DOCUMENT RESUME

« BD 16@ 335 ' . SE 025 991
AUTHOR v Rasmussen, Frederick A.\,
TITLE _ Coastal Awareness: A Resource Guide for Teachers in
Senior High Science. Preprint.
INSTITUTION National Oceanic and Atmospheric Administration
(DOC), Rockville, Md. Office .¢f Ccastal Zorne .

- : . Management. : S ) o
PUB DATE Mar 78 \\\
NOTE iﬂph_-75p.. Contains occasional 1light type ™
EDRS PRICE MF-$0.83 HC-$3 50 Plus Postage.

DESCRIPTORS . Act1v1tles' *3iological Sciences; *Environmental:

Education; Instructional Materials; ¥*Marine Biology;
Natural Sciences: *Resource Guides; Science
Education; Secondary Education; *Secondary School

Science

ABSTRACT , : . '
The: stated purpose of this resource guide is to

entice teachers to explore ecological aspects of coastal awareness.
Discussions describe ‘different characteristics' of the coast such as:
(1) waves, currents, and tides; (2} sandy beaches; (3) rocky shores;
{4) estuaries; and (5) marshes. These discussions present some of the
physical processes that occur along the coast and how those processes
affect the ecology of the coast. Some activities are suggésted which
can increase high school students awareness of the coast. A resources
section-iacluding: (1) =-eading suggestioas; (2) 1list of films; (3) .
- some federal and state information sources; and (4) a glossary is

presented. (HB) : _ N

e 3k Feake ok %k % ko ok ke A ook %ok ok e e ek e ke X ek Aok ek e e o e ol e e Aok e e e o ok e g ook e e Aok ek dk ok ke ke ke ek

* Reprodnctlons supplied by EDRS are the best that can be made *

* from the original document. *
Q r************************************************************4*****




i

W

i3

[




NTOF HEALTMH, . : . . . . e
L WELFARE . PR : :

STITUTE OF . , . o L
AT IOM o e B : C .
tAS BEEN REPRO- ’ . - N
S RECEIVED FROM . Ll
,ANIZATION ORIGIN- | - . . ~
VIEW OR CPINIONS S o R ’
CESSARILY REPRE- . t . o .o -'
ONAL INSTIBUTE OF : i -, . . o - AN

" om ey - Co 3 .
| .. .7 - atmospheric Administration

Lzt Office of Coastal Zon >ne Management . |




Preprint |
- Coastal
- Awareness:
A Resource Guide
For Teachers in
Senior High Science
‘U.S. DEMEQTMENT OF COMMERCE

Nationat Ocsanic and Atmospheric Administration
Ofﬁcg ©of Coastal Zone Management )

] March 1978
Washington, D.C.

Preparéd By:

'Frederick A. Rasmussen
Curriculum Consuitant ~

RDD Consultants
Boulder,Co. 80308




™ ‘ FOREWARD

\
This series of Resource Guides on Coastal Awareness in Science was developed

- for elementary, junior high and high ‘school teachers who would like to instill

in children and young adults an appreciation of the ecologic value of the
coast.. Each of the Guides contains concepts, and activities which could be
used in a week long unit on Coastal Awaremess. The purpose of this guide is
not to present a definitive work on coastal ecology, but to entice teachers
to explore ecological aspects of coastal awarenmess. A more complete under-
standing of the coast requires study of the interactions of ecology with
economics, humanities, and government.

As gtate govermments develop coastal menagement progrems, citizens must make
choices as to the most important uses of the coast. An understanding of coastal
ecological processes will aid students as they participate in future decision
making -

The Coastal_Auareness Series in Science includes:
Coastal Awareness in Elementary Science
Coastal Awareness in Junior High Science N\,

' Coastal Awareness in Seniro High Science

These are available from the Office of Coastal Zone ﬂhnagement Nationral Oceanic

and Atmospheric Administration, 3300 Whitehaven Street, N W., Washington, D. C.

20235.

