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Activity 1 

Habitat Mapping: A River Mouth of Change 
 

Estuary Principle 

Principle 2: Estuaries are dynamic ecosystems with tremendous variability within and between 

them in physical, chemical, and biological components.  

 

Research Questions 

How can we detect landscape changes over time using aerial maps? 

What impact can landscape changes have on habitats and those plants and animals living in 

them? 

 

Disciplinary Core Ideas (from Next Generation Science Standards) 

 MS-LS2-4: Construct an argument supported by empirical evidence that changes to 

physical or biological components of an ecosystem affect populations. 

 HS-LS2-6: Evaluate the claims, evidence, and reasoning that the complex interactions in 

ecosystems maintain relatively consistent numbers and types of organisms in stable 

conditions, but changing conditions may result in a new ecosystem. 

 

Crosscutting Concept (from Next Generation Science Standards) 

 Patterns: Observed patterns of forms and events guide organization and classification, and 

they prompt questions about relationships and the factors that influence them.  

 Cause and Effect: Events have causes, sometimes simple, sometimes multifaceted. A major 

activity of science is investigating and explaining causal relationships and the mechanisms by 

which they are mediated. Such mechanisms can then be tested across given contexts and used 

to predict and explain events in new contexts. 

 

Introduction 

Landscapes are dynamic, changing over time due to a variety of driving forces. Weather, water, 

human impacts, and climate are several common causes of landscape change.  In the same way, 

estuaries can change quickly, within hours or days. They are constantly shaped by water flowing 

from uplands as well as tidal cycles moving and mixing fresh and salt water within the estuary. 

They can also be dramatically changed by single, severe events such as a hurricane or the 

building of a levee.  

 

It is important to record and study these changes that happen within such unique ecosystems to 

understand why change is happening, as well as its positive or negative effect.  Once the effect of 

change is studied, steps can be taken to mitigate negative change or encourage positive change.    
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TEACHER GUIDE 

 

Habitat Mapping 
 

Research Questions 

How can we detect landscape changes over time using aerial maps? 

What impact can landscape changes have on habitats and those plants and animals living in 

them? 

 

Content Objectives 

Students will understand that: 

 

 Landscapes change over time 

 Maps are useful tools for detecting change over time 

 Exact causes of change and the implications of those changes are the focus of research 

projects 

 

Exercise 1: Detecting Changes over Time 

 

In this exercise, students will examine several aerial habitat maps from different years to detect 

change in a coastal landscape. They will mark the changes on the maps to do a visual 

comparison. Students will discuss the causes and implications of these changes, for both humans 

and wildlife. They will delve into a case study regarding landscape change and nesting success of 

the threatened (MA) and endangered (ME) Piping Plover, a small shorebird found along the New 

England coast. 

 

Students will compare a series of aerial maps to detect changes in the landscape over time. Using 

Piping Plover nesting data, students will draw conclusions regarding what effect the landscape 

change might be having on nesting success rates of these shorebirds. 

 

Vocabulary 

Aerial – of the air 

 

Dynamic – characterized by continuous action or change 

 

Fledgling – a young bird that has left the nest, able to fly 

 

Habitat – the place where a plant or animal lives 

 

Habitat map – a map that shows relationships between different habitats 

 

Landscape – visible features on an area of land, often a large expanse 

 

Piping Plover – a small shorebird that nests on beaches, and is threatened or endangered 

throughout its habitat range 
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Taking it Further 

Google Earth: 

 Google Earth tutorial so students can make their own maps: 

https://www.american.edu/ctrl/upload/Intro-to-Google-Earth.pdf 

 Google Earth time slider feature: https://support.google.com/earth/answer/183758?hl=en 

 

Habitat Mapping Lessons: 

 NOAA’s “Do You Have Change?” activity: 

http://oceanservice.noaa.gov/education/lessons/do_have_change.html 
 

 Green Schools Ireland habitat mapping activity: 

http://www.greenschoolsireland.org/_fileupload/biodiversity%20resources/Habitat_mapp

ing.pdf 

 

Piping Plover Case Study: 

 Background video: http://maineaudubon.org/blog/2012/07/help-protect-maines-piping-

plovers/ 
 

 Effects of storms on Piping Plover nests: 

http://maineaudubon.org/blog/2012/06/heavy-rain-and-a-heavy-burden-on-piping-

plovers/ 

 

  

https://www.american.edu/ctrl/upload/Intro-to-Google-Earth.pdf
https://support.google.com/earth/answer/183758?hl=en
http://oceanservice.noaa.gov/education/lessons/do_have_change.html
http://www.greenschoolsireland.org/_fileupload/biodiversity%20resources/Habitat_mapping.pdf
http://www.greenschoolsireland.org/_fileupload/biodiversity%20resources/Habitat_mapping.pdf
http://maineaudubon.org/blog/2012/07/help-protect-maines-piping-plovers/
http://maineaudubon.org/blog/2012/07/help-protect-maines-piping-plovers/
http://maineaudubon.org/blog/2012/06/heavy-rain-and-a-heavy-burden-on-piping-plovers/
http://maineaudubon.org/blog/2012/06/heavy-rain-and-a-heavy-burden-on-piping-plovers/
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Exercise 1 

 

Detecting Changes over Time 

 

Estuary Concept 

Estuaries can change quickly, within hours or days. They are constantly shaped by water flowing 

from uplands as well as tidal cycles moving and mixing fresh and salt water within the estuary. 

They can also be dramatically changed by single, severe events such as a hurricane or the 

building of a levee.  

