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FIELD EXPLORATION—GETTING READY
No study of mangroves is complete without a field trip to experience all kinds of wetlands at first
hand. It is important that the lessons learned in the classroom be put into practice in the field.
Nothing can replace the value of the children’s hands-on experience with the sights, sounds, smells,
and excitement of a true wetland.
While it is very important for students to visit an actual wetland, they also need to make connections
with the natural resources available in their own “backyards”. The following are activities that you
can use to introduce your students to the environment around them. First, have the students discuss
the word environment. It may mean different things to different students—a neighbourhood, the
yard at home, the world, or even the school building. Let individuals choose a definition, and then
ask a few to report what they have written.
Take the class outside for 10 minutes. For the first five minutes, have them write down the first five
things that they see that they like and that they dislike. Spend the last five minutes hearing
responses. There are no right or wrong answers. Return to the classroom and have students write a
poem or a short story about the thing they’d like to change about their environment, telling how
they would go about making the change. Display their work on a bulletin board.
Children need to experience the sights and sounds of wetlands to really appreciate them. Take them
out in old clothes to a place where there is some mud. Have them scoop up a handful of mud. What
does it feel like? How does it smell? Bring along some paper for mud finger paintings, or let the
students draw mud designs. If mud is not readily available, make a few buckets of your own! And
have fun.
This is also a time when you can introduce Sound Mapping (see page 4-34). This is another way to
get the students to use their senses before a wetland visit. The next step is to read carefully the
following pages on how to prepare for a field exploration. Then build or acquire the tools you will
need, find your wetland, and book a date to go.
Now you are ready for the real thing—good luck!
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FIELD INVESTIGATION
Mangrove Etiquette
Promote conservation!
Conservation is the protection and wise, sustainable use of natural resources. A visit to any natural
area can be a stimulating and exciting experience for students of any age. However, all of us must be
careful to remember that natural areas are habitats for wild plants and animals, so we should
behave as visitors who have been invited to share someone’s home.
Many people who go to mangrove areas are not aware that they are the home of thousands of
creatures—especially when they visit intertidal areas associated with the beach! The diverse
organisms living in mangroves and other kinds of wetlands have to contend with fluctuating water
levels, drying sun, waves, and land predators (including humans) in order to survive. Use the
following guidelines to encourage appropriate behaviour so the mangrove and marine life can
survive your visit and be there for others to enjoy and for students when they return.
Teach important field skills.
A field trip is an excellent opportunity to teach students outdoor etiquette skills that they can use all
of their lives and pass on to their own families and children. How can you help take care of animals,
plants, and other organisms that you encounter in your field and classroom studies? How can you
keep from disturbing their wetland homes? How can you learn more about your environment by
observing it in its natural state? What can you do to ensure that enjoyable camping and other
outdoor recreational activities do not harm wildlife or habitats?
We will see more if we are quiet. The site should be left as close to natural as possible, so that future
visitors will be able to enjoy the area’s plants, wildlife, and beauty.
Leave only footprints. Take only photos.
Some rules are necessary when visiting a natural site. Here are some suggestions:
1. Step softly and quietly while observing animals.
Stay quiet. Yelling, shouting, and running around will scare animals away, and may cause some to
abandon their nests or young, or avoid the area in the future.
2. Leave animals and plants where you see them.
To help preserve the balance of the wetlands and intertidal areas, leave the creatures in their
natural habitat. As tempting as it may be to take home or back to school a bucket of crabs or fish to
observe, these organisms will have a much better chance of surviving if left in their own
environment. If you are digging for mussels or worms, refill your holes. It is not the hole that is
injurious, but the sand and mud piled up around the hole. All bivalves require a connection to the
surface in order to survive. Their siphon can stretch only so far, and piles of mud or sand create a
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suffocating blanket. Even empty shells are part of the mangroves ecosystem: limpets, periwinkle,
barnacles, and mussels often grow on them, and they are, of course, often homes for hermit crabs.
3. Replace rocks and logs in their original position after looking under them.
Animals living under the rocks and logs may die if exposed to the sun, the air, and changes in
temperature. Try to keep people from stepping into depressions left by the rocks or logs.
4. Handle animals gently.
They have different anatomies from our own, and we may be unaware of ways they can be hurt. Any
animals that students handle will probably be much smaller than we are, so treat them tenderly.
5. Do not move animals from one area of the wetland or intertidal zone to another.
A tide pool in the low-tide zone has different temperatures and salinity from those higher up. A low
tide animal such as a sea urchin or sea star would not survive in the high-tide pool. One type of
wetland immediately adjacent to another may have much higher or lower salinity content. Thus, an
animal adapted to fresher water might not survive if the water were more saline.
6. When walking along the edge of the wetland or the low-tide area, avoid stepping on barnacles,
mussels, and limpets.
These intertidal creatures are closed, but still alive and waiting for the next tide to cover them and
bring them food. This is a protective adaptation that helps them to survive in the intertidal zone.
7. Leave the wetland or intertidal zone cleaner than you found it.
Plastics make up the major portion of garbage in wetlands and the intertidal areas, and they can kill
wildlife that become entangled in it or eat it. Clear plastic bags may be mistaken for jellyfish, while
fishing line, six-pack rings, lost crab pots and plastic bands contribute to entanglement.
8. Minimize trampling of plants and fungi.
If trails are designated, stay on them as much as possible.
9. Be aware that many birds nest on the ground.
Different birds nest in mangroves, on beaches, and on the ground. Remember that such nests and
the chicks are camouflaged from predators, and are therefore difficult to see before one’s foot is
right over them. Always watch where you are walking, and keep pets leashed during the breeding
season. This is another reason to stay on trails.
10. Never chase, flush, or harass animals.
This includes being on foot, in a car, boat, personal watercraft, or all-terrain vehicles. Harassing
endangered, threatened or migratory animals is against the law in Queensland.
11. Move slowly, allowing the animal to keep you in view.
Avoid sneaking up on animals. The following are the signs that you may be too close to birds:
• Head raised, looking at observers
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• Skittishness
• Excessive preening or pecking at dirt or foot/bill wiping
• Alarm calls; repeated chirping or chipping
• Distraction play: broken wing, tail spread, etc.
12. Teach students to stay away from an active nest.
If an active nest is ever encountered (i.e., one with eggs or chicks, or one that looks new or under
construction), it should never be touched. When moving away from the nest, do so by continuing to
walk in the direction you were originally going. In other words, do not leave a one-way or V-shaped
scent trail to a nest. This is because predators are smart; they not only sometimes watch people
(have you ever been watched by a hawk?) but mammalian predators can smell your trail and follow
it to a nest.
13. Plan bathroom stops.
These should be made just before leaving on the trip, and afterwards. However, teach children that
if it is necessary to “use the bushes”, never to leave toilet paper behind. Used toilet paper should
always be carried in a plastic bag, and everyone should carry their own toilet paper and plastic bag
when a long trip away from facilities is anticipated.
14. Before leaving
Take time to assess the impact of your visit. Have students ask themselves: “Is this area as beautiful
now as before my visit?”
MANGROVE PLEDGE
To help students remember these guidelines, they could learn the following pledge or make up their
own. Before you leave school, or when you arrive at the area of exploration, have them raise their
right hands in the air as if they were swearing in a court of law to tell the truth, and repeat the
pledge after you.
 When I visit the mangroves, I will remember that I am a guest.
 I will move silently and speak quietly.
 If I turn over rocks or logs to look at what lives beneath them, I will carefully put them back
where I found them.
 I will have fun and take home memories, and leave behind only footprints in the mud or sand.
 I will not chase or scare birds away from their nests.
 I will take actions in my daily life to reduce pollutants that may enter the water, thereby
protecting the communities of plants and animals that live here.
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FIELD TRIP CHECKLIST
1. Objectives. Decide what the objectives of your field trip are and how you will integrate the field
trip with your study of wetlands.
2. Contact a resource person. To locate a person in your area who is knowledgeable about
mangroves, try contacting government agencies, your local Natural Resource Management group,
the local council or your local Coastcare, bird watching or MangroveWatch group. These people may
be able to visit your classroom, suggest possible sites, dates, and times for your field trip, or even
accompany your class in the field.
3. Select a date.
4. Select a site for your trip (with alternatives). If you are hoping to include migrating birds that use
wetlands as part of your trip, then you will need to find out dates when migrants are passing
through the area. Often a successful field trip includes seeing plenty of birds, and migrating ones are
important if you have covered migration in your classroom studies.
 Obtain permission for your field trip if the site is on private property.
 Familiarize yourself with the site by visiting it ahead of time, as well as obtaining any
background information related to the site.
 If you will be visiting an intertidal area, check a tide table. One hour after high tide is often a
good time to see shorebirds, but consult local experts to be sure.
5. Arrange transportation.
6. Select activities for use before, during, and after the field trip. This resource guide is full of ideas.
Use these, gather ideas from other activity source books, or develop your own activities with the
help of resource persons.
7. Prepare the schedule for the field trip. In scheduling, consider small-group divisions, distribution
and use of equipment, travel time, timing of activities, and rainy-day alternative activities.
8. Recruit assistants among teacher aides and parents (grandparents are also good) for help during
your field trip. We suggest a 1:5 ratio of adults to students. If possible, all adults should visit the site
before the field trip. Be sure that the helpers understand their duties, and if possible, give them
copies of the schedule, trip rules, etc., before the trip. Emphasize that their preparation and
commitment will create a fun-filled learning experience.
9. Give instructions to the class. Let the class know where they are going and the behaviour that is
expected of them (Mangroves Etiquette on page 4-3).
 Discuss etiquette and safety with the students. Stress not only safety for each other, but
safety for the wetland.
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 Give the students a list of what they need to bring along, including proper dress for the
location and conditions.
10. Send home permission slips. Be sure to get emergency medical information for all students.
11. Gather, make, and practise using field equipment. Directions for making and using some
suggested field equipment are included in this resource guide on page pages 4-15 through 4-18.
Some students will be able to bring binoculars and bird and plant field guides from home. Make sure
before you leave the school that all the binoculars have straps, and that books are marked with the
children’s names.
12. Research and discuss wetlands and wetland wildlife with your class, including identification,
natural history, habitat, and bird migration.

