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PROJECT ORCA

The ocean? It's 2 miles away; it's 200 miles away; it's 2000 miles away. What
does it matter to me? For those students who live close to the ocean, a lake or a
stream, the effect of water might be more obvious. For the student whe lives on a
wheat farm in the arid inlands, the word ocean i remote. It may conjure up
images of surf, sand and sea gulls, experiences far removed from their daily
lives; or it may have no meaning at all. Yet for that same youngster, the reality
of the price of oversea wheast shipments or fuel costs for machinery are very real.
The understanding of weather and its effects on the success or failure of crops is
a basic fact of everyday life. The need for students to associate these daily
problems with the influence of the marine enviromment exists. It requires expo-
sure to ideas, concepts, s5kills and problem solving methods on the part of the
youngsters. It also requires materials and resources on the part of our educa-
tors.

The goals of ORCA (Ocean Related Curriculum Activities) are: 1) to develop a
basic awareness of ways in which water influences and determines the lives and
environments of all living things; and 2) to develop an appreciation of the rela-
tionship of water to the study of the natural sciences, social sciences, humani-
ties and the quality of life,

ORCA attempts to reach these goals by: 1) developing interdisciplinary curriculum
materials designed to meet the needs of students and teachers living in Washington
State, 2) developing a marine resource center, and 3) providing advisory services
for marine educators. In conjunction with these efforts, ORCA is coordinating
communication among educators throughout the state and the rest of the nation.

The curriculum materials are developed to be used in many areas including the
traditional science fields. They consist of activity packets which fit existing
curricula and state educational goals and are designed for use as either a unit or
as individual activities.

The ocean affects all our lives and we need to be aware and informed of the inter-
connections if we are to make sound decisions for the future of the earth, the
ocean and our own well being. We hope that through Project ORCA, teachers will be
encouraged to work together to help students understand and appreciate the ocean
and the world of water as a part of our daily existence.
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MARINE BIOLOGY ACTIVITIES

SUBJECTS:.
QRADE LEVELS:
WRITTEN BY:

Marine Biology Activities 1is an activity packet that introduces

students to the major themes of marine biology. Through class-
room, laboratory, and field trip activities, students develop an
understanding of structural adaptation, behavioral adaptation,
zonation, and habitat. This packet includes teacher background
information, student handouts, and teats.

Biology, Life Science, and Environmental Educationm
Junior High School, Bigh School, Commmity College

John Pauls



TABLE OF CONTENTS AND OVERVIEW

ACTIVITY 1: INTERTIDAL ZONATION (4 DAYS)

Intertida) organisma are distributed across a beach in zones which

correspond to tidal levela. The activity includes:

1. teacher background information on the nsture and causes of
intertidal zonation.

2. directiomw for wmaking a beach transect.

3. student handouts on the nature and causes of intertidal
zonation.

4. a quiz on zonation.

ACTIVITY 2: .OBSERVING STRUCTURAL ADAPTATIONS (1 DAY)

Organisms have apecizlized structures that enahle them to survive
in the intertidal region. The activity includes:

I.  teacher background information on the kinds of structural
adaptations which are observable in the intertidal regiona.
2. a field trip activity in which students inveatigate

several structural adaptations of marine organisms.

ACTIVITY 3: OBSERVING BEHAVIORAL ADAPTATIONS (1 DAY)

Organisma have speclalired behavior patterns which are adaptations
for survival., The activity includesn:

1. teacher background information on the kinds of behavioral
adaptations which are observable in the intertidal region.
2. a field trip activity in which students investigate several

behavioral adaptations of marine organisme.

ACTIVITY 4: .BE AN EXPERT . . . (6-25 DAYS)

Each group of marine organisms has a characteristic anatomy,
habitat, reproductive habit, life cycle, feading wmechanism,
defense mechanism, etc. which can be discovered through library
research. The activity includes:

1. suggestions to the teacher for assigning groups of marine
organisms to students for research.

2. two extensive liste of marine genera of the Puget Sound
areag.

3. an activity to gulde students to a complete atudy of a

group of marine organisms,

ACTIVITY 8: INTERTIDAL HABITATS (2 DAYS)

Beaches are classified into three major types: rocky shore, sandy
beach, and wud flat. The activity includes:

1. teacher background information.

2. a classroom activity sheet.

3. a quiz on intertidal habitats.
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ACTIVITY 8: EXTENDED ACTIVITEES IN MARINE BIOLOGY
This section includes a liating of additional activities for
students. A brief description of the activity is included,

along with names of contsct persons, telephone numbers and

other appropriate informstion.

EVALUATION, VOCABULARY AND BIBLUIOGRAPHY
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MARINE BIOLOGY ACTIVITIES

OBJECTIVES

The student will demonstrate understanding of the coucept
of zonation by:

1.

z.
3.

&.
5.
6.

identifying intertidal zomes.

describing the characteristice of each zone.
naning reasoms why organisms are often confioed
to a certain zome.

explaining the causes of zonation.

matching marker organisms with the correct zone.
describing the concept of zomation.

The student will demonstrate understanding of the tech-
nique of making & transect by:

1.
2,
3.
4,

selecting the best site for a transect.

making a quadrat count.

graphing the data from the class count.

explaining the graphed results in terms of zonation.

The atudent will demonstrate understanding of the concept
of structural adaptation for survival by:

l.
2.
3.
4’
5.

6.

explaining how nematocysts are used to capture food.
explaining how cirri are used to capture food.
explaining how tube feet prevent echinoderms from being
washed away by wave actlon.

explaining how byssal threads prevent mussels from
being washed away by wave action.

explaining how pedicellariaa keep the aboral surfaces of
sea gtars and sea urchins clean.

relating the above structures to increased chance of
survival of the organisms involved.

The student will demonstrate understanding of the concept of
behavioral adaptation for aurvival by:

L.

2,

3.
4.
5

explaining the behavior of limpets in the presence

a aea star predator.

deacribing the behavior of hermit crabs when feod is
made available.

describing the color changes of octopus when threatened.
describing evisceration.

relating the above behaviors to Increased chances for
gurvival of the organism involved.

The student will demonstrate understanding of the biology of
a group of marine organisms by:

1.
2.

miking an oral and/or written report on that group.
acting as a reference source to other students who have
questions about that group while on the field trip.

The student will demonstrate understanding of the concept
of habitat by:

1.
2.
3.
4.
5.

explaining habitat.

naming 3 major intertidal habitats.

describing the physical factors that caused each habitat.
1dentifying key intertidal life of each habitat.
explaining how organisms have adapted to the physical
characteristics of each habitat.
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ACTIVITY 1:

e INTERTIDAL ZONATION
(4 DAYS) |



TEACHER
PREPARATION

MATERIALS:

INTERTIDAL ZONATION (4 DAYS)

1. Intertidal organisms are dfstributed across a beach in zones
which correspond to tidal levels.

The student will demonstrate understanding of the concept of

zonation by:

1. identifying intertidal zones.

2. describing the characteristics of each rone.

i naming reasons why organisms are often confined to a certain
zone.

4. explaining the causes of zomation.

5. describing the concept of ronation.

The student will demonstrate understanding of the technique of
saking a transect by:

1. selecting the besat site for a transect,

2, making a quadrat count.

3. graphing the data from the clasg count.

4. explaining the graphed results in terms of zonatien.

1. Make arrangements for the field trip, (see ORCA activity
packet, Marine Biclogy Field Trip Sites.)

2. Reproduce clans sets of the student handoutas:

“Activity l: A Beach Transect"
"Worksheet: Intertidal Zonation"
"Intertidal Zonation"

3. Read the suggeated Teacher Background Information “Inter-
tidal Zonation".

4. Make a 100 meter lomg trapsect line of heavy string. Use
a tough tape (such as Mystik Tape or silver duct tape) to
wmark the line at one meter intervals. Label the tapes from
0 to 100. Fasten a wooden stake (approximarely 35 cm long)
to each end of the trangect line.

3. Make two gradient sticks., Each is made of 1" x 2" or
1" x 1" wood, 1.5w long. Mark each in O.lm intervalas.
Label the marks: 0, 0.1, 6.2, 0.3,..... 1.4, 1.5

6. Buy, borrow, or make a spirit level. A guitable one is a
9" torpedo level. Your school shop may have one.

7. It 18 desirable that the teacher survey the field trip site
Juat prior to the field trip to make certain that the
organiems to be surveyed are to be found in that locality
at that particular time of the year.

8. Cut ome pilece of string 120 cm long for each class member.

1, Class sets of student handouts:
"Activity l: A Beach Transect"
"Worksheet: Iatertidal Zonation"
"Intertidal Zonation" '

2. Class sets of student equipment:
Quadrat strings, [20 cm long
Clipboards (provided by students)




3.

5.
6.

Transect line, 100 meters long, wmarked at | meter intervals.

2 gradient gticks, 1" x 2" x 1.5m, marked into 0.lm intervals.
Spirit Level.

Marine organisme on the beach.

Introduce the subject of zonation by eliciting students®
observations of tidal effects. They might relate their
experiences in digging clams, boarding the ferry, etc.
This will establish a mental set.

Have the students read and study the student handout
"Intertidal Zonatiom™.

Rave the students complete the worksheet "Intertidal
Zonation". Discuss it with the class.

Discuss the techniques involved in Activity 1. Esphasize
the need to minimize the claess's impact on the beach
ecology. Students should restore the rocks, seaweed,

and other organisms to their former positions. Students
should not leave the atring on the beach.

Have students do Activity 1 at the beach. It works well aa
the first activity upon arrival. Activities 2 and 3 may
be done concurrently after students have finished Activity 1.,
When back in the classroom, pool the class data. Each
student should have a copy.

Have the students graph the data from the transect.
Analyze the data. See 1f the students can come to thelr
own conclusions regarding zonation and its causes before
you discuss it in detail.



. Teacher Information Sheet

INTERTIDAL ZORATICN

The waters of the world may be divided into zones based on relative depth.
The diagram below shows this classificatien.

LITTORAL

SUFPRA - CONTYNEN,
INTERTIDAL
INFRA -
CIREA -
BENTHIC
e R0OOm
— e . OO .
) loo0m

This activity concerns itself only with the littoral zone, that is, the
sea-land interface.

