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Unit II Wetlands 
Introduction 

 
A wetland is any area of land that is saturated with water for at least part of the growing season.  
An area is identified as a wetland by the type of soils and plants found there, and the presence of 
water.  Wetlands are classified by a number of factors, including the types of plants found in 
them.  For example, a palustrine scrub-shrub wetland, commonly called a shrub swamp, has 
shrubs as the predominant vegetation.  A wetland may be any shape or size, coastal or inland, 
tidal or non-tidal, and may contain fresh, salty, or brackish water.  It may be continuously wet, 
regularly flooded, infrequently wet, or even fairly dry throughout most of the year.  Typically 
found in depressions on the landscape, wetlands can also be located high up on the sides of 
mountains.  The most common types of wetlands are swamps and marshes.  Ponds, lakes, creeks, 
streams, rivers, and estuaries are considered open water wetlands.  Vernal pools are examples of 
wetlands that are fairly dry most of the year.  Vernal pools are formed by spring rain or 
snowmelt and disappear with the onset of drier weather.  Although they are wet for only a short 
period of time, they play a vital role in the life cycle of a number of plant and animal species, 
such as the spotted salamander and wood frog.   
 
Every watershed contains wetlands.  Wetlands result from different topographical, geological, 
and ecological features within watersheds and provide vital habitat for fish, birds, and other 
wildlife.  One-third of U.S. threatened and endangered species are found in wetland areas.  
Wetlands are also important resources for people.  They play an important role in shoreline 
stabilization, flood control, pollution abatement, food production, wildlife habitat, and surface 
and groundwater recharge.  A special benefit is that they are beautiful natural areas for us to 
enjoy.   
 
The Narrow River Watershed contains over 1,000 acres of wetlands, which amounts to twenty 
percent of the Watershed’s undeveloped lands.  Salt marshes, which account for 30% of the 
Watershed’s wetlands, are crucial coastal ecosystems.  They are periodically flooded by salt or 
brackish waters due to tidal cycles.  This generates constant exchange and renewal of nutrients 
between the salt marsh and adjacent estuarine waters, making salt marshes the most productive 
of all vegetated wetlands.  A salt marsh is a stressful environment for its inhabitants.  Tides 
create constant fluctuations in salinity, water inundation, and temperature extremes.  Plants and 
animals found in these marshes have special adaptations that allow them to live under these 
unique conditions.  Salt marshes are dominated by salt-tolerant plants, called halophytes, 
forming a coastal “sea of grass” that filters and circulates nutrients.  The Narrow River 
Watershed is also home to tidal brackish marshes, which are less saline than salt marshes.  
These marshes are the transitional areas between salt marshes and tidal freshwater marshes, 
providing habitat for a greater diversity of plant and animal species that are unable to tolerate 
the extreme conditions of a salt marsh.  Most of the salt marshes in the Narrow River Watershed 
are located in the southern embayment, Pettaquamscutt Cove.  The Cove is almost completely 
surrounded by broad expanses of salt marsh with several marsh islands present in the shallow 
waters.  Smaller salt marsh patches and fringing marshes extend up the river on both sides as far 
north as Lacey (“Bridgetown”) Bridge.  
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The majority of the wetlands in the Narrow River Watershed are inland, or freshwater, wetlands. 
Almost half of these freshwater systems are contiguous to the salt marshes bordering 
Pettaquamscutt Cove.  The remaining freshwater wetlands are found along Mattatuxet River, 
Gilbert Stuart Stream, and in an extensive network of small streams and wetlands that reach 
every corner of the Watershed.  According to the Rhode Island Freshwater Wetlands Act of 
1971, ponds, streams, marshes, swamps, bogs, floodways, and areas subject to storm flow are 
considered wetlands.  This also includes 100- to 200-foot-wide riverbank (riparian) wetlands, 
floodplains, and the land within 50 feet from the edges of ponds, swamps, bogs and marshes.  In 
addition to providing significant resources for people and wildlife, these wetlands are valuable 
because the freshwater discharged to the River system enhances mixing, which is the basis for 
high productivity levels in the estuary.  
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INTRODUCTORY DISCUSSION: 
 
 
What is a wetland? 
 