Plan and complete pre-trip activities.
13. Assign responsibilities and tasks. Assign all students (individuals, small groups, or the class as a
whole) particular responsibilities for the field trip. You may have all the groups conduct the same
activity, or have each group conduct a different activity. Assigning tasks helps ensure participation by
all students.
14. Copy data forms and make field journals. Make sure students understand how they are to be
used in the field. Create a field journal that students can use to record field observations and data.
You can make copies of the data collection sheet on page 4-9. Use waterproof paper if available. A
stack of five blank sheets can also be stapled in the middle and folded to form a 10-page journal.
Clipboards are handy to hold journals and data sheets. Mount a pencil to each board with string or
tape. If clipboards are not available, try attaching the data sheets with rubber bands to cardboard
cut to fit.
15. Practise the field trip. The day before the trip, have students bring appropriate clothes and gear.
On the playground, simulate the field trip to familiarize students with the equipment and tasks.
What to Wear and Bring
Usually, an old pair of sneakers and old pair of shorts and a tee shirt—clothing that doesn’t matter if
it gets wet and muddy—will be all students need to wear. If you plan your trip in the midday hours,
it is also advisable to wear a hat and sunscreen to protect from the sun, and also to bring along an
insect repellent if you expect the mosquitoes to be hungry. You’ll need something to record your
findings on (especially if you are going to use a Scavenger Hunt sheet of the kind found on page 429). If you are planning to take back a water sample to the classroom for analysis, you’ll also need a
few extra items.
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Your list should read:
Clothing and Equipment
1. old pair of sneakers.
2. old tee shirt
3. old pair of shorts
4. extra pair of socks
5. hat or cap for protection against sun
6. sunscreen
7. insect repellent
8. pencil, paper, and clipboard (or equivalent substitute, like a sheet of cardboard)
9. sunglasses
10. pair of binoculars for bird study
11. old towel to dry off
12. water bottles
13. packed lunch if necessary
14. rubbish bag
For Water Studies
1. plastic containers
2. fishing nets (see page 4-17 for how to make one)
3. magnifying glasses
4. view glass (instructions for making one are on pages 4-15)
5. field guides (from the front of this workbook)
6. something to dig with
7. turkey basters, pipettes or small brushes for transferring organisms from one container to
another
8. plastic buckets
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Data Collection Sheet
Date

Observations: What, where, how many, under what conditions?
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Activity 4-A: Using a Microscope
Understanding the fertility of mangroves depends on understanding the high levels of activity that
take place on and in detritus, as well as in the surrounding waters. It is because the bottom of the
food web is so rich that mangroves and other wetlands provide such an important place for many
millions of creatures to feed, grow, and live. Examining through a microscope or hand lens the
myriad of macro and micro invertebrates that live in wetlands gives children a clear understanding of
the wealth of life they will find in wetlands, and why.
To some extent, our ability to understand the world we live in is dependent on our learning about
things that our own senses cannot reveal to us. This is where resources such as the microscope
become vital in our understanding of the microscopic world. The microscope is one of the essential
tools of the biologist. Because microscopes are very expensive and fragile, please take the greatest
care when using them. The following principles should be observed at all times.
Care of the microscope
1. When lifting the microscope, keep one hand firmly below the base while you grasp the arm with
the other hand.
2. Never force the movement of any part of the microscope.
3. Use sparing amounts of water sample to reduce spillage onto the microscope
4. Do not use corrosive liquids (acids) when around the microscope.
5. Clean the eyepiece and objective lenses with lens paper, not paper towels or tissue paper, which
will scratch the lens.
6. Keep all electrical cords in a secure position to prevent someone from accidentally pulling your
microscope off the lab bench or table.
7. Always clean the microscope after use.
8. Always cover the microscope after use.
Viewing samples on slides
1. Place the microscope slide on a paper towel.
2. Use an eyedropper to add one or two drops of water from your water sample to the centre of the
slide or to the specimen if it’s already on the slide.
3. Put the slide on the stage after first moving the clips out of the way. This way you can move the
slide around to follow the movements of your specimen.
4. Make sure your lens is on the lowest magnification. Gently focus on the slide by looking through
the eyepiece and moving the table up or down slowly with the coarse adjustment wheel until your
specimen becomes clear.
5. When you have the microscope focused under low power, you should not have to use the coarse
adjustment wheel again.
6. Carefully turn the nosepiece to move the next objective lens into place. Even under 40x the lens
will clear the slide (as long as the specimen is not too thick)
7. Use the fine adjustment wheel to focus the microscope on the specimen. Never use the coarse
adjustment wheel when focusing under the high-power objective.
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8. Use the diaphragm to adjust the amount of light passing through the specimen. You can often see
many more details by adjusting the amount of light.
9. If you are using a light-source microscope, do not leave the light on when you are not looking at
your specimen. The heat will kill the creature you are observing.
10. Always keep the microscope upright to keep water from running off the slide and into the
microscope.

Figure 37: Parts of a microscope
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Activity 4-B: How to Use a Hand Lens
There are many different types of hand lens available, but probably the best kind is the small plastic
version that gives up to about 10 times magnification. It’s a good idea to stay away from glass and
metal hand lenses in the field, as they can break, and are expensive if lost—especially in a couple of
metres of mud! To ensure that your plastic hand lens does not get lost, tie a piece of bright-coloured
ribbon around it (surveyor’s tape works well) and make sure the students hang it around their necks.
In the field there are two ways to look at objects with a lens.

Figure 38: Hand Lens
(a) The first is with a fixed object, such as a mangrove root, that you do not want to destroy. Hold
the lens near to the object between your eye and the object until you can see that the object is
magnified and in focus. This will probably require bending down, crouching, or standing on tiptoe.
(b) The second is with a movable object. Pick the object up and hold it in your hand. Then move your
hand with the object in it up close to your eye, and, holding the hand lens in your other hand, move
the lens up and down until it is focused on the object in your hand.
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Activity 4-C: How to Use Binoculars
Everyone’s eyes are different, so usually we need to account for a difference in eye strength when
focusing. Centre-focusing binoculars have an adjustment to compensate for eyes of unequal
strength or vision. You will notice that only one eyepiece is independently adjustable, and it has a
scale marked off in dioptres, the optical measuring unit for spherical power. Note that the individual
eyepiece setting, once adjusted, can be considered permanent. The scale reading should be noted
and checked occasionally as it may be accidentally moved by handling or in moments of excitement.

