a stirring rod.
Record the uncorrected density of the water
in Table 6-2 with each 1° C increase in temper-
ature until a temperature of 10° C 1is reached.

c. When 109 C is reached, place the beaker on
a heat saurce. Continue to stir the con-
tents of the beaker with a stirring rod.
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Record the temperature and unsorrected
density in Table 6-3 every 107 € until
the liquid boils. (When taking hydro-
meter measurements, remove the heat
source. Remove hydrometer after reading
and cool it).

Graph A. Display time on the horizontal axis
and temperature on the vertical axis.

Graph B. Display temperature on the vertical
axis and density on the horizontal axis.

Table 6-2. Temperature and density ice water - 10°C. Use different colored lines or different kinds

Fresh Water

Salt Water

9

Mgasurement Tero | Density Temp Oensity
Start ] Uncorrected | Corrected | Uncorr.i Corracted
1 L i
2 1 L | :
3 i
4 i L
5 ‘ i .
i ‘ .
5 : )
H T
? i ;
3 l : ’
| |

—

10

3. Boil the water for 4 minutes, taking density
and temperature readings every minute.

Record in Table 6-4.

(When taking density

measurements, remove the heat source,
Remove the hydrometer after reading

of lines {as in Procedure 5} to represent salt
water and fresh water.

Table 6-3. Temperature and density 10°C - boiling,

rresh Water Salt water
Measurement Temp Density Temp Denstty
Start Ungorr. ! Corrected Uncorr. | Corrected |

and cool it). -

4. Follow Procedures 1 and 2 using a sample pro- Table 6-4. Temperature and density at boiling.
duced from ice-cold salt water. ——

. Fresh Water SalL Water
5. Correct all densities and graph the data from Time |Temp Qensity Temp Density
Tabies 6-2 and 6-3 separate'ly. Display temper- start Uncorrected |Corrected Uncorrected [ Corrected
ature on the vertical axis. Use different colored
Tines or different kinds of lines. (dots, dashes, 1 min
circles, ect.) to represent salt water and fresh 2 min
water.
3 min
6. Make 2 graphs from the data found in Table 4 min

6-4.
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Summary gQuestions

1. In any saltwater aquarium it is possible to
get a reading of salinity from temperature
and density data.” Fig. 6-1 shows this infor-
mation. Inspect Fig. 6-1 and respond to the
following in your lab notebook:

:

30

g
o

. 025

TEMPERATURE (°C)
3

Table 6-5. Corresponding densities-salinities and

temperatures.
Salinity Temperature Density
(®/ee) (=c} fg/ml]
20 10.0
20.0 1.005
30 1,020
20 27.5
15.0 1.005
25 1.018
25 12.5
36.0 1.0075
28 1.0175

0
SaviniTy B

Fig. 6-1. Temperature, density and salinity

a. What do the curved lines represent?

b. What do the vertical lines represent?
¢. What do the horizontal lines represent?

d. What does the line running diagonally
across the bottom of the figure represent?

€. Use Fig. 6-1 to camplete Table 6-5.

At what température is fresh water the most
dense? salt water? =

Compare what happens to the density of fresh
water and salt water as temperature increases.

Compare what happens to the density of fresh
water and salt water as they boil.

Compare what happens to the temperature of
fresh water and salt water as they boil.

From your knowledge of fresh and salt water,
suggest an exptanation for any differences in
Answers 4 and 5.

When water is heated and no evaporation occurs,
does the mass or volume change? Explain your
answer,

Under what conditions found in the natural
environment might fresh water and salt water
bo§1?
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-2 aluminum pie pans

-1 flat metal sheet
7. Evaporation of Water _1 hydrometer from Topic 5
-salt water

When water boils in a pan, some water is lost as -tap water
steam. However, wet clothes, water on a freshly -1 thermometer (-100 to 1100€)
scrubbed floor, and perspiration on our bodies all -1 pair pliers
dry at room temperature. In these latter cases -sand
the loss of water is by a process called evapora- -2 ring stands
tion. In this investigation we will stud}“Eg%HTl

fions under which evaporation may occur and some
of the effects evaporation has on density of sea-
water and fresh water. Procedure

1. Set up the heating system as shown in Fig.
Activity A 7-1.

Test the effect, if any, of low heat on the
evaporation of fresh and salt water.

Background

| Plast:&.wrn-f’
When the sun beams down on a lake or on an ocean ﬁ q%
SANTD F‘

the surface water is warmed. In this activity we - still
are going to warm water to study evaporation. We pie pan
metal sheal

will use a closed system so that any vapor or

evaporated water that is formed can be trapped,
collected and studied. Such a system is called a 2
still.

. 2 hot plat
Matericls A Enot plate

-1 low range hot plate

-2 1-gallon cans, both ends out . . .
-2 small tin cans Fig. 7-1. Evaporation device.
-2 250 M beakers

-4 rubber bands
-2 pieces plastic wrap 30 cm x 30 cm
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a. Center flat metal sheet on hot plate. Sup-
port each end of the sheet with a ring
stand.

b. Cover the sheet with sand to about 1 cm
deep.

c. Place 2 pie pans to hold stills at an equal
distance from the center of the hot plate.

d. Measure the density of the fresh water and
salt water to be used. Record in Table
7-1.

Table 7-1. Data on contents of system after
operation.

[ Fresh_Water Salt Vatar

Tewperature of Content In Pan (Final)

Temperstura of Water Content in Beaker
{Fénal}

Density of Content in Pan (Start)

Density of Comtent n Pan (Final)

Density of Contant tn Baaker {Finai}

Taste of Content in 3eaker (Final)
Tasta of Content {n Pam (Final) i

e. Pour fresh water into one pie pan and salt
water into the other pan to about 1 cm
deep.

2. Make 2 stills.

d,

3-4 cm g

Fig.

