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Introduction
The Fitzgerald Marine Reserve allows the interested observer to experience a wide variety of
ecosystems within a small area.

Guide Obiectives and Learning Goals

This guide is intended to supplement the Environmental Volunteers' Marine program, and to
provide some understanding of the native flora and fauna. The guide was developed for use
by trained docents of Fttzgerald Marine Reserve and the Environmental Volunteers, but may
also be used by those who have a simple understanding of, and love for, the environment. It
is intended to enhance the educational experience ofthese trails for anyone from age 5 to age
10s.

Environmental education leads students to discover that all living things, including people,
are interdependent. We must cooperate in using and reusing our limited resources, which
give and sustain all life on earth. To this end, the foundation of EV teaching addresses hands-
on sensory awareness, the web of interdependency and
fostering a sense of stewardship toward all life. The EV believes that the best method for
learning is through hands-on and other participatory methods of teaching. EV materials are
organized to enhance this style of teaching.

The EV Mission
The Environmental Volunteers' mission is to promote understanding of, and responsibility
for, the environment through hands-on science education.

The Environmental Volunteers works to achieve this mission by:

' Encouraging community awareness of the interrelationships of humans with the
environment,

' Giving those reached, the tools to be able to make informed decisions about the
environment,

' Fostering in the community an attitude of stewardship and responsibility for the
environment.
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Map: Exploring Fitzgeruld Marine Reserve
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The History of Moss Beach
Including Fitzgerald Marine Reserve

The first human inhabitants of the Moss Beach area were the Ohlone Indians that arrived here
at least 5,000 years ago. They lived in conical huts, constructed by digging into the ground and
thatching with grass laid over a framework of willow stakes. Because of the abundant food resouree
that the intertidal reefs at Moss Beach provided, the Ohlones had little need to develop a complex
economy. They gathered their food, which consisted of turban snails, mussels, barnacles, chitons,
and fish. In addition, they killed rabbits, an occasional deer or surprised a seal on the beach. Rabbit
skins were used for clothine.

With the arrival of Gaspar De Portola in 1169, their way of life was radically changed. The
population of the Ohlone Indians at that time numbered about 7,000 persons and they ranged from the
Golden Gate to Big Sur and east to the East Bay hills. The Indians are now an extinct population and

all that remains of their presence at Moss Beach are two shell mounds and one at Pillar Point.

In September of 1859 the area of Moss Beach was given to Francisco Guerrero y Palomares
as a land grant rancho. The home of the Palomares family was at Mission Dolores. By lBB1, the
rancho was bankrupt and the land divided into tracts. A German immigrant, J.F. Weinke, bought the

Moss Beach tract. Weinke then settled in Moss Beach in August of 1881. The beach atIhaI time was
a fine, wide, sandy beach and on the offshore reefs. Weinke saw a peculiar type of algae growing

there that he called moss. He saw the possibility of the area becoming a famous resort, so he built a
hotel and called it the Moss Beach Hotel. The hotel has long since been destroyed, but the thousands
ofcypress that he planted are still standing.

In the beginning of the 1900's, Charles Nye settled in Moss Beach and built a restaurant on

the beach, which he called "The Reefs". By this time, the Ocean Shore railroad had been extended to

Moss Beach and this brought many customers from San Francisco to enjoy Mr. Nye's abalone
dinners. Mr. Nye has said that back in those days he could gather a day's supply of abalone, about
50, in half an hour, During the late 1920's, the first of the students began arriving on the scene to

study the many and colorful marine life forms of the reef. Dr. S.F. Light, from the University of

California, led these first classes. He would bring the class down the proceeding night. Mr. Nye let

them sleep on the floor of the restaurant so they could be ready for the early morning tides.

During this time the beach was steadily shrinking, and finally in March of 1931, the

restaurant was destroyed by a storm coupled with a high tide. At the present time, the beach averages

about 60 feet wide and is under water at least once a month.

With time, the area became more and more popular with school groups and visitors for the

collection of interesting and edible marine life specimens. By the late 1960's, the intertidal area had

become so depleted that it had to be protected. On August 10,1969, S,B, 1423 became law and
authorized the establishment of the James V. Fitzgerald Marine Reserve. With protection, the marine

life in the Reserve has significantly increased, even though over 135,000 persons visit the area each
year.

*Copied with permission from the Friends of Fitzgerald Marine Life Refuge Docent Field Guide
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Seven Basic Concepts in Ecology
The bay is a valuable resource for all of us. Marshes serve as natural air and water purifiers. Marsh plants can
remove carbon monoxide from the air and produce large amounts of oxygen and carbon dioxide. They filter
small amounts of sewage and other pollutants from the bay water. We must remember that we, too, are a thread
in the vast food web encompassing all the life residing in and around the bay. Understanding the following
basic ecological concepts will help us appreciate the complexity of the web.

* ALL LIVING THINGS DEPEND (directly or indirectly) ON EARTH, AIR, SUN AND WATER
FOR SURVIVAL
. Earth: soil type, topography, and degree ofslope, pH, exposure and nutrients.
. Air: oxygen and other gases, wind, wind-borne particles.
. Sun: degree ofheat, l ight and energy.
. Water: as contained within earth and air, as interacting with heat and light, as a solvent for nutrients

and gases, as a medium for life forms, as a chemical to maintain internal physiological functions.

.i. LIVING THINGS ARE ADAPTED TO THEIR ENVIRONMENT; THEY CHANGE AND MAKE
CHANGE (change occurs over time)
. Living organisms adapt, are modified by and interact with their physical environment. Living

organisms modiff their physical surroundings by their various interactions.

t LIVING THINGS DEPEND (directly or indirectly) ON OTHER LIVING THINGS FOR
SURVIVAL
. Organisms interact with other organisms in order to survive.

' Organisms are independent.

{. ALL LIVING THINGS HAVE A NICHE WITHIN AN ECOSYSTEM
. Organisms have specific roles within an ecosystem; this creates a niche (special role and space) within

their habitat.
. The variety of organisms in their niches and habitats within an ecosystem comprise a community.

N LIVING THINGS ARE PRODUCERS OR CONSUMERS
. Producers provide the basic energy within a food web. These are plants and are consumed by first

order consumers.
. Consumers may eat l ive producers, consume other l ive consumers or consume dead or decayed organic

matter. Top consumers are predators and not usually prey; in a food pyramid they are at the top.

* MATERIALS ARE RECYCLED, ENERGY IS TRANSFERRED IN DIFFERENT FORMS
. Organic and inorganic matter is transferred through a variety of methods and forms.
. Original energy from the sun is transferred by plants through photosynthesis to first order consumers.
. Dead matter is broken down into simpler materials by decomposers.
. Energy not utilized by various forms such as invertebrates, fungi and bacteria is released as heat.

N HUMANS ARE DIRECTLY RESPONSIBLE FOR THE HEALTH OF THE PLANET
. Humans serve a role within each individual's community and, hence, affect global environments.
. Because humans are capable of manipulating the environment, we can become aware of our impact on

the community.
. Each one of us must, to the best of our ability, make our impact positive by minimizing or eliminating

environmental degradation.
Source: Dr, Disne Conradson
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Field trip introduction and safety

Meeting Your Group
When your school group arrives, congregate at the picnic tables near the parking lot. School
groups can come early and have a snack at the picnic tables or eat lunch at the tables before
or after tidepooling. Bathroom facilities and the ranger station are located here as well.