Figure 39: Binoculars
To adjust your binoculars for any difference in the strength of your eyes, first, using the lens cover or
your hand, cover the objective lens (the outer, big lens that is on the same side as the adjustable
eyepiece). With both eyes open to avoid distortion, look through the binoculars, and, using the
central focusing mechanism, focus on a distant object until it is sharp and clear. Now transfer the
cover to the other objective lens. Again keeping both eyes open, but this time using the adjustable
eyepiece, focus on the same object until it is clear.
Your binoculars are now properly focused for your use. All you have to do is use the central focusing
mechanism to focus on objects at various distances from you.
Focusing on moving objects and focusing quickly on something that is about to fly or move out of
view is a real challenge. If you practise, over time you will be surprised to find how your coordinated
use of eyes and binoculars improves. Be patient and practise, practise, practise!
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Another challenge is finding and focusing on objects in the sky. Because the sky has depth, and
because it has no background of objects (such as trees and the horizon line) that we can use as
reference points both to find an object and to figure out how far away it is, it takes a lot of practice
to be able to find an object quickly in the sky.
Note that many binoculars have rubber eye cups that can fold down for use with glasses or
sunglasses.
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Activity 4-D: Making a View Glass
Summary Students make view glasses to look below the surface of mangroves. It’s a great way to
see what’s going on beneath the water without getting wet!
Learning Objective
Students will be able to make their own view glass for seeing beneath the water when they are on
their field exploration.
Age Levels
8 and up
Subject Areas
Science, social studies, industrial arts
Time
1–2 lessons, or more
Materials
Plastic version (for younger students)
Large plastic containers (ice cream containers or bulk yoghurt containers are great) or large round
cans
Heavy-duty clear plastic kitchen wrap
Several pairs of scissors
Large rubber bands
Wooden version (for older students)
1m length of 1 x 30cm board
28 x 35cm sheet of clear (picture) glass
Caulk
2.5cm panel pins
Background Fisherman have long used viewing glasses to look at the availability of fish in a certain
area. Much like a mask, the viewing glass allows you to see the bottom clearly without getting wet!
These days there are many vessels on the market with a viewing glass built into them, such as
canoes, kayaks and body boards or spy boards.
Procedure
Plastic version
1. Cut out the top and bottom of the large plastic containers or cans, making sure there are no sharp
edges.
2. Stretch a sheet of clear plastic kitchen wrap across the bottom and hold tightly in place with one
or more large rubber bands, and/or secure with duct tape.
Wooden version
1. Cut the length of 1 x 30cm lumber into four sections. Two will be 27cms long and two will be 38cm
long.
2. Using a router, cut a groove 5mm deep, the same width as the glass, around the bottom of all four
pieces, about 2.5cm from one end of the pieces (this will be the bottom).
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3. Using the panel pins, nail together three of the pieces, two of the 38cm pieces and one of the
28cm pieces.
4. Carefully slide into the grooves the 28x35cm sheet of clear picture glass until it is as tight fit as you
can make it.
5. Fit the last piece of 27cm 1 x 30, and nail it tight. Make sure you don’t break the glass.
6. Caulk around all the joints and the glass to make sure it doesn’t leak.
7. Leave for 24 hours for the caulk to set.

16

EXPLORING MANGROVES
Activity 4-E: Making a Plankton Net
Summary Wetlands are home to many micro and macro invertebrates, and making a plankton net
enables students to catch these invertebrates for further study.
Learning Objective
Students will be able to make their own nets for catching plankton and invertebrates.
Age Levels
8 and up
Subject Areas
Science, social studies
Time
30–60 minutes
Materials
Metal coat hanger
Old pairs of tights or pantyhose (one pair per two students)
Several pairs of scissors
Needle and thread (one per student)
Wooden broom handle (optional)
Duct tape or string (optional)
Background Students will have learned about wetlands food chains in “Mangroves as Habitat”
(Section 2). Many of the invertebrates that are the basis of the food chain in wetlands are very small,
and students will not be able to see them without the use of a microscope after they have collected
them. The plankton net enables them to do this. It can be used in conjunction with containers
(plastic yogurt or margarine containers work well). Students catch the invertebrates and keep them
in the plastic containers until it is time to either take them back to the classroom for further
examination or return them to the mangroves.
Procedure
1. Bend the coat hanger so that one end makes a circle about 20-30cms in diameter, and the other
end makes a handle.
2. Cut off one leg of the pantyhose or tights so that about 30-45cms is left with the foot part.
3. Wrap the open top part of the pantyhose around the circle part of the coat hanger.
4. Sew the top part of the pantyhose to the round part of the coat hanger. You may need to make
this a two-student operation, with one holding the pantyhose in place while the other does the
sewing.
5. Bind the broom handle to the handle part of the coat hanger using duct tape or string (optional).
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Activity 4-F: Making a Sieve Box
Summary Mangroves are home to many micro and macro invertebrates, and making a sieve box
enables students to catch these invertebrates for further study through “trawling” and sieving.
Learning Objective
Students will be able to make their own sieve boxes for catching plankton and invertebrates.
Age Levels
8 and up
Subject Areas
Science, social studies
Time
30 minutes
Materials
Large plastic containers or large round cans
Several pairs of scissors
Length of string or rope 1 m long
Background Students will have learned about mangroves food chains in “Mangroves as Habitat”
(Section 2). Many of the invertebrates that are the basis of the food chain in wetlands are very small,
and students are unable to see them unless they can use a microscope after they have collected
them. The sieve box enables them to do this. It can be used in conjunction with containers (plastic
yogurt or margarine containers work well). Students catch the invertebrates by dragging the sieve
box through the mangrove wetland and then sieving through the mud and water, and keep what
they find in the plastic containers until it is time to either take them back to the classroom for
further examination or return them to the mangroves.
Procedure
1. Using the scissors, cut away the top of the large plastic containers, making sure you leave the
handle.
2. Punch small holes (about 5cm across) into the bottom of the plastic container.
3. Attach the string or rope to the handle.
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Activity 4-G: Water Column
Summary Students will use a microscope to observe the microscopic organisms in water that form
the base of the food chain.
Learning Objectives
Students will:
(a) Observe microscopic organisms by using a microscope or hand lens;
(b) Learn to identify these organisms and place them in a food chain; and
(c) Build a food chain incorporating these organisms.
Age Levels
9 and up
Subject Area
Science
Time
2–3 lesson periods
Materials
Microscopes (one per two or three students if possible)
Plastic containers containing wetland water samples
Eye dropper
Glass slides
Pencils
Hand lens (magnifying glass)
Copies of "Invertebrates of Mangroves", pages 4-22 through 4-26
Copies of pages 4-10 and 4-11, “Using a Microscope”
Copies of page 4-27, “Microscopic Study—Sketch and Identify”
Background During your field trip, you will have gathered water samples from the mangroves (or
wetland) and brought them back to the classroom for closer study. This process reinforces many of
the concepts and activities that have appeared in previous sections. By looking at macro and micro
invertebrates under the microscope, as well as describing, identifying, and drawing them, students
will see for themselves the basis of the food chain.
In aquatic ecosystems (including all wetlands, of course), microscopic organisms, both plants and
animals, are vital in the food supplies of fish, aquatic birds, reptiles, amphibians, crustaceans, and
mammals—including humans. Bacteria measure less than two one-thousandths (0.002) of a
centimetre, or 20 microns, across, but are extremely important. Because they are neither plants nor
animals, they are described in a special group called microbes. They decompose, or break down,
dead plants and animals into nutrients and are an important source of food for other microscopic
animals. In this way nutrients are constantly being recycled.
Primary food production is provided by microscopic algae floating in the sunlit surface waters, called
phytoplankton (plants). Filaments of algae that form the familiar pond scums usually harbour many
microscopic animals. These tiny aquatic animals are called zooplankton. They range from
microscopic one-celled animals (protozoans) to large, many-celled animals (metazoans) such as
19
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worms, insects, fishes, and crocodiles. Some spend their entire life in water—hence are wholly
aquatic. Others are aquatic only in some of their life stages. Many feed on phytoplankton, while
others feed on other zooplankton that feed on phytoplankton. Thus the process continues
throughout the food chain. Following are the descriptions of some common zooplankton.
• Protozoa are one-celled animals—the simplest of all animals. The more than 30,000 species live in
a wide range of aquatic habitats. They are abundant in pond and lake waters, especially those
enriched with organic matter. They occur in a great variety of body forms and have different
methods of movement.
• Hydras have a saclike body of two layers of cells and a fringe of tentacles around a single body
opening, which serves for both taking in food and eliminating wastes. Hydras can move by inching
along slowly on their “foot”, or may turn end over end in a somersaulting motion.
• Rotifers, found only in fresh water, are commonly mistaken for one-celled animals. Their name
refers to the wheel-like rotating movement of the hairlike projections (cilia) on the front of the body,
which draws in food and water. At the rear is a base or foot that secretes “glue” by which the rotifer
attaches to objects.
• Worms are never conspicuous, but they may be abundant under stones or in debris or mud. The
segmented worms include aquatic bloodsucking leeches and earthworms. Most flatworms are
parasites; a few are free-living.
• Arthropods are the most numerous of all animals. They are joint-legged, with a segmented
skeleton. Crayfish, insects, and spiders are the large conspicuous types. Others are minute but
equally important as food for fish or other animals.
• Molluscs have a soft body enclosed in a limey shell—a single-coiled structure (like snails) or twohinged valves (like clams).
Procedure
1. Students will be divided into the groups they had during the field exploration.
2. Explain in detail how to use a microscope. See pages 4-10 and 4-11 for details.
3. Pass out microscopes, copies of pages 4-10 and 4-11, “Using a Microscope”, and copies of pages
4-22 through 4-26, "Invertebrates of Mangroves". Also pass out slides and eyedroppers, explaining
that they are glass and will break if dropped.
4. Demonstrate how to take a water sample from the containers and put it onto the slide using the
eyedropper. Explain that too much water will mean that the creatures in the water will have too
much space to swim around in, and the water will also go all over everywhere! Explain how to use
the eyedropper: do not tilt it so the creature can go into the rubber “bulb” or it will stick there and
not come out. Also explain that the creatures they will be looking at are alive and will be returned to
whence they came, so students should try to avoid killing them.
5. Have each group collect their water samples that have been brought back in the bucket.
6. Let the students try to search and find creatures in their water samples. Tell them they will have
to identify and draw their creatures.
7. After about half an hour, pass out copies of page 4-27, “Microscopic Study—Sketch and Identify”,
and have students fill them in. Explain that if they cannot identify their creature, they should give it a
name that reflects its appearance, like “Fuzzylegs” or “Rodney”.
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6. When time is up, have the students return all their water samples, including those on slides, to
the bucket, again explaining that they will all go back to the pond.
Extensions This is another opportunity for students to familiarize themselves with the enormous
spectrum of invertebrates while practising research and careful comparison skills. Some of the
creatures may not be easily identifiable from the invertebrate charts, so students will have to look in
textbooks or go to the local library or university to try and find out what they have found. Have them
check similarities with samples of which they have pictures by looking carefully at the shape of the
animal, number of segments, legs, wings, etc.
Visit another wetlands site. Compare the different invertebrates found at each site, and try to
develop a theory as to why they are different (older students only). Return to the same site on a
regular basis, and take water samples each time. Compare what you find in different seasons. Build
up a data bank at school on specific sites.
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INVERTEBRATES OF MANGROVES
There are many thousands of species of invertebrates living in and around mangrove areas, and it
would be impossible to provide illustrations of every one that you might find. Instead, we have
concentrated on those that are most common in the water, in the mud, and on the mangroves.
Amphipod (Order Amphipoda)
Description Microscopic to 2 cm. A small
crustacean that looks like a prawn or a large flea.
They have flat, convex bodies, and different
species appear in different habitats. They are
quite distinctive, with segmented bodies, long
antennae, and hairs on their legs. Best identified
through a microscope.
Habitat Many species occur locally in shallow
water habitat— from saltwater and freshwater
ponds to the intertidal zone, tidal pools, and
seagrass beds.
Food Detritus.
Mangrove Oyster (Saccostrea glomerata)
Description The oyster possesses a smooth, thick
shell with small teeth on the internal rim of the
shell generally near the hinge. The mantel edges
and adductor muscle scar are pale in colour.
They reach approximately 60g in 3 years and can
live up to 10 years.
Habitat Endemic to Australia and are located in
sheltered bays and estuaries.
Food Plankton - Filter feeders