A wetland is an area of land that is saturated with water, at least part of the year during the 

growing season.  This saturation directs what types of plants will grow there.  The three factors 

that determine if a an area is a wetland are hydrology, soils, and vegetation type. 
 

The Hydrology of an area is the most important factor.  To establish the hydrology, or water 

regime, it needs to be determined how much, how often, and for how long is it inundated.  When 

water is covering soil, it does not allow in any oxygen.  Soil becomes anoxic or lacking oxygen.  

This directly influences what type of plants can grow there and how the soil will act.  Open water 

areas, marshes, and fens usually have water permanently above the surface of the soil.  Areas 

such as swamps and wet meadows may only have water above the soil surface during part of the 

growing season.  Vernal, or seasonal, pools are only saturated in the winter and spring.  The 

hydrology of an area can be difficult to determine at dry times of the year.  Signs such as water 

marks on trees and rocks or saturated, decaying leaves are indications that the area is flooded at 

least part of the time.   
 

Vegetation growth is determined by the amount of oxygen and moisture in the soil.  Most plants 

cannot live in wetland soils because they cannot get enough oxygen to their roots.  Only plants 

that are specially adapted manage.  Plants such as fragrant water lilies, cattails, and pickerelweed 

survive with their roots completely submerged.  They get oxygen to their roots through other 

means, such as ventricles in their stems or leaves.  Some plants just don’t need much oxygen.  

These are commonly emergent plants, and are found in shallow water and marshes.   
 

Other plants can tolerate their roots being wet for part of the year, but not the during the whole 

growing season.  Shrubs such as high-bush blueberry, winterberry, and button bush are found 

along the edges of wetlands and the understories of swamps.  Certain trees can also tolerate some 

wet conditions, but need to have their roots dry at least part of the time.  Some have developed 
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special structures, such as the knees on a mangrove tree.  Trees that are commonly found in 

swamps in this region are the red maple and the Atlantic white cedar.  
 

Wetland Soils are determined by color, texture, composition, and even smell.  Wetland soils tend 

to be organic.  Because of the lack of oxygen, little decomposition takes place.  If soils are 

always flooded, a layer of poorly decomposed organic matter will continuously build up.  This is 

referred to as peat.  If soils are only periodically inundated, some decomposition will take place 

and soils will be finer, slimier.  It will have a very dark color.  Anaerobic bacteria activity 

produce sulfur as a byproduct.  This is the rotten-egg smell often associated with a wetland. 
 

Wetland soils that are normally inundated for long periods are usually gray or black.  Soils that 

are only periodically inundated may have some red streaking or mottling.  The red is from the 

oxidation or rusting of the iron in the soil.  Iron only rusts in the presence of oxygen.  Soils that 

are not inundated will have layers of rust colored particles. 
 

Are there different types of Wetlands? 
All wetlands are a type of ecosystem.  Wetlands are characterized by the plants growing in them:  

Open water occurs when the water depth is greater than 6 feet (2 meters) throughout the year.  

Most plants are unable to grow in water this deep, so it stays “open”.  Ponds, lakes, rivers, fast 

moving streams, and, of course, oceans are open water wetlands. 

Emergent vegetation can grow in water that is less than 6 feet deep, but may still be 

continuously inundated.  Marshes and fens have plant communities that are a mixture of 

persistent, such as cattails, and herbaceous, such as pickerelweed.   

Woody vegetation tends to grow in areas that have less than 6 inches of water and may dry out 

for at least part of the year.  Swamps, such as red maple swamps, are the most common inland 

wetlands. 

Other characteristics used to classify wetlands are substrates, such as rocky shore or cobbled 

streambed; water regime, primarily tidal or non-tidal; and chemical properties, chiefly salinity 

and pH. 
 

It is not unusual to have several types of wetlands in the same area.  Ponds, lakes and rivers 

characteristically have marshes and swamps along gently sloped edges.  Estuaries often have salt 
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marshes, brackish marshes, and freshwater marshes adjacent to each other.  These are referred to 

as wetland complexes, and provide a variety of habitats to form ecosystems that produce greater 

diversity of wildlife. 
 

How do wetland ecosystems relate to the study of watersheds? 
 
An ecosystem is a community of plants and animals interacting with one another and with the 

chemical and physical factors which make up their environment.  A wetland is a type of 

ecosystem.  Every watershed contains wetlands, resulting from different topographical, 

geological, and ecological features.  Wetlands are important resources for humans as well as vital 

wildlife habitats.   
 