Introductory Talk
The introductory talk by the Lead EV needs to be longer on the Marine field trip than on our
other field trips due to the different safety issues and very important tidepool etiquette rules.
Keep in mind that it is a privilege to bring our groups to a nature reserve and there are very
specific rules of behavior that must be enforced to keep both the students and the tidepool
inhabitants safe. The introduction should take place near the picnic tables before walking to
the tidepools. You will quickly lose the attention of the students once you arive at the
beach, so it is important to lay the groundwork for a successful tidepooling trip prior to
heading down to the tidepools. There are three main points that need to be covered during
the introduction: safety rules, tidepool etiquette, and setting expectations.

Safety Rules/Tidepool Etiq uette

The tidepool field kip is very unique: individual groups are located very close to each other,
the students are walking on slippery rocks near waves, and there are tons of animals to see.
In fact, we are stepping directly on their world! Thus, there are very different safety
concerns for both the students and the tidepool habitat. The introduction is the time when
these concerns must be addressed.

Rather than lecture them on a long list of rules, try to involve them in the process.
l. Ask them to nume one rule that keeps us sde. Keep taking answers until the basics

are covered. If they miss some of the safety rules, please make sure that they are all
covered.

a. No running, algae are very slippery.
b. Stay close to your leader.
c. Never turn your back to the ocean.
d. No climbing on the cliffs or ledges. The area crumbles and slides easily, so it

is very dangerous.
e. Do not play in the creek. The creek is polluted.

2. Ask them to name one rule that keeps the animuls safe. Keep taking answers until
the basics are covered. They might not be as aware of these rules as they are of the
safety rules. Therefore, they might need a lot of prompting and leading questions. If
they miss some of the tidepool etiquette rules, please make sure that they are all
covered.
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Keep at least 300 feet away from the harbor seals.
shy and will dive into the water if you approach them. Pupping season
is from January through May. Mothers will abandon their babies if
they feel threatened. Also, the harbor seals must haul out on the rocks
to allow them to molt properly and allow sores to heal. If this does not
happen, the seals could become sick and/or die. The orange cones
are places on the reef at low tide to indicate the line that visitors
cannot cross.

Do not remove animals attached to the reef (such as sea stars, urchins or
chitons).

Sea stars and sea urchins have many tube feet that they use for
clinging to the rocks, manipulating food, and walking. Removing
them from the rocks can tear up their tube feet, making it difficult for
them to perform these functions. Also, it takes some time for them to
reattach themselves to the rocks, which can lead to them being battered
by rocks and waves or making them food for the gulls. Chitons and
limpets have a muscular foot for clinging to the rocks, which can be
injured if they are pried off the rocks.

Always return marine life back to the same place you found them.
Some animals spend their entire lives not only in the same tidepool,
but in the exact same pool of water. If you would like to take an
animal out of the tidepool for a closer look, please have the students
gather around you so that you can replace the animal in its' exact
tidepool. Also, please be considerate of the animal's oxygen and
temperature needs. If you have an animal in a magnif ing box for a
while as you show it to the children, remember to refresh the water in
the box. The children should not pick up an animal with the EV's
permission.

Only the instructor can turn over rocks.
Many animals under the rocks are there for protection and cover from
predators. Therefore it is really important that the rock is turned back
over very carefully so as not to injure the animals. If the kids are
turning over rocks as well, it is likely they won't get flipped back over
gently or at all. Note: While flipping rocks is allowed at the Reserve
at this time, many docents and rangers do not believe that this is a
good practice because of the damage that can be caused to delicate
crabs. Thus, at this point it is up to you to decide if you would like to
turn over rocks.

Do not take anything home. Not even broken shells.
Everything in the tidepools has a purpose and function. Even pieces of
broken shells are used by the anemones to camouflage themselves.
We need to leave everything in the tidepool for the use of the species
that make the tidepool their home.

b.

d.
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Setting Expectations
Ask the students "What do you think we will see today?" Or "What do you want to see

today?". This helps you make sure that they have realistic expectations and gives you a

chance to start talking about the types of animals they might see and their size.

Let them know that the animals are going to be small and some won't even look like an
animal to them. This is a good time to cover the best way to see the most animals possible:
by bending down close to the tidepool and being really still. We go tidepooling at low tide
when the animals are in a vulnerable position. When we are watching them, the animals are
doing their best to not dry out or get eaten. Some of the animals use the strategy of staying
put and holding on real tight to the rocks or the tidepool. Other animals that can't cement
themselves to the rocks (such as crabs and fish) hide under rocks. If you stay very still they
will not feel threatened and will start to move around again.

This is a really hard concept for kids to understand. Once they get out to the beach, even if
you have gone through this explanation, they are going to have the urge to move constantly.
Their thought process is "if I don't see anything immediately in this pool of water there must
not be anything cool to see. There must be better stuff in the next pool of water". It is

important to set the stage prior to them getting to the tidepool, but you will most likely have

to reinforce it by having your group gather around a pool of water and asking them notto

move for one minute.

Talking to Chaperones
As you finish the introduction and the groups are starting to form, pull allthe chaperones

aside for a minute. A lot of the chaperones have never been tidepooling before and forget

that they are "working". Pulling them aside and talking to them specifically is really helpful.

Let them know that you are really counting on them to help you keep the groups together and

enforce the rules. If you are spending all your time trying to keep the group together you

have less time to teach. Really push the chaperones to take a very active role in group

management.

Herrnit Crab

11

Lined Shore Crab
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Route Options to the Tidepools
Okay, you are finally ready to tidepool! You have two very different options for getting
there.

Route I: Straight to the Tidepools
With this option, you take the path that leads directly to the beach and tidepools. The
advantage of this option is that this route is a very short and easy walk and you will get
maximum time at the tidepools. The disadvantage is that you need to cross a small stream
that can run pretty high if it has rained recently. There are boards that help you cross, but the
EV should be directly in the water (wear boots or plan on getting wet!) holding the hands of
children as they cross.

Route II: Over the Hill
Leave the parking lot and head across the street and take a left turn. There will be an
unidentified trailhead that leads you up a hill to a pretty trail that overlooks the tidepools.
The trail ends at the far end of the tidepools. This route offers you an excellent overlook of
the tidepools and some EVs feel it gives them more teaching moments when you still have
the student's complete attention. Additionally, you step onto the beach near some of the best
tidepooling locations. The downside is there is less time spent at the tidepools and the steps
down to the beach from the trail are difficult and might not be the best route for some
docents, students, and chaperones to take.

One final possibility is to take the route straight to the tidepools and leave enough time to
take the trail over the hill and back to the parking lot at the end of the field trip.

Sunflower Sea Star
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The Intertidal Zones - A Generul Desuiption
Around the world, wherever oceans lap at the shore, the organisms of intertidal zones

respond to the rise and fall of the tides and distribute themselves in accordance to their

physical and biological needs. The special area of the coast, which is exposed sometimes and

submerged other times, is called the intertidal community. Northern California has a

particularly diverse intertidal community because of upwelling, the constant arrival of

cold. nutrient-rich ocean bottom water. This community, or habitat, is divided into sections

called tidal zones . Zonationtakes the appearance of discrete bands of plants and animals
arranged from the upper reaches of the shore down towards the waters edge. This
phenomenon can be seen very well at low tide on the sides of vertically oriented rocks in the

intertidal zone. Zonation is particularly obvious along cool, rocky shores, such as those found

in California.