Place a small tin can in the center of

each pie pan. Set a 250 ml beaker on

each tin can. The top of such beaker should
be 3 to 4 cm below the rim of the gallon
can, as shown in Fig, 7-2.

€

4 beaker

small tin can

Gallon can

7-2. Tin can stand for beaker.

Cover each gallon can loosely with plastic
wrap and seal with a rubber band.

Place a gallon can over each beaker.

Put a stopper in the center of the plastic
wrap so that a conelike depression forms.
Make sure that the bottom of the depression
is over the beaker and that the plastic
wrap is not touching the beaker. Each
completed still should Took like Fig. 7-3.

T |

_\wkiddplindond

Fig. 7-3. Beaker and can in freshwater pan.
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Turn the heater on Tow and allow the system to
stand from 30 minutes to 24 hours. Make the
following measurements on both fresh water and
salt water at the end of the investigation,
Record in Table 7-1.

a. The temperature of any liquid remaining in
the pan and beaker.

b. The density of any liquid remaining in
the pan and beaker,

¢. The taste of the contents in the beaker
and pan,

Questions

Explain how the still works.

Must water boil to be converted to the
gaseous state? Explain your evidence,

In what way, if any, did the results of heat-
ing fresh water differ from that of heating
salt water? Give your evidence.

How might this device be used to get fresh
water from ocean water?

How might this investigation relate to ways
that moisture is provided for cloud formation?

Activity B

Test the effect, if any, of moving air on the
rate of fresh and salt water evaporation.

Background

A common device to dry our hands after washing
is a blast of warm air. Is it the heat, the mov-
ing air or both that do the drying? In nature,
winds are constantly blowing over lakes and oceans.
Can these winds alone produce evaporation? Is
there any difference in the way that wind affects
fresh and salt water?

Materials

-1 25 ml graduated cylinder

-4 petri dishes 30 ml or larger
-1 fan

-salt water

-fresh water

-1 hydrometer (Topic 5)

-1 thermometer

Procedure

1. Set up the experiment,

a. Measure and record the density and tem-
perature of the fresh and salt water sam-
ples and record in Table 7-2.



Table

7-2. Data on moving air and evaporation,

HIE dater

v F |
L Myving Atr | Staitenary | Foving Ajr | Statiomary
. 1 i
Temoersture Start | : X

Fimal

;
Change ; !
Volame Start 25 ml 25 nl ;_ 25 ml %W
¥
Final i
Chamoe

Dams 1Ty Start

Fimal

T
Time Exposed | : : .
Raty of Volums : ! :

Change I : :

Pour 25 ml samples of salt water into 2
petri dishes of the same dimensions.

Pour 25 ml samples of freshwater into 2
other petri dishes.

Place one sample of fresh water and one
of salt water equal distances from a fan,

Adjust the fan so that it blows across
the surface of the dishes without splash-
ing the liquid.

Place the two remaining dishes in a non-
breezy spot. They should receive the
same light and heat as the dishes in the
path of the fan (Fig. 7-4).
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Fig. 7-4. Petri dishes away from and in the path

of the fan.

2. After 24 hours measure the volume, tempera-
ture,and density of the 1iquid in each petri
dish., Record in Table 7-2 along with your
observations,

Questions

1. Calculate the rate of volume change for each
container,

Rate of Volume Change = — Yolume Change
Time Exposed
2. What effects, if any, does moving air have on

volume of 1iquids? How did you make that
determination?
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3. 1s there any difference in volume change of

frash water and salt water in moving air? Materials

-2 petri dishes (30 ml or larger)

4, What effgcts, if any, does moving air have on "2 95 m] beakers
the density of 1iquids? Explain any differ- _1 25 ml graduated cylinder
ences.

-1 metric rule
~fresh water

5. What factors were controlled in this 1qvestiga— -salt water
tion to help ensure that we were Studying only -1 hydrometer (Topic 5)
effects due to air movement? -1 thermometer (-100 to 1100 C)
6. What effect may winds have on large bodies of
water such as lakes? oceans? Procedure
What does this investigation suggest about the 1. Measure the following and record in Table
conditions needed for an aquarium? 7-3:
a. the diameter of the petri dishes and the 25
Activity € ml beakers, and
Test the effects of different sized surface b. the temperature and density of the
areas on rate of evaporation of fresh and liquids to be used.
salt water,

Table 7-3. Data on surface area and evaporation.

Background o e e L
One might think that more water will evaporate Eeue
faster from a lake with a large surface area than — Surface Arm
one with a small surface area because the large 5| sarting
lake would receive more heat from the sun. But 3 jif;—
what about two lakes at the same temperature with Tempera turs
different volumes and the same surface areas? gl s
What about two shaded tide pools with the same 2| Froa)
volumes and different surface areas? >
ro| Start

Fingl

T4 -
1 Rate of E
{ __fragoration
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2. Pour 25 mi of sait water into a petri dish and
25 ml of salt water into a 25 ml beaker.
Repeat using fresh (tap) water in the same
size containers.

3. Place all 4 samples in the same general loca-
tion where they will receive the same amount
of 1ight, moving air, and heat.

4. Allow the samples to stand for 4 to 5 days.
Then take the measurements listed below and
record in Table 7-3:

a. the temperature of the liquid,
b. the volume of the liquid, and

c. the density of the Tiquid.

Questions

1. Calculate the surface area when 7C = 3.14.
Area = X {radius)2,

2. Calculate the amount of the volume lost per
centimeter of surface area for each container.

Volume change = Volume start - Yolume final

Yolume lost _ ¥olume change
cmé Surface area

3. HWhat effect, if any, does surface area have on
the total amount of evaporation?

4. How could one predict the ¥o1ume of liquid
evaporating from a 1000 cmé¢ dish of freshwater
under similar conditions?

10.

Is there any difference in volume change of
fresh water or salt water?