Littoral organisms seek a suitable habitat such as a sandy beach, muddy

beach, rocky beach, or piling. Superimposed upon this habitat selection

is a zopation which corresponds to the tidal levels. Certain organisms

prefer the Splash Zone, the Upper Intertidal Zone, the Middle Intertidal

Zone, the Lower Intertidal Zone, or the Open Sea. (See the following diagram.)
A brief description of these zones follows.
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Teacher Information Sheet
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Teacher Information Sheet

The Splash Zone (above the 10 foot mark at Seattle)* is a region which is
only occasionally wetted by spray from surf when the tide is high. The
sparse population of marine organisms sust be able to endure very long
paricds of exposure to alr (80% of the time or wmore), must face include

large temperature fluctuations and solar radiation. Qrganisms characteristic
of the Splash Zone are;

Isopods {Ligia pallasii)

Periwinkles (Littorina spp)

Limpets {Acmaca digitalis)

Acorn barnacles (Balanus glandula)
(also found in the zone below)

The Upper Intartidal Zona (5 to 10 foot tide level at Seattle} is the upper
tide pool region. Organisms here must be adapted to frequent, prolonged
exposure to air {35 vo 80% of the time). Orqganisms characteristic of

the High Beach zone arer

Emarginate Drill (Thais emarginata)
Rockweed {Fucus digtichus)

Spindle snail (Searlesia dira)
Hermit crad {(Pagurus hirsutiusculus)
Isopods (Idothea wosnesenskil)

The Middle Intertidal Zone (0 to 5 foot mark at Seattle) contains organisms
that must be adapted to daily exposure to air [10 to 35% of the time)
alternating with subaersion in sea water. They include:

Googeneck barnacle (Pollicipes polymerus)
California musgel (Mytilus californianus)

Black chiton (kKatherina tunicata)
Purple shore crab {Hemigrapsus nudus)
Edible mussel (Mytilus edulis)
Purple sea star {(Pisaster ochracecus)

The Lower Intertidal Zone (~4.7 to 0 foot mark at Seattle) is exposed to
air only a few hours per month {not at all during some months). ‘ Thege
organisms are exposed to the air only 10% of the time, or less. A large
variety of organisms live here, including:

Belgrass (Zostera sp}

Green Sea anemone {Anthopleura xanthogrammica})
Laminarians (Laminaria spp)

Blood star (Henricia leviuscula)

Sea urchins (Strongylocentrotus spp}

*Heights of tides are relative to the zero tide mark, which is the level
of the water at mean lower low water. A tide of -1.1 is 1.1 feet below
mean lower low water.
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Teacher Information Sheet

Causeg of Zonation

Although it might seem at first that zonation is caused by the tides, it

iz actually more complex than that. Animals and plants are probably
responding to the changes that result from the periodic covering and
uncovering by sea water. The upper limits of zonation are set by tolerance

to physical factors such as drying, large temperature changes, solar radiation,
and changes in salt content due to rain. The lower limits of zonation

are set by biolpogical factors such as competition for space and predation.

It must be noted that the conditions for survival must not only be right

for an adult specimen of sea cucumber, crab, or barnacle, but also for

their larvae, which are often much more fragile.

Makiog A Transect

Zonation may be made apparent by making a transect study. It will be seen
that organisms are not scattered randomly about the beach, but occur in

very definite zones. The zones may be broad or narrow, they may have fuzzy
edges, and the actual height may be influenced by local factors, but zonation
is very real.

To make the transect, stretch a 100 meter string, marked in one meter
intervals, from the water's edge to the highest extent of marine life.

The transect line i3 perpendicular to the water's edge. Distribute the
students equidistant along the line. Por example, if the line is 90 meters
from water to highest level, and if you have 30 students in the class,
assign a student to each third meter. Each student forms a 120 cm long
striag inteo a square and counts all of the individuals of certain species
contained in the square. One side of the square should be parallel to

the transect line and touching it. Students must be certain to turn over
rocks and probe just under the gsurface (to a depth of 5 cm}. It is important
to select a transect line that runs across only one habitat. Probably the
easiest habitat to study would be that of a rocky beach. A small group of
students can measure the gradient (steepness) of the beach.
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Teacher Information Sheet

Meaguring The Gradient

To measure the gradient of the beach, a team of three students takes elevations
from the 0 mark on the transect line to its upper end. The point of this
lesson is intertidal zonation, not surveying gradients. If the principles

of taking gradients are important emough to emphasize, refer to Beach Profiles
and Transects, a Pacific Science Center/Sea Grant Activity Packet.

Graphing The Data

Graphing the data may require little help from the teacher if the students
are well experienced in graphing skills. Other students, however, may
require step-by-step instructions. Step~by-step directions follow:

Step 1l: Select the proper graph paper. If the transect line was quite
long (100 m}, then it may be necessary to use graph paper with
8 or 10 sgquares to the inch.

Step 2: Placing the paper horizontally, rule in a horizontal axis two or
three centimeters from the bottom. Rule in a vertical axis two
or three centimeters from the left edge.

Step J: Label the vertical axis, "Elevation {m)" and choose a suitable
scale. Label the horizontal axis, "Distance from water {m} "
and choose a suitable scale. Number the spaces, not the lines,
on the horizontal axis,

Step 4: Enter the data for the beach gradient as small dots. Draw in
a4 line which represents the heach. (See the sample graph.)

Step 5: Enter the data from the Transect Data Sheet. Do one organism at
a time. Place one small x in a square for each organism counted
at a particular distance. If ten organisms were counted, place
ten x's above the appropriate distance. Always place the first
x on the profile of the beach, not on the original horizontal axis.

Step 6: Draw in a smooth curve that approximates the data. (See the
second sample graph.)

Step 7: VUse different symbols or different colors for other organisms.
If a great deal of overlap is seen, it may be best to use different
sheets of graph paper. (See the third sample graph.)



Teacher Information Sheet

When it is time to graph the results of the transect, it ig necessary to
Provide the students with the class data. It may be accomplished in one
of three ways: on the chalkboard, on a ditto, or on an overhead projector.
Data may take the form of the sample :shown below.

The following three Pages are sample of graphs of these data.

TRANSECT STUDY SUMMARY SHEET
May 24, 1378 Edmonds Beach

-2.9 Tide
Distance Brown
From water -Seaweed Crabs
(Meters) (Cystoseira sp) {Hemigrapsus sp) Limpets
45 o] 0 40
10 2 0 0
3 7 1 0
33 4 0 0
24 15 1 1
0 4 1 1
27 5 2 v}
12 5 0 4]
60 0 10 34
63 Q 10 4
39 0 0 a8
42 D 2 0
36 0 0] 1
2 2 0 4]
57 ] 4 21
9 1 Q0 0
69 0 20 0
48 3 1 0
49 0 0 2
21 2 1 2
54 0 5 23
30 3 4] 3
51 0 8 7

GRADTENT DaTA SHEET
{From Survey Team)

ey

Distance from
water's edge 0 19 20 30 40 | 50 | 60 | 70

(m)
Elevation (m) 0]0.5 r.o0] 2.3] 2.0 2.5] 3.0] 4.0




ELEVATION /N METERS

16

T

N

HhH

NI 7T

:‘_’l_"_“T‘

-1~

11

iyt
e

;




S¥TLIW N/ m_‘uﬂk v }\Gku\ .NU)\ VLS/a

__ I 1 S _ !

| Q&‘_ ! 11

i
-

h

ONFLIZN N NOLLYATIT

i |
-
H :

|

1

T

H

T
-—-—r-n:r

1

[T S N

-4 -t

e

. —_— I

F

L

]

li

|

H H S
T
L
t

i
:;:‘T

i-

4

{

I

gt d

T
l**:-

T~ .

; ! + iR I SRR .
, _ p _ ..4 .H_M.._l.. IHI_ g o b |.......m|} i _[ 1
Fret iy ] i i i A Rt ok R of + ]LT
14 R IRy ARSERAN RS IS I (A B I e
aukntas A ¥t A P e b e BIAR
y=-1 +L B : - ”u s _L“..; ”m.“_.{“ HLT.H pl._+.._v..u.¢ﬂ|.w it I,||
b @ HHA | 4 SAiaduantanss
Bepauug 4 ! D LT I A
-+ - 4o b 4
4 - Loget - N -1 7t :1ﬁr b
R 1T T 1 T T (oFg weTET
.T_._ ﬁz_% a7 tFH *._ 1 }ﬁﬂ
1% T T S T e e
- - l_..l._. f— |..+-. __7. - - m b= H..._. f
_ o -
Sanh IRdSEE R RaRAERA RRSANES
9 NREAN IIITITr T IRV ST - H
! . I._”..H.HM.:_-L_ i IR ._.I._-I%._. D d Ln_. TR | H ~|1 A0 N N W 1




ELEVAT/ON N METERS

18

I

i
73

E
A '
.J
o _

Bt
K7 EEAS
A% i
R G g
-G
] \ t ™
- 4 —
T .ﬁ:,ﬁ

.b\.u.\\e‘—\mﬁu ~XOM r\)wlm.\m \\,\

\c\h. \qu...w



Teacher Information Sheet

Analysis Of The Data

It is very important to relate the results of the transect and graphing
to the major point being made by Activity l1-—intertidal zonation. Do this
by a discussion of the results.

Here are some suggested points to consider during the discussion.

1. where was the greatest proportion of Purple Shore Crabs {or other
organisms) found?

2, What intertidal zone do you suppose this is?

3. What are some factors which might keep these crabs from moving
higher on the beach?

4. What are some factors which might keep these organisms from moving
into a lower zone?

5. Were there any strays (a few crabs in other zones)?

6. What factors might allow these strays to survive in zones below
their primary one? above their primary one?

7. In which zones would humans exert the greatest pressure?

8. Are there any organisms on the graphs which might directly affect
each other?

19
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INTERTIDAL ZOMATION

The rise and fall of the tides have a very important effect on the plants

and animals that live along the shores of Puget Sound. Each kind of organism
seems to prefer certain parts of the beach which we call intertidal zones.
Thene zones depend upon how much of the time they are covered by water and
how much of the time they are exposed to air. In this unit you will learn
about intertidal xzonations - the way beach plants and animals are arranged
in zones according to tidal levels.

Objectives:

In thia activity you will learn:

- the names of the four intertidal zones.

- descripticas of each zone In terms of relative exposure to air and water.
four marker organisms for each zome.

the causes of intertidal romation.

how to make a transect of a beach.

» how to graph the results of s transect.

B e

What Are The Intertidal Zonea?

There are four. They are the Splash Zone, the Upper Intertidal Zome, the
Middle Intertidal Zone, and the Lower Intertidal Zone. Each one has certain
characteristica. It may be easier to see these zones if wve imagine we are
locking at a wooden piling at the end of a pier. The zones are marked below.
Kead and learn the descriptions of each. {(The gpumbers on the piling are tide
heights at Seattle.)
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ZONATION ON A VERTICAL PILING
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This part of the piling is never covered by
water. It is not intertidal.

SPLASH ZONE: This part of the piling is alwost
always exposed to air. It is seldom covered by
seawater, but it is often wet by splash from
vaves.

UPPER INTERTIDAL ZONE: This part of the piling
ig exposed to alr such more than it is covered
by water.

MIDDLE INTERTIDAL ZONE: This part of the plling
is covered and uncovered by water every few
hours.