Mud Lobster (Thalassina anomala)
Description Is a lobster like animal that grows to
up to 30cm long. Its colour ranges from pale to
dark brown and brownish green. The carapace is
tall and ovoid; the tail is long and thin and does
not form into a proper tail fan. They can burrow
up to 2m and are most active at night. They
create large mud mounds up to 3m high and this
aids in the generation of tidal pools and help in
the growth of some mangrove species.
Habitat Mud around mangrove roots
Food Detritus
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Orange clawed Fiddler Crab (Uca coarctata)
Description The male has an enlarged claw that
is roughened and orange in colour. This colour
fades to white as it reaches the tips of the claw.
The males also have a white spot on the last
walking leg. They reach approximately 40mm
across.
Habitat Sheltered mudflats near mangroves, flat
banks close to mouth of streams. Lives in
burrows close to other fiddler crabs.
Food Detritus
Polychaete worms (Class Annelida)
Description Segmented worms generally less
than 10cm in length. They are often brightly
coloured and can be iridescent or even
luminescent. Each segment has a pair of paddle
like parapodia which are used for movement and
respiration. There are generalised polychaetes
which crawl along the mud and then there are
specialist species which can burrow or swim or
bore.
Habitat Can live in all forms of habitat eg. Mud,
pelagic (in the water column as plankton), on
and in rocks, on and in mangroves.
Food Some feed on detritus and others are filter
feeders.
Copepod (Order Isopoda)
Description Microscopic to 0.5 mm. Often called
a “cyclops”, this zooplankton has one eye in the
middle of its head. It has feathery antenna and a
two-pronged tail. It tends to swim around very
quickly.
Habitat Mangroves, shallow water, often in the
mud at the bottom of the pond.
Food Detritus.
Mud Whelks (Pyrazus ebeninus)
Description Large turreted shell which grows to
approximately 100mm. It has rounded whorls
and a flared rounded aperture. The exterior of
the shell is dark brown to grey and the
operculum is brown.
Habitat Lives in large colonies on the intertidal
mudflats.
Food Detritus
Australian Paste Shrimp (Acetes australis)
Description Small almost transparent shrimp
with a tiny rostrum and long reddish-orange
antennae.
Habitat In brackish estuaries in shallow,
sheltered coastal waters
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Food Plankton and detritus
Estuarine Mussel (Xenostrobus securis)
Description Brown to dark brown bivalve that
grow to approximately 38mm
Habitat It is gregarious and usually attached by
byssal threads to timber, rocks or dead shells in
brackish water
Food Plankton
Lined Nerite (Nerita articulata)
Description Top of shell is usually slightly eroded
and there are close set purple-black ridges on a
pale pink background, however the shell colour
varies with the density of ridges.
Habitat Common on and around mangrove roots
and trunks
Food Algal grazer
Ridged Periwinkle (Littoraria luteola)
Description Thin with a high spire, top whorls
have fine spiral grooves with delineate flat ridges
that become stronger and further apart on body
whorl.
Habitat On mangroves, in particular the Grey
Mangrove. They can climb to more than 2m
Food Algal grazer
Mangrove Peanut Worm (Phascolosoma
arcuatum)
Description Large and stout bodied worm
shaped like a peanut. They feed by everting a
long proboscis bearing a crown of tentacles. Can
grow to approximately 65mm long and 10mm
thick.
Habitat Buries in muddy creek banks around
mangroves and in the intertidal zones
Food Detritus
Leopard Flatworm (Myoramyxa pardalota)
Description Thick fleshy oval shaped flatworm
with dark spots resembling a leopard. Favourite
food of the endangered Water Mouse.
Habitat Under rocks and logs in the intertidal
zone.
Food Detritus
Mosquito (Family Culicidae)
Description Slender, delicate flies less than 6 mm
long. Easily recognized by their long, sharp
proboscis. Male has feathery antennae, unlike
female’s sparsely hairy antennae. Brown wings
coated with delicate scales that fold over the
abdomen. Larvae are called wrigglers or wigglers
and grow up to 18 mm long. They look like tiny
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segmented worms with small heads and big
eyes, pairs of hairs on their sides, and a tiny
proboscis on the rear.
Habitat Stagnant water in ponds, lakes, and
puddles.
Food Females need blood to incubate eggs,
while males generally feed on plant juices.
Muddy Shore Anemone (Boloceroides
mcmurrichii)
Description Brown body with cream and brown
banded tentacles. Can grow to 10mm across
Habitat Can attach to a variety of surfaces
including mangroves, they are easily detached
and can swim quite well by rhythmically
pulsating its tentacles
Food Plankton and large zooplankton feeders
Estuarine Slug (Onchidina australis)
Description Elongated oval with short tentacles.
It has a finely granular surface which has olive
and dark green blotches. Can grow to 30mm
long.
Habitat Mud in the high intertidal zone
Food Detritus
Mud Crab (Scylla serrata)
Description Large olive-green swimming crab.
Commercially important species. Has a sharp
serrated carapace with large front pinchers. Can
grow to more than 200mm across. Male and
females are differentiated by their abdominal
flaps. Females have broader abdominal flaps
that males and are more pigmented as they
mature.
Habitat They make characteristic large oval
burrows in banks of estuarine and mangrove
areas
Food Omnivores. Will eat just about anything
including each other!
Broad-fronted Mangrove Crab (Metopograpsus
frontalis)
Description Smooth mottled crab with a wide
colour variation, however they are generally
black-grey with purple pincers. There are rows
of sine on the outer edge of major segment of
walking legs. They can grow to 30mm, however
they are usually smaller.
Habitat Sheltered muddy intertidal zones around
mangroves and rocky shores.
Food Active predator and scavenger
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Biting midges or Sandflies (Family
Ceratopogonidae)
Description Small robust flying insects with
piercing and sucking mouthparts. Only female
midges feed on blood and both male and
females also feed on nectar and vegetable fluids.
They are most active at dawn and dusk and only
disperse a short distance from their breeding
sites.
Habitat Eggs are laid in mud or leaf litter where
the larvae have access to a nutrient rich
environment.
Food Blood, vegetable fluids and nectar.
Mangrove Butterfly or Illidge’s Ant-blue
Butterfly
(Acroclipsas illidgei)
Description Adult butterflies are brown and the
females have patches of blue on the wings. They
are relatively small butterflies only reaching
approximately 2cm across. The eggs and
caterpillar stage are white, however the pupae is
brown and resembles the pupae of its host ant
the Crematogaster. The female butterfly lays its
eggs on the Grey Mangrove in the presence of
Crematogaster ant colonies. The larvae are then
transported to the colony where the ants feed
on its excretions and the larva feeds on the
developing ants. The emerging butterfly is
covered with fluffy scales to protect itself from
hostile ant attacks as it leaves the colony.
Habitat Grey Mangrove hollows
Food Associated with Grey Mangroves.
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Microscopic Study – Sketch and Identify
Working in the same groups in class as were formed on the site, use the classroom microscopes to
get a close-up look at the plant and animal life brought back in the water samples.
Salt pond water check list
Plants (including phytoplankton)