A pioneering marine biologist, Ed"Ricketts, developed this concept along the California coast

back in the 1930's. In an attempt to educate the public about the wonderful tide pools found

along the Monterey shoreline, Rickets developed a system for identifying a series of zones.

Each zone had an established height above the tide and a list of indicator species that are

restricted to or found in great abundance in that zone. This work was later published in the

guide Between Paciftc Tides, written by Ed Ricketts, and Jack Calvin. Later editions were

edited and revised by another Bay Area biologist, Joel Hedgpeth from UC Berkeley. Their

system outlines the following four major zones: splash zone, high tide zone, mid-tide zone

and low-tid e zone. This ecological system has been the basis of much intertidal research that

followed their work, and has allowed people to understand the interactions of an organism

with its physical and biological environment. Their descriptive work, originally written for

the public, inspired quantitative research which went on to become the discipline of intertidal

ecology.
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At Fitzgerald Marine Reserve, as in many places, the boundaries between zones are not
entirely distinct. Species do tend to collect in the zone that provides the most favorable
conditions. However, what creates the most favorable conditions for a species or specific
animal might be difficult to initially see. The upper limit of its' distribution in the zones is
limited by its ability to deal with the physiological stresses such as dessication and salinity
levels. The lower limits of its' distribution with the zones is restricted by its ability to
compete with other species in that zone. Thus, when reviewing the species found within the
different zones, remember that the residents of the tidepools can cross zones.

Seushore Ecology Producers
At the base of every food chain on earth are the organisms that are able to take sunlight or
chemical energy and convert it into the simple sugars and proteins that all animals depend on.
These organisms are often referred to as producers or autotrophs (Greek for "self-food") and
the conversion process is called photosynthesis. There are many microscopic producers
floating in the seawater. These are primarily species that are in the kingdom Protista, related
to single celled organisms such as amoebas. These microscopic producers are collectively
referred to as phytoplankton. The most common types are diatoms and dinoflagellates. These
are mostly open water species that wash into the intertidal zone and support the many filter-
feeding animals found there.

Macroscopically, there are many
obvious plant-l ike organisms
(algae) that live in this habitat and
use photosynthesis to produce food
that is then directly consumed by a
wide range of marine animals.
intertidal algae come in many sizes
from microscopic films found in the
splash zone, to large macroscopic
species such as kelp. Along with the
phytoplankton, these are the
primary producers on our coast. In
the rich waters of the California
currents, kelps have the distinction
of being the fastest growing algae
on earth. Under optimal conditions, giant kelp can grow at the astounding rate of up to half a
meter per day! Most of the kelps discussed in this guide are perennial, regenerating stipes
(the stem of the kelp) from the holdfasl (the gnarled base of the plant which anchors it to the
substrate) and the blades. Some species like giant kelp will live 6 or 7 years.

In a marine environment the herbivores are intertidal species that feed directly on primary
producers such as phytoplankton and algae. Because they feed on the producers they are
referred to as primary consumers or heterotrophs (Greek for "different-food"). The two main
means of consuming this resource is by grazing directly on the food source or by filtering it
from the water column. Filter feeding species in this area that rely on phytoplankton are

pneumatocyst

_FF
--=
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mostly the mussels and barnacles. At Fitzgerald Marine Resetve, the most easily seen

herbivores are the chitons, limpets, turban snails, littorine snails, kelp isopods, kelp crabs and

sea urchins. All these animals graze dtrectly on macroalgae.

Many of the large mobile tide pool animals are predators. These heterotrophs seek out and

consume their prey. What is less obvious is the fact that many of the immobile (sessile)

animals are also predators. The unique conditions of the intertidal zone have allowed this

niche to evolve and flourish. Many of these animals are filter feeders and omnivores, eating

both primary producers and herbivores. For example, barnacles and mussels consume small
phytoplankton but they also eat the zooplankton which are secondary consumers that are
eating the phytoplankton. Another group of sessile predators includes the sea anemones.
These animals not only feed on small zooplankton, but will also consume larger species of

herbivores such as turban snails and mussels which have been torn off the rocks by waves
and then are pulled-in by the tentacles of the anemone.

A number of intertidal predators move, but move slowly to capture prey. Sea stars eat a wide

range of food items from mussels to barnacles to snails. Most of these victims also move
slowly or are sessile. The ochre star is well known for using its tube feet to slowly pull apart

a mussel shell. After the smallest crack is opened, the sea star extends its stomach into the

mussel and digests its hapless prey in the shell.

Limpet Most limpets are herbivores, but keyhole limpets are
unusual because they are carnivorous, feeding on small
encrusting animals such as bryozooans. There are many
other species ofcarnivorous snails at the reserve' The rock
snail and unicorn snail both live near mussel beds and feed
on small bivalves, barnacles and other snails. Both of these
predators feed by using their specialized radula to scrape

and rasp through the shells of their prey. In reference to this habit, biologist Ed Ricketts

called the radula "a wicked food-getting instrument." After creating a hole, the snail extends

its proboscis (a retractable segment, with jaws on the end) and digests the hapless mussel or

barnacle in its shell. A four-centimeter long dogwhelk may take 40 - 60 hours to drill and

consume an equally large mussel, and a little less time for a barnacle of the same size.

Larger, quicker moving predators include shore and rock crabs, octopi and fish. If you find a

quiet pool it is not hard to watch various species of sculpin dart out and nab small food items.

These ambushing predators sit patiently on the bottom, well camouflaged, waiting for their

chance. Most species of sculpin have large heads and large gill openings. As they near their

prey, they open their mouth rapidly which creates a momentary vacuum. Water and prey rush

in. The large staghorn sculpin is a masterful predator operating in just this manner.

Another niche filled along the rocky shores is the clean-up position. A number of species

scavenge dead or dying algae, herbivores and predators. The most obvious are the crabs and

other crustaceans which will often swarm around dead or dying plants and animals on the

beach or in the tide pools. Many species of shrimp are scavengers, as well as the numerous

hermit crabs.
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Limiting Factors
Organisms that live in the intertidal zone face harsh conditions. Part of each24- hour day is

spent out of the water in drying conditions. The other part of the day is spent underwater,
avoiding predators while trying to feed. Many of these organisms live in competitive

colonies. Al1 animals that live in the intertidal zonehave to face these types of problems

daily. Those that are successful live to reproduce and their offspring go on to inhabit future

tide pools. Ecologists refer to these pressures as limiting factors. Limiting factors are simply

anything within the environment that affects the growth or reproduction of an organism.
There are two main types of limiting factors: physical and biological.

P hysical Limiting Fuctors
Some of the physical factors that can affect the success and distribution of intertidal species
include temperature, salinity, desiccation, substrate type and wave action. Research done
around the world indicates that the upper limits of the intertidal zone are largely determined
by physical factors. The organisms that live at the very edge of the sea's influence, being
splashed by the waves or reached by the highest tides, are faced with an extremely harsh
environment. As aresult, many of these creatures are often small in size and seek out shelter
in cracks or under ledges. By living on the edge they are able to minimize competition with

other intertidal species and avoid being eaten by other animals. Periwinkles (Littorina sp.)
are an example of a splash zone specialist. They are remarkable in their ability to glue

themselves to the rocks with a sticky mucus that keeps them from drying out. They are able
to wait out long periods without food or water - up to three months!