!
t

Robert W. Knecht _
Assistant Administrator
Office of Coastal Zone Management
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A

The shore lines of the United States--where the land meets the sea--
measure more than 140,000 km (88,000 mi). If straightened, they would stretch
more than three times around the. equator of the earth. Our nation's coasts
include the sea shores of the. contlnental United States, Alaska, Hawaii,
four Atlantic island groups,-and nine PaC1f1c island groups. The Great Lakes
and all the sounds, ‘bays. creeks, and fivers washed by tidal waters are also

included.

THE COASTS

. What are the special characteristics that define a coast, that make
coasts valuable  and vulnerable to human activities? Why and how- should we
. Protect this vital area of our nation? :

! The coast is a place of untold natural resources. It i§ a place to which
one can escape, a place to play, to be serene, to be inspired. In near- 3
.shore ocean waters fish can be caught for sport or for food, and the coast
itself can be a significant agricultural area. ‘Each coast has a different
histery, different pressures, and different problems. Yet, in a physical"
sense, many of thelr problems may be similar. i :
Pollut;on is one such common problem. The Great Lakes are the largest

fresh water resource in the world: ©Pollution of. these lakes, which began

in the 1800's.  ~s continued steadily: forests were cleared, disrupting the
natural balar ., =nd increases in population, 1ndustry commerce, and
recreation cc-% .- ‘e to encroach.




The development that has plagued the Great Lakes for a century is only
just beginning in Alaska. But changes come quickly where the margin for
life is narrow, and in the frigid waters of the Bering Sea.there is 1 ttle
room for error. The Bering Sea is literally the "fish basket" of the rorthern
hemisphere. It supports a surprising variety of life, including one of the
"largest marine mammal populations of the world, what may well be the world's
- largest clam population, - one of the world's largest salmon rurns, some of the
largest bird populations per unit area, the world's largest eelgrass beds,

and unusually high numbers of bottom-dwelling fish.

\

Any coast consists of two primary. elements: the water and the land.
The area where these meet-~the coast--has unique characteristics due to
periodic inundation and ccntinuzl changea in calinity. The biological com-
position of the coasts is often in delicate balance.

The science student concerned with the ccastal zone will want to investi-
gate both the water and the land as well as their interaction. Coastal waters
are ge..erally rich in nutrients that have been carried from the land by
the rivers and streams. Near-shore coastal waters are particularly
productive. These waters are a basic resource; they are affected by a
variety of factors--the forces that cause tides, the winds that. augment the
waves, and the activities of human beings, including exploration and exploi-
tation. :

THE SHORE

There can be other definitions, but for our study, we cdefine the shore as
the narrow strip between the high-water and low-water maris of spring tides.
‘Thus, there are regular, yet extremely variable local enviroaments. First,
the sea covers and uncovers the coastal area twics daily. Temperature
ranges may be great within & single day. The salt concentration may vary
greatly. The extent to -which this intertidal zone is uncovered at low tide
depends on the sharpness of its slope which in turn depends on a variety of
factors including the nature of the land,. its configuration, and the .action
of the tides, currents, and rivers. ' ~

The three basic types of shore are rock, sand, and mud. They are often
mixed together. The waves have the greatest influence on molding the shore
as they break against the land, washing away loose materials, eating into
hard rocky coasts, ard sometimes forming an abrasion platform at the base
of hign cliffs. Powerful crosscurrents deposit banks of sand that have
been formed by the disintegrating rocks. Mud flats occur at the mouths of
rivers or in sheltered creeks and inlets where the sediment brought from
the land is deposited. 1Ice, weather, and the elements all work to help

form the chore.




Plants and animals are other factors in coast building. Plants may
act to bind sand and mud together into dry land. Encrusting animals may
serve to protect rocks or to destroy them. Light plays a significant role
in this environment, affecting growth of vegetation which, in turn, affects
animal growth and survival.

Estuaries, too, affect the shore environment. Dilution by fresh water
will occur at the mouths- of rivers, while increased concentrations of salt
" will occur as a result of evaporation during the surmer.