Pond weed
Blue-green algae
Green Algae
Diatoms
Dinoflagellates
Euglenoids
Mangroves
Reeds
Sedges

Animals (including zooplankton)







Protozoans
Hydras
Molluscs (snails)
Worms
Crustaceans
Arthropods (aquatic insects)

Choose one of the living creatures you have observed under the microscope and in the space
provided, make a detailed sketch of it.
List any interesting characteristics you
observe (legs, wings, eyes, shells etc).

Name your creature: ____________________________________
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Activity 4-H: Mangrove Scavenger Hunt
Summary Students will use observation skills to find organisms and objects in mangroves.
Learning Objective
Students will learn to use all their senses—observation skills—to find and identify wetlands and their
inhabitants.
Age Levels
6 and up
Subject Area
Science
Time
15–30 minutes
Materials
Copy of page 4-29, “Mangrove Scavenger Hunt”
Pencils
Clipboards
Background Read and learn the information in Sections 1 and 2, “All About Mangroves” and
“Mangroves as Habitat”.
Procedure
1. Pass out to each student a copy of page 4-29, “Mangrove Scavenger Hunt.”
2. Explain that they have 15 minutes (it will usually stretch longer, and the time needed depends on
the age of the students—be flexible) to gather information outlined in the sheet.
3. Lead them in finding and identify things.
4. When you are sure everyone has had enough time, gather the students together and compare
results. Ask each student to report on what he or she found. See how many different items they
have discovered.
Discussion/Reflection
Talk about where each item fits into the food chain.
Have the students design (draw and write) a food chain based on the evidence they have found.
Have the students draw different items, describe the various parts of, say, a fiddler crab and explain
what these parts are for.
Discuss the signs of human influence and how they might have affected the mangrove ecosystem.
Extensions This activity can be easily adapted for any environment, such as a freshwater wetland
ecosystem.
Note: This activity and accompanying worksheet can be adapted for freshwater, salt ponds, and
marine aquatic habitats.
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Mangrove Scavenger Hunt data sheet
It is your task to discover each of these items during your exploration. Remember to use all of your
senses and put things back exactly where they were found. If you don’t know the name of what you
find, write down some observations to help you look it up when you get back to class.
Three different types of birds
1) ______________________________
2) ______________________________
3) ______________________________
Three different types of aquatic creatures
1) ______________________________
2) ______________________________
3) ______________________________
Three different type of terrestrial or land creatures (or animal signs such as tracks, scats or bones).
1) ______________________________
2) ______________________________
3) ______________________________
What have you seen that might be food for a Heron? _______________________________
Crab? ____________________________
Turtle? ___________________________
Three different kinds of plants.
1) ______________________________
2) ______________________________
3) ______________________________
Two signs of human influence
1) ________________________________________________________________________
2) ________________________________________________________________________
3)
What did you touch that was smooth? ____________________________________________
Rough? _______________________________
Sharp? _______________________________
Wet? _________________________________
Dry? _________________________________
Something you didn’t like the smell of: _____________________________________________
Something that you notice smells pleasant: _________________________________________
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Activity 4-I: Mangrove Survivors
Summary Students will observe and record adaptations of mangroves and organisms associated
with mangroves.
Learning Objective
Students will learn through observation the kinds of adaptations that allow mangroves to survive in
salt water.
Age Levels
7 and up
Subject Area
Science
Time
30–60 minutes
Materials
Pages 2-10 and 2-11 from Activity 2-A, "Spot the Difference: Mangroves"
Pencils
Clipboards
Background Read and learn the information in Sections 1 and 2, “All About Mangroves” and
“Mangroves as Habitat””.
Procedure
1. Explain to the students that mangroves have to get all four elements that they need in the right
proportions. Ask them which elements there might be too much of here: salt water (high tides
sometimes bring in too much); fresh water (cyclones and heavy rains can bring in enough fresh
water to drown mangroves); air (storms often bring too much, in the form of wind); and sun (in
tropical climates there is frequently too much sun). Fortunately, mangrove trees, especially Red and
Grey Mangroves, have adaptations that allow them to survive these difficulties. Briefly review the
ways in which these trees have “figured out” how to deal with this difficult environment.
2. Divide the class into groups of three or four. Give each group copies of pages 2-10 and 2-11,
showing several adaptations that mangroves have for survival in warm, salty tropical water and hot
climates. For each adaptation on the sheet, have the groups find a mangrove that has that
adaptation.
3. When everyone has found examples of all the adaptations, gather the group together and take
them on a tour of the mangroves. At each plant, stop and discuss the ways in which it is adapted to
surviving the harsh tropical shoreline environment.
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Activity 4-J: Mangrove Habitat Study
Summary Mangroves are a habitat for diverse organisms.
Learning Objective
Students will be able to name the plant and animal species in the mangroves.
Age Levels
8 and up
Subject Area
Science
Time
30 minutes
Materials
Copies of page 2-9, “ Mangrove Habitat Study”
Pencils
Crayons (optional)
Background Read and learn the information in Sections 1 and 2, “All About Mangroves” and
“Mangroves as Habitat”.
Procedure
1. Pass out to each student a copy of page 2-9, “Mangrove Habitat Study”.
2. Explain that mangroves are home to many different species. They should study the “Mangrove
Habitat Study” page and identify as many species as they can.
3. Students should then create a food chain and a food web from the plants and organisms they find
in the picture.
4. Have students explain how this ecosystem functions.
5. Younger students can conclude by colouring the picture.
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Activity 4-K: Giant Footprint
Summary Many tiny organisms live underfoot that often go unnoticed.
Learning Objective
Students will learn that we must be careful where we walk in a mangrove area.
Age Levels
8 and up
Subject Area
Science
Time
30 minutes
Materials
Large wire footprints made from old coat hangers, or light wire - one for each group
Magnifying glasses (one per student if possible)
Giant footprint handout on page 4-33 (one per group)
Pencils (one per group)
Field guide on invertebrates at the front of this book
Background Read and learn the information in Sections 1 and 2 “All About Mangroves” and
“Mangroves as Habitat”. For invertebrates, look at pages 4-22 through 4-26 in this section.
Procedure
1. Divide the class into an even number of groups of three or four students. Give one student from
each group a wire “footprint”.
2. Have the students who are holding the footprints stand in a circle facing outwards. Tell them to
take three giant steps away from the circle and stop.
3. Have them put the footprint down on the place where their next step would have fallen.
4. The rest of the group may now join them.
5. Have each group make a detailed list of all the different kinds of things that they find inside their
footprint (sand, shells, mud, stones, plants, sticks, insects, feathers, crabs, etc.), using the Giant
Footprint sheet.
Discussion/Reflection
Give the groups 10 to 15 minutes to list everything they can find inside the footprint.
Then call the students all together, and have each group compare what they have found in their
footprints with what another group has found. Encourage them to discuss anything that they found
that they weren’t expecting.
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Figure of Giant Footprint
Describe all of the things that you can find inside the giant footprint.
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Activity 4-L: Sound Mapping
Summary Students will listen for and describe sounds that they hear in the mangroves, and make a
sound map.
Learning Objective
Students will learn:
(a) To use all their senses while outdoors; and
(b) That hearing is an important observational tool.
Age Levels
8 and up
Subject Area
Science
Time
10–20 minutes
Materials
One 7.5 x12cm index card and one crayon per person
Copy of a sonogram, or simplified example on page 4-35
Background Most of us have forgotten how to use our senses because of the daily bruising we get
living in an urban environment. In particular, the everyday decibel level around us often drowns out
simple sounds. This is a very quiet, focused activity, and the length of time will depend on the age,
energy level, and other dynamics of each particular class. The longer the students spend on this
activity, the more they will hear. Monitor the class, and call them in at the point where restlessness
starts to interfere with concentration.
Procedure
1. Show the group a 7.5 x 12cm card with an X drawn in the centre. Tell the students that the card is
a map and the X shows where they are sitting.
2. When they hear a sound, they should make a mark on the card that represents the sound—for
example; wavy lines might mean the wind. The mark’s location should indicate as exactly as possible
the direction and distance of the sound. Tell them to keep their eyes closed while they listen. You
may wish to show students a copy of the completed sound map at the bottom of the page.
3. Have everyone spread out and find their “listening place” quickly. Stress that once they find it,
they are to remain seated and be as quiet as possible so as not to disturb the others. How long you
play depends on your group.
4. Call the group back with a natural sound such as a bird call.
Discussion/Reflection
When they are back, have the students share their maps with a partner.
How many different sounds did they hear?
Which sounds did they like best?
Which sounds did they like least?
Were there sounds they had never heard before?
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Sound Mapping