What effect, if any, does surface area have on
density of liquids. Explain any differences.

What factors were controlled or kept the same
in this investigation to ensure that we were
studying only the effects of surface area on
evaporation?

Calculate the rate of evaporation of liquids
from each container.

Rate of Evaporation = —Jalume change

Time exposed

What will haﬂpen to the salinity of two tide
pools with the same volume of salt water but

different surface areas as they are exposed to
sunlight?

What will happen to the water volume of two
pools of freshwater of the same volume but
different surface areas as they are exposed to
sunlight?

Activity D

Test the effect, if any, of agitation on the
rate of evaporation of fresh and salt water.
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Background

Water in streams tumbles over rocks, swirls
around objects producing splash and airy froth.
Waves on beaches and in the open waters of lakes
and oceans rise and mix with air to form a short

lived froth. Does this agitation,or violent move-
ment of water, affect the evaporat1on of water?

Materials

-4 100 m! beakers

-1 aquarium pump

-1 hydrometer

-1 thermometer

-2 clothes pins

-salt water

-fresh water

-1 25 ml graduated cylinder

-2 50 cm length plastic tubing
-1 10 cm length plastic tubing
-1y valve

-2 screw clamps

Procedure

1. Measure the temperature and density of the
saltwater and freshwater sampies. Record in
Table 7-4.

Tabie 7-4. Data on agitation and evaporation.

B R

Fingl

| Dempity:  Start

Final

Final

Raty of Evappration

E
B

Pour_50 ml samples of salt water into each
of two 100 ml beakers. Repeat using fresh
water. Record the velume in Table 7-4.

Place all four samples where they receive the
same amount of Tight, heat, and moving air.

Aerate one sample of fresh water and one sample
of salt water. Secure hoses from the aquarium
pump so that air can bubble continuously and
at the same rate into the beakers of fresh and
salt water. If splashing occurs, replace the
liquid and reduce the air flow. Adjust the
clamps so that the amount of air flow appears
to be the same in each beaker,



5. Allow the system to run for 24 hours.

6. Measure the temperature, volume, and density
of the contents of each container and record
in Table 7-4.

a. the temperature

b. the volume

c. the density
Questions

1. HWhat effect, if any, does agitation have on
the amount of evaporation?

2. Does it make any difference if the Tiquid is
fresh or salt water?

3. What factors were controlled or kept the same
in this investigation to ensure we were study-
ing only the effects of agitation on evapora-
tion?

4. Calculate the rate of evaporation of liquid
from each container.

Rate of evaporation = Jolume change
Time exposed
5. What aquarium problems are related to agita-

tion and evaporation?

Summary Questions

1. Where does evaporation take place? Throughout
the entire body of water, at the surface, or
elsewhere? Give your evidence.

2. What is the state of the water that evaporates
from a sampie (solid, 1iquid, gas)? Give your
evidence.

3. How do you account for changes in density dur-
ing these experiments?

4. 1If you had a piece of plastic and a bucket, how
might you get fresh water from salt water when
on a desert istand? Use a drawing.

5. What conditions increase the rate of evaporation
in an aquarium?

6. In what part of the globe would you expect the
greatest amount of evaporation to take place
from ocean water? Explain your answer.

7. Using the data collected in these investiga-
tions, suggest what ocean conditions would
produce maximum evaporation.

8. Suggest an explanation of how wind produces
evaporation,

Further Investigations

Distillation of seawater or the recovery of
fresh water in stills, is very important to ships
at sea, and many parts of the world where there
are deserts. Design a device that gives high
recovery rates of fresh water with no addition of
electricity or other artificial energy source.
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8. Freezing of Water

It is a common experience to see ice float on

water.

In nature, ice forms both on freshwater
lakes and on the open ocean.

In this investiga-

tion we will compare the properties of ice made
from fresh water and salt water.

Determine the temperatures that melt fresh and
salt water ice.

in freshwater and find out what happens to the

Activity

See if salt water ice floats

density of ice as it melts.

Materigls

-2 one-quart milk cartons (tops removed)
-1 metric rule

-4 400 ml beakers

-1 ice pick

-salt water

-tap water

-1 thermometer

-1 hydrometer

-1 50 m1 {or larger) graduated cylinder
-1 heat source

-newspaper

-1 stirring rod

-knife

Procedure

Prepare containers and samples.

a. Remove lids from 2 one-quart milk cartons.

Rinse out insides if necessary.

14

b. Pour 900 ml of fresh water into one carton
and 900 m1 of salt water into the other
carton.

c. Measure the distance from the bottom to the
surface of the water in each carton (see
Fig. 8-1). Use a pencil to mark the water
surface on the outside of each carton.
Record distances in Table 8-1.

wahw fevel—¥
mark
Fig. 8-1. Measuring distance to surface.
d. Freeze the water in both cartons.

2. Conduct experiments.

a.

Spread newspaper over working surface and
cut away the carton from the saltwater

ice. Keep the freshwater ice frozen until
you start Procedure 3.

Measure ice from bottom to surface and
record in Table 8-1.



Table 8-1. Data on freezing liquids.
B UL

| volume of Liguid Start
Yoluw of Liguid Fimal
Volume of Liguid Change
| Distance tg Surface start
| Distance to Surfage Fina)
[ fiseance to Surface Changs
|_Demsity at Melting Top 1/3

Density ot Malting Mid 173 ;m

c. Carefully using an ice pick, break ice into
three blocks of about equal volume (see
Fig. 8-2). Remember which blocks are the
surface, middle, and bottom.

Fig. 8-2. Using ice pick to break block
into thirds.

Density at Mgiting Bottom /3 -

Put a small chunk of ice from the surface,
middle, and bottom blocks into tap water.

Record in your notebook whether each chunk
floats.

Put larger chunks of ice from surface, mid-
dle, and bottom blocks into 400 ml beakers
labeled surface, middie, and bottom.