A ——— —— — —— — e — —— A i i i i

LOWER INTERTIDAL ZONE: This part of the piling
is not exposed to air very often-—only during
the very lowest tides.

T

Q’Phis part of the piling is never exposed to afr.

It is intertidal. It is in the "open water".

21
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If we were to lock at the same zones on a steep beach, instead of on a
Piling, we would see that they would have the same vertical arrangement,
_but would be bhroader horizontally. The drawing below shows how the zones

aight appear on a steep beach.

Zonation On A Steep Beach

— — —— A —— — ——— — s s s . ey i p— —— —

SPLASH ZONE

UFFPER /INTERTIOAL ZONE

MIDDLE INTERTIDAL ZONE

——— ——— — — — ——— — — d——i

LOWER INTER -
TIDAL ZONE

—— — e . . rma, ke —
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A genrly sloping beach would show the same zones, but they would be stretched
over an even wider area. A gently gloping beach is shown below,

Zonation On A Gently Sloping Beach

SFPLASH ZONE

MIDDLE INTERTIDAL
ZONE

The vertical height of the zones depends upon the rise and fall of the tides.
The width of the zones on the beach depends on the slope of the beach.

What Plants And Animals Live In These Zones?

Certain plants and animals are markers, aad you can identify the zones if you
know which organiems live in which zones, Study the following diagram.
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What Causes Intertidal Zonation?

Zonation is not just simply due to tides. Organisws are probably responding
to changes that result from perlodic covering and uncovering by sea water.
Here are some of the factors.

1.

Drying. Some organisms are more resistant to drying out than others.
For example, acorn barnacles can live in the Splash Zone because thay
are able ro close up their “shells". This traps a smill amount of sea
water next to their bodies. On the other hand, the green sea apemone
st be covered by water most of the time, or it would dry out and die.

Temperature Change. When an animal, such as a fish, lives in the open
water of Puget Sound, it 18 surrounded by water at a very comstant
temperature. Purple shore crabs, periwinkles, and mussels, however,

must adapt to larger temperature changes. At high tide, the water

covering these organisms might be at 11° C, but at low tide the temperature
might soar to 25* C. This temperature change might kill some organisms,
but intertidal organisma have adapted to it.

Solar Radiation. Ultraviolet (UV) radiation from the sun can be harmful.

Many intertidal organisms, such as anemones, have no skin or shell to
protect them from the harmful UV rays and must live in lower zones

where sea water acts as a filter. The higher the zone, the less protection
there ia to UV light. Organisms that live in the upper zones must have
adaptaticns such as shells or they must seek refuge under rocks, sand, or
seaweed during low tide.

Competition for Space. There is only so much space on a rock or on a patch

of sand. Some species can overgrow or force out other species.

Predation. The black turbam snail is common in the Upper Intertidal Zome.

If it woves down into the Middle Intertidal Zone, it stands a goed chance
of being eaten by the putple sea star which lives there.

Why Are The Zones Sometimes Difficult To Identify?

One reason is that tide pools catch enough water to allow some organisms
to live higher on the beach than they might otherwigse be able to. For

example, a depression in a rocky ledge might allow purple shore crabs,
and eelgrass to live as high as the Splash Zone,

anemones,



SPLABN ZONE

TIDE PoodL ALLOWS 0000 T ON_ L
EELGRAJS, PERMINKLES, _,/

SHORE CRABS, AND
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THE SAME AREA.
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LOWER INTERTIDAL RONE

Another reason that zones are sometimes indistinct is that each zone is
displaced upward by increased wave action. That is, the zones are all
higher in an area which 1s exposed to the spray of breaking waves. The
diagram below shows two areas, one protected and one exposed to waves, and
the relative heights of the intertidal szones.

SALASH ZONE

LPFER INTERT IDAL ZOWE
MDDLE rirERTIOAL ZONE
LOWER INTERTIDAL ZONE

—_——
T e e —

A BEACK PROTECTED
e e e —— e ——— — — RO ISTRONG WAVE
—— - —_—— T T ACTTON,

T e e e —

Since temperature extremes, solar radiation, and wave actionm change with the
seasons, the zones change somewhat with the seasons, too.
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Tescher Information Sheet
ey

WORKSHEET: Intertidal Zoaation
1. Namr the four intertidal zones. Tell how often each 1is covered by water.

The splash zome - often wetted only by spray from waves.

The upper intertidal zome - seldom covexed by watex.

The middle intextidal zome - covened by watex, about as often as it

The £s exposed Lo ain. ui-
Lower intertidal zome - usually covered by water. Exposed only
al the Lowest tides.

2. Give four reasons why an animel or plant might live in one zone and not in another.

3. What are some factors, not mentioned in the student reading on intertidal
zonation, which might cause a plant or animsl to live in one zome and not
in another?

Answers will wary. They might imclude:
1. oxygen-getting {some animals will need air Lo breathe, while others
need Lo extract oxygem from waler).
I. salt content of Lide pools (tide pools will get saltier as they dry out).
3. availability of good.
4. resistance Lo the impact of waves,
5. poltlution.
§. human usage.
7. the nequinements of reproduction.
§. weather and seasonal changes.
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Teacher Information Sheet
Key

4. A profile (side view) of a beach is shown below, Using your knowledge of
marker organisms, draw in lines to separate the zones. Label the zones.
Watch out for atrays!

@: ISOPODS ('z,-jm ,m/{a.-.u}‘)
@ SHORE CRABS / ﬂcmfmp:as mra’as)

}'5%) rock weED  ( Fucus .7:’)

%g BLOODSTAR ¢ Henrcia [leviuscala p,

PERIwiNLE  (Liéborina SpP

EELGRASS (.Z'osécra sp )

Q) MusseLs (7 Myéilas az/;‘émc'anaa)



WOEKSHEET: Intertidal Zonation

1. Hame the four intertidal gzones. Tell how often each is covered by water.

2. Give four reasons why an animal or plant might live in one zone but oot in
another.

J. What are some factors, not mentioned in the student reading on intertidal

zonation, which might cause a plant or animal to live in one zone and not
in another?
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A profile (side view) of a beach is shown below. Using your knowledge
of marker organisms, draw in lines to separate the zones. Label the
zones. Watch out for strays!

;;J;:P: 1ISOPODS (Z{j:’d. ,oa.//am}')
@ SHORE CRABS /A’cmfmp:as naa’as)

% rockween  (Fucus soif

Cﬁg 8uoopsTAR (Henricia leviuscula. )

& ' ) } )
PERIWINKLE (ltét‘maa N

EE LEGRASS (Zasf:ra .sp)

Q) MUSSELS ( ﬁg’yfz'(as m[c‘/émx.'aaas)
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NAME
ACTIVITY 1: A BEACH TRANSECT
CONCEPT: A baach transect can be used to show how a beach 18 divided
into intertidal zones.
MATERIALS: 1. Student handout, "Activity 1: A Beach Transect"

2. 2 ballpoint pens; one 1s a spare. Felt pens smear
vhen wet, s0 they are not acceptable.

3. 1 clipboard

4, Marine organisme on the beach

3. A transect line (one for the entire class)

6. One 120 cm long string

PROCEDURES : 1. The transect line will be stretched from the water's edge
' to the highest level of mavine life. Ir is marked off

in one meter intervals. The teacher will assign you a place
along the line. The transect line should croas only one
kind of habitat (rocky shore, sandy beach, or sud flat).

2. Fill in the data at the top of the "Transect Data Sheet™.

3. Upon arrival at your assigned mark, form the 120 cm atring
into & aquare. Count all organisms listed on the
“Transect Data Sheet". When counting, take all poaeible
seasures to avold injuring the marine l1ife. When finiahed,
restore the area to the condition in which you found it.
Take the string with you.

4. One group will be assigned the job of finding the gradient
of the baach. Directions are separate.

5. Go on to the other asaigned activities.

6. (To be done in the classroom when the class returns.)
Graph the results of the transect.




Time

TRANSECT DATA SHEET

Tide

Location

Asgigned distance from the water's edge

Area of Square

»etera

Hame of Organism

Illustration

Count

Limpet
Acmaes digivalie

Sargassum

Cystoseira sp

Purple Shore Crab

Hemigrapsus nudua

Periwinkles

Littorina ap

Kelp Crab

Pugettis sp
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Finding the Beach Gradient

This part of the exercise is to be done by a specially assigned team

of threa. It will msasure the steepness of the beach. This information
will be used by all students during the graphing of the data from the
beach transect.

MATERIALS : 1l spirit level
2 1x2 inch aticks, 1.5 meters long, divided into tenths
of a meter
1 clipboard
2 ball point pens (One in a spare. Felt pens smear when wet.)
1°Gradient Data Sheet"

PROCEDURES : 1. Assign each member of the team one of the following jobs.

a. Recorder. tThis person takes down the data on the
“Gradient Data Sheet®

b. Surveyor. This person holds the stick with the spirit
lovel.

€. Agsistant. The asaistant holds the stick without the
spirit lewvel.

2. Place the surveyor's stick at zero (0) on the transect line.
Thiz is the end next to the water's edge. The elevation
at Distance 0 is 0. Note that this is already marked on
your “‘Gradient Data Sheet !

3, With the surveyor's stick at O m, move the assistant's stick
to 5 m on the transect line. The surveyor places the spirit
level on top of the stick. fThe surveyor sights along the
spirit level (be certain the bubble is between the lines!)
at the assiatant’s stick. The assistant moves one hand up
and down his/her stick until the surveyor indicates it is
directly in the line of view. The diagram belew indicates
how it will appear.

NY/RIT LEVEL

/ LBAE OF SIeN?

SR VEYOR
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Pindiug_tho Baach Gradient

PROCEDURES :
{continued}

4.

5.

Read the elevation to the nearest tenth of a meter. This is
the amount of the stick which is above the assistant's hand
when it is directly in the surveyor's line of sight. The
recorder reads the elevation and vwrites it down on the CGradient
Data Sheet at distance 5 m.

Now the team moves 5 meters up the transect line., fThe surveyor
should now be at 5 meters, and the recorder and assistant should
be at 10 meters. ‘Take another elevation at this point (10 m.)

Continue taking elevations until the team reaches the higher
end of the transect line.

- Whan the Gradient Data Sheet ia filled in, give it to the

teacher 30 copies can be made for all students., Return the
sticks and spirit level to the proper storage place.



Gradiant Data Sheet

Team members: Recorder

Surveyor

Asslistant

Date Location

Time Tide

DISTANCE FROM WATER'S EDCE (METERS) ELEVATION {METERS)




ACTIVITY 2:

OBSERVING STRIUCTURAL
® ADAPTATIONS (1 DAY)
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ACTIVITY 2:

OBJECTIVES:

TEACHER
PREPARATION:

MATERIALS:

PROCEDURES:

EXTENDED
ACTIVITIES:

OBSERVING STRUCTURAL ADAPTATIONS
(1 DAY)

1. Organisma have specialired structures that are adaptations
for survival

The student will demonstrate understanding of the concept of

structural adaptation by:

1. explaining how neamatocysts are uged to capture food.