Periwinkle Periwinkles have adapted well to the terrestrial conditions of the splash zone
but are unable to endure long periods of submergence. When kept in tanks,
periwinkles will climb the sides to live at the air -water interface. Clingfish
(Gobiesox sp.), another example of organisms that live at the edge, are
unusual fish because they spend a percentage of each day high and dry.
Studies of these fish have shown that they are able to survive several hours
out of the water as long as they are damp. A study looking at clingfish from

the Gulf of California found that this southern species could live for up to 90 hours in damp
conditions and survive a 60Yo water loss before expiring! This is a true intertidal survivor.

Biological Limiting Factors
Biological limiting factors include both competition for space and food, as well as predation.
Traversing from the splash zone toward the low tide zone, there is greater biomass and
diversity of species. Thus, the lower limit of an organism's distribution is often controlled by
biological limiting factors.

Shore crabs live in the upper high tide and splash zones. As the tide
goes out, they move down to scavenge. They can live quite well
submerged, but appear to be escaping their larger crab cousins and
other species that view them as prey. In studies where these
larger crab species have been excluded, the smaller shore crabs
move down and spend time underwater. Thus, they might live
in the lower zones were it not for competition and predation.

Shore Crab
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California
A great example of the interplay between biological and
physical factors can be seen in the common California mussel
(Mytilus californianus). This animal is mostly found in dense
colonies in the higher reaches of the middle tide zone. The
mussel is tolerant of exposure, provided it does not get too hot.
It can store water in its shell for respiration during low tide and
the shell protects it from drying and overheating. It has sticky,
strong byssus threads with which it glues itself to the rocks so
as to protect it from the surge of the waves. The main predator
of the mussel is the ochre sea star (Pisaster ochraceus). Sea star
carnivores cannot live for long out of the water and are usually

Mussel

found lower in the mid-tide zone. They only move into the higher zones with the tide to prey
on mussels. In areas where ochre stars have been removed for experiments, the mussels
respond by taking over all available substrate over time and extending far down into the
lower intertidal and even subtidal zones where they can grow to enormous size. Thus, by
living higher up the intertidal zone, the mussel has achieved a degree of protection from the
biological limiting factors, the ochre star, while facing some physical limiting factors.
Interestingly, in areas of high surf activity, sea stars are not able to live well in the mid-tide

zone and must retreat lower down. In these areas mussels will extend down into the lower
reaches of the middle tide regions, securely glued to the rocks and relatively free from,,
predation.

If the mussel colony is too successful however, another
interesting thing can happen. Competition for space
becomes another limiting biological factor. Young mussels
will settle out and afrach themselves to the shells of adult
mussels. As this living burden increases with time with
more mussels attaching on top of each other, storm waves
may rip out the adult mussels that are holding the huge
weight of these additional individuals. Once torn off the
rocks, it is unlikely these animals will reattach but will sink
to the bottom to become prey for sea stars or solitary anemones. The bare spot left behind
becomes a home for other fast growing species such as goose barnacles. Over time, mussels
are able to recolonize and crowd out the other species and the cycle begins all over again.

Competition for space is a factor in the life of aggregating anemones as well. The "squishy"
colonies of these animals are found in the high tide zone, and solitary individuals live in the
middle tide zone. The colonies are hermaphroditic, but often spread by asexual reproduction
where an individual grows and divides in half and those halves continue to grow and divide.
Eventually, a large colony may encounter the edges of another colony. When they meet, they

recognize the alien neighbor and begin to fire special stinging cells and rear up and attempt to
repel the other. Thus if you find two colonies of anemones at low tide you will see that they
are often separated by a2 centimeter wide band of bare rock forming a "no-mans land."
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Symbiosis
Many of the organisms in the intertidal zones have evolved into specialists to survive in this
unique habitat. With all this specialization, a number of species have evolved together and
have developed complex relationships. When this relationship develops over time so that one
of the species is dependent on another, it is known as symbiosls (literally "a living together").
There are three forms of symbiotic relationships: commensalism, mutualism and parasitism.
The tidepools offer many textbook examples of this ecological relationship.

Commensal species live on other organisms but do not feed on the tissues of their host. A
common commensal species seen in the intertidal zones is the slipper shell (Crepidula
adunca) which lives on the back of turban snails (Tegula). They are filter feeding limpets
which spend their whole life on the back of the turban snail feeding on small drifting piec"t
of kelp and other suspended material in the water around the
snail. They start life as solitary all-male larvae that settle on a
substrate. If they settle on a substrate and are still solitary,
they change to become females. The next slipper shell that
settles out, on the same snail attaches to the back of the
female slipper, which is attached to the turban snail. They
become a mated pair. Sometimes 3 to 5 slipper snails will be
attached to one another and will alternate sexes! The largest
and oldest snail on the bottom will always be a female. If you
look closely, her shell will have grown to fit the shape of her
host Tegula, This is a good example of commensalism. The
turban snail is merely the substrate for this relationship.

Turban snail with
3 slipper shells attached

In contrast, the commensal black limpet (Lottia asmi) also lives on turban snails but it grazes
the microalgae off the back of the turban. When the shell is cleaned, the limpet moves on,
The black limpet will change snails during low tide when the turban snails mass together
under rocks waiting for the tide to return.

Mutualistic species live in association with one another and both benefit from the presence of
the other organism. For example, species of sea anemones have an unusual relationship with
a single-celled green algae or dinoflagellate which lives in the tissues on the top (or oral)
surface of the animal. it is thought that the algae gains by living in a nitrogen and carbon
dioxide rich environment, protected from the outside. In exchange, the dinoflagellates
produce sugars through photosynthesis which are consumed by the anemone while it waits to
feed on a passing animal, which in return is a source of nitrogen and carbon for the algae. If
you look at sunburst aggregating and giant anemones, you will see that they are green in
color.

Parasitic species feed on the living tissues of other organisms. Many species of invertebrates
are parasitizedby a wide range of larval stages of flukes and tapeworms. Familiar groups
such as barnacles, mollusks, and crustaceans have evolved species that are parasitic. Isopod
crustaceans in particular have fruther developed this role; two species that look similar to
sow bugs found in gardens (which are also isopods) regularly feed on fish and shrimp.
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Tidal Zones at FMR

The James V. Fitzgerald Marine Reserve was designated as a marine reserve in 1969. The
reserve is semi-protected by offshore subtidal reefs and includes three miles of tidepools.
The maximum tidal range atFitzgercld is 9 feet, with the highest high tide at +7 .0 and the
lowest low tide at -2.0. Tidepooling atFrtzgerald is excellent at a negative tide and is good at

anything below a +1.0. Keep in mind that other factors will affect the amount of reef

exposed such as wind and wave action.

Splash Zone

The uppermost zone along the coast is called the splash zone. This zone is seldom inundated
by waves and is usually only moistened by spray, storm waves, or extremely high tides. The
splash zone is +5.0 feet and is exposed to air 75 - I00% of the time at Fitzgerald. Howevet,
at the reserve, the splash zone is very small and weakly developed due to the geology of the

area. Sand and the sedimentary cliff face that is continually eroding mostly cover this zone.
The only true splash zone that is intact is under the cliffs of Cypress Point, but this area is

still easily weathered. I

During certain tidal periods, this zone may stay fully exposed for a week or more and receive
very little seawater while being baked in the warm sun, thus it is a physically demandihg
habitat. Extremes of temperature come from the baking action of the sun. Higher salinity is a
product of the increased evaporation of seawater by wind and sun. Because of these physical

environmental factors, there are no large organisms in this environment. The primary
producers are mostly algae that require the sea spray and fresh water seeping from the cliffs.

Typical species in this zone atFitzgerald are the red alga Beat's Hair (Bangiafuscopurpurea)

and the green alga sea lettuce (ulva sp).'