Place the beaker labeled surface, holding
ice from the surface block, on a heat
source. Gently heat until all but about
one-tenth of the ice has melted.

Remove from heat source and stir contents
until remaining ice melts.

While stirring contents, take temperature
readings every minute until ice is melted
and record data in Table 8-2.

Table 8-2., Temperature during melting.

Start

Top 1/3 WddTe 173
res [d res N ir ras r

ki L

o - P —-—




HMSS Chapter 3

3.

g. Measure the density just as the last ice

melts and record in Tables 8-1 and 8-Z.

h. Repeat steps e, f, and g for the ice in

beakers labeled middle and bottom. Record

data in Tables 8~1 and 8-Z.

i. Compare the taste of the water from the ice

melted in the three beakers. Rate each as
most salty, least salty, or equal. Record
in your notebook.

Repeat Procedures 2a-i using the freshwater
sample.

Summary GQuestions

1.

What hagpens to the volume of water as it
freezes? Be as quantitative in your answer as

ossible. Explain how you made your calcula-
jons.

What difference, if any, is there between the
volume of frozen fresh water and frozen salt

water? Explain how you made your calcula-
tions.

Where does ice form first, at the top or
bottom of the water body? What is the evi-
dence to support your answer?

What differences are there in the properties
(density, melting temperature, saltiness, etc)

of the top, middle, and bottom segments of
fresh and saltwater ice?
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What is the effect of melting ice on the
temperature of surrounding liquid water? Is
there any difference between fresh and salt
water?

What happens to the minerals in water as salt

water freezes? What is the evidence to sup-
port your answer?

At night, how would the salinity of water
beneath an oceanic ice sheet compare with that

of open, nonfreezing ocean water. Explain
your answer.

How do freezing point (temperature) and melt-
ing point appear to be related? Explain.

From work done to date, what techniques can be
used to purify water?



9. Moving Liquids

In this series of investigations we will simulate
different conditions found in oceanic and fresh
water bodies s0 that we can see how currents are
formed.

From work in Topic 4, recall that motion occurs
when we have unequal forces meeting. Movement
occurs in the direction of the stronger force.
Forces in water are gravitational and buoyant
forces. In the case of floating objects, the buoy-
ant force of the liquid pushing up is equal tc the
gravitational force of the object pushing down. An
object that sinks exerts a gravitational force
greater than the supporting buoyant force.

We were able to predict whether the gravitational
force would or would not exceed the buoyant force
by comparing the apparent densities of objects put
in liquid and the density of the liquid. We found
that objects with densities equal to or less than
the densities of supporting liquids float and
objects with greater densities sink.

Activity

Determine under what conditions currents are formed.

Materials

-3 400 ml beakers

-1 thermometer

-1 two-hole cup (clear plastic)
-1 one-hole cup (clear plastic)
-1 hydrometer

-1 heat source

-room temperature tap water (25-270 C)
-chilled tap water (0-40 C)

-hot tap water (50-700 ()

-room temperature salt water (25-270 C)
-hot salt water (70-900 C)

-food coloring or other water soTuble dye
-2 baby food jars

-1 3 X5 file card

-1 clean container (shoe box)

Procedure

Test the interactions of eight water combina-
tions shown in Table 9-1.

a. With a hydrometer, determine the relative
density of water samples in each combina-
tion. Record your results in Table 9-1.
Example: “density salt water D density
fresh water" means the salt water is denser
than the fresh water.

b. Predict the color on top and bottom
when the reaction is complete for each
combination. Draw diagonal lines /////
in the boxes under predictions in
Table 9-1 where you predict color will
be at the end of each reaction,

c. Carry out the steps in Fig. 9-1 for
each water sample combination. Check
Table 9-1 to make sure you have the
right sample colered in each combina-
tion and that you have the samples cor-
rectly on top and bottom to start each
reaction,
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Step b. Place the card over the
mouth of the jar. Turn
the jar over.

Puli out card allowing
the two liquids to come
in contact with each
other,

Step ¢. Put the two jars togeth-
er with the card between.
Step a. Fill two jars with two
different kinds of

liguid.
Fig. 9-1. Steps in manipulating jars.

Note that combination 6 in Table 9-1 is 2. Test the interaction of two bodies qf.wqter,
simply combination 5 that has been one deeper than the other as shown in Fig. 9-2,
allowed to cool. Follow the instructions below.
For combination 8, aerate the "top" a. Predict, using the same symbols as in
water by shaking vigorously in a stop- Tabte 9-1 (> , ¢ . = ), the relative
pered fiask for a few minutes. force of the water flowing through

holes (A) and (B).
d. Draw diagonal lines ///// 1in boxes
under actual results in Table 9-1 to b. Predict the direction of flow using an
show where color appears at the end of arrow.
each reaction.

c. Carry out the two experiments shown
in Fig. 9-2. At the start of both
experiments, the water in the cups
is colored. Record actual results

119 in Fig. 9-2.
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3. Test the interaction of water of different
densities at their borders as shown in Fig.
9-3., Follow the instructions below.

)
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Fig. 9-3. Movement of water through a single
densities. @

a. Predict the direction of flow using arrows.

b. Carry out the procedure using blue colored
water for cold and red for hot water.
Record the actual results in Fig. 9-3.

4. Test the simulated interaction between arctic
and tropical waters as shown in Fig. 9-4. Fol-
low the instructions below.

a. Predict the direction of flow using arrows.

b. Carry out the investigation using blue

colored water for cold and red for hot
water. Record the actual results in
Figure 9-5,
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Fig. 9-4. Equipment to study the interaction
of hot and cold water.

5. Devise a system that would test the interaction
between water of different salinities. Predict
what will occur, then test the system.

Fig. 9-5, Effect of wind on water movement.