When studying the significance of particular wetlands we examine their functions and values.  

Functions are self-sustaining, or inherent, properties of a wetland that exist in the absence of 

society.  It’s what they do.  Values are the benefits to humans that derive from either one or more 

functions and the physical characteristics associated with a wetland.  In other words - what is it 

worth to us?  As an example, a function of wetlands is their ability to absorb large amounts of 

water during heavy rains.  Their value to society is in flood prevention in developed areas. 

Examples of wetland functions and values are: 

 
Functions: 

• Flood water storage/water retention 
• Shoreline stabilization 
• Wave energy absorption 
• Groundwater recharge/discharge 
• Oxygen production 
• Nutrient uptake and storage 
• Sediment removal 
• Sedimentation storage of toxic compounds 
• Denitrification 
• Wildlife habitat 
• Fish and shellfish habitat 
• Biomass productivity 
• Wood production 
• Food production 
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Values: 
• Flood abatement 
• Erosion control 
• Drinking water recharge area 
• Water quality improvement 
• Air quality improvement 
• Sediment/toxicant/pathogen retention 
• Nutrient removal/ retention  
• Nutrient transformation 
• Pollution control 
• Wood products 
• Food products 
• Open space 
• Recreation 

o Fishing/Hunting 
o Canoeing/boating 
o Swimming 
o Birding 

• Threatened or endangered species habitat 
• Aesthetics 
• Uniqueness 

o Archeological sites 
o Historical events 
o Unique plants or animals 
o Unique geological features 

• Educational/Scientific research 
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ACTIVITY I: THE MYSTERY OF MISSY MITE’S MURDER 
 
OBJECTIVE: Students will learn about several wetland animals and some of their 
adaptations for feeding and locomotion. Students will also become familiar with the use of 
wetland field guides. 
 
METHOD: Students will be given clues and attempt to solve an ecological mystery by 
looking up information in pond guides and presenting that information verbally, in writing, 
and through drawings. 
 
MATERIALS: ten suspect cards (see suggested list below); ten blank creature cards; ten 
copies of the Pond Life Golden Guide1 or Wonderful Wacky, Water Critters2; crayons or 
markers and pencils 
 
Suggested Suspects: water boatman, tadpole, Canada goose, pond snail, rainbow trout, 
river otter, damselfly nymph, mayfly nymph, crayfish, backswimmer* 
 
* This is essential, because it turns out to be the most likely culprit! 
 
BACKGROUND INFORMATION: 
 
1. The main types of wetland creatures (and some examples of each) are: 
 

crustacean (crayfish, scuds, copepods) 
insect (damselfly nymph, backswimmer) 
mollusk (pond snail, freshwater clam) 
fish (rainbow trout, Atlantic salmon) 
amphibian (frog, salamander) 
reptile (painted turtle, water snake) 
bird (Canada goose, osprey) 
mammal (river otter, beaver, muskrat) 
 

2. A nymph, or larva, is a juvenile form of an animal. A tadpole is the larval stage of a 
frog. A damselfly nymph is the juvenile stage of a damselfly. There are many 
amphibians and aquatic insects whose adult forms spend most of their time on land, but 
lay their eggs in the water as their larval forms live completely beneath the surface. 

 
3. Debris, or detritus, refers to decaying matter, dead plants or animals. 
 
PROCEDURE: 
 
1. Arrange students into 10 groups of 2 or 3 and pass out all materials. 
 
2. Show them the pictures of water mites on p. 113 in the Pond Life Golden Guide. Tell 
them that a certain beloved water mite, named Missy, was murdered (eaten) by one of the 
creatures represented on the suspect cards. 
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3. Explain that their task is to conduct thorough research of their suspects to find out if 
they may be the likely culprit. The only clue they have is that Sally Sideswimmer, the 
Scud, saw the culprit swim away in an unusual manner. 
 
4. Go over the “types” of wetland creatures and other vocabulary that will help them in 
their research (see background information section). 
 
5. The research should involve finding the suspect in the pond guide, drawing its portrait 
on the blank creature card, and “interviewing” the suspect. Suggested interview questions: 
 

1. What “type” of creature are you? 
2. What do you eat? 
3. How do you move in the water? 

 
6. Have each pair share their drawing and findings. Discuss who seems to be the most 

likely culprit. 
 