OCEAN IN MOTION: WIND, WAVES, CURRENTS AND TIDES

Wind generates waves.. The wind, blowing irregullarly, causes significant
Pressure differences that deform the water's surfaceﬂ creating wave crests
of many heights. The wind then pushes against these crests, supplying
energy to the waves as they grow and become more ragular in height and
length. Wave growth -depends on four factors: wind vélocity, distrnce of
open water over which the wind has blown (called the/"fetch"), duration of
the wind, and the state of the sea (waves that were present when the wind
started blowing).

The wind also plays a part in coast formation. In addition to their
indirect effect through action on the water, powerful winds can cut into
rock, tearing away gravel that slides to the water's edge. They may also
pick up grains of sand and pile them into dunes. : “

WAVES

Waves are the sculptors of the coasts. Forceful or gentle, loud or
lulling, they combine two distinct types of motion. One is the circular
motion of the water molecules within the wave, the up and down motion of
the droplets. The other is the advancing movement. The actual water mole-
cules have no horizontal motion as the wave advances through the ocean.




Waves are described by their height, length, velocity, and period.
Period is the number of seconds it takes for two successive crests to pas..
a stationary point. Heizsht is the vertical dlstance from the crest (high
point) to the trough (low point) and length is the distance from one crest
to the next. Period, len~th and wind velocity are interrelated. wave height,
however, is not related to these factors. The height of a wave in meters
is usually apout one-tenth the wind's speed in kllometers per hour.

CREST

HEIGHT

TROUGH

- A .
WAVE LENGTH

As they move away from the winds that started them, waves tend to
expand laterally and to become lower, more rounded, and more Symmetrical.
They then move in groups of similar size, called "wave trains"; the indiwvidual
waves are called "swells." Once a wave train has’ formed, it will continue
o travel over the sea until it either: breaks on a shoré or is flattenéd
by opposing winds or wave systems. (In these materials, we will be concerned
in particular with the breakers because of their effect on the coastal area.)
Az a swell approaches the beach, the topography of the ocean bottom takes
effect. Depending on wave length and bottom contour, waves may break at depths
from one-half to three times their height.

The bottom slope is the key determinant not only of the depth at which
a wave breaks but also of the manner in which it breaks. - A steep bottom
results in a wave that retains all its energy until the last possible moment,
when the crest peaks up suddenly and plunges violently forward into the trough.
As the crest folds over it becomes concave, creating a "tube" or tunnel of air
on the shoreward face. These are known as "plunging waves." Hollow plunging
waves are the most challenging for surfers because their steepness makes for a
very fast ride and it is often possible to crouch under the falling crest--to
be "locked in the tube." The plunging waves that curl over the dangerously
shallow coral reefs of Hawaii's "Banzai Pipeline" are a famous example of this

kind of wave.




A gradually shoallng bottom results in a wavc =that releases its energy
more slowly. When a crest finally becomes unstable, it rolls down or Spllls
into the trough and the wave face remains gently sloped. It is these "spilling
waves" that display white water at the crest. :

Irregularities in the ocean bottom tend to make waves spill rather than
plunge. Even long-period waves break as spillers on a flat sloped beach, but
‘any suddenly shallow spots will cause most waves to "suck out” and plunge,
regardless of their periods. Most surf zones are in a state of constant
change. . .

'Wind is not the only generator of waves. Earthquakes on the land or under
the sea may cause a drastically low tide that is followed by destructive giant
waves (sometimes called tsunamls) hurllng relentlessly against the shore.

TIDES - ' ' .