Sumnary Questions

1. What are the interactions of water in each sys-
tem shown in Procedure 1 in terms of gravita-
tional and buoyant forces?

2. Wind can blow water out to sea creating a"hi11"
in offshore waters. This process is called
is called upwelling. Using the results of
Procedure 2, decide which of the diagrams,
{a) or (b), in Fig. 9-5, would best describe
the expected water movement in response to
such winds. Explain your selection.

3. Wind has a tendency to pile water up at the
equator forming a measureable hill. Which of
the diagrams below would best describe expected
water movement? Explain your selection.
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10. Coriolis Effect and Currents

The earth constantly rotates or spins on its
axis. Since the earth is a sphere, different parts
of the earth travel at different speeds. At the
equator, the velocity of rotation is about 0.46km/

sec., or 1040 miles/hr. At a point 50 km from the
pole it travels about 0.0036 km/sec., or 16.8
miies/hr. In this investigation we will simulate
a current of water flowing from the north polar
region, down across the equator to the south polar
region. We want to observe what happens to the
direction of the water flow as it moves southward
on a spinning globe. This is called the coriolis

effect.

a. Predicted path of cur- b. A;tual}path of current
rent when flask is at when flask is at rest.
Activity rest

Observe demonstration and determine the
effect rotation has on global currents.

Procedure

1. Predict how the current of liquid will flow
on the demonstration flask when the flask is
at rest. Draw the predicted path of the
flow on Circle a, Fig. 10-1.

2. Predict how the current will flow on the c. Predicted path of cur- d. Actual path of current
flask when it is rotating. Draw the predicted rent when flask is when flask is rotating,
path on Circle ¢, Fig. 10-1. rotating. —

y W
3. After the demonstration, record on Circle b, tﬁ:ﬁ
Fig. 10-1, the actual path of current on the Fig. 10-1. Path of liquid over flask when

flask at rest. stationary and rotating.

4, Record on Circle d, Fig. 10-1, the actual
path of current on the rotating flask.



 Summary Questions

1.

Explain why the earth's rotational velocity is
greater at the equator than at the poles.

How is the NaOH solution driven out of the
flask?

Compare the total path of the liquid when the
flask is stationary and when it is in motion.

Predict how the total path of the current would
look if the cord were wound the other way.
Explain your reasoning.

How does the path of the current above the
equator relate to the direction of rotation?
Suggest an explanation for this movement.

What were the forces acting on the liquid as it
flowed over the surface of the flask? When it
was stationary? When it was rotating?
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11. QOcedn Circulgtion

A current 15 a body of filuid moving in one direc-
tion. Since fluids are either gases or liquids,
both winds and streams are also currents,

In studying oceans we find they are collections
of many currents moving in different directions, at
different levels and at different seasons. The
way these currents move is called ocean circula-
tion.

ACtivity

Read the materials and answer the questions.

Current Formation

To move, a body must be under the influence of a
force {push or pull). Forces producing ocean cur-
rents are provided by winds, tides, gravity,
coriolis effect, and density differences.

To produce movement, a force must be greater than
forces opposing it. For example, we have seen that
when the force of gravity exerted by a boat is
opposed by an equal buoyant force of water, a boat
floats. Sinking the boat requires the gravita-
tional force to be greater than the buoyant force
(Topic 4).

Unbalanced forces also explain movement of water,
or current formation in cups {Topic 9).
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Winds, Waves and Currents

Winds produce waves, but waves do not move water
horizontally. Wind waves occur only at the surface
of the ocean, and the water moves up and down as
the wave advances. This can be seen when we are in
a boat on the open ocean. A wave passing under the
boat 1ifts it and Tets it fall. Waves then are not
currents,

Winds can produce currents by the same ways
that they create waves if they blow from the same
direction for long periods of time. The generation
of currents requires a prevailing wind such as a
trade wind which blows from the same general direc-
tion year round.

If there is constant push on the ocean's surface
by wind, water begins to move. Since water sticks
together, water movement at the surface results in
underlying water being dragged along. Ocean cur-
rents such as the Gulf Stream are as much as
2km deep. Because of the great volume of water that
must be moved, it takes continued application of force
to keep it moving.

Wind Formation

Wind is produced wherever two bodies of adjacent
air have different densities. More dense air has
a tendency to sink and push up less dense air (Fig.
11-1). This produces a convection current,

Changing Air Density

There are two primary ways that the density of
air changes. First, the air can be heated and
become less dense or it can be cooled and become

more dense. Second, when water vapor is added to the



air during evaporation, the mixture in air changes.
Water vapor has approximately half the density of

the major gas components of air. Therefore, as vapor
enters the air, the air becomes less dense.

Fig. 11-1. A convection current showing more
dense air sinking and pushing up Tess dense air.

Questions

1. How do winds form currents?

2. What are the differences between waves and
currents?

3. What is a force? Give four examples.
4. How is a convection current produced?

5. How can air become more dense? Less dense?

Global Winds

Equatorial regions of the earth are hot, while
the poles are cold {Fig. 11-2).

Smmer

‘wintet

Fig. 11-2. Amount of sunlight at poles as affected

by the tilting of the earth.

The amount of warming sunlight that falls on the
equator is approximately 60 times that falling on
the region of the poles. Sunlight is the earth's
principle heat source. As a result water vapor is
evaporated in great quantities from oceans and
Jungles near the equator. Air here is hot, vapor
filled, and low in density. Air at the poles is
cold and relatively high in density.

The cold air hugs the ground and moves down from the
arctic and up from the antarctic to displace the hot
air at the equator. As it moves over the earth's
surface it warms. The hot rising air from the tropics
spreads out toward the poles, being cooled as it goes.

Earth's Rotation and Effect on Wind

In Topic 10 we have seen that as a fluid flows
from the pole to the equator over a ratating globe

it moves in a direction opposed to that rotation.
(Fig. 11-3).
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Fig. 11-3. Coriolis effect showing that direction
of flow in the opposite direction of rotation.