 
 
1 Pond Life Golden Guides are available from any bookstore. 
2Wonderful Wacky Water Critters is available from the University of Wisconsin Extension. 
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CREATURE  CARD 
 

CREATURE:         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

What type of creature is it?       
 

What does it eat?          
 

How does it swim?         
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ACTIVITY II: RECIPE FOR A WETLAND 
 
OBJECTIVE: Students will understand key components (“ingredients”) of a wetland 
ecosystem, be able to categorize them according to illustrate nutrient cycling. 
 
METHOD: Students will develop a list (“recipe”) of wetland components (“ingredients”) 
through brainstorming, and help categorize and draw connections between these 
components through interactive discussion, in order to create a visual model of a wetland 
ecosystem on the blackboard. 
 
MATERIALS: none 
 
BACKGROUND INFORMATION: 
 
1. Wetland ecosystems possess a great diversity of plant and animal life, all with specific 

food and habitat requirements. There are many different types of wetlands, such as 
saltmarsh, red maple swamp, wet meadow, lake, bog, stream, river, etc. For this 
activity, we will use a freshwater pond as a simple, typical ecosystem. 

 
2. As diverse as wetland organisms may be, they all have the same four basic 

requirements for life: soil, water, sunlight, air. 
 
3. The animals and plants are intricately related, feeding off of and surviving with each 

other. 
 
4. Food chains in the wetland all begin with producers (plants). Plants possess the 

amazing ability to use sunlight, water, and soil minerals to produce their own food. 
 
5. Herbivores feed only on plants. Carnivores feed only on other animals. Omnivores feed 

on both plants and animals. All of these animals are collectively called consumers. 
They must eat, or consume food, and they form the inner links of the wetland food 
chain. 

 
6. In order to complete the cycle, there must be organisms that can return the nutrients and 

energy from the consumers back into a useable form for the producers. Decomposers 
fill this vital link in the food chain. They break down dead plant and animal materials 
into the soil. 

 
PROCEDURE: 
 
1. Draw six large boxes on the blackboard, as shown below, but omitting labels and 

arrows, to provide the basic framework for a wetland model. The six boxes will 
represent producers, herbivores, omnivores, carnivores, decomposers, and the four 
basic non-living wetland “ingredients”. Explain to the students that the diagram on the 
board will help show how different “ingredients” in a wetland are categorized and 
connected to each other. 
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2. Ask students to create a “recipe” for a wetland, by first brainstorming a list of 

“ingredients”. 
 
3. As students come up with “ingredients”, write or draw their ideas on the board, placing 

them in the appropriate boxes. Some examples are: 
 
Decomposers 
mosquito larva 
water boatman 
mayfly nymph 
pond snail 
copepod 
scud 
leech 
isopod 
 
 
Producers 
water lily 
cattail 
sedge 
algae 
bulrush 

Herbivores 
tadpole 
water boatman 
beaver 
pond snail 
copepod 
Canada goose 
wood duck 
muskrat 

Omnivores 
mosquito larva 
caddisfly larva 
mayfly nymph 
stonefly nymph 
cranefly larva 
crayfish 

Carnivores 
damselfly nymph 
dragonfly nymph 
predaceous diving 

beetle 
salamander 
mudpuppy 
leech 
sunfish 
perch 
frogs 
turtles 
great blue heron 
trout 
osprey 
kingfisher 
otter 
water shrew 
common water 

snake 

non-living 

omnivores 

herbivores 

carnivores 

decomposers 

producers 



4. After a few ideas are written or drawn on the board, students may begin to see where 
different “ingredients” belong. As they brainstorm, ask them which box they think 
their addition to the model belongs in. 

 
5. Make sure each category box gets filled with plenty of examples of “ingredients”. 

The middle box should have inside it the four basic non-living resources that sustains 
all life: air, soil, sunlight, water. 

 
6. After the model fills up with plenty of examples of “ingredients” in each category, 

ask students to help figure out captions for each box. What characterizes each box of 
“ingredients”? Why is each category important? 

 
7. How are the organisms in the different boxes related? Ask students to help you draw 

arrows between boxes, depicting “who eats who”, or the flow of energy through the 
system. Discuss the meaning of the arrows between boxes, and the importance of 
nutrient cycling. 