2, explaining how cirri are used to capture food.

3. explaining how tube feet prevent echinoderms from being
vashed away by wave action.

4. explaining how byssal threads prevent mussels from being
washed away by wave action.

5. explaining how pedicellarias are used to clean the gboral
surfaces of gea stars and sea urchinms.

6. relating the sbowve structures to increased chances for
survival of the organisms fnvolved.

l. Make arrangements for the field trip, (see ORCA activity
packet, Marine Biology Field Trip Sites).

2. Duplicate g class set ot the student handout "Activity 2:
Observing Structural Adaptations”.

3. Prior to class time, read "Teacher Information Sheet’.

1. Class sets:
"Activity 2: Observing Structural Adaptations"
Clipboards (provided by students)

1. Discuss the student handout "Activity 2: Observing Struct-
ural Adaptations” with the class prior to the field trip.
Emphasize the need to minimize the class's impact on
the beach ecology. Students should restore organisms,
rocks, etc. to the condition in which they were found.

2. Have the students do Activity 2 at a beach. Have extra
student handouts at the field trip site to replace lost
or damaged copiea. Activity 2 may be run concurrently
with "'Activity 3: Observing Behavioral Adaptations".

3. When back in the classrocom, discuss observations made by
the students. Elicity responses from several students for
each question.

1. Observe the oxygen-getting structures of various marine
organisms such as clams . (siphons and gills), sea cucumbers
(branchae), and sea stars (dermal gillg).

2. Observe the means by which marine organisms avoid dryiag
{dessicarion). Specimens might ineiude limpets (shell
fastened tightly to rock), snails (operculum), nudibranches
(hiding under seaveed), and sea starg (retainipg water in
the water vascular system).



3.

&.

Keasure the effect of temperature or salinity changes on
the rate of feeding of barmacles.

Refer to the Pacific Sciemce Cemter/Sea Grant publication:
Beaches for further activities.

39
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TEACHER INFORMATION SHEET

Organisms use a variety of structural sodifications as adaptations to their
environment. Littoral organisms are particularly well suited to study of -
these adaptations, since their anvirommsnt changes drastically during the
course of a day. With the change of the tides there are encrmous changes in
temparature, salinity, food availahility, and oxygen availability. To
survive these changes, littoral organisms have developed structural adapt-
ations for feeding attachment, oxygen-getting, protection againgst predators,
and protection from dessication.

Peeding. Two methods of feeding are studied in this exercise. Nematocysts

are specialized stinging cells located on the tentacles of sea anemones and
jellyfish, These cells are everted (turned inside-out) when stimulated by

a4 combination of touch and chemical presence. The machanism of firing is

not definitely known. Discharge is caused either by pressure caused by rapid
intake of water or contractile fibers surrounding the capsule. RNematocysts are

used only once.

WOVSCAARRED  DISCAARCED

The barbed stinging capsule of the nematocyst injects a toxin into the victim.
This is of no consequence to humans, since they are protected by a thick skin,
but a small invertebrate which is covered only by a single-cell layer of epi-
dermis can be killed cr paralyzed. Larger invertebrates can be discouraged
from attacking as hundreds of nematocysts discharge. The nematocyst is barbed
and may be torn away from the tentacle as a larger organism tries to escape.-

Nematocysts may be no match for the thick skin of a human, but a sensitive tongue
will receive a sharp sensation. This is not recommended, however. It is possible
to feel the resistance of clinging nematocysts by touching the hairs on the back
of a hand to the tentacles of a sea anemone. (This provides the basis for one of
the activities of this section.) Once the nematocysts have immobilized the prey,
the tentarcles are drawn toward the mouth by sets of longitudinal muscles in the
anemone's stalk. The food is digested in the gastrovascular cavity, and waste
material is ejected back through the mouth. Without one of the two required
stimuli (mechanical and chemical) the sea anemone will not exhibit the feeding
response, therefore a shell or small stone will not cause the tentacles to close.
Nematocysts function not only in feeding; they are also defensive structural
adaptations. Only one organism, the nudibranch Aeclidia papillesa, is known to
feed on anemones. 1In fact, not only is the nudibranch able to ingest the pema-

tocysts without firing them, it is also able to pass them through its tissues to the
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finger-like cerata on its back. These may be caused to explode if the cerxata
is torn off, but there is noc evidence that the nudibranch actually uses this
as a defense mechanism.

The second feeding adaptation that students will observe is that of tha barnacle.
The barnacle is an anthroped, related to the lobster and the crab. It ig in

the unique position of sitting on its head, waving its feet above it. The bar-
nacle larva comes to rest on an appropriate substratum and cements to it with
one of its antennae. The mantle secretes a calcareous shell, and six pair of
feathery appendages (corresponding to the legs of a crab) develop. These append-
ages are called cirri. The cirri sweep through the scawater as if they were
nets being cast. They filter plankton and detritus from the water, and mouth
parts move the food to the mouth. If a prevailing current is present, the bar-
nacle larva orients itself so the adult's cirri oppose the current. In this way
it maximizes its ability to filter food. If the current fluctuates, most bar-
nacles have the ability to rotate 180°. The sweep rate is rather constant, al-
though it increases with increasing temperature and decreasing salinity. The
sweeping action can occur only when the barnacles are submerged in water, so
specimens which live in the higher tide zones must feed only during the few
hours of the month when they arxe submerged by the highest high tide.

Attachment. Most littoral organisms must avoid being dislodged in order to

escape being battered by the surf and to remain in a suitable habitat., The

three main methods of accamplishing this are by attachment to rocks, by self-
burial in sand or mud, and by hiding under rocks or seaweed. Obviously, an
attempt to attach to surface sand would fail, so corganisms have developed struct-
ural adaptations specific to habitats. Two means of attachment are studied

by the students in Activity I--the tube feet of the sea star and the byssal
threads of the mussel.

Sea stars attach themselves firwly to rocks by means of hundreds of tube feet
which are operated by a water vascular system.

SIEVE FPLATE
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Mater enters the system of canals through the sieve plate {madreporite).
Mascular contractions shorten the tube foot to attach to the substrate.

The foot can be released by contraction of the ampulla, which forces water
into the foot, breaking the suction. The tube feet also function in loco—
sotion and food acquisition. Some sea stars, such as the cowson Pisaster
ochraceous, attach their tube feet to the shells of their prey (such as a
clam) and exert steady outward prezsure. When the clam’s adductor mmscles
tire, tha mna star everts it stomach and digests its meals *on the half shell.™

The smansel attaches itself to rocks by strong, elastic byssal threads. The
thresds are formed by the hardaning of a fluid secreted by the byssal glands
upon cootact with sea water. The mussel, which appears so immobile, can act-
ually move to a new location by breaking old byssal threads and forming new
onas. Mussels are further protected from wave action by their habit of form—
ing densely populated mmssel beds. The beds provide an interlocking network
of threads and shells which , incidentally, form a habitat for worms, crabs,
algaa, and shrimsp.

Oother structural adaptations for attachment include the muscular foot of the
limpet or snail, the suckers of the octopus, and the legs of crabs or isopods.
These could provide a topic for further study by students.

Defanse. A slow moving mea star is in danger of being grown over by algae,
sponges, and barnacles. This would smother the dermal gills through which the
sea star extracts oxygen from sea water. The structural adaptations by which
sea gtars accamplish this are the pedicellarias on its aboral surface. These
small pincher-like structures clawp onto any organism which attempts to grow

Pedicellaria (enlarged)

or crawl across the sea star or sea urchin. A toxin, which is irritating to
small organismg, further discourages intrusion.

Other structural adaptations for defense would include the parrot-like beak of

the octopus, the powerful pinchers of the crab, and the hard shell of the clam,
mussel, or limpet.



ACTIVITY 2:

CORCEPT:

MATERIALS:

PROCEDURES ;
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OBSERVING STRUCTURAL ADAPTATIONS

Marine organtsms have specialiszed structures that are
adaptations to the marine environment.

Student Handout, Activity 2, “"Observing Structural
Adaptations”.

Two ballpoint pens. One is a gpare. Felt pens will
smear when vet, and are not acceptable.

One clipboard.

Mirine organisms on the beach.

Feeding by sea anemones. Locate a sea anemone which
has its tentacles out. Drop one small bit of rock or
shell on the tentacles. Describe what happens in the
gpace below,

Now place a swall bit of meat scooped from a limpet onm
the tentacle. Describe what happens.

Place your fingertip on the tentacles of another anemone.
Describe what you feel.

The anemcne senses touch and the presence of certain
biological chemicais. When both touch and the chemicals
are present, the anemone reacts by shooting tiny stinging
capsules called nematocysts into its victim, The tentacles
then draw the paralyzed victim toward the mouth. You can

Just barely feel the nematocysts because of your thick skin.
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NAME

Look at the following drawing of a nematocyat (greatly
enlarged), then write a description of what caused the

sensation on vour fingertip.

® Ch—

WO/ SCAMARGED Or3chanesp

Feeding by barnacles. Locate a small tidepocl in which

barnacles are feeding. Lie on your stomach and quietly

watch the barnacles for several minutes.
of the barnacle's feeding movements.

Write a description



What do you think the barmacle {s eating?

How many times per minute does the barsacle move its feathery
cirrli (legs wmodified for feeding)?

What happens when you touch the cirri with your fiangers?

3. Attachment by sea stars. Locate a mottled sea atar (Evasterias

tronchelii) or & purple sea star (Pisaster ochraceocus). Tug
carefully on coe of its rays. Careful inspection of its under-
side will ahow many tube feet. Sketch several tube feet near the
tip of a ray as they appear before they are torn loose from the

List three fumctions of the tube feet.
l.
2.
3.

How doeg the sea star hold omto the rock so tightly even
though a tube foot is so tiny and weak?

Place the sea star on its back. Describe how it turns over.
Tell how long it takes.

4. Attachment by mugsels. Locate a mussel bed. Probe careful ly
among the mugsels. They are held in place by string-like
byseal threads. Sketch a single mussel and its threads to
show the pattern of attachment.

45



Are the threads elaatic or brittle?

Remove a small wussel from the bed and place it in a small
quiet tidepool. If you are pstient, you will see new byssal
threads being formed. Describe bow the threads are formed.

Defense by the sea atar., Locate a mottled sea atar (Bvasterias
troachelli) or a purple sea star (Pisaster ochraceous). Carefully
remove one and place its top surface against your bare arm.

Hold it 1n place for a minute. Describe what you feel.