We can explain the coriolis effect as follows:

As the earth rotates on its axis, the air column
above it rotates at the same relative speed. If
this were not so, there would be constant east to
west wind at all latitudes. Comparing the rota-
tional speed of the earth and air 50 km from the
poles to that at the equator, we find equatorial
earth and air moving about 110 times faster in the
direction of rotation.

Let's follow a slow rotating body of polar air as
it moves toward the equator. As it moves the earth
beneath it keeps moving faster and faster in the
direction of rotation. When a fast moving equatorial
air body moves toward the poles it passes over an ever
slower moving surface and tends to move in the direc-
tion of rotation.

When a fast moving equatorial air .body moves
toward the poles, it passes over an ever sjower
moving surface and tends to move in the direc-
tion of rotation.

Questions

6. Why would more sunlight fall on the equator
than on the poles?

7. Draw arrows showing the direction of wind moving
in the southern hemisphere (Fig. 11-3).

Coriolis Effect and Wind Pattern

To get an idea of how winds are affected by the
earth's rotation, we will use a model of what
really happens on the earth. Assume a surface
totally covered with water and air 50 that conditions
over its surface are constant.

On this model earth there are three circulation
cells in the northern hemisphere. Use Fig, 11-4
to study the following discussion.

Again we will follow a polar air body as it
travels toward the equator. Such an air body is
cold and travels next to the earth's surface. When
it has reached latitude 600, the bending of the



Fig. 1i-4. Prevail1ng winds on an ideal model of
The earth showing major circujation cells.

path by the coriolis effect is sufficient so that
it is trave]ling almost due west. Further, this
original cold air from the poles has in its travel
southward warmed and it rises. The winds it pro-
duced in its travels toward the equator are called
polar easteriies. Winds are named for the
direction from which they come. A wind moving
toward the west comes from out of the east and is
called an Easterly wind.

Now let's follow a body of equatorial air moving

toward the poles. This is a hot, moist, Tow density

rising air. As it advances, it cools in the upper
atmosphere, losing its moisture as rain and becoming
more dense.

At about 300 latitude, it sinks back to the
surface. Between latitude 0° and 309, colder sur-
face air is coming from the direction of the north
and therefore, is moving toward the west. These
easterly winds are called trades,

Now look at a body of surface air between lati-
tude 300 and 600. Here, there is a change in
direction of surface winds. Most of the body of
air comes from the equator. Since it is revolving
faster than the earth beneath it, wind movement is
from the west and the winds are called westerlies.
The real atmospheric circulation only approximates
the circulation suggested by the model. However,
the model does describe the general year round pat-
tern of air movement.

Questions

8. Predict what the major circulation pattern
would lock 1ike in the southern hemisphere,
Draw it on the left bottom edge of Fig. 11-4.

9. On Fig. 11-4, label the relative temperature
and density cond1t1on of the air at 300 S,
600 S and 90° S,

10. Using Fig. 11-4 as a model, use arrows to show
the direction of the surface winds as the air
circulates in the southern hemisphere.

11. Compare the major currents of air in the north-
ern and southern hemispheves.
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Major Ocean Surface Currents

In ocean basins, the prevailing winds create
surface currents,

In the northern hemisphere, the

general circulation follows the patterns shown in
Fig. 11-5.

A
Fig. 11-5, Major ocean currents. o
Questions

12. On Fig. 11-5, draw in the current that you would

13.

expect generated in the South Pacific.
to show the direction.

Use arrows

Relate Fig. 11-4 to Fig. 11-5. How do the major
surface winds compare with the major currents?

a. Look at the major North Pacific currents.
Which of the winds drives the northernmost
part of the current?

b. What part of the currents do the trades
drive?

14. On the map of the world (Fig. 11-6) viewed from
the south pole, draw the following:

a., a set of arrows showing the water circulation

around Antarctica, and

b. indicate the direction of rotation of the
earth in relatfon to the south pole,

15. What role does the coriolis effect have in pro-
ducing surface currents?

Thermohaline Circulation

Vertical movement of water in the ocean may be of
wind origin {see Topic 9, Question 2 concerning
upwellings) or they may be produced by differences
in water density. Ocean water density can be
changed by the increase or decrease in salinity.
For example, by the evaporation of water (increase)
or the addition of fresh water (decrease). Density
can also be altered by changing temperature.

A term combining both the 1dea of salinity and
temperature 1s thermohaline. (Haline refers to the
halide ions, principally chloride jons, which are
used to measure the salinity or quantity of dis-
solved mineral while thermo refers to temperature.)
Thermohaline circulation refers to water movement
due to differences in density produced by differ-
ences in salinity and temperature.

Thermohaline Circulation in the Mediterranean

The Mediterranean Sea is constantly swept by dry
winds. As a result, great volumes of water evapo-
rate producing dense surface water which sinks.
This dense water pours out of the Mediterranean



through the Strait of Gibraltar and plunges down
“into the Atlantic. Meanwhile, as dense water
leaves, less dense Atlantic water flows in to take
its place. See Fig. 11-7.

Ice Formation and Thermohaline Circulation

Ice formation in salt water increases the
salinity of unfrozen water. Recall from Topic 8
that salt-free ice can form in salt water. Removal
of water in the form of ice has the same effect as
evaporation. Water from the Arctic and Antarctic,
for example, are both very cold and very dense.
Arctic waters have a temperature of less than -1°C
with densities of more than 1.028 g/ml. This com-
pared with an average surface density of 1.025 g/ml.
- These polar waters sink and are replaced by surface
}Ivv\ water from more temperate regions.