Because of the low productivity of the splash zone, most of the
sessile or slow-moving consumers are small in size. Tiny
buckshot barnacles (Chthamulus dalli) eke out a living in the
high reaches of this zone. These crustaceans may be
submerged for only a few weeks ayear and yet survive in
the extreme heat and salinity of the upper rocks. A number of
tiny, slow moving snails reside here as well. Periwinkles
(Littorina sp) arc herbivores that feed on micro-algae
that they graze off the rocks with an organ called the
radula. This tough, fibrous muscle is specialized for
scraping food from surfaces and is embedded with
thousands of tiny, file-like teeth. Research has shown that
littorines also remove a small amount of rock at the same time and over the years can cause

considerable erosion. In addition, there are other more mobile consumers in the upper splash

I The Natural History of the Fitzgerald Marine Reserve, ed, Conradson, Diane (Friends of Fitzgerald Marine
Life Refuge, 1999), pg 28.

2 The Natural History of the Fitzgerald Marine Reserve, ed. Conradson, Diane (Friends of Fitzgerald Marine

Life Refuge, 1999), pg 29.

Buckshot
Barnacles
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zone. Many of these animals hide during the day in dark moist cracks to conserve water and
avoid heat stress. At night, the rocks crawl with crabs! The well-named lined shore crabs
(Pachygrapsus crassipes) and rock lice (Ligia,qp) are two examples of this. Both of these
species will move down into the lower intertidal zones to feed and scavenge but will return to
the relative safety of the splash zone athigh tide.

Rock lice (Ligia occidentalis), also known as sea cockroaches, sea
slaters or even sometimes "pill bugs" are actually not insects but
crustaceans in the order Isopoda. Rock lice (Ligia) are remarkable
splash zone specialist that are found worldwide in one form or
another from the tropics to high latitudes. They cannot tolerate long
periods of submergence though, and instead rely on frlling their
body cavities with seawater - which they fill by using either their
mouth or anus. When removed from a water source thev drv
quickly and die, so the splash zone is the best place to ltok for
them. one species in particular (L.palla.rll) lives in shadowed caves
and is quite large and round. It is completely harmless and can be
handled, but be aware that it can move rapidly and surprise
someone who is holdins it.

Rock lice are in a subgroup known as isopods and if you look closely you will see their legs
are all the same shape (iso :same, pod : foot) and their body is flattened from back to befy.
Another animal that is closely related to them, and which can also move very quickly is the
aptly named beach hopper, (Megalorchestia sp.) Beach hoppers are in the gioup known as
amphipods (amphi: different) and their legs are modified for different purposes. Beach
hoppers have giant rear legs to jump like a flea and like other amphipois, their body is
compressed side to side. This scavenger is easy to find under beach wrack, the clumps of
drying seaweed found at the high tide line. Very large individuals up to three centimeters

long can sometimes be found in cracks in the
rocks of the splash zone. Like Ligia these
animals do not tolerate submergence but live as
true intertidal animals. Beach hoppers are
amazingjumpers and use their large back legs to
launch themselves into the air at a sien of
approaching danger.

Hieh Tide Zone

The next zone down is the high tide zone. The high tide zone atFitzgerald is from +5.0 to
+2'5 feet and is exposed to at 35oh to 75Yo of the time. At Frtzgercld,, the high tide zone is
the first section of the rocky reef that is below the cliffs andlor the sandy beaifr. 3 On wa.m
days, low tides and higher air temperatures can dry out any living thing during the long
periods of exposure. Therefore, the most developed reaches of this zone will be foundln

- lh9 Natural History of the Fitzgerald Marine Reserve, ed. Conradson, Diane (Friends of Fitzgerald Marine Life Refuge,
1999),  pg 148.
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sheltered locations away from the scouring affects of waves and
the drying sun. Here is a zone where photosynthetic algae can be
readily seen. These are particularly tough species that can endure
the pounding and drying but enjoy the benefits of less competition
for space and periods ofreduced predation. Characteristic species
of this habitat atFitzgerald are nail brush or brillo-pad weed
(Endo c I a di a mur i c at a), sea- sac algae (H al I o s a c c i o n gl an difu r m e ),
and rockweed (Fucus sp.). To take advantage of these algal
producers, fair numbers of grazing animals live here. Many of
these species are snails or animals that look like snails. They

include the limpets (Collisella sp. and Lottia sp.) which find protected areas and scrape out
the rock to make a tight f,rtting "home scar" that they return to when the tide is out.

Black turban snails (Tegula sp.) are one of the most common animals in the intertidal zone
and can grow to over 2 centimeters across. They feed in this zone by grazing on many types
of algae from microscopic films to broken bits of macroalgae that
collect in tide pools. This is a common genus that can be found in the
Ohlone shell middens down at Point Ano Nuevo. Chitons are another
herbivore that lives in this area. Chitons are in their own class of
mollusks, the Polyplacophora that is Greek for "many plate bearing."
Instead of having a single, massive shell like a snail, chitons have 8
hinged plates on their back. If you look carefully you will see these
clearly on the small chitons known as Nuttalls chitons (Nuttallina
califurnica). These plates are a commonly seen artrfact on the beach
after the animal dies and are sometimes called'butterfly shells'.

Rockweed

Chiton

Animal life in this zone is more abundant than in the splash zone and an entire field trip can
be spent here searching for life. The best place to start looking is on rocky surfaces for the
clumped aggregations of barnacles. A common high tide species that is found throughout the
reserve, is the acorn barnacle (Balanus glandula.) These animals with hard plates may
remind you of mollusks but in fact they are crustaceans, closely related to shrimp. When
covered by water you can see the fine, jointed legs sweeping out from the top of the shell,
filtering out minute bits of food. Barnacles are an important feature of the high tide zone and
many other species live amongst the rough clusters of these animals. The dogwhelk (Nucella
emarginata), for example, is one such species that is collectively known as "rock snails". The
dogwhelk should be looked for near or in clusters of barnacles where it feeds on them using
its radula to scrape through the barnacles shell.

Another clumping animal is the aggregating anemone (Anthopleura elegantisslrna). Also
known as the elegant anemone, this species forms thick mats of clones. These are genetically
identical individuals that have reproduced by dividing in half. This budding results in dense
colonies of same-sex individuals that when open show the same color pattern. As the tide
sweeps out these animals retract their tentacles. Using special tentacles around their lower
body, they cover themselves with sand and bits of shell to protect their soft tissues from
sunlight and scouring waves. This is a common species that is easily walked upon if you do
not watch for the characteristic patch, with large gained sand and small pieces of shell.
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Middle Tide Zone

When the tide goes out enough to expose the bulk of the middle zone, awhole new world
opens up for the beachcomber. At Fitzgerald the mid-tide zone is from approximately +2.5
feet to 0.0 feet and is exposed to air from 35o/o to 7%o of the time. It is the biggest zone at the
reserve due to the gradual reef slope. Here are the frrst really dense aggregations of species,
where life appears to be piled on top of itself in a quest for
food and space.

Most of the organisms that live here are intertidal specialists, which must deal with both
physical and biological limiting factors. The physical constraints are not as pronounced as in
the upper zones, but still the middle zone usually is exposed at least once a day. Biological
interactions become more apparent here and species diversity is higher. This is also the
broadest zone at Fitzgerald and contains most of the tidepools that are left behind by the
dropping tide.