 
8. What would happen if one “ingredient” was removed? How about two or three? What 

would happen if a whole box of “ingredients” was removed? 
 
9. Does the model you created depict all the food chains and cycles in the wetland? 

Discuss the complexity of wetland ecosystems. 
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ACTIVITY III: FOOD CHAINS, PYRAMIDS, AND WEBS 
 
OBJECTIVE: To increase students’ knowledge of wetland organisms; to teach the 
concepts of food chains, pyramids, and webs, including energy flow through ecosystems 
and interdependence between living and non-living components. 
 
METHOD: Students will research, draw, and represent wetland components in order to 
roleplay food chains, pyramids, and webs, and interactively discuss the meaning of each. 
 
MATERIALS: ten creature cards from Activity I, blank “ingredient cards (ten fewer 
than the number of students in the class), markers or crayons, Pond Life Golden Guide1 
or Wonderful Wacky, Water Critters2, pencils, ball of string 
 
BACKGROUND INFORMATION: 
 
1. A food chain can be constructed to show the various organisms that energy passes 

through in an ecosystem. 
 

2. A food pyramid is a model that depicts qualitatively the relative abundance of 
organisms at each trophic level in a community that is required to sustain the next 
higher level. Plants are at the base of the pyramid, the basic form of life that sustains 
all consumers. Plants obtain their energy from sunlight. Herbivores obtain their 
energy from eating plants. About 90% (this figure can vary from 60-98%) of the 
energy they obtain from their plant food is lost because they use it to survive. Only 
10%, therefore, is passed on. The energy loss continues as herbivores are eaten by 
carnivores (e.g., a heron eats a fish). Thus there is less energy available to the 
carnivores that are higher up on the food chain, in the higher trophic levels. This 
means that it takes a lot more biomass of plants to sustain less biomass of herbivores, 
and even less biomass of carnivores; thus fewer higher level carnivores can be 
supported by the available energy in an ecosystem. The food pyramid model 
represents this energy loss. 

 
3. Food chains and pyramids are oversimplified models; a heron eats many different 

types of fish and also eats other types of organisms such as crayfish. A food web 
shows the many possibilities for energy flow through an ecosystem. A food web also 
best illustrates that all components of an ecosystem are in an intricate balance and 
interdependent upon one another. 

 
4. More diverse ecosystems, with many different species in each trophic level, tend to 

be more stable in the face of environmental disruption. For example, if one type of 
herbivore, such as water boatman, was wiped out by pollution, a pond with large 
numbers of other herbivores would be less affected than one where water boatmen 
were the most abundant plant eaters. 
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PROCEDURE: 
 
A. Creating “Ingredient” Cards: 
 
1. For this activity, every student will represent one component in the ecosystem. Ten 

will be the suspects from Activity I, “The Mystery of Missy Mite’s Murder”. Four 
will be sunlight, soil, air, and water. Assign one student to design four “ingredient” 
cards with these four elements, whose “type” is non-living. 

 
2. Pass out the remaining blank “ingredient” cards to groups of two or three students, 

and assign each group an organism to research. Choose organisms from the list 
provided in Activity II, “Recipe for a Wetland”. Make sure at least four or five groups 
are assigned producers, since no plants were suspects in Activity I. Try to assign a 
variety of organisms from different trophic levels. 

 
3. Have students draw their organism on their “ingredient” card and fill out what type of 

organism it is and what it gets its energy from. As in Activity I, “the Mystery of 
Missy Mite’s Murder”, “type” refers to the animal’s classification: amphibian, 
crustacean, insect, etc. Have students also write down their organism’s trophic level 
on the card, such as producer, herbivore, carnivore, or decomposer. Trophic level: 
producer, herbivore, omnivore, carnivore, or decomposer. 

 
4. When all are finished, distribute one creature or “ingredient” card to each student. 
 
B. Food Chain Roleplay: 
 
1. Ask students to get together in groups that represent food chains, in which there is 

only one “ingredient” per trophic level involved. Have each group share their food 
chain with the others. Examples: 

a. sun – algae – caddisfly larva – trout – otter (river) 
b. soil – cattails – muskrat – person (pond) 

 
C. Food Pyramid Discussion: 
 
1. Have one representative food chain, such as example a., above, remain standing.  
     Write or draw the chain on the board. 
 