South Pole. =

Fig. 11-6. Maps of the world from the poles.
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Questions

16. How is the density of sea water increased?
Decreased?

17. List in order the most to least dense quies
of seawater exposed to different conditions.

a. body at surface in a tropical rain storm.

b. body at surface in the antarctic.

¢c. body at surface in tropical sun.

d. body at surface in tropics at night.

e. body directly beneath a mass of freezing
poiar ice.

18. During World War II, German submarines passed
in and out through the Straits of Gibraltar
without using their engines. How could they
have done this?

19. In the mid-Atlantic and in various parts of
the Pacific and Indian Oceans, there are hot
spots at the margins of continental plates.
How might these affect deep water circulation?

Tidal currents

Tidal currents are produced by the general raising

and lowering of the sea surface under the influence

of the sun and moon. They are usually the strongest
currents in a coastal region. Tidal currents are
often visibie at the mouths of rivers, and the
narrow inlets of bays and harbors,

Tide information

Tides result from the gravitational pull of the
moon on the water of the earth and the centrifugal
force of the earth resisting that gravitational

130

force. The moon and earth attract each other by
gravitation. If there were no resistance to this
force, they would crash together. However, they
whirl around each other creating a balancing

force called centrifugal force which keeps them
apart.

Centrifugal force is observed when we put water
in a bucket and whirl it rapidly in a circle. The
water does not fall out but instead pushes on the
bottom of the bucket. -

In the case of tides in the region of the earth
immediately beneath the moon, water is pulled
toward the moon. On the opposite side of the
earth, centrifugal forces pull water away from the

earth opposing the force of the moon. See Fig. 11-8.
-
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Fig. 11-8, Spring and neap tides.

The sun also exerts a gravitational force on the
garth and produces its own tide. Again, opposing
the tide is the centrifugal force of the earth as
it wheels around the sun. As before, this centri-
fugal force pushes out a balancing mass of water
on the other side of the earth because the earth's
gravitational force {s shifted towards the sun and
moon. When the two tidal forces act together {from
moon and sun) we get, over the course of a month,
two days of extra high and Tow tides called spring
tides. See Figs. 11-8 and 11-9.
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Fig., 11-9. Neap tide.

Time and tides

The moon passes overhead once every 24 hours and
50 minutes. If we are on the ocean on a calm day
when the moon is overhead the ocean beneath us is
at its maximum height or high tide. Six hours
and twelve minutes later it is at its low tide.

Questions
20. What is centrifugal force?
21. Draw on Fig. 11-8 the location of the moon
at the second spring tide.
22, Draw on Fig. 11-9 the Tocation of the moon
at the second neap tide.
23. On Fig. 11-10 mark the time of the high and low

tides for a 25 hour period.

Bl

High tide ~\\\\\\\\\

Low tide : ‘\\\‘

0 2 & 6 8 10 1z 14 16 18 20 22 23
Time in hours

L
Fig. 11-10. Graph of tides. -

24. Comp]etg the following calendar showing when
the spring and neap tides would occur. It

takes 29% days for the moon to orbit the earth
(See Table 11-1).

Coastal tides

Tides along coastlines vary greatly. This is prin-
cipally due to the shape of the ocean basins. To be

sure of the tides one must consult records of past
tides for an area.

Tides may be very high. For example, in the Bay
of Fundy in Nova Scotia, the difference between high
and Tow tides may be 15 m or almost 50 feet. The
most spectacular tidal currents are the tidal bores
ordwalls of water, that rush up some rivers at high
tides.

uestiqns

In Fig, 1i-11 are charts of tides in Honolulu and
New York.

25. How are they different? similar?

26. When are neap tides, spring tides?
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Fig. 11-11. Tide charts_for September in New
York and Honolulu.

Table 11-1. Calendar showing spring tide on
~ first day of month.
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29 130 (31
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There are several ways of measuring tidal heights.
Tide tables are average tidal data obtained at a
given location for a 19 year period. Daily tide
tables are often printed in the newspaper, usually
near the weather report. An example is shown in
Table 11-2.

Table 11-1. Newspaper tide table for Honolulu
' Harbor and elsewhere.
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"Tides Elsewhere" gives the figures to be added or
subtracted from the Honolulu Harbor data. To
determine exactly when a high or a low tide will
arrive at a nearby location it may be necessary to
add or subtract time from the time shown on the
chart. For example, on that day there was a high
at Waimanalo at 4:55 AM. This is due to complex
island topography and bathymetry.

Question
27.  On Tuesday, when will the tide be high at
a. Haleiwa?

b. Hilo?
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INVERTEBRATES

More than 95 per cent of all animals are inverte-
brates. Invertebrates are animals without back-
bones. They vary greatly in size and form and
include animals as diverse as the 12 m long giant
squid and the 1 cm Tong brine shrimp,
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Glossary to Animal Pnylum Compdarison sneet

c. assymetry - no specially arranged body

parts.
The Animal Phylum Comparison Sheet {Table 1)
asks for information about several invertebrate
phyla that will be studied in this chapter.
Chapter 2, Topic 9 explains what a phylum is.
Sometimes you may need to use a biology reference
book to find answers to the comparison sheet. If
you study other phyla, add columns to the sheet.
Several terms in the Animal Phylum Comparison
Sheet are defined below:
1. Body Symmetry. 2. Body segmentation.
a. radial symmetry - an arrangement of body a. segmented - a repetition of body parts, one
parts radiating from the center in all ?oi10w1ng the other. These parts (segments)
directions. are alike.

8
’ ) AARDPT
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b. nonsegmented - no repetition of body parts.

b. bilateral symetry - an arrangement of
body parts so that there is a “top,"
different from the "bottom" and two sides
simitar to each other.

——




Digestive tract.

a.

b.

c.

complete - having a mouth, a digestive
{uge and an anus (1ike a fish).

sac-1ike - having a digestive tube. The
mouth and anus are the same opening (like
a balloon).

none - having no digestive tract.