The sea star attacks anything that falls on fts back by tiny
plachers called pedicellarias. One is shown in the illustration
below. You may use a hand lens to try to find some on the hairs
of your arm. Between pinching the intruder and irritating ic

with a toxin, the sea star {s able to keep its upper surface
clean,

List three reasons why the sea star wants to keep its back
clear of algae or small animals.

If you have something fuzzy, such as a mitten or sweater, it
may be possible to demonstrate that the sea star can support
its entire wefght by the hundreds of pedicellarias en its
back, all of which are grasping the fibers of the mitten.
Try it. Tell how successful you were.




ACTIVITY 3:
'@ OBSERVING BEHAVIORAL
' ADAPTATIONS (1 DAY)
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CONCEPTS:

OBJECTIVES:

TEACHER
PREPARATION:

MATERIALS:
PROCEDURES:

EXTENDED
ACTIVITIES:

OBSERVING BEHAVIORAL ADAPTATIONS
(1 DAY)

l. Organisms have specialized behavior patterns that are
adaptations for survival.

The student will demonstrate understanding of the concept of

behavioral adaptatiom for survival by:

1. explaining the behavior of limpets in the presence of a
sea star predator.

2. describing the behavior of hermit crabs when food i3 made
available.

3. describing the color changes of octopuses whep threatened.

4. deacribing evisceration.

5. relating the above behaviors to increased chances of
survival for the organism.

I. Make arrangements for the field trip, (see ORCA activity
packet, Beach Field Trip Sites).

2. Reproduce z class set of the student handout "Activity 3:
Observing Behavioral Adaptations".

3. Prior to class time, read "Teacher Information Sheet".

l. Class set of “Activity 3: Observing Behavioral Adaptations".

l. Discuss the student handout "Activity 3: Observing
Behavieral Adaptations” with the class prior to the field
trip. Emphasize the need to minimize the class's iwpact
on the beach ecology. Students should restore organisms
and rocks to the conditiom In which they were found.

2. Have the students do Activity 3 at the beach. Have extra
student handouts available to replace lost or damaged
copiea. Activity 3 way be run concurrently with'Activity
2: Observing Structural Adaptations".

3. When back in the classroom, discuss observations made by
the students. For each question, elicit responses from
several students.

1. Study other forms of taxis. Phototaxis can be studied in
the classroom using brine shrimp purchased from a pet store.
A marine agquarium in the classroom will allow study of photo-
taxis of a variety of organisms, such as the sea star.

2. Study the response of the snail, Littorina sp., to the
availability of water. See Pacific Science Center/Sea
Grant publication "Beaches™.

3. Place the polychaete worm, Nereis S5p., 1in the center of a
Pan and surround it with choices of food {clam, fish, beef,
liver, hamburger, cheese, ete. at distances of 25 cm. What
is the food preference of Nereis?

4. Fing out if purple shore crabs, Hemigrapsus nudus, will
return to the same rock. Humber each rock in a cluster of
several rocks. Number individual crabs. Release the crabs
in the center of the cluster of rocks to see if they return
to their original hiding place.




See if the sea star, Pisasster ochraceous, will always use a

.preferred arm to right itself when turned over. The rays

can be distinguished from one another by observing their
positions relative to the madreporite, which is off-center.
Bring a rock or small log with attached barnacles to the
classroom.marine aquarium. For several days compare the
feeding timea with tide charts, It probably will be
observed that the barnacles contimue to feed during the
times of high tide, even though there are no tides in the
aquarioum.
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Yeacher Informstion Sheet

BEHAVIORAL ADAFTATIONS

Marine organisms exhibit certain behaviors that can be explained in terma of
adaptations to their ecological niches. In Activity 3, students examine some
of these behaviors.

It sometimes appears that organissm move randomly about the beach. In actuality,
8t organismm are responding to some factor in their environment . Organisms way
move toward a stimalus, asay from a stimgles, or they may remain stationary. Move-
ment in response to a stimlus is called taxis. Movement toward a stimmlus is
pogitive taxis; movemsnt away from a stisulus is negative taxin., The studentg wil)
ohserveposiumtaxisinthuhaz-itcrabmitmmtmuﬂthefoodmand
pegative taxis as the limpet moven away from a predator. Other forms of taxis

can be more easily studied in the classroom marine aquariym. Phototaxis is move—
ment in response to light intensity. Geotaxis is movewment in response to the force
of gravity. And, in addition, it is possible to demonstrate that many organisms
will seek a wet or dry part of an aquarium {see the Pacific Science Center/Sea
Grant publication, "Beaches®).

m-nve-entottheli.metinmponsetothemsm,a.ndt.hehet-itcrabi.n
responge to food, are indications of their abilities to detect chemical substances
in sea watey. In short, they have a keen sense of smell.

The color changes of the octopus are the result of the spreading of pigment spots
called chromatophores. While it is tempting to relate the color changes to human
emotions, it is prubably wnrelatad. Centle prodding of the octopus will bring on
a saries of color changes that vary from white to splotchy red to vivid red. The
octopus will try to retwrn to the shadows where it will darken and turn black.
This is effective camouflage.

The sea cucusber will sometimes discharge its internal organs through its anus,
mouth or its body wall when it is picked up, handled or threatened. This habit,
which appears wtrange to humans, may effectively distract a potential pre—
dator. The sea cucumber is able to regenerate new internal organs over a period
of several weeks. Other stimuli which cause evisceration are electrical shocks,
fouling of the water, crowding, or a rise in temperature.



ACYIVITY 3:

OBSERVING BEHAVIORAL ADAPTATIONS

Marine organisms show certain behaviors thet ensble them to

survive,

1. Student handout, Activity 3.

2, Two balipoint pens. One 1s a spare. Felt pans will smear
when wet and are not acceptable,

3. One clipboard.

4. Marine organisms om the beach.

1. Locate a purple ssa star (Pisaster ochraceous) or a
mottled sea star (Evasterias trochelli), and place it near
several limpets in & tide pool. Record what happens.

What do you think is the ecological relationship between
the sea star and the limpet?

2.

Locate a quiet tidepool. Lie on your stomach so you can
observe the activities in the pool., Ildentify the hermit
crabe in their borrowed snail shells. Place a bit of meat
acocped from a liwpet in one part of the tidepool and
remain motionless for a few minutes. Record what happena,

What sense probably allowed the hermit crab to detect the
limpet meat?
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NAME

3. Locate am octopus if time allows. They arae often found

in the lower tidal =zones in rocky crevices. While they
are cosmon on Puget Sound, they are shy and avoid people.
They are capable of biting hard, so keep your hands and
fingars away from the mouth which is located between its
eight arms. Be careful not to tear the flesh of the octo-
pus during this observation. Try to pull an arm off of the
rock. Record the color changes that appear as a result of
prodding. What colorx changes occur when the octopus is free
to return to the shadows?

Locate a vhite sea cucumber, Expentacta quinquesemita.

Pick it up to determine which end is the mouth end and
which is the anus. You may witness an alarming behavioral
adaptation to threat - evisceration. Evisceration is the
glving off of the sea cucumber's internal organs. Why would
this be of use to the sea cucumber if it were attacked?

If you are fortunate enough to see evisceration, describe
the way in which internal organs are shed.



ACTIVITY 4:

e BE AN EXPERT...
(5-25 DAYS)



ACTIVITY 4: BE AN EXPERT. .. (5-25 DAYS)

CONCEPTS: 1. Rach group of marine organisms has a characteristic anatomy,
habitat, reproductive habit, life cycle, feeding mechaniem,
defense mechauisms, etc. which can be discovered through
library and field research.

OBJECTIVES: The student will demonstrate understanding of the biology of a
group of marine organisws by:
l. making an oral and/or written report om that group.
2. accing as » reference source to other students who have
questions about that group while on the field trip.
TEACHER
PREPARATION: 1. The time required for Activity 4 may take up to three weeks
prior to the field trip; one hour at the field trip site;
and up to two weeks after the field trip. Consider what
will be appropriate for your class.
2. Gather all the resource materiala (books, fillms, and
periodicals) available.
3. Reproduce a class set of the student handout™Activity 4:
Be An Expert...”.
4. Reproduce a class set of "Common Marime Cenera".

MATERIALS: 1. Books, films, filmetrips, periodicals and any other refer-
ences relating to marine biology.
2. Class sets of:
"Activity 4: Be An Expert,..."
"Common Marine Genera"

PROCEDURES: ). gather all reference materfals available on marise biology.
Have them on a cart in the clagsroom. Develop some kind of
check-out procedure.

2. Fill in the blank area on the student handout "Activity 4:
Be An Expert..." with the names of one of the groups of
aarine organisms.

3. Dpiatribute the student handouts. This wmay be random, stud-
ent's choice, or teacher's choice.

4. Allow class time for students to reasearch their assigned
groups. This activity might begin up to three weeks prior
to the field trip.

5. Allow time on the beach for students to research their
assigned group.

6. Afrer the ffeld trip, allow time (up to two weeks) for
the studeuts to write their reports. Some may wish to
give oral reports,
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Teacher Information Sheet

Studanulikethoidenofhcminqmowtmmthing. The purpose of this
activity is to give them that opportunity and to develop vithin them the concept
of the interrelationships among an organism's anatamy, reproductive hahits, habi-
tat, lifa cycle, food, econmmic importance, etc.

Use the bhibliography at the end of this activity packet to develap a library of
referance materials.

You will find, on the following pages, thass lists:
1. Suggested Marine~Group Assignments
2. Common Marine Genera
3. Alphabetical List of Common Genera

You may wish to duplicate the list{s) for student use.
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Suggested Marine-Group Assignments

Assign each of the following to one or two students. These groupings have been
selected because specimens are (gemerally) readily found on field trips. Each group
contains a reasonable nusber of species. Exotic animal groups, or groups with only
one species, have been omitted.