 

Focus Questions 

What causes landscapes to change over time? 

What effects do changing landscapes have on people? 

What effects do changing landscapes have on plants and animals? 

 

Performance Tasks 

Students will: 

 Analyze a series of aerial maps to detect landscape changes 

over time 

 Reflect upon the detected changes and articulate possible 

reasons for the changes 

 Use scientific data to develop an argument that explains 

whether changes in beach size and shape affect nesting success of an 

endangered/threatened shorebird 

 

Teacher Background 

Landscapes are dynamic, changing over time due to a variety of driving forces. Weather, water, 

human impacts, and climate are several common causes of landscape change. One method of 

studying landscape change is through the creation and analysis of habitat maps. For example, 

some habitat maps show similar habitats marked or coded similarly, with all forest habitats 

outlined and colored green (see Teacher Master 1). Comparing images of the same habitats in 

subsequent years over time can demonstrate changes that occur. The foundation imagery of a 

habitat map is often created by merging aerial photos with aerial maps (e.g. Google Earth). It 

helps the user visualize all the different habitats found in a given area. By comparing maps from 

different time periods, we can tell whether those habitats have changed in size, species 

distribution, etc.  

 

Classification systems help mapmakers group similar elements together. Habitats can be grouped 

together generally, such as all forests being classified as “forest,” or the habitats can be grouped 

together specifically such as “evergreen forest” and “deciduous forest.” It all depends on how the 

mapmaker wants to display the data.  

 

When comparing habitat maps across extended time frames, changes in the size, shape and 

distribution of habitats help us understand the effects of human activities in that area, in addition 

to changes occurring through natural processes. Maps have a wide range of applications in 

Overview 
In this exercise, students will 

analyze a series of aerial maps 

of the Wells, ME Reserve to 

determine changes over time.  

They will also be able to use 

evidence and data to determine 

what effect these changes have 

on shorebirds.  

 

Time Required  
One 45-minute class period 
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management, planning, policy, and research, forming an important and integral part of habitat 

management activities (e.g. forest harvest projects, managing farmland, water pollution 

remedies, protecting land for endangered species).  

 

Habitat maps are used in many ways. Following are several applications for habitat maps: 

 Provide information used in strategic planning by towns and municipalities 

 Offer a holistic ecosystem approach to managing human activities that affect habitats and 

the plant and animal species inhabiting them 

 Help focus research monitoring efforts 

 Visualize the placement of rare or threatened habitat types in an area of interest 

 Increase our understanding of ecosystem functioning  

 Support scientific research 

 

Teacher Preparation: 

 

1) Do a search for images online of visible long-term change to share with your students 

(puppy/dog, planktonic crab/adult crab, acorn/oak tree, Monarch butterfly egg/adult). 

 

Print Wells National Estuarine Research Reserve Google Earth maps (Teacher Master 3). 

Each student will be comparing all four years, so will need copies of each map year.  

Included in Teacher Master 3 are two sets, one with close-up views of the river mouth for all 

four years and the other zoomed out for a more expansive aerial view of each of the four 

years. The four years of habitat mapping occurred in 1998, 2002, 2007, and 2014. 

 

2) Gather one sheet protector and four different colored dry erase markers per student. 

 

3) Print a Piping Plover fact sheet and data sheet (Teacher Masters 4 and 5) for each student. 

 

Procedure: 

 

1) To introduce the concept of change over an extended period of time, show your students 

pictures of a puppy and a dog, a planktonic crab and adult crab, a Monarch butterfly egg 

and adult, and/or an oak tree acorn and adult oak tree. Explain that just as plants and 

animals evolve over time, landscapes change over time. 

Sometimes the changes happen quickly, as with a 

tornado ripping across a landscape. Other times, 

change happens over a longer time scale, as with 

climate change.  

 

2) Ask your students to brainstorm types of changes 

affecting landscapes over short periods of time (hours 

or days) versus long periods of time (years). Large 

storms and building/development can change 

landscapes quickly; whereas erosion from water and 

wind, gradual temperature increases, and long-term 

pollution can affect landscapes over the longer term. 

Materials: 
 Aerial maps (one set of four different 

years per student) 

 Sheet protectors (one per student) 

 Dry erase markers (one set of four 

different colors per student) 

 Piping Plover fact sheets (one per 

student) 

 Piping Plover data sheets (one per 

student) 
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3) Ask your students why it is important to know if a landscape is changing. Why might this 

information be important for human communities? How about for plant and animal 

communities? 

 

4) Explain to your students that one way researchers study changes in landscapes over time 

is by using aerial maps. By comparing aerial images of land and water, changes can be 

detected and documented on a large scale. 

 

5) Share the aerial maps (Teacher Master 3) from the Wells National Estuarine Research 

Reserve with your students. Note that they were taken in four different years: 1998, 2002, 

2007, and 2014. Ask your students to look for changes in the landscape from one year to 

the next.  

 

6) The most visible changes can be seen at the Little River mouth, where the river meets the 

sea. Instruct the students to insert one map at a time into their sheet protector and outline 

the beach profile and the path of the river at its mouth (see Teacher Master 2 for 

example). The students should use a different color marker for each map/year, and create 

a key of the colors on the sheet protector. 

 

7) Distribute the Piping Plover fact sheets (Teacher Master 5) and nesting success rate data 

sheets (Teacher Master 4) to your students. Ask them to first read the fact sheet. Next, 

compare the Little River mouth habitat maps with the nesting success rate data for