Nervous system.

a.

dorsal nerve cord - runs along the "top"
(dorsal side) of the animal.

ventral nerve cord - runs along the "bottom"
{ventral side) of the animal.

nerve net - runs throughout the animal
(Tike a 3-dimensional spider web).

radial nerve cord - runs in a circle around

the animal {Tike a ring).

irreqular nerve cord - may branch into

three parts or may be ladder-i1ike. Each of
the main branches are controlled by ganglia.

ganglion - a small swelling of the nerve
corg which may be located anywhere on the
cord.

d.

brain - an enlarged anterior part of the

nerve cord,

The nervous system of invertebrates is hard to

5ee.

Therefore, you may need to refer to biol-

ogy textbooks or ask your teacher for help in
locating it. ‘

Method of respiration,

a.

b.

lungs remove O from the air (e.g.in man).

gills remove dissolved 02 from the water
(e.g. in fish).

skin allows 07 to pass directly into the
animal. There is no special organ for
respiration.

respiratory tree is a special feature of
one phylum which removes dissolved 02 from
the water. It looks somewhat 1ike a tree
and is not mentioned in these topics. See
if you can find out which phylum has
respiratory trees,

Unique anatomy.

A1l unigue anatomical terms needed will be
described in this Chapter's topics.
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7. Economic importance.

In many of the topics we talk about the econom-
i¢ importance of members of each phylum.

Table 1. Common Hawaiian multicellular animal
phyla comparison sheet.
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1, Stinging Cells of Cnidaria

Members of the phylum Cnidaria (coelenterates)
are simple animals with a sac-like digestive tract.
Around the mouth are tentacles with stinging cells
containing structures called nematocysts. Food
is caught by tentacles, stung by nematocysts, and
stuffed into the mouth. Food s digested and
expelled through the same opening that it entered.
Examples of cnidarians are hydra, jelly fish, sea
anemones and corals. Cnidarians may be solitary
(Tive alone) or may live in colonies. The animals
in colonies are attached to each other by thin
layers of tissue.

There are two principal forms of cnidarians:

1. Polyps usually attach to hard surfaces. Their
moutEs point upwards (Fig. 1-1}. Examples
are: hydroids, anemones, and corals.

2. Medusae (jellyfish) swim freely in water,
ThegF'mouths ysually point downwards (Fig.
1-1).

The cells of cnidarians are arranged in two
tissue layers called ectoderm and endoderm. Each
contains special cells.

The ectoderm, or outer layer, contains stinging
cells and secretes mucus. The endoderm, or inner
layer, has cells which digestifood. The e?dg?erm
also contains special cells with flagella (whip~-
11ke structuresg which stir the food 1n the diges-
tive cavity. Between these two cell layers is a
jelly-like layer. This layer may be thick {as in
the bell of the medusa) or thin (as in hydroids).



cilia on surface move
food toward mouth:
move sediment away.

a. POLYP

b. MEDUSA

ntacles contain nehatocyst

{stinging cells with toxic
venom} which paralyze prey
{1.e., 200plankton},

@’ﬂ‘* discharged nematocyst

nerve cell

bell
igestive cavity
tentacles

digestive
- GTand CeTl

flagellum

digestive
cavity

ectodem endoderm
secretes mucous digests food and
and skeleton if contains zooxanthellae
present.
Fig. 1-1. Features.of Cnidarians. Jelly layer

L7
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Many cnidarians {(e.g., anemones, reef building Cnidaria discharge from one to three types of
corals and soft cora1s? have zooxanthellae in their nematocysts: threads that wrap or entangle
tissues. Zooxanthellae are small algae. When (lasso); threads that are adhesive {glue-1ike);
exposed to sunlight, these plants produce nutrient threads with barbs that penetrate the prey (barbed).

molecules used as food by themselves and by the
cnidarians in which they live.

Colonial cnidarians which do not have zooxanthel-
lae in their tissues include precious corals, some Activit
hydroids, some jellyfish, and the Portuguese man- . . '
of-war. The cnidarians lacking zooxanthellae must View unfired and fired nematocysts using
catch their own food and are able to live in deeper selective staining techniques.
dr muddier water where there is less 1ight.
One of the unigue characteristics of the cni-
darians is that they can protect themselves and Materldls
catch food organisms with their nematocysts (Fig. -1 microscope (100X)
1-2). Most of these thread-like structures are -2 glass slides and cover slips
located in the tentacles of cnidarians and are -2 pairs of tweezers
discharged at other organisms. Nematocysts often -2 stains {safranin "0" and methylene blue},
contain toxins {poisons). The nematocyst toxins each in an eyedropper bottle
of the Portuguese man-of-war, some hydroid colondes, -1 cnidarian (Portuguese man-of-war or anemone )
many jellyfish and fire coral produce a severe -scissors
burning sensation and in a few cases, shortness of -2 toothpicks

breath in humans. Some jellyfish called cubomedusae
are deadly, One species produces toxin stronger

than cobra venom, Procedure

adhesive 1. Snip off a 2mm piece of a tentacle from the
1iving or frozen cnidarian specimen using

o scissors. Place the piece on a clean glass
N i’ Y., slide. Add a drop of water and a coverslip.

lasso Fig. 1-3 shows an example of tentacles and
nematocysts at different magnifications.
-:f!;;r 2. Observe your specimen under the microscope at
barbed 100X, and find the unfired and fired nemato-

cysts. Draw some of each.

Fig. 1-2. Three types of discharged nematocysts
sfinging a daphnia.




1x

|

~ #5
unfired nematocyst

tentacle tentacleQ i su- e

100x

food catching
tentacles with
seinging cells

400x

Fig. 1-3  Nematocysts of a Portuguese man-of-war.

3. Test the nematocysts with a hair root:

a.

b.

e.

Remove a hair with a root from your head.

While one person inserts the root of 