The tides are important in determining the character of the coast. Tides
result from the effect .on the waters of the gravztatlonal attraction among
the sun, moon, and earth.

o 1z o



. The masses of the earth and the moon exert a graviteational pull on each
other that xiffects every particle on earth, including water. The force is
greatest o those particles-nearest the moon, but it is wuch smaller than the
eaxth's force. Although the force reguired to pull water vertically off ‘the
earth would be great. a much weaker force car pull the water horizontally, in
effect sliding it across the face of the earth. Water is drawn toward the
‘point directly "below" the moon, and high tides occur when water piles up in
‘this way. Identical forces ‘cause comparable effects on the side of the earth
farthest frem the moon. In both cases, the water moving into-the high tide
is being drawn away from another region of the earth. Thus, there are high
“tides on.dﬁposite siées*of the earth on a line directly extended betweer the
moon ané the earth, and. there are low tides midway between the two high tides,

" in the area from which water for the high tides was drawn.
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. Due tc the changing position of the moon, a tidal pulse sweeps around the
surface of the earth, causing secondary waves that move across the oceans. In
mid-ocean the secondary waves may be only as high as 1 meter, but where the
water is shallow these sea waves become much higher. 7he increased height is
the result of a tremendous friction force which slows the wave down. When
such tidal pulses move through narrow channeis, the water is "bottled up."

The highest tides occur in these narrow channels; a well known example of such
tides is the Bay of Fundy between Nova 5cot1a and New Brunswick in Canada.

"Because the earth and the moon move orbltally {the earth around the sun
and the moon around the earth), both the tlmlng of the tides and- their range
vary in response to these gravitational forces. The greatest dlfference
between high-water and low-water is found at the "spring” tide, when sun*-
.and moon exert the-r for.;e in. the same/dlrectlon during the new or full-:moon.
The highest ‘tide is during the new moon when the moon is in line with the
sun, with the earth between them, and the gravitational pull is all ‘n the
. same direction. The smallest, or “"neap" tide occurs when the high-water- mark
'1s at its lowest; and the low-water mark is at its hlghest.

. CURRENTS | .

The forces tbat keep the great mass of ocean water in motion are many
and varied; important among them are the heat of the sun and the rotation
- of the earth.

. As the sun warms the surface water at the equator, the water expands and

" raises the surface Just enough to cause a gentle slope. Water at the equator
therefore runs downhill to the poles. The heavier polar cold water

sinks .and spreads slowly along the bottom of the ocean toward the equator.

This lnterchange of warm equatorial waters with cold polar waters is compli-
cated by a variety of additional forces. TFor example, the earth's motion
toward f:he. east affects .the water on the surface of the easth both directly,

by causing waves to pile up, and indirectly, b'r creating winds. The spln of
the earth . also results in the Coriolis effect -- the tendency of water (or any
moving object} to turn sllghtly to the right in the northern hemisphere and = -
slightly to the left in the southern.ﬂ Lonsider the Atlantic Ocean waters in
the region just north of the equator, where the Gulf Stream orlgmates Heated
by the tropical sun, the salt concentratlon of the water steadlly increases as
a result of constant evaporaticn. Meanwhile, the trade winds/(a consegquence

of the earth's spin) continually blow over the warm, salty waters, pushing.the
surface waters in a westerly d;r ction toward the north coast of the South .
American continent. . The waters then move toward the Caribbean Sea and on,
northwesterly, into the Gulf of Mexico where they pile up, raising the surface -
level. Following its. .natural tendency to seek equilibrium, the water. drops
into the Florida Stramts, the-only possible egress. From there the Gulf
Stream runs northward along the coast. o

I
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\' As hhe Gulf Stream moves north it trends 1ncrea51ngly toward the right
(to the east) because of the Coriolis effect. By the time it reaches 40°N
latitude, it is flow1ng due east across the Atlantlc, has lost considerable
speed, and has widened; it has also cooled down. Currents similar to the
' Gulf Stream move the waters of the Pacific, Indian and other oceans. .,
Other factors affecting water currents include ice floes moving from
polar seas on the cold currents. As the ice mdves southward it cools the
water. Since ccocol water is heavier than warm water, it qznks and is then

.replaced by warm water near the surface.