The middle zone is densely covered with algae of many types. A
person must walk carefully while traversing this zone. The red alga
Iridaeaflaccida (Greek and Latin for rainbow-colored and flabby)
are strewn over the rocks and often found in the surge channels.
One of the most common red alga at the reserve is the unusual
looking, calcified species known as coralline algae. These little
jointed bushes of bleached white are often washed up along the
high tide zone. While alive, they are pinkish in color and grow in
little clumps or as an encrusting layer. Coralline algae are able to
secrete calcium carbonate and cover their thallus with this hard
shell that makes them very resistant to grazing. The brown alga
known as feather boa kelp (Egregia ̂ 1p.), grows up to 5 meters long
and is highly distinctive. The thick stems or stipes are full of short 5
centimeter long blades and swollen floats. It grows in dense clumps
and it is a sub-habitat for many species of animals and it should be
examined carefully while tide pooling.

Feather Boa Kelp

The primary producers in this mid zone are very distinctive plants. The bright green and
stringy surf grass (Phyllospadix scouleri) looks like very long blades of grass. It grows in
thick bunches, coveting alarge area of the reef with intertwining roots called rhizomes.
Unlike most of the other intertidal producers, it is not an alga but rather a flowering
plant (angiosperm). Like grass on land, it has tiny flowers. These are pollinated by water
currents and when ripe, the seedpods can be found at the base of the plant. Like kelp, a whole
host of animals are specializedto live in the surf grass habitat.

With all the algal producers, herbivores and scavengers are very common in the middle zone.
This is a greal place to find large turban snails that actively grMe the macroalgae. In addition
to the black turban snail mentioned previously, the brown turban snarl (Tegula brunnea) is
found here but is less common. It is also larger, with big individuals reaching 3 centimeters
and is usually found in the lower tide zone.
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California mussels (Mytilus californianr.rs) are found at the upper edges of this habitat. They
are excellent indicators of the high tide and middle zone interface. They form the basis for a
whole community of organisms that live around or on the mussels. Stalked or goose

barnacles (Pollicipes polymerus) lle
in the mussel clumps along with acorn
barnacles (Balanus,q,p.) which live
around the edges. Goose barnacles
often extend their thick, leathery stalks
above the mussels and are able to turn
their bodies to take advantage of the
currents to feed. A number of large
annelid worms live among the mussels,
look for the polychete worm (Nereis
.qp.), which is called the mussel worm.
It can be 10 or more centimeters long,
iridescent green and has numerous
appendages along its side, looking a bit
like a marine centipede.

Other herbivores and omnivorous scavengers are also found in the middle zone. A nusrber of
crabs and other crustaceans fill these niches well. Some are specialized kelp eaters like kelp
isopods (Idothea stenops) and the pugnacious and fast moving kelp crabs (Pugettia
producta). Both of these species are able to use kelp pigments to color their exoskeleton so
that they are the exact color of what they feed on. It is an excellent form of camouflage.
Other crabs in this zone are opportunistic feeders and eat a range of plants and animals. Rock
crabs (Cancer qntennarius) and line shore crabs (Pochygrqpsus crassipes) are easily seen
scurrying away into cracks and under rocks as you approach. Hermit crabs (Pagurus sp.),
using the shells of deceased snails, can be spotted by the bright red legs that stick out of their
shells as they walk. It is not uncommon to see a large number of these crustaceans clustered
on a particularly rich deposit of organic debris, all feeding away.

Some other distinctive middle zone animals that you might already know are the sea stars.
The crusty, multicolored ochre sea star (Piaster ochraceus) is one of the most voracious
predators in the tidepools. Ochre stars are not just colored purple
but can also be found in shades ofred and orange. These sea stars
feed on a variety of mollusks such as mussels, chitons, snails and
limpets as well as crustaceans such as barnacles. They are able to
evert their stomach into bivalves with an opening as small as .lmm
and secrete digestive enzymes onto prey without swallowing the
whole prey organism. This process can take many hours to
complete, after which the sea star will spit out any hard and
indigestible parts, such as shells. Since many of these prey species
are mobile herbivores or are fast growing sessile species, ochre sea
stars can have a pronounced effect on the look ofthe intertidal
zone. By eating herbivores, more algae grow and by attacking attached filter feeders,
openings in the mussel beds develop which in turn are colonized by other species. Also in

Bat Star
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this zone are other species of sea stars such as the 6-rayed star (Leptasterias sp. an easy one
to identiff, as most others have 5 arms), the bat star (Patiria miniata),leather star
(Dermasterias imbricata) and occasionally the sun star (Pycnopodia helianthoides).

Also in this zone are individuals of the aggregating anemone (Anthopleura sola) that can
grow large and live singly. They often have a beautiful green color with fine spoke-like lines
on the top surface. Because of these color patterns, they are sometimes call 'sunburst
anemones'. The green color of the anemone is created by a green algathat lives in the
anemone's soft tissue. The anemone feeds on small fishes, algae, snails, plankton, and crabs.
The giant green anemone (Anthopleura xanthogrammica) lives in the middle to low tide zone
and is a voracious predator using its specially armed stinging cells in its' tentacles to stun
prey. The prey is then moved to the mouth in the middle of its' body, ingested whole and
digested. Any part of the prey that is not usable is expelled out of the mouth.

Aggregating Anemone

Low Tide Zone

Here we have the lowest zone in the intertidal area. Covered by the sea nearly continuously,
it is only exposed during the lowest tides of the month. At the reserve, this zone is from 0.0
feet to -2.0 feet and is exposed to air from 7o/o to 0o/o of the time. This only happens a few
days every two weeks during the period when the sun and moon are in alignment. This
amounts to only a few hours of exposure during the course of a month. Because the tide is
never out for very long at this low point, arrive at the shore at least an hour or two before the
low tide to have maximum access to this zone. Make your way out from the shore with the
falling tide and come back in slowly as it starts to rise.

Sea Palm A photosynthetic producer in the low tide zone is the small
kelp (Postelsia palmaeformis.) This plant is commonly called
"sea palm" and that is exactly what it looks like. These are
miniature palms though, standing about 50 centimeters tall.
Just like coconut palms have evolved to withstand hurricane
force winds, sea palms thrive on shores with crashing waves.
They are not able to compete against other kelps and algae in
protected locations but specialize by tenaciously colonizing
bare rock swept clean by waves. Because sea palms are such
distinctive and tasty kelp, there is a law against collecting
them.

-  ' :1
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As you can imagine, the lower tide zone is a rich place to find many other algae. Other

notable species is Turkish towel (Gigartina sp.) which is a red algathat grows in large sheets'

The sheets are covered with bumps that look a bit like terry cloth and this resemblance is the

basis for another common name, "Neptune's washcloth." Sea sacs (Halosaccion glandifurme)

are also a red algabut are yellowish green in color and look like swollen, elongated grapes in

small bunches. They are filled with a slimy liquid that will squirt out when squeezed. The

low tide zone is also a good place to see the previously mentioned feather boa kelp and

coralline alga, particularly the encrusting form.

The lower tide zone has a host of herbivores and predators. Purple sea urchins

(Strongylocentrotus purpuratus) are a common herbivore here. They cannot tolerate much

.*pogi" to air and are usually found within pools that form in the low zone. These

echinoderms, (a large phylum that includes Sea stars, sand
Sea Urchin dollars and sea cucumbers) live in rounded pits in the rock'

It is a bit of a mystery, but it is thought that through

rotating their sharp spines and using their 5-jawed chewing

uppurut rr, they are able to excavate these pits in very hard

toit. o Here they feed primarily on kelps and algae that

drift by in the tides. In other places that are more

protected, the urchins live outside of the home scar' and

move about on specialized tube feet, actively gtazing on

the stipes and holdfasts of kelp and other algae.