Cockatoo
Whimbrel
Something splashing
in the water
Mosquitoes

Bees
Cicada
Airplane

Car

Figure 40: Example of a sound map
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Activity 4-M: Bird Behaviour Bingo
Summary Students will practise bird observation and record bird behaviours.
Learning Objective
Students will learn to observe birds and the way they behave in different locations.
Age Levels
8 and up
Subject Area
Science
Time
15–30 minutes
Materials
Bird Behaviour Bingo Sheet (page 4-37), one per pair of students
Pencil or crayon (one per pair)
Background Read and learn the information in Sections 1 and 2, “All About Mangroves” and
“Mangroves as Habitat”, particularly the parts about birds. Birds use mangroves for everything from
nesting to feeding. During each of the different times in a bird’s life, it has different behaviours.
When it is courting, it uses colourful displays; and when it is trying to protect its young, some birds,
like the Plover, will pretend they have a broken wing to lure the predator away from the nest.
Learning about the behaviour birds display teaches students the way birds have adapted to survive
in mangroves.
Procedure
1. Have the students form pairs and give each pair a Bird Behaviour Bingo sheet and a crayon.
2. Review the behaviours on the sheet and make sure all the students know what they are looking
for and how to record what they see.
3. Before setting out, set the rule that there will be absolutely no talking during the walk except on
those occasions when the whole group stops to look at something and discuss it. The quieter you are
as a group, the more you will see. Decide on some silent signals to be used if somebody wants to get
the attention of the group to point out something interesting. Stress that even if a pair finds all the
behaviours on the sheet, they are to stay with the whole group and remain quiet until everyone
reaches the destination.
Discussion/Reflection
When everyone has finished, or when you are close to your destination, gather the group together
and discuss what they saw.
What was the most interesting bird behaviour?
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Figure 41: Sound Bingo
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Activity 4-N: Field Record of Birds
Summary Students will work in teams and use charts or field guides to identify a number of birds
commonly found in wetlands, identify the birds at the field-trip site, and keep a record of birds seen
throughout the year.
Learning Objectives
Students will learn:
(a) To identify birds with the aid of shorebird identification guides; and
(b) The importance of keeping records of different bird species observed.
Age Levels
8 and up
Subject Area
Science
Time
10–20 minutes
Materials
Pencils
Field guides, one per team (such as the Shorebirds Identification Booklet)
Copies of “Field Record of Birds” form on page 4-40
At least one pair of binoculars or spotting scope, if available
Background Review Section 2 of this book, “Mangroves as Habitat,” concentrating on the parts
about birds. Mangroves are vital as bird habitat, for both endemic and migrating species of birds that
live on and use your area. Understanding this, and learning how to identify different species, enables
students to learn how different kinds of birds (ducks, wading birds, shorebirds, etc.) have adapted to
different niches in the mangroves. Many students who start with simple bird identification like this
activity may become life-long bird watchers.
Procedure
1. At the beginning of a term in which birds will be studied, hand out to each student a copy of the
sheet “Field Record of Birds” on page 4-40. Explain that they are to keep a record of the birds seen
on field trip as well as at home.
Preparation
2. You may want to introduce the idea of keeping a “Life List” of birds seen. Many bird-watchers
“collect” all the birds they have seen in their life, and compare their lists with the lists of other birdwatchers to find out who has seen the most rare birds.
3. Before the field trip, teach students how to use binoculars and “stalk” birds by being very quiet
and moving silently. They should take turns with the binoculars, learning how to focus them and
how to spot specific bird features. The person with the binoculars identifies field marks such as
colour (“I see a red spot on its chest”) and size (“it has longer legs than other birds”). The other
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person looks in the field guide, sharing ideas with his or her partner. Students usually work out a
suitable way to share the work; just make sure they share the glasses.

The Trip
In the field, use the same techniques that you practised ahead of time. Another way to see a lot of
birds is to remain in one place quietly, preferably hidden by a bush or tree.
Then the birds will assume you are part of the neighbourhood and will often come close enough that
you can see them better.
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Field Record of Bird Species Sheet
Species

Date

Habitat

No.
seen

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
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Activity 4-O: Conducting a Transect
Summary Students will create a profile of wetland vegetation based on using a transect.
Learning Objective
Students will learn through observation that plant types change in response to different water
levels.
Age Levels
10 and up
Subject Area
Science
Time
30–60 minutes
Materials
A blank sheet of paper with the title “Transect”
Copies of pages 1-2 through 1-7 with descriptions of different kinds of mangroves
150 m of heavy string
Four heavy wooden stakes or lengths of PVC pipe, each 3 m long, with waterproof marks at 40 cm,
120 cm, and 240 cm; leave enough room below the mark at ground level for the stake to be inserted
into the ground
Several hand lenses (at least one for every two students)
A notebook or science journal to record various observations and diagrams of plants
Field resource guides such as: Norm Duke’s Australia’s Mangroves or Catherine Lovelock’s Field
Guide to the Mangroves of Queensland and Louise John’s Field guide to Common Saltmarsh Plants of
Queensland.
Clipboards
A camera (optional)
Gumboots or an old pairs of sneakers
Background Review Section 2 of this book, “Mangroves as habitat,” concentrating on the parts
about the different species of plants that can be found in mangrove wetland areas.
Procedure
1. Using the stakes and string, the students should lay out a transect line perpendicular to the
shoreline (see diagram on page 4-43). The transect line should extend from a point in the water
(stake A) where underwater plants can be seen to another point (stake B) where inshore vegetation
is present. The distance will vary depending on the nature of the mangroves. (In large mangroves, it
may not be practical to lay out string because of the distance involved.) Make sure that the students
push the stakes or plastic pipe deep into the ground to prevent them from being pulled over.
2. Starting from the first stake, or stake A, have one student walk approximately 3 m along the
transect line toward the upland area. At this point insert a third stake (stake C).
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3. The transect line and stakes A and C form a “window” that will assist you in drawing a profile of
the mangrove vegetation. The markings on the stakes will assist you in showing the different plant
species to (approximate) scale.
4. Students will sketch the vegetation in this first window on their transect form or in their science
journals. Identify and label the different plant forms. For each plant form, have them count the
number of different species present, and identify and label as many plant species as they can.
Students will also observe evidence of wildlife using the plants—for instance, insects eating leaves,
crabs burrowing in roots, and birds nesting in bushes.
5. Describe the conditions along the transect line for this “window”: wet soils or dry? Sunny or
shaded?
6. When students have finished studying and drawing in this first window, start from stake C, walk
another 3 m, and insert the fourth stake, or stake D. Stakes C and D form a second window.
7. Sketch the vegetation found in this second window. Identify and label the different plant forms.
For each plant form, count the number of different species present and label as many plant species
as you possibly can. Describe the conditions along the transect line for this “window”: wet soils or
dry? Sunny or shaded?
8. Repeat the procedure until you come to the end of the transect line. (You will need to “leapfrog”
stakes C and D until you complete the transect.)
9. Identify any exotic (introduced) species observed in the mangroves, and describe how each
appears to be changing the environment.
10. Speak to field-naturalists or biologists about the plant life found here, and ask them if it is
vulnerable/rare, threatened, or endangered. Why is it important? Is it changing or threatened?
11. Look for evidence of disease, insect damage, etc., by examining leaves, stems, trunks, and roots
of the various plants.
Discussion/Reflection
Ask students what role vegetation plays in this mangrove.
Speak to people who live nearby and ask if they have seen any recent changes to plant life in the
mangrove.
Look for evidence that indicates that the area might be changing or threatened. For example, the
chemical balance of the water might be changing, siltation might be taking place, and the water level
might be changing. How will this affect the wetland, the surrounding area, and the local community?
Record all your observations and deductions for later class analysis.
Extensions
Students should make a good copy of their plant species profiles for their science journals or later
science displays.
Students could research and describe how one plant species they have identified has adapted to life
in a wetland.
Students could prepare a report on the plant life in this wetland: description, kinds, diversity, and
presence of exotic plants. Are there rare, threatened, or endangered species?
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Why is plant life important and what wildlife uses specific plants? Use drawings and photographs, as
well as the transect work, to substantiate the report. The report should also look at any threats or
changes to the wetland plants: what are the causes and consequences?
The report should be presented to the government agency responsible for the health of the
mangrove.
Brainstorm possible solutions to any threats to the wetland.
Take measurements of all plants, and plan to visit the same location and conduct the same
measurements (with the same or different classes) at a later date. This way you will build up a bank
of information on the mangrove wetland area you have selected.