The most eccnomicaliy important currents are upwellings\of cola bottom
water. This verctical motion brings to the surface an unusually heavy concen-—
tration of nutrients. When offshore winds drive surface waters out to sea,
they are replaced by the upwelling nutrient-rich deep water. Mineral-rich
waters from the land .add to the nutrient supply. This upwelling supports a
rich growth of phytcplankton, the start of a complex food chain, and makes
‘possible intensive conimercial fisheries such as those off the coast of Peru
and the Grand Bank off the coast of Newfoundland, Canada.

THE SANDY BEACH

Of-&11 the coastal exements, sandy beaches probably have the hlghest
‘recreational value. These beaches vary considerably from one part of our

1S




country to another. They have different sand, different waves and winds, ard

different dunes and other inland formations. They are composed of grains as

. diverse as the black lava sands of Hawaii, the golden sands of Lake Michigan,
the white coral sands of Florida, and the seemingly endless sandy expanse - from

San Diego.to Los Ancgeles. Florida’'s popularity as a vacation land almost

certainly is in large part due to the fact that so mpéh of its coastline is

sandy ocean beach. ,

HIGH TIDE

LOW TIDE

A TYPICAL SANLY BEACH

.~

-

Although sandy beaches differ.in many ways, they also share certain
characteristics. A cross section of almodst any sandy beach in early summer
would probably reveal a structure like that shown above. Waves moving on- .
.shore break on the longshore bar and roll up onto the beach. Each wave moves
sand from the longshore bar and slowly, almost imperceptibly, a longer more
slopinghbeach is created. Then, as the season changes, blustering winter
winds and heavy seas-begin to attack the sloping summer beach. The winter
waves are higher, steeper, and closer together than those of summer. Some-
times sand is carried away from the berm and even from the dunes or other
land areas-behind the berm. This\pounding winter wave action generally
deposits some sand on the berm, but it carries away far more sand and deposits
- it in longshore bars, setting thg scene for anotner yearly cycle. :

e
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The textuﬁe of the sand plays a role in the kind of beach that will be
built, because:the slope of the beach relates directly to the particle size of

The coarser the particles, the more the waves sink
Since coarse sand does not pack

When the particles are

the deposited material.
~ into the beach, depositing theii load of sand.

down and is$ easily moved around, steep beaches result.
finer the sand packs down more tightly; the waves do not sink in, and their

action leaves a harder, smoother, and gentler siope.

_ Waves and wind thus work endlessly brilding, shaping, and reshaping
beaches. Iarge particles grind against each other, creating progressively
smaller fragments. . The largest of these are dropped on the beach and smaller
less dense particles are caxrried out to be deposited in quieter, deeper regions

of the ocean.

Regardless of the season, the markings on sahdy beaches are intriguing.
The graceful swash marks left by an ebbing morning tide are composed mostly
of detritus -- fragments of once living things --that are not only a source
of food for many beach inhabitants ‘but are also a treasure trove for human
beach explorers. Parallel ridges and troughs, called ripple marks, are often
seen on sandy beaches: if the ripple marks are in dry sand they were caused by
wind, but if they are lcwer down on’the keach they were caused by moving -
water. Whether caused by wind or water, the process of ripple. formation is
~essentially the same. When wind or water moving over the ‘sandy surface meets
‘an obstacle in the surface it turns downward, excavating a trough. The sand

thus thrown up creatés another obstacle and:the wind or water then creates

another trough. 4 : , .

- -
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Oceaq beaches are moving, active Places that ga}h and lose sand
continuously. . Beach sand is transported by waves, wind, and wave currents in
three kinds bf movements: offshore, on-shore, and longshore. When put into

suspension b?\wéve action, sand can move laterally along the shore in long-
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shore currents at the same.time that it is being moved offshore and returned
onshore. Sand movement along the shore occurs w1th1n relatively distinct _
sections of the coast, sometimes called "littoral cells.™ The_ooundarles of a
cell extend from the place where sand is 1ntroduced onto the shoreline
{generally. by a stream) to the place where 1t ie swept out to the sea. Where .
beach 1ndentatlons in the coast are isolated from the general sand movement

of the "cell" within these areas, shore/é?b51on and onshore currents can supply
sand to smaller "pocket" beaches. '

Human activity oftenhas had disastrnus effects on the natural supply
of sand to beaches. Reducing high water runcff from rivers seriously reduces
the sand supply available since it reduces the erosion along river banks.
Improper construction of groins, jetties, and breakwaters can change the
distribution of sand by longshore currents, causing ‘excessive sand build-up
in some places and sand loss in others. The blologlcal production of
shorelines ‘is also affected when normal water circulation patterns are .changed.
.Careful study is needed before any major beachfront modifications are under-

taken.