Other herbivores include the distinctive dunce cap limpet (Acmaea mitra), whose scientific

name means "tall, pointed cap." This is a large limpet, about 2 centimeters across and 2

centimeters high, whose shelis can be found it th. high tide line, often spotted with a crust of

coralline alga. Another limpet (Notoacmea paleacea) lives exclusively on blades of surf

grass. Its sh-ell is long and narrow to fit perfectly on the blades where it blends in while it

irur"r. The kelp limpet (Notoacmea iniessa) lives only on feather boa kelp that it feeds on' It

it*"" a home scar in the stipe of the kelp and is often

iound there at low tide. Its' species name means "living in .". 
*s**;- 

Abalone
the stem." These are known as commensal species and we .t ,' - : .y'\
will talk more about them in the following section on ;t ,,. *l'a{
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common intertidal species is the red abalone (Haliotis , ', '*'?.' Y ". 
'. 
--; 

-

rufescens,Greek foi "red sea-dweller")' This large snail +
was extremely common in the low tide zone of the central
coast about a hundred years ago. Now it is found almost exclusively subtidally. Predatory

species in the low tide zone include a number of different sea stars' In this low zone one finds

the spectacular sunflower stars (Pycnopodia helianthoides, Greek for the "dense-legged sea-

sun"j which can have about 20 arms arranged around the central disk' This is a highly mobile

o The Natural History of the Fitzgerald Marine Reserve, ed. Conradson, Diane (Friends of Fitzgerald Marine

Life Refuge, 1999), Pg 54-55.
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predator that feeds on large species such as mussels, sea urchins and sea cucumbers. They are

fast moving species that seldom are found out of standing water.

Another fast moving predator in
this zone is the tiny intertidal
octopus (Octopus rubescens, Greek
for "Eight foot, red.") Octopi are
mollusks, distant relatives to snails
and bivalves. They are active
predators that take a wide range of
prey such as crab, shrimp, snails
and small fish. They capture their
food by wrapping their arms
around an animal and subduing it
with a venomous bite from their

hard, sharp beak. Fish are common in the lower zone. Many species resemble one another.

They are vertebrates and are distinct from the species mentioned already by the fact that they

have a backbone.

Sculpins are common, big-headed fish that can be found in pools in the lower tidal reaches.

Their camouflaged body patterns and habit of sitting still on the bottom make them hard to

see until they move. Our most typical species belong to the genus Oligocottus, Greek for

"small fish." Gunnels and pricklebacks are longer, slender fish with small heads that live in

this same habitat but are often concealed in cracks and under ledges. The monkeyface
prickleback eel is unusual because it begins life as a carnivore but by adulthood, feeds solely

on seaweeds. Very few species of fish along our coast are herbivores, so why pricklebacks

have evolved this strategy is a question worthy of further study. The most distinctive
intertidal fish is the northern clingfish (Gobiesox meandricus). It is a tadpole-shaped creatute

with a large head and a very small body. As an adaptation it has evolved a suction cup on the

bottom of the fish which is formed by the fusion of its two pelvic and pectoral fins. This

species lives under rocks in the middle and lower tide sections and can be found after the tide

is out bv carefullv turning rocks over.

7 /r/t.,lr?.,/ a>__
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Selected Phyla of Fitzgeruld Marine Reserve

The majority of the animals of the intertidal zone are invertebrates. In fact most of the
animals on earth lack a backbone. Learning to identify the characteristics of the following
major phyla will help you identifu many of the animals you encounter at Fitzgerald. The
following list of phyla is arranged in an evolutionary order with the more primitive groups
listed first and the more recently evolved phyla listed last. The groups are primitive in the

sense that these groups have retained characteristics that are believed to have evolved first.

For example, arurelid worms have a mouth and anus and food movement is in one direction.
Cnidarians fiellyfish, ect.) have a more primitive digestive system because they have a
simple digestive cavity and the food goes in and out the
same opening.

Phylum Cnidaria (pronounced nigh-dar-eea, Greek for nettle). This phylum includes
anemones, jellies, corals and the hydroids. Cnidarians are soft bodied animals and are
identif,red by their specialized stinging cells called nematocysts. The nematocysts are used
both for defense and to ensnare prey. The stinging cells paralyze prey that they come into

contact with and then the tentacles move the prey to the mouth to be ingested. Cnidarians
also display radial symmetry meaning that if split in two in any way, each half wouldbe
exactly the same. Finally, Cnidarians also have only one opening in the body. Thus, food
and waste is excreted through the same opening.
Local examples: aggregating anemones, giant anemone, ostrich-plume hydroid.

Phylum Annelida (a-nell-ida, Latin for a ring). This phylum includes segmented worms,

which includes earthworms and marine species such as polychaetes. They are identified by

their worm-like body that is divided into rings or segments. While they look like very simple

animals, they possess complete nervous, circulatory, and digestive systems. The phylum

contains herbivores, carnivores and detritovores. The phylum Annelida is distributed
worldwide with over 5300 species of polychaetes.
Local examples: feather-duster worms, mussel worrn.

Phylum Mollusca (mole-us-ca,Latinfor soft). This phylum includes bivalves, snails,

chitons, octopi, sea slugs, and squids. The phylum is very successful with approximately
1 10,000 species, the majority of which are marine. Mollusks are soft bodied animals that are

charccterized by a few identifying features. Most mollusks have shells, but for classes such

as octopi and slugs, the shell has been lost over the course of evolution. Many have

specialized tissue called the mantle which covers the internal organs and contains a complete
gut with mouth and anus. Mollusks can be herbivores, carnivores or detritovores with a

worldwide distribution.
Local examples: chitons, snails, sea slugs, mussels, intertidal octopi.

Phylum Arthropoda (ar-thro-poda, Greek for jointed-foot). This phylum includes crabs,

shrimps, barnacles, insects, horseshoe crabs and spiders. Arthropods are identified by their

six or more jointed legs, segmented body, and rigid exoskeleton (hard shell) with bilateral

symmetry that covers its entire body. Arthropods must shed or molt its exoskeleton in order

to get larger. Additionally, they sexually reproduce with internal ferttltzation in most
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species. Arthropods can be herbivores, carnivores or detritovores with a worldwide
distribution and is the most abundant animal group.
Local examples: barnacles, rock lice, shore crabs, kelp isopods.

Phylum Echinodermata (e-chi-no-dermata, Greek for spiny-skin). This phylum includes
sea stars, brittle stars, sea cucumbers, sand dollars, and urchins. Echinoderms have spiny skin
with a body set circularly around a central mouth. They display radial symmetry as adults
with a calcium-reinforced internal skeleton. One of their most unique features is their water-
vascular system, a series of water-filled canals that lead to tube feet. These tube feet are used
for hansportation and feeding. Local examples: ochre star, purple sea urchin, sunflower star

z7zy'

a

t l

l l

Marine site euide for Fitzserald Marine Reserve 28



Thematic Hikes at Fitgerald Marine Reserve

Leading a group of students to the tidepools is a demanding activity. You must be a mentor,
scientific advisor, policeman and tour guide. It is a very hands-on activity with little time for

long lecture. One solution to this educational dilemma is to organize your time into a

thematic hike that may emphasize two or three main points that can be driven home with a

variety of activities.