GROUP STUDENT STUDENT

Sponges*

Jellyfish

Sea Anemones

Polychaete worms

Barnacles

Isopods

Asphipods

Crabs

Chitona**

Limpetgh#

Snalls

Nudibranchs

Bivalvesg

Sea Stargkh

Sea Urching®*

Sea Cucumbers

Tunicates*

Vertebrates

Green Algae

Red Algae

Browm Algae

* Rather difficult group. Assign highly motivated Btudents,
*%* Rather easy group. You may choose to save thege groups for certain students.
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NAME
. * COMMON MARINE GENERA
K - PROTISTA K « PROTISTA
P - CHLOROPHYTA P - RHODOPHYTA
1. Enteromorpha 43. Ahnfeltia
2, Ulva 44. Gigartina
3. Spongomorpha 45. Iridaeca
4. Urospora 46. Halosaccion
5. Codium 47. Phodymenia
48. Antithamnion
P - PHAEQOPHYTA 49. Callithamnion
50. Ceramium
6. Ralfsia S1. Microcladia
7. Leatheaia 52. Platythammion
8. Heterochordaria 53. Ptilota
9. Desmarestia . 54. FRhodoptilum
10. Scytosiphon 55. Cryptopleura
11. Soranthera 56. Delessgeria
12. Agarum 57. Gonimophyllum
13. Costaria 58. Pelyneura
14. Cymthere 59. Laurencia
15. Hedophyllum 60. Odonthalia
l6. Laminaria 6l. Polysiphonia
. 17. Pleurophycus 62. Pterosiphonia
18. Lessoniopsis 63. FRhodomela
19. Macrocystis
20, Hereocystis K — METAPHYTA
21. Alaria
22. Egregia P - ANTHOPHYTA
23. Pteryqophora
24. PFuecns 64. Phyllospadix
25, Cystoseria 65. Zostera
P - RHODOPHYTA K - METAZOA
26. Smithora P - PORIFERA
27. Porphyra
28. Congtantinea 66. Myxilla
29, Farlowia 67. Plocamia
30. Bossiella 68. Halichondria
31. Calliarthron 69. Haliclona
32. (Corallina 70. Cliona
33. Lithothamnion 71. Terpios
34. Polypeorolithon
35. Endocladia P - CNIDARIA
36. Gloiopeltis
37. Prionitis C - HYDROZOA
38. Callophyllis
39. Agakdhiella 72. Tubularia
. 40. oOpuntiella 73. Obelia
41. Sarcodiotheca 74. BAglaophenia

42, Plocamium 75. Aeguorea



C ~ HYDROZOA
6. Phialidium

77. Stylantheca
78. Velella

80. Anthopleura

B8l. Epiactis

82. Metridium

83. Tealia

84. Balanophyllia
P - CTENOPHORA

85. Pleurobranchia
P - PLATYHELMINTHA

86. HNotoplana

P - RHYNCHOCOELA

87. Emplectonema
88. Paranemertes

P - PHORDNIDEA
89. Phoronis
P - ECTOPROCTA

90. Bugula
91. Membranipora

P ~ BRACHIOPODA
92. ‘Terebratalia
P - SIPUNCULA

93. Phascolosoma

HAME

K — METAZOA

P — ANNELIDA

C - POLYCHAETA

94.
935.
96.
97.
98.
99.
100.
101.
102.
103,
104.
105.
...{
Sub C

Sub C

Glycera

He:piu
Arctonoe
Halosydna
Abarenicola
Mesochaetopterus
Lambrineris
Bodistylia
Schizobranchia
Serpula
Spirorbis

Neoamphitrite

- CIRRIPEDIA
106. Lepas

107. Pollicipes
108. Balanus
109. Chthamalus
- MALACOSTRACHA

- ISOPODA

110. Limnoria
111. Idothea
112. Ligia

~ AMPHIPODA

113, Orhcestoidea
114. Caprella

- DECAPODA
T = CARIDEA

i15. Crago
ll6. Spirontocaris

T - MACRURA

117. cCallianassa
118. Upogebia

T - ANOMURA
119. Pachycheles

120. Petrolisthes
121. Pagurus



T

K - METAZQM

p - MOLLUSCA

= BRACHYURA

122, cCancer
123. Hemigrapsus
124. Pinnixa

125. Iophopanopeus

126. Pugettia

C - AMPHINEURA

127.
128.
129,
130.
131.

Amicula
Ischnochiton
Tonicella
Katharina
Mopalia

C ~ GASTROPODA

Sub C

132,
133,
134.
134a.
135.
136.
137,
138.
139,
140.
141.
142,
143,
144.

Sub C

145.
l146.
147.
148,

150.
151.
152.
153,
154.
155,

— PROSOBRANCHIATA

Acmaea
Diodora
Calliostoma
Collisella
Tegula
Littorina
Crepidula
Crepipatella
Polinices
Ceratostoma
Nucella (Thais)
Searlesia
Nassarius
Olivella

= OPISTHOBRANCHIATA

Phyllaplysia
Archidoris
Cadlina
Piaulula

Rostanga
Dirona
Chioraera
heolidia
Hermissenda
Onchidella

K — METAZODA

P - MOLLUSCA

C - PELECYPODA

O = FILIBRANCHIA

156.
157.
158.
159.
160.

Mytilus
Modiolus
Hinnites
Pacten
Pododesmus

0 - EULAMELLIABRANCHIA

161,
162.
163.
164.
165,
166.
167.
168,
169.
170.
171.
172.

P - ECHINODERMATA

Crassostrea
Ostrea
Clinocardium
Saxidomus
Protothaca
Tresus
Macoma
Siliqua

Mya

Panope
Penitella
Bankia

C - ASTEROIDEA

173.
174.
175.
176.
177.
178.
1749.

Dermasterias
Henricia
Solaster
Evasterias
leptasterias
Pisaster

Pycnopodia

C - ECHINOIDEA

180.
181.

Stronglyocentrotus

Dendraster

C = HOLOTHURDIDEA

1B2.
183,
184.

Cucummaria
Eupentacta

Parastichopus



¥ — CHORDATA

Sub P -~ UROCHORDATA

186,
187.
188.
189.
130.
191.

Amaroucium
Chelyosoma
Corella
Boltenia
Pyura
Styela

Sub P - VERTEBRATA

192.
193.
194.
195.

Syngnathus
Anoplarchus
Oligocottus
Gobiegax




132,
153.
15.
39.
12,
74.
43,
21.
7.
186.
127.
80.
48.
193,
146.
96.
79.
B4.
lo8.
172.
189.
30.
55.
90.
147.
117.
31.
134,
49,
38.
122.
114.
50.
140.
187.
152.
109.
163.
70.
5.
134a.
28,
32,
188.
13,
115.
161.
137.
138.

HAME

ALPHABETICAL LIST OF COMMON GENERA

Abarenicola
Acmaaa
Anolidia
Asquorea
Agardhiella
Agarum
Aglaophenia
Ahnfeltia
Alaria
Allopora
Amaroucium
Amicula
Anthopleura
Antithamnion
Anoplarchus
Archidoris
Arctonoe
Aurellia
Balanophyllia
Balanus
Bankia
Boltenia
Bossiella
Botryogleossum
Bugula
Cadlina
Callianassa
Calliarthron
Calliostoma
Callithamnion
Callophyllis
Cancer
Caprelia
Ceramium
Ceratostoma
Chelyosoma
Chioraera
Chthamalus
Clinocardium
Cliona
Codium
Collisella
Constantinea
Corallina
Corella
Coataria
Crago
Crassostrea
Crepidula
Crepipatella

182,
14.
25.
56.

161.

173.

9.

148,

133,

151.
22.
87,
35.

8l1.
101.
183.
176.

29,

24,

a4.

36.

94,
195,

57.

46.

68,

69.

97,

15.
123,
174,
154,

8.
158.
111,

45.
128.
130.

l6.

59.

7.
106.
177.

18.
112.
1l0.

33,
136,
125,

Cucumaria
Cymthere
Cystoseria
Dalegaearia
Dendraster
Dermasterias
Desmarestia
Diaulula
Diodora
Dirona
Egregia
Emplectonema
Endocladia
Enteromorpha
Epiactis
Pudistylia
Eupentacta
Evasterias
Farlowia
Fucus
Gigartina
Gloicpeltis
Glycera
Gobiesox
Gonimophyllum
Halosaccion
Halichondria
Haliclona
Halosydna
Hedophyl lum
Hemigrapsus
Henricia
Hermissenda

Heterochordaria

Hinnites
Idothea
Iridaea
Ischnochiton
Katharina
Laminaria
Laurencia
Leathesia
Lepas
leptasterias
Lessoniopsis
Ligia
Limnoria
Lithothamnion
Littorina
Lophopancopeus
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100.
19.
167.
9l.
99.
82,
sl
157.
131,
169.
156.
66.
143.
95.

105.
86.
141.
73.
60.
194.
144,
155,
40,
113.
162,
119,
121.
170.
88.
184,
159.
171.
120.
Q3.
76.
89,
145.
64.
124.
178,
52,
85.
17.
a7.
42.
laD.
139.
107.

Luombrineris
Macrocystis
Macoma

Mewhy anipora
Mesochastopterus
Hetridiom
Microcladia
Modiolus
Mopalia

Mya

Mytilus
Myxilla
Magsarius
Nereis
Nersocystia
Noosmphitrite
Notoplana
Nucella (Thals)
Obalia
Odonthalia
Oligoocottus
Olivella
Onchidella
Opuntiella
Orchegtoidea
Oatrea
Pachycheles
Pagurusg
Panope
Paranemortes
Parastichopus
Pacten
Penitella
Petrolisthes
Phascolosoma
Phialidium
thoronia
Phyllaplysia
Phyllospadix
Pinnixa
Pisaster
Platythamnion
Pleurobranchia
Pleurcphycus
Plocamia
Plocamiun
Pododesmus
Polinices
Pollicipes

NANE
58. Polyneura
34. Polyporolithon
6l. Polysiphonia
27. Porphyra
37. Prionitis
165. Protothaca
62, Pterosiphonia
23. Pterygophora
$3. Ptilota
126. Pugettia
179. Pycnopodia
190. Pyura
6. Ralfsia
63. FRhodomela
54. Fhodoptilum
47. Rhodymenla
150. PRostanga
185. Sagitta
4l. sSarcodiotheca
164. Ssaxidomus
102. Schizobranchia
10. Scytosiphan
142. Searlesia
103. Serpula
168. siliqua
26. Smithora
175. sSolaster
11. Soranthera
116. Spirontocaris
104. spriorbis
3. Spongomorpha
180. Stronglyocentrotus
191. Styela
192, Synganathus
83. Tealia
135, Tegqula
92, Terebratalia
71. Terpios
141. HNucella ({Thais)
129. Tonicella
166. Tresus
72. Tubularia
2, Dlva
118. Upogebia
4. Urospora
78. vVelella
65. Zostera
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ACTIVITY 4: BE AN EXPERT . ., .

We have studied marine biology only in very general tarms. KNow you will have the

oppoxtunity to specialize. You are assigned to learn everything you can about
the following group.

You should research your group carefully before the field trip. During the field
trip, questions about your assigned group of animals and plants will be referred

to you.

Learn all you can about your group's:

Anatomy {(internal and external)

Species to be found at the field trip site
Field identification of species

Life cycle({s})

Scientific names

Common names

Food; feeding mechanisms

Habitat (s)

Predators

Protection against predators
Oxygen—getting

Tidal zones

Protection against dessication {(drying)
Economic importance (if any)

Edibility. Recipes?

Reproductive structures

Etc,



ACTIVITY 5;

INTERTIDAL HABITATS
(2 DAYS)



TEACHER
PREPARATION:

EXTENDED
ACTIVITIES:

INTERTIDAL HABITATS (2 DAYS)

1. Intertidal organisms live in three major habitats — mud
flats, sandy beaches, and rocky shores.

The student will demonstrate understanding of the concept of
babitat by:

l. explaining habitat.