2. Discuss that food chains are an oversimplification of what really happens in nature.  

Ask students to think about, in one day, how many algae plants would a caddisfly 
larva eat (50?), how many caddisfly larvae might a trout eat (20?), and how many 
trout would an otter eat (5?). Add these estimates to the food chain on the board. 
Don’t worry about being correct, just ask students to make guesses so they can begin 
to think about the food pyramid concept. 

 
3. Draw a pyramid shape on the board, with the appropriate number of levels that  
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corresponds to the particular food chain that is written on the board. Ask students how 
they might use the pyramid model to describe the food chain – ask them to place the 
“ingredients” in the food chain into levels in the pyramid. Starting with the highest 
level, ask students to fill in the appropriate estimate of organisms necessary to sustain 
each trophic level, based on the estimates made in part 3. 

 

 
 
4. Why does it take so many algae to feed one otter? Discuss the concept of energy loss  
     as you go from lower to higher trophic levels in an ecosystem. 
 
D. Wetland “Web of Life”: 
 
1. Gather students in a circle, and have them hold up their “ingredient” or creature cards. 
 
2. Discuss that both food chains and pyramids over-simplify what really happens in 

nature. How many different food chains did they form in part B? Are these food 
chains independent from each other? Does an otter only eat trout? Does a trout only 
eat caddisfly larvae? 

 
3. Introduce a ball of string and explain the concept of food webs and interdependence. 

Give one end of the string to the student representing the sun and ask him/her to pass 
the ball to one of the students holding up a plant card, stating that they are the sun, 
and plants get their food energy from them. 

 
4. The person now holding the ball takes hold of the string and passes the ball to another 

student who represents an organism that depends on their plant for food energy. Help 
guide the students so that each member of the wetland is holding the string, and thus 

  

5 trout 

20 x 5 = 100 caddisfly 
larvae 

100 x 50 = 5000 algae plants 

1 
otter 

sun-
light 
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becomes part of the web. Students can pass the ball of string to others who depend on 
them for food or to someone who they depend on for food. 

 
5. Ask students how it feels to be a part of the web. What would happen to the wetland 

if one or more of the ingredients were removed? As you mention different 
ingredients, have those students tug gently on the web, and have those that feel the 
tug pass it along. Some things will be more directly affected than others, but they 
should get the idea that eventually all would be affected if any one component 
disappeared. 

 
6. How do humans affect the “Wetland Web of Life?” In some instances, humans help 

to keep fish (and other) populations in check. In other instances, human activity hurts 
wetlands. How can we have less negative impact on the delicate ecological balance in 
wetland ecosystems? 

 
 
 
 
1 Pond Life Golden Guides are available from any bookstore. 
2Wonderful Wacky Water Critters is available from the University of Wisconsin 
Extension. 
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Unit II: Wetland Ecology 
 

* Introduction to Wetlands 
 Suggested background readings for teachers: 

• • Wetlands of Rhode Island, Ralph W. Tiner, 1989; Chapter 2. pages 4-7. 
Start at Wetland Definition, stop at Wetland Classification. 

• Classification of Wetlands and Deepwater Habitats of the United States, 
Cowardin et al., 1979; Chapter 7. Wetland Values, pages 52-64. 

• Classification of Wetlands and Deepwater Habitats of the United States, 
Cowardin et al., 1979; Chapter 8. Wetland Protection, pages 67-69. 

• A World in Our Backyards-A Wetlands Education and Stewardship Program, 
1996l Chapter II. Wetland Types, pages 23-40 

• Ecology of Red Maple Swamps (Biological Report 12), 1993. Chapter 2. The 
Physical Environment, pages 11-12 

• Ecology of Red Maple Swamps (Biological Report 12), 1993. Chapter 8. 
Values, Impacts, and Management, pages 109-127 

• A World in Our Backyards-A Wetlands Education and Stewardship Program, 
1996l Chapter VII. Protecting Your Wetlands, pages 113-115 

• What wetland functions and values are considered by the Corps in its Section 
404 permit process? Page 4-5 

• A World in Our Backyards-A Wetlands Education and Stewardship Program, 
1996l Chapter VII. Protecting Your Wetlands, pages 113-115 
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