Figure 42: Setting up a vegetation transect
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WATER QUALITY IN MANGROVE ECOSYSTEMS
Mangroves are able to adapt themselves to practically all types of adverse conditions with the
exception of very low temperatures and are therefore distributed mostly in the tropical regions in
low-lying, broad coastal plains where the topographic gradients are small and the tidal amplitude
large. Mangrove trees therefore grow in soil that is more or less permanently water-logged, and in
water whose salinity fluctuates and may be as high as that of the open sea. The environment in
which mangroves are found is influenced by salinity, tidal currents, high temperatures and muddy
anaerobic soil. See Fact Sheets #1 to #5 on pages 3-5 to 3-12.
Any ecosystem consists of living (biotic) components and non-living (abiotic) components. The
abiotic component is the mixture of nutrients, minerals and other elements found in soil and water,
and it is this "soup" that supports life. Since mangrove ecosystems contain water, examining water
quality (the abiotic component) is key to understanding the conditions suitable for life in this habitat.
In addition, identifying changes in water quality can warn of changes or threats to the plant and
animal life found in the ecosystem. Various factors can alter water quality and impact mangrove
ecosystems. These are described in the following pages.
Mangrove forests are varied ecosystems with water quality changing with tides and fresh water
inputs from rivers. There are five parameters examined in water quality monitoring, these are:
1. Temperature
Mangroves grow in tropical regions, in temperatures ranging from 20oC and the seasonal fluctuation
does not exceed 5oC. Mangroves have been reported to grow in latitudes where the average sea
surface temperature is 24oC. Any further rise in temperature may lead to spreading of only some
species.
Temperature varies with the season, from day to night, within a water body and from surface to
deep layers. In water bodies, temperature determines the amount of oxygen dissolved in the water:
as the temperature of water increases, its ability to hold oxygen decreases. Therefore, cold water
holds more dissolved oxygen than warm water.
The temperature of a body of water changes more slowly and is more stable than the temperature
of land or air. This protects aquatic life as it allows sufficient time for them to adjust to natural and
seasonal changes in temperatures. Sudden and dramatic changes in water temperatures will stress
the organisms that live there.
2. pH
The pH measurement is the scale used to describe the amount of hydrogen ions present in a water
solution. pH is measured on a scale of 0 to 14, where 0 is highly acidic, 7 is neutral, and 14 is highly
basic (alkaline). A solution is more acidic when it contains more hydrogen ions. The pH of some
common household substance is shown below:
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Figure 43: pH of commonly found household items
The pH of most natural waters ranges from 6.5 to 8.5. The salty waters of the ocean contain strong
basic ions such as sodium, potassium, and calcium. These particles attach readily to the free
hydrogen ions, leaving a basic solution. Ocean water has a resulting pH on the basic side, with a pH
range of between 7.5 to 8.4. Freshwater influences, especially in an estuary, will result in lower pH
characteristic of freshwater. The mixing of fresh and saltwater produces varying levels of pH to
which organisms must adapt.
pH affects aquatic organisms. Most organisms cannot survive in water where the pH is greater than
9.6 or less than 4.5. Acidic conditions are stressful on larvae and young fish. In acidic waters, heavy
metals, such as aluminium and copper, leach in to the water. Heavy metals can accumulate in
shellfish and on the gills of fish. Increases in Greenhouse Gases – especially carbon dioxide (CO2) –
in the atmosphere in turn lead to more CO2 being absorbed in the oceans. The subsequent result of
this is a lowering of the level of PH in ocean water.
3. Salinity
Sea water contains nearly all known elements in a dissolved form including our common table salt
known as sodium chloride. These salts are important for the growth and reproduction of plants and
animals.
Others Potassium
1%
1%
Sulfate
8%

Chlorine
55%

Magnesium
4%
Calcium
1%

Sodium
30%

Figure 44: What makes the sea salty?
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Salinity plays a vital role in the distribution of mangrove species, their productivity and growth as a
forest. Changes in salinity are normally controlled by climate, hydrology, rainfall, landscape and tidal
flooding. Different mangrove types have different levels of salinity tolerance. Generally, mangrove
vegetation is lusher in lower salinities. Mangroves are poor competitors under non-saline areas
where freshwater marsh plants easily out-class them.
Salinity levels in saltwater wetlands will fluctuate depending on amounts of fresh water mixing and
inputs. Mixing can be caused by tides and waves, as well as fresh water inputs which can increase
with period of heavy rains. Mangroves and organisms of the saltwater wetlands have adapted to
these fluctuating salinity levels.
Salinity is most commonly measured in parts per thousand (ppt). This means that ocean water, with
about 35ppt has 35 grams of salt for every 1000g of water. The symbol 0/00 means parts per
thousand.
4.
Dissolved oxygen
Oxygen, or O2, is a clear, odourless, colourless and tasteless gas. Oxygen is an atmospheric gas and
when dissolved in water, it is available to aquatic organisms. Dissolved oxygen is an important
element of all wetland ecosystems, including saltwater wetlands.
Conditions are considered to be "anoxic" or lacking oxygen if there is less than 1 part per million
(ppm) of dissolved oxygen. Many species cannot survive under anoxic conditions.
Climate, daily temperature changes, and salinity affect the level of dissolved oxygen (DO) found in
any aquatic ecosystem. Cold fresh water holds more oxygen than warm or salty water.
The large size of saltwater bodies results in few problems with low DO levels. Consistently low water
temperatures together with wave action and tides give ocean water suitable DO levels. However in
saltwater wetlands, tidal pools can experience reduced DO levels with the combined effects of
temperatures increases, lack of water movement, and decomposition of organic material.
Organisms of saltwater wetlands have adapted to these conditions and developed unique strategies
to deal with the variable DO levels when the tide rises and falls.
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Table 4: Factors and causes that affect dissolved oxygen levels
Factors that affect dissolved oxygen levels
Causes
Respiration

Wetland plants and animals consume oxygen for
respiration needs
Algae and other plants release oxygen during the
day (Photosynthesis)

Decomposition (bacteria and other decomposer
organisms consume oxygen to decompose
decaying plant matter and animals)

Excess nutrients from waste water treatment
plants, agricultural or urban runoff can cause
algae blooms; as algae die, they decompose
Large amounts of organic matter from river
runoff can cause increase in decomposition

Temperature (cold water holds more dissolved
oxygen than warm water)

Thermal pollution
Loss of vegetation increases water temperature
Impoundments, tidal pools, channelization
increase water temperature
Turbidity can increase water temperature from
sediment absorption of heat

Salinity
Weather

Fresh water holds more oxygen than salt water
Cool, windy days decrease evaporation and
increase the amount of air mixing into water
Hot, dry calm water increases evaporation, and
decreases the amount of mixing with water

5.
Turbidity
Turbidity measurers water clarity - how much the suspended material in water decreases the
passage of light through the water. Suspended materials include soil particles (clay, silt, and sand),
algae, plankton, microbes, and other substances. Turbidity can affect the color of the water.
Higher turbidity increases water temperatures because suspended particles absorb more heat. This,
in turn, reduces the concentration of dissolved oxygen (DO) because warm water holds less DO than
cold. Higher turbidity also reduces the amount of light penetrating the water, which reduces
photosynthesis and the production of DO.
Water clarity can be affected by the following factors:
•
Soil erosion
•
Waste discharge
•
Urban runoff
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•
•
•

Eroding stream banks
Large numbers of bottom feeders (such as carp), which stir up bottom sediments
Excessive algal growth.