2. opaming three major habitats,

3. describing key intertidal 1ife of each habitat.

4. identifying key intertidal 1ife of each habitat.

3. explaining bow organisms have adapted to the physical
characteristica of each.

1. Read "Teacher Information Sheet",
2. Make class set of "Activity 5: Intertidal Habitacs".
3. Make class set of "(uiz: Intertidal Habitats".

i, Class sets of:
"Activity 5; Intertidal Habitata™
"Quirz: Intertidal Habitats"

1. Introduce the activity by having studenta describe some
beaches to which they have been. Lead them toward a
description of the 3 habitats.

2. Have students do the activity.

3. Discuss the results. Correct errors or misconceptions.
You may vish to distribute the activity with answers (rhe
Teacher Information Sheet).

&, Give the quiz.

1.  Use tall-form bottles filled with 3 mud, sand, gravel
mixture to demonstrate the relationship between particle
slze and gettling rate, ({see ORCA activity packet, Beaches).

2. Have students research aud report on "minor' habitats
such as cobblestone, eelgrass, and salt wmarshes.

3. Before students disperse on a beach field trip, have them
ldentify habitats that are present. Relate the scene
before them to classroom activities on habitat formation
and species adaptatiom.
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Teacher Information Sheet

HABTTATS

Hsbitats are the places vhere organisms live. A rapidly flowing atceam will
have a characteristic sssemblage of plants aud animals, as will a stretch of bigh
desert. Marine organigms live in habitats of a wide variety. These inclode the
open secs, pllings, salt marshes, and tide pools. This activity will deal with the
three major intertidal habitats - the mad flat, the sandy beach, and the rocky
shore.

The Mud Flat

Mud flats are familiar to those who live or vacation near the southern tip
of Puget Sound or in protected backwaters 1ike Willapa Harbor., The pame is descrip-
tive of the habitat - flat and muddy. The area is aubmerged by incoming tides and
then exposed to the air at lov tide, often releasing a foul odor. Mud 1s composed
of very amall particles - those less than 1/16 wm fno diameter. These very fine
particles are deposited ouly in very calm watera. This accoumts for the locations
of mud flate at the furthermost reaches of sounds or bays. There is mot sufficient
wave actiom or currsnt to keep the particles suspendad, thus they settle out.

Hod flats may be found at Clympia, Bremertom, Everett, Squamish Harbor,
Bellingham, Dungenesa Spit, and Freshwater Bay.

Animals (other that fish or birda), that live on a2 mud flat must be able to
burrow beneath the surface for protection. Since the fine particle size prevents
oxygen from diffusing dowoward, the organism must efther live within the top few
aillimeters of the surface or extend some portion of their bodies into the overlying
water. Organisme avoid being swept away by woving water by burying themselves in
mud. There are few, if any surfaces to anchor to, so very few organisms live
on the surface. These constraints make for a dull habitat at first glance, but an
exciting one for those who wish to dig beneath the surface.

The kinds of organismas that inhabit the mud are illustrated in the following
diagram.
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The Sandy Beach

Sandy beaches are formed where more vigorous wave action OT currents are able
to vimmow away the finest particleas, leaving coarser, sand-sized particles. These
particles range in size from 1/16 mm to 2 ma. Due to increased interstitial spaces,
(perhaps 40% in medium grained sand), water drains awmy more readily than in mud,
leaving a firm packed surface for walking. Air penetrates deeper into the sub-

- atratum, ao that organisms may live more deeply buried. The aeration of the sand
prevents the growth of anaerobic bacteria which produce the hydrogen sulfide amell
of some wmudflats. :

Sandy beaches may be found at Titlow Beach, Saltwater State Park, Richmond
Beach, Edmonds, Everett, Port Townsend, and Crescent Bay.

with no places to anchor, there is the danger of being swept away by tides and
currents, Organisme which can survive this problem either bury themselves beneath
the surface (clams and worms) or move rapidly (birds and fish). Any organism
which buries itself mmst contend with the danger of ever—-shifting sands. Moving
sand can clog breathing or feeding apparatus (such as clam siphons), therefore it
is pecessary that even the subgurface organisms be somewhat mobile. They must be
able to move vertically according to the movement of sand in a current.

Feeding for those organisms which bury themselves is accomplished either by
siphoning the water (as in clams) or by digesting nutrients from sand which is in-
gested (the worms). Crabs which are often partially buried, emerge to feed on
detritus.

Characteristic species include clams, shrimp, worms, birds, fish, sand dollars,
isopods, amphipods, and crabs.
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Rocky Shore

Rocky habitats are observahle where vigorous wave action or currents have
carried away all sand and finer marerial. These locations -dinclude Tongue Point,
Edwmonds, Port Townsend, Everett, Seattle, and Hood Canal.

The major distinction between the rocky shore and the sandy beach or mud flat
is stability. The problem of 1ljving om a shifting medium 18 avolded. Animals avoid
being swept away by attaching to rhe solid rock, or by slipping into crevices. Siace
the rock is often very hard, it uysually 15 not pogsible to burrow beneath the sur-
face. (The exceptions include boring clame and to some extent, sea urching,)

The variety of methods organigms uge to hide from thelr enemies is wvhat makes the
rocky shore one of the most exciting to visit.

Organisms seek refuge umder boulders or overhangs (sea anemones, sponges,
tunicates, and sea stars), under mats of vegetation or animal life, Iike wmussels
(sea slugs, flat worms), or they protect themselves with stromg shells (barnacles,
and musgels). Those organisms which live their lives exposed to wave action must
secure themselves to the rock with atrong threads (museels), cement, (barnacles),
a muscular foot (chitons, snails, limpets), or tube feet (sea stars, sea urchins).

Characteristic organisms are shown in the following diagram.
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Teacher Information Sheet
Key

ACTIVITY 5: Intertidal Habitats

The places where plants and animals live are called habitata. Three major
beach habitats are the rocky shore, the sandy beach, and the mud flat. Each
habitat has certain characteriatics and certain kinds of plants and animals that
live there. 1In this activity, you will discaver:

1. the conditione that caused the habitat to form.

2. the important animals that live in each habitat.

3. the kinds of adaptations that organisms have made in order to
survive in each habitak.

fart A: The Conditions That Form Each Habitat

This activity will show you how each habitat was formed.
Directions: Note that there are small boxes at various locations on this map.
Use the liste of habitats at the bottom of the page to decide which symbol to
use in each box. Use the following symbols:

Rocky Shores Sandy Beachea Mud Flats
Tongue Point Saltwater State Park Olympia

Cape Flattery Edmonds Bremerton
North Head Port Townaend Willapa Harber

La Push Bellingham Aberdeen



Teacher Information Sheet
o -

VANCOUVER
3L AND

. ROCKY SHORE

Wf'ﬂaﬂa_ Harbor SANDV BEACH

MUD FLAT

North Head .
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Work in groups of three to answer the following. The map you just studied coutains
the information you need to answer these queations,

1.

What kinds of places have mud flats?

Places that are protected - Like bays, esfuaries, and the Southern end of
Puget Sound.

What kinds of places seem to have rocky shores?

Places nean the open sea.

. What do you notice about the kinds of places that have sandy beaches?

They are places between the open sea (rocky shores) and the protected baus
{mud §Eats).

Use your answers to the above questions to help amswer the following. What
seems to be the relationship between the movement of water (waves and currents)
and the formation of rocky, sandy, or muddy beaches? (Hint: Mud is composed
of very small particles that are easily removed by flowing water. Sand is

composed of larger particles that are moved around by water, but not quite as
easily.)

Where waves and cuwwients are strongest, the beaches are nocky. Where waves
and cunrents are weakest, mud §lats form, Sand beaches foam in areas whenre
waves and currents are moderate.

The weaker the water movement, the finer the particles on the beach,



Teacher Information Sheet

Part B: The Animal Life O0f Rach Habitat

This activity will show you what kinds of animals live in each habitat and
vhat kinds of adaptrations 2llow them to survive there.

Directions: Study the following diagrams. These diagrame give you the informatfon
necessary to answer the questions. Work in groups of three.

GHeT
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Teacher Information Sheet
Key

1. What is the major difference between animals that live om a rocky shore and
the animals that live in sand or wud?

Animats Live on aock bul under sand or mud.

2. Compare the ways that snimals in the three habitats avoid being washed away by
BLIODg waves or currents.

Animals on aocks hold tight with cement (barmacles), Lough threads {wusselfs),
ox a muscular foot (snails, chitons), and also tube feet {sea sars). Animals
burny themselves in sand on wud.

3. Waves and currents wmove sand and mud from place to place. Sand and mud can be

piled up or vashed away. What aspecial problems might an animal face if it lives
under sand or sud? What might it do to solve the problem?

An anisal might get buxied ox uncovered by shifting sand ox mud. They must be
able to dig upard or dowwsvard on extend a 'meck' siphon) to neach the surface,
yet stay buried.

4. What special problems might an animal face L{f it lives on exposed rocks where
poverful waves crash over 1t?7 What are some vays 1t might solve the problem?

The animal could be crushed, or swepl away. 1t needs to have strong shells, on Live
undex mats of seaweed ox mussels, ox Live undex overhanging rocks.

5. Most intertidal animals get oxygen directly from mea water.

A. Why might this be difficult in a mud flat?

The {ine particles §it closely together so0 that seawaten in the mud
can't become aerated.

B. What can an animal do to solve the problem?

It can Live veny near the surface on it could take in seawater with
£L8 siphon [Long neck). :
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ACTIVITY 5: Intertidal Habitats

The places where plants and animals 1ive are called habicats. Three major

" beach habitats are the rocky shore, the sandy beach, and the mud flat. Each

habitat has certain chracteristics and certaln kinds of plants and animals that
live there. 1In this activity, you will discover

1. the conditions that caused the habitat to form.

2. the important animals that live in each habitat.

3. the kinds of adaptationa that organisms have made in
order to survive in each habitat.

Part A: The Conditions That Form Each Habitat

This activity will show you how each habitat was formed.

Directions: Note that there are small boxea at various locations on this map,
Use the lists of habitats at the bottom of the page to decide which symbol to
use in each box. Use the following symbols:

. Rocky Shore
Sandy Beach
5 mud Flae

Rocky Shores Sandy Beaches Mud Flate
Tongue Point Saltwater State Park Olympia

Cape Flattery Edmonds Bremerton
North Head Port Townsend Willapa Harbor
La Push Bellingham Aberdeen
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Work in groups of three to anawer the following. The map you just studied contains
the information you need to answer these questions.