- - ~

The long stretches of sun-baked sand, and -the breaklng waves that- dellght
vacationers are also what make sand beaches among the ‘most- barren of coastal -
environments. Because of its shifting nature, the sand offers a poor substrate
for anchoring plants.- Thus, beaches essentially lack the producers: in the .
food chain and the few anlmal re51dents of the sand must depend on small wave—
borne particles for food... Usually such residents are tiny crustaceans or
mollusks which live in the moist upper surface -of the beach close to the
water line and filter the food from the retreating waves. Other crustaceans
and sand hoppers inhabit the upper beach, feeding at night along the tide-
line. Each sunrise they dig new burrows often pePering the sand with their

holes.

‘Sand beaches are superb places
for bird watching. Some birds are
frll-fledged - sw1mmers and obtain
their food from'the ocean and the
near-shore ocean bottom. OtherS’
rarade incessantly up and down ‘the
beach at the water's edge in search
of food. The specific kinds of
bird inhabitants vary from one
part of the country to another,
but certain general kinds can be
- recognized. Medium-sized birds

-12-~
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that are flying across the surface
of the water or riding orn it are
likely to be gulls, terns. or
cormorants. The cormorant is a
dark bird that dives and dis-
appears for a considerable time
while swimming in search of food.
‘Gulls and terns do not swim under
water. Terns can be seen flying
over the water and d1v1ng into

it to catch small fish, but gulls
are less likely to ‘dive for their
food. ‘Gulls, either singly or in
groups, can also be seen on the
beach itself in" search of focd. A
group of large birds flylng grace-
fully in formation Just above the
surface of the:water is probably
a flock ‘of pelicans.:

Sand pipers and piovers are

" the smaller birds that run up and -

down “the beaches, carefully av01d—
ing the breaking waves. They are
generally long-legged, .small to
medium in size, and inconspicuous
in color. Their food consists of
animal and plant fragments that
have been cast onto the sand by
waves and the tiny animals that
live in the upper surfaces of  the
. sand..

/-
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SAND DUNES

Sand dunes form when
constant source of supply
log or clump of grass, it
As the mound grows, more
higher, the mound becomes
- blown sand blowing up the
characteristic shape -- a

. S )
large amounts of sand arbfblown inland from a
such as a beach. Where the wind is slowed by a
drops its load of sand, and a mound slowly builds up.
sand is deposited behind it; growing larger and
a small hill, a ridge, and finally a dune. Wind-
face and falling dcwn the crest gives the dune its: .

‘long sloping windward side and a steeper slope

on the lee side. If nothing interferes with the wind or anchers .the sand,

the dune creeps inland as:

the wind moves sand from the w1ndward#to -the lee ™

side. The rate at which a dune advances can vary from a few centimeters

to many meters oer yvear.
path. {

-

A fast-moving dune can bury everything in its

“

The movement of sand dunes may be slowed by the invasion of ploneer
plants that can root and grow in the shlftlng sands; often it is grasses,
such as Marran grass -- or Poverty grass-- which begin the stabilization-
pProcess. After the clumps of grass have become established, shrubby plants
can take root on the lee face of the ‘dune. .Protected from the wind

~ .

ON "SHORE WIND
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and'with thEII roots close to the watér table, these shrul:s often “form dense
‘thickets, providing shelter and food for small mammals and birds.