Turbidity can be useful as an indicator of the effects of runoff from construction, agricultural
practices, logging activity, discharges, and other sources.
Turbidity can be measured using a Secchi disc. The Secchi disc is best used in deep, slow moving
water bodies (Figure 45).

Figure 45: Using a Secchi disc.
Importance of water quality
All living organisms depend on water for survival. When the quality of the water is compromised,
they may have problems surviving. Maintaining water quality, therefore, is essential to maintaining
life on Earth.
Factors affecting water quality
Chemicals – such as fertilizers, insecticides and herbicides can run off into storm drains and local
waterways during storms. Also, solvents, paints, waste oils and other chemicals flushed down the
drain or poured into storm drains quickly make their way to local waterways.
Industrial pollution threatens waterways, adding a variety of contaminants, often in high
concentrations, in the water of immediate regions. The salinities of shoreline areas can be affected
by human construction and development.
Human factors, such as thermal pollution and the runoff of excessive nutrients affect the level of DO;
thermal pollution causes a temperature increase, which in turn, reduces the level of DO, and
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excessive nutrients stimulate algae blooms. When these algae die, their decomposition consumes
oxygen. This can result in severe oxygen depletion.
Large amounts of organic matter are flushed into estuaries from rivers. Once in the estuary, organic
matter is decomposed by organisms such as bacteria and fungi, which it turn use oxygen. In most
cases decomposers break down organic matter at a reasonable rate and the system can replenish
the oxygen supply. When large amounts of organic material are added, however, oxygen levels can
be depleted and organisms can be affected leading to excessive die-off or aquatic organisms.
See Fact Sheets #1 to #5 on pages 3-5 to 3-12.
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Activity 4-P: Water Quality
Summary
Learning Objectives
Students will be able to:
a) Learn about the conditions that support life in a wetland by testing and analysing water quality,
and
b) Determine if water quality has deteriorated or is threatened.
Age levels
8 and up
Subject Areas
Science; Social studies
Time
45 minutes
Materials
Hat or cap
Sunscreen
Water bottle
Thermometer
Rubber gloves
DO test kit or meter
Data sheet
Appropriate clothing
Water testing kit for pH or pH paper
Data collection sheet
Bottle labels
Glass or plastic jars to use as sampling bottles
Eyedropper
Salinity meter
Secchi Disc
Hydrometer method
Procedure
Temperature
1. Measure the air temperature by holding the thermometer in the shade for about two minutes.
Do not let the thermometer rest on surfaces that might transmit their own heat.
2. Record the air temperature on the data recording form.
3. Wash off the thermometer with tap water and wipe it dry before returning it to the kit.
4. Measure the water temperature by submerging the thermometer into the body of water (or a
container of sample water) and holding it there for two minutes. Place the thermometer at least
four inches beneath the surface and make sure it does not touch the bottom.
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Note: You may hold the thermometer directly in the body of water itself or in a container of sample
water. If you test water from a container, you should measure its temperature before the water has
time to warm up or cool down.
5. Record data on data sheets.
Notice significant changes in temperature readings between sampling locations, look for possible
reasons. Start with natural causes, such as a shallow tidal pool versus the sea.
Temperature change
a change of no more than 4°C
an increase or decrease of between 5° and 8°C
a change of more than 8°C

Effects on wetlands organisms
is ideal
is somewhat stressful
is very stressful

pH
1. Collect water samples using an eyedropper.
2. Approximations of acidity can be easily obtained through using pH paper.
a) Tear off about 5 cm of pH paper.
b) Place 3-4 drops of your sample on the paper.
c) Compare colour to the standard chart.
Note: Measure the pH immediately after sampling, since temperature change can affect pH.
Salinity
There are two basic ways to measure salinity:
A. Through the use of a salinity meter, which will measure most accurately. With the dissolved salt in
saltwater, the higher the salinity the higher conductivity it will have. Conductivity is the amount of
electric current which can pass through something. The higher the salt content, the more electricity
will travel through, increasing conductivity. The salinity meter converts conductivity into salinity.
These meters can be expensive, but they are reliable and easy to use.
B. Salinity can also be calculated using a hydrometer. A hydrometer is a hollow glass tube with a
scale printed on top. It works on the principle that increased salinity results in increased density.
When objects float in saltier water they are more buoyant. The hydrometer will float higher in saltier
water and the water surface will be lower on the printed scale. Cold water is also more dense than
warm water, so the temperature affects the buoyancy at the same time. Correction tables have to
be used to obtain a corrected density calculated at 15°C in order for salinity to be determined.
Procedure
Salinity meter
Material needed for this procedure is a salinity meter
1. Observe and record possible factors that might affect salinity levels (i.e. inflow of fresh water),
and mark observations on your map.
2. Determine the salinity content of the water samples as instructed in the kit or meter manual.
3. Record the salinity on the water quality data sheet.
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Hydrometer method
Materials needed for this methodology are a hydrometer, temperature and density correction
tables, sampling bottle and a container large enough to allow the hydrometer of float (i.e. 500 ml
graduated cylinder)
1. Observe and record possible factors that might affect salinity levels (i.e. inflow of fresh water),
and mark observations on your map.
2. Collect water samples from several depths at each of your sampling locations.
3. Pour about 450 ml of your sample into a container (i.e. 500 ml graduated cylinder)
4. Measure and record temperature (°C)
5. Measure density with hydrometer (Look at the point where the water line crosses the scale.)
6. Correct the density using chart 1, the Density-Water Temperature Chart. (For example: Your
sample was 5°C with a density of 1.0100. Find the 5° column. Go down the column to the 1.0100
line. The chart reads -9. Subtract 0.0009 from 1.0100 to get your corrected density of 1.0091)
7. Use this new, corrected density to determine salinity on Chart 2, Salinity/Corrected Density
Chart.
8. Determine the salinity content of the water samples.
Dissolved Oxygen (DO)
In the field:
1. Students will observe and record possible factors that might affect dissolved oxygen. Mark
observations on your map.
2. As directed in the dissolved oxygen kit or meter's instructional manual, collect wetland samples
from your sampling locations.
3. Determine the dissolved oxygen content of the water samples as instructed in the kit or meter
manual.
Oxygen levels
8 to 14 ppm (parts per million)
5to 7ppm
3 to 5ppm
1 ppm or less

Effect on organisms
Ideal
somewhat stressful/stressful for very
active organisms
stressful for all aerobic organisms
anoxic conditions

Turbidity:
Turbidity is measured by using a Secchi disk that is an 8-inch diameter disk with alternating black and
white quadrants (view diagram on page 4-50). The disk is lowered into the water using a ropemarked every meter-until it can no longer be seen from the surface. It is lowered some more and
then raised while observing the depth at which it reappears. The point at which the disk disappears
is a function of the water’s turbidity.
Note: For very turbid water, it may be preferable to use a turbidity tube.
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Discussion/Reflection
Aquatic temperatures vary and the temperature range that is ideal for one species may not be ideal
for another. Dramatic and sudden changes in water temperature stress plant and animal life in the
wetland.
Determine temperature changes between different sampling locations and use the following table
to determine how stressful any temperature change is that you noted.
Due to saltwater's high pH, the aquatic life is more tolerant of fluctuations in high pH ranges. For
example snails, clams, and mussels can tolerate a pH range of between 6.8 and 9.7.
Since living organisms are able to survive within a certain pH range, dramatic changes in pH can
result in the death of plants and wildlife, reproductive failure, deformation of adult and young, and
starvation for some species because their food sources have died out.
Organisms of saltwater wetlands have adapted to the variable salinity levels of their environment. As
salinity levels change through the estuary, different organism communities will predominate.
Salinity

Water type

25-40 ppt
17-25 ppt
5-l7ppt
1-5 ppt

saltwater
freshwater influence minimal
brackish water
fresh water
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Water Quality Data Collection Sheet
Name: ____________________________________________
Location: __________________________________________
Date: _____________________________________________
Weather: _________________________________________
Site

pH

Turbidity
(m)

Water Temperature
(oC)
1st
2nd
3rd

Salinity (0/000)
1st

2nd

3rd

Dissolved Oxygen
ppm
st
1
2nd
3rd
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