One way to organize the day is to use a theme introduced by the EV's - the 'Seven Basic
Concepts in Ecology'. Tell the students that you are going to explore the tidepools looking
for examples of these concepts. You could do this as a group, particularly with younger

students or you could assign two or three points to subgroups who then write down or
remember their findings and report back to the group. Some of the points would have to be

explained a bit before the groups go out. For example when looking for evidence of niches,

you might tell them to find three different producers and three consumers. When looking for

examples of adaptation, they can search for two or three different organisms that are related

but look very different. Crustaceans and Mollusks are two groups that lend themselves to

this, but it can also easily be seen with algae, fish, annelids, barnacles and limpets. The

subgroups can then report back to the group and lead evelyone to their finds.

Another organizatronal strategy is to use the theme - Head, Hands and Heart. This focuses on

three primary features of Environmental Education - Knowledge, Skills and Attitude. For

example, you can focus on the concept of Intertidal Zonation. Start the day off with a simple

set of guidelines for how to observe without destroying the habitat (see the above "Tidepool

Etiquette"). By fostering an attitude of care and wonder, we can teach them and model

stewardship. Then, using prepared pictures, ask the students to find 5 indicator species in

each zone. For each plant or animal, give them one or two field marks that they must find to

correctly identiff each organism, thereby working on identification and observation skills.

After observing and recording the species, walk from the lowest zone to the highest, finding

the animals and labeling each zone with some marker such as a small cone or flagging tape.

Talk about the concept of zonation and the interplay of physical and biological factors that

produce this phenomenon. This knowledge can be presented briefly as a short lecture or a

general discussion based on what they observed during their task. Finally, bring the

discussion around to our opening comments about stewardship and attitude. Ask them how

their experience today may have been different if people visiting the reef before them had

been destructive or exploitive and had not used care to observe the tidepools. Give them the

challenge to share their knowledge, skills and attitude any time they go to the beach or

tidepools with their friends or family.

Using a thematic approach like this will help you organize yoxr day, allow for a smooth flow

of activities and dialog and, allow you to have a productive wrap-up where you can highlight

the concepts and the group's experience.
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Activity Smorgusbord
Here is a short list of activities that you can develop into tidepool exercises:

Scavenger Hunt
Depending on yoru theme, write on a wipe board or large white garbage bag, ten objects to
hnd. These can be simply a name or in the form of riddles (I have many arms, eat with my
stomach outside my body and feel rough - answer: ochre star). They should observe and
identifu them and either bring back a drawing or lead the group to their find.

Here are some ideas:
A rock with a hole, the footprint of a bird, 3 different empty snail shells, a pink rock or shell
(an object covered with corraline algae), an animal that looks like a flower, 3 different sea
weeds, something plastic or other sign of pollution, a plant or animal living on another plant
or animal, etc.

Zonation Transect
Using 2-metet long lengths of rope, count, identify or classify every species that is touched
by the rope in the 4 tidal zones. Keep in mind the timing of the low tide and start high and go
low or start in the lowest zone and work your way up.
For more advanced students, document the use of the intertidal zoneby one animal or group
of animals - barnacles and turban snails work well. Break in to two or three groups. Each
group should mark a beginning spot in the high tide zone with a pile of backpacks. They then
lay out a transect by walking 100 paces directly towards the water. Then they turn around
and make their way back. Walk 10 paces and count every turban snail you can reach while
still standing on the transect line. Record your data at each of the ten stops. Graph the results
on a wipe board or in the sand.

Field Survey
It is often hard to get the students to stay in one spot long enough to really see the enormous
amount of life that reside in the tidepools. One way to accomplish this is to take a piece of
string and tie a knot in it to create a circle. Roll it into a ball and throw it. Wherever it lands,
spread it out into a circle and count all the different species in the circle. Once you have
them interested and settled in one spot, you will have the chance to talk about some of the
species in more detail as well as the interactions between species.

Oceanside/Beachside
Find an intertidal rock that is vertical, with a broadside facing the ocean and the other side
facing the beach. Have the students compare the two sides and list the animals and plants
they find. Find another rock lower or higher in the intertidal and do the same. Why are they
different? Why do the animals or plants change on either side of the rock?

Tidal Change
At the beginning of your hike, maybe along the beach in the harbor or at the breakwater
cove, place an upright stick into the sand, at the edge of the water. Save some time at the end
of the walk to observe the stick. Use this simple demonstration to besin a discussion of tides.
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Intertidal20 Questions or Who Am I Riddles
If you have some quiet time here are two easy games. Have the students play 20 questions
using the plants or animals that they have seen that day. The person who guesses correctly
becomes the new player being questioned. Or, write up a sheet of riddles that you can ask the
group. Start with hard clues that get easier. After they answer correctly, explain the clues or
see if the students can explain. Take a moment and write up some riddles. Start with harder
hints and work towards the easier. For example: I have thousands of tube feet. I am armed
with microscopic claws, which keep my body clean. I love to eat mussels. When I find food I
push my stomach out, wrap it around what I eat and digest it slowly. I have 5 - 20 arms. Who
am I? Answer, 0 seastar!

I eat plants, animals and dead things. I have ten legs but not all for walking. I hide my tail out
of sight. I can run sideways very fast. I have a hard shell that covers my soft body. Who am
I? Answer, a shorecrab!

Web of Life
Use this simple activity to explain food chains and food webs. Go into the intertidal zone and
have the students look for both an animal and a plant. When they find their favorite ones,
they raise their hands and you give them two index cards where you write the name of the
organisms on it. After spending time in the intertidal zone looking, stop on the beach and
have them make food chains by holding their cards and then holding hands. You need a chain
of at least 3 people long with a producer, consumer and a predator. Then, assemble food
webs by adding cards on the spot with organisms like plankton, bacteria and what ever else
you need, and have a row of producers, consumers, predators and scavengers which either
hold hands or you can have them hold string or rope to create food webs.

Beach Hopping
I once tried to estimate how high and far the hoppers could go in a single jump. A one-

centimeter hopper could go as high as 10 centimeters and land nearly 25 centimeters away
from where it started! That would be similar to a human jumping more than 50 feet into the

air and landing 125 feet away! That would make it an Olympic class intertidal organism. If
your group arrives at high tide, find some hoppers and start estimating their jumping

potential.

Goose Barnacle
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Items for your backpack
Magnifying lenses
Discovery scope for marine water and critters
Plastic bug box for viewing marine water and critters
Plastic containers for looking and passing around marine critters and plants
Mac's Field Guide to California Coastal Invertebrates (Laminated field guide)

California Seashore Life: An Introduction to Familiar Plants and Animals (Pocket naturalist)
Beachcomber's Guide to California Marine Life by Thomas Niesen
Binoculars
Wellies and dry socks
Change of clothing
Sunscreen
Sunglasses
Tissues
Minor frrst aide
A bandana

Nudibranch

Excellent Sources for Further Information
There are many wonderful books that provide detailed information about tidepools and the
species that live there. Below are a few resources that will expand your knowledge about
tidepools.

Books:
Sheldon, I. (1999). Seashore: Northern & Central California. Renton, WA: Lone Pine
Publishing.

Conradson,D. (1999). The Natural History of the Fitzgerald Marine Reserve, Moss Beach,
CA: Friends of Fitzgerald Marine Life Refuge.

Rosenfeld, A. W. (2002). The Intertidal Wilderness Berkeley, CA: University of California
Press.
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