1. What kinds of places have mud flats?

2. What kinds of places seem to have rocky shores?

3. What do you notice about the kinds of places that have sandy beaches?

4. Use your answers to the above questions to help answer the following. What
seems to be the relationship between the movement of water (waves and currents)
and the formation of rocky, sandy, or mddy beaches? (Hint: Mud is composed
of very small particles that are easily removed by flowing water. Sand 1s
composed of larger particles that are moved around by water, but not quite
as easily.)
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Part B: The Animal Life Of Each Habitat

This activity will show you what kinds of animals live im each habitat and
vhat kinds of adaptations allow them to survive there.

‘Directions: Study the following diagrams. These diagrams glve you the Information
necessary to answer the questions. Work im groups of three.

P

SANDY BEACH
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1. What is the major differsuce between snimsle that live on a rocky shore and
the animnile that live in sand or sud?

1. Cowpare the ways that animals in the three habitats avoid being washed svay
by stroug waves Or Currents.

3. Waves and currents wove sand and wsd from place to place. Sand and mud can
be piled up or washed sway. What special preblems might an animal face if
it lives under sand or mud?! What aight it do to sclve the problem?

4. What specisl probless might an animal face i{f 1t lives on exposed rocks where
powerful waves crash over {r? ¥hat are some ways it might solve the problem?

5. Moat Intertidal snimals get oxygen directly from sea water.

A. Why might this be difficulet {n a wud flat?

B. What can an enimal do to aqlve the problem?




Intertidal Habitats

QUIZ:
Since space is limited, plan your answers carefully before starting

Do not go beyond the apace provided.

Directions:

to write.

aNnod 3g oL IVLIIAVH JHL NI IViI
AIENIT ST LVIIEVH ZHLI|TVAIAUNS H04 NOIIVIIVQY JAL 40 JILSTY4IOVIVHOD
TUEHM SHOTIVOOT ANO 40 NOILJTHOSHEA ¥V *STVHINY JO SANIY OML LVII¥VH 40 H—QJ




ACTIVITY 6:;
EXTENDED ACTIVITIES
IN MARINE BIOLOGY
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ACTIVITY 8: EXTENDED ACTIVITIES IN MARINE BIOLOGY

Extended Activities in Marine Biology

1.

2.

10.

11.

12.

13,

14.

15.

Tour the Seattle Aquarium. Telephone: 625-4357 (Seattle}.

Tour the aquarivm at the Point Defiance Park Zoo. Telephone: 759-0121
(Tacoma).

Tour the oceanographic ships of the National Oceanic and Atmospheric
Administration (NMOAR). Reservations are required. Telephone: 442-7657
{Seattle).

Tour the University of Washington Fisheries Department. Tours are
available during the school year, but September and October are best
when the fish are running and being harvested. Telephone: 543-9640 (Seattle).

Prepare a bouillabaisse or bake a salmon on the beach.

Take a census of organisms in various habitats or microhabitats on a
given beach. What changes occur over a decade or more?

Give a classroom gourmet celebration. Serve octopus, squid, crab, oysters,
sea urchin gonads, sea cucumber muscle strips, etc. See Edible? Incredible!
for recipes.

Find shells of a particular species of clam that have been drilled by
predatory snails. Plot the leocation of the drill hole on a diagram of
clam internal anatomy. Is there a pattern to the holes? What part of
the clam does the snail attack?

Set up a marine agquarium., See the bibliography for a publication that
tells how,

Visit the Puget Sound model at the Pacific Science Center. Telephone: {206)
625-9333 (seattle).

Make a survey of limpets to see if shell thickness changes with increased
wave shock exposure (such as open coast vs. protected coast.

Make a herbarium collection of secaweed,
Investigate the Puget Sound Indians' use of marine life as a part of their

culture. See Pacific Science Center/Sea Grant publication  Early
Fishing Peoples of Puget Sound,

Do a plankton tow, either from a boat, in the current passing under a
dock or Pj_er, or by a wader.

Do a night light field trip. Incredible forms of marine life move toward a
bright light on a dock or pier.



EVALUATION
VOCABULARY
BIBLIOGRAPHY
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Teacher Information Sheet

VOCABULARY

Byssal threads - fibers produced by mussels for attachment to rocks

Cirri - barnacle legs modified for filter feeding
Dessication - drying out.

Ecalogical - pertaining to the relationships among plants, animals, and
their surroundings

Evisceration - discarding internal organs

llabitat - a place with a particular kind of environment inhabited by
organisms

Marine - pertaining to the oceans
Nematocysts - stinging capsules found only in cnidarians
-.__.,/’

Organism - an individual of a species

Pedicellaria - a pincer-like organ used to keep dorsal surfaces of sea stars
and sea urchins free of debris

Predator ~ an animal that feeds on other living animals
Taxis - movement toward or away from a stimulus

Toxin -~ a harmful chemical

Transect - a raference line drawn at right angles to a beach
Tube foot - hollow, extendable appendages of echinoderms

Water Vascular System - a water filled hydraulic system used by echinoderms
for locomotion




VOCABULARY

Byssal Threada
Cirri
Dessication
Ecological
Bviscerariom
Habitat
Marine
Nematocyets
Orgnnis-
Pedicellaria
Predator
Taxis

Toxin
Transect
Tube foot

Water Vascular System
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Teacher Information Sheet .

Quiz: Marine Biology

1. wWhat is intertidal zonation?

Intertidal zomation is the distribution of each species of marine
organism acconding to tidal Levels.

2. Give four reasons why intertidal organisms are limited to certain zones.

Each kind of onganism is Limited to certain zones becaunse of thein
1. Zolerance to druying,
2. tolenance to solan nadiation,
3. tolenance iv temperctune exiremes,
4. competlition fon space, and
5. nelationship to other onganisms as prey oa predaton.

3. Compare the ways barnacles and sea anemones capture their food.

Barnacles sweep the watern with their "feathery feet" {cimni). They

capture any small organisms on onganic debris and trhansfer them o

their mouths. Sea anemones must wait until the night combination of .
Zouch and chemical presence niggens thein stinging cells (nematocysts).

The tentacles close Lo bring the food to thein "mouths."

4. Describe how marine organisms avoid being washed away from a rocky coast
by waves.

To prevent waves from washing them away, marine onganisms must hide
unden nocks on seaweed on they must firmly attach themsefves to the
bottom. Sea stans and sea wrchins use tube feetf, mussels use byssal
threads, the oclopus uses suckerd on {fs awms, and barnacles ane
girnmby cemented Lo the nock. Clams and wonms bury themselfves under
seaweed on burnow into sand, rock, on wood.



Teacher Informstion Sheet

@ =

5. Ten students comnted all of a certain species of marine animals.
Here are their data.

Student Fi 2 3 4 5 3 ? 8§ 9 10
Distance from

water (m) 28 8 24 32 4 40 12 36 18 20
Elevation

(m) - - 0 2 - - - 1
Fumber 2 1 6 o o0 ¢ 0 o0 4 1

Counted

Graph the data below.

§ & 3

ELEVATION ()
D
!

O
)

5§ 0 K D a5z D XK w0
ZISTAMCE FROM WATEE, (X)

6. Sea stars move very slowly, How do they avoid being covered by sand
or algae?

Sea stars have tiny jaw-fike appendages {pediceflarias) which pinch
and remove anything which might falf on the aboral surfaces.

B7



Teacher Information Sheet
- @

7. A map of a beach is shown below.
for a transect that would show intertidal zonation.

Draw a line that shows the best location

AN ROAD

asaov wWATER

Solution

8. Compare the reaction to danger of octopuses, limpets, and sea cucumbers.

(The octopus goes through a series of color changes and ink
ejection which may camouflage it or may intimidate the predator.
The limpet will attempt to seal iteelf tightly against the rock

if it is threatened. It may, however, move away from a predator
if it senges that the predator (such as a sea star) may be able to
pry it loose fram the rock. Sea cucumbers, otherwise defenseless,
rely on distracting or discouraging predators by eviscerating
(diagorging its intermal organs). The organs are then regenerated.



Teacher Informatfion Sheet
Key
. 9. A beach profile is drawn below. Label each of the intertidal zones in the

spaces on the left. Then place the letter of the species listed below in
the zone where it is most likely to be found.

A. Periwinkles {Littorina sp)

B. Mussels (mims)

€. Eelgrass (Zostera sp)

D. Finger Limpet (Acmaca digitalis)

E, Purple sea star (Pisaster ochraceous)
F. Bermit crab {Pagurus hirsutiusculus)
G. Sea urchins (Stronglocentrotus spp)
H. FRockweed- (Fucus sp}

I. Blood star (Henricia leviuscula)

SPLASH ____ zowe \ A,D

. “uUAPER

JNTERTIDAL ZONE H F

MsBE
INTERTIDAL __ zons 8, E

 AOWER o - T
JNTERTIDAL. _ zowr c, G, L
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Teacher Information Sheet
Key

13. Wwhat is a habitat?

A place where animals and plants Live.

11, Describe how one animal has adapted to life In each habitat.

Al answers will vary

12. What habitats would wost likely be found at A, B, and C?

A. Rocky Shoxe

B. Sandy Beach
c. Mud Ftat

OCEAN 8AY
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Quiz: Maripe Biclogy

What is intertidal zonation?

Give four reasons why intertidal organisms are limited to certain zones.

Compare ways barnacles and sea anemones capture their food.

Describe how marine organisms avoid being washed away from a rocky coast
by waves.

91
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S. 'Ten students counted all of a certain species of marine animals. Here
are their data.

Student I 2 3 4 & & 7 8 9 10
Distance from

water (m) 28 8 2¢ 32 4 40 12 38 18 20
Elevation {m) 1.5 - - - - 2 0.8 - - Fl
Menber

4 1
Cowunted 2 1 é 0 g 0 3 0 1

Graph the data below.
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: 111 t 1
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ERRgnE u; *
: o

-




93

How do they awold being covered by sand or

Sea stars mnve very slowly.

algae?

6.

Draw a line that shows the best location

for a transect that would show intertidal zonation.

A map of a beach is showm below.

1.

MTER r/DAL XOWE

2.0 #ocey zrace

VLM ATt

SAvov BEACH

Compare the reaction to danger of octopuseg, limpets, and sea cucumbers,

8.



KAME

9. A beach profile is drawn below., Label each of the intertidal zomes in the
gpaces on the left. Then place the letter of the species listed below in
the zone where it i1s most likely to be found.

A. Periwinkles {(Littorina ap)

B, Mussels (Mytilus edulis)

C. Eelgrass (Zostera sp)

D. PFinger Limpet (Acmaea digitalis)

E. Purple sea star (Pisaster ochraceous)
F. Hermit crab (Pagurus hirsutiusculus)
G. 5Sea urchins (Stronglocentrotus spp)
H. BRockweed (Fucus sap)

I. Blood star {Henricla leviuscula)

————— — i — — ey — —— i




10.

11.

12.

95

What is a habitat?

Deacribe how one auimal has adapted to life in eack habitat.

A.

B.

What habitats would most likely be found at A. B, and C?
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