" Dune life terds to progress from that of bare sand to dense woodland
but this progression can be halted and hundreds of years of growth destroyed -
.in a very short =ime. Hurricanes, fires, or construction (the building of
homes, cottages, or roads) can disrupt the stablllty that took so leng to

establlsn- When a break in the vegetation Mat occurs, the w1nd(can qulck;§ -

'w"

‘charge through it, tearing at the roots of nearby plants. Aas succe551ve‘. g
clumps of plants are exposed, more and more sand is released, and the dune
begins to move again.
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ROCKY SHORES

a

Rocky shores are the coastal areas where the confrontation of -land
(continent or island) with the ocean is most evident. Here the rocky under-
p:mnlngs are, ceaselessly attacked by moving water, sometimes on a spectacular
scale. For-example, on our Pac:.f:Lc shores, where w:.nd—drlven waves can build
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up over almost 10,000 km (6,000 mi) of open ocean, the surf is as violent
as anywhere in the world. Even normal winter storms generate ém (20 ft) »
waves that break against the shore with a shock equivalent to an automobile
striking a wall at about 145 km/h (S0 mph). '

Even though the glass beacon on Tillamook Rock light house on the coast
of Oregon is some 42 m (140 ft) high, a grating had to be installed over
the glass to protect it from rocks tossed up by the pounding seas. Of course,
not all rocky coasts are as exposed as Tillamook Rock. Offshore islands,
reefs, and headlands provide protection. from the poundirg surf when they are
'in the direction of the prevailing winds.

.The composition of the rocky shores of the United States varies sig-
nificantly from one place to another. 1In the northeastern United. States,
shorelines are made up largely of metamorphic and intrusive igneous rocks,

 but those on the southern Atlantic coast might be sandstone, coarse shell °
gravel, or coral. Continental Pacific coasts are largely Sedimentary rock, .
and the Hawaiian coasts are igneous rock. The shores of the Great Lakes
have rocky coasts, some of which are formed by older sedimentary rock and
others by ancient metamorphic rock. Since the nature of the rocky substrate,
the rate at which it erodes, the forms produced by erosion, and the ’
mineral content released are so variable, it is not possible ‘to deal with
these factors in a publication of this nature. Teachers who want to explore
the rocky coast should research their coastal zones in one of the publications
cited in the bibliography. ' ’ i T
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The kind of biological communities that will live on any particular
- rocky coast is determined largely by the degree of exposure to open surf,
' and by the extent of tidal exposure. Life forms can vary significantly from
one side of an island or a headland to the other because conditions which
regulate life are so different. Regardless of their exposure to violent surf,
rocky shores are much more active biologically than sandy ones, for they
‘'offer a solid, ummoving {albeit hazardous) place where both. plants and
animals can attach and survive. Thus, rocky shores are better than sandy
ones for providing opportunities to observe a wide assemblage of marine -
organisms. ' : S

Significant differences in’ the appearance of the mariné shoreline are
evident at high and low tides. A careful Observer can see the orderly pro-

'gression of plants and -animals: ~-These species lie in horizontal "belts"
racross the shore, one strip above another.

In many places, these strips (or zoags) are brightly colored by the
resident organisms and therefore sharply delineated; a view of them from the
shore is often'startling. On other coasts such zones may be less obvious and‘
more difficult to distinguish, but they are rarely absent.
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Iocal zonation may vary considerably. Zones of a rocky face directed
seaward will differ from zones facing the land or from those at right angles
to the .shoge. Zones on a smooth, sloping rock surface may be immediately
apparent whereas a shore of broken rock lying at random angles may seem not
to have a pattern of zones at all. Similarly, the zones found on sunlit
slopes are noticeably different from those in areas shaded by overhanging

rock.
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Turbulence governs the life of organisms living between tidemarks on ;
rocky coasts. Even when the ocean surface.appears to be calm, there is
usually a swell which explodes ‘when 1t,str,kes the coast. Animals that live
there seem to prefer this turbulence, and the highly aerated water it nroduces
is crucial to thelr ex1stence.

Organisms living near the upper tide mark must be able to resist \\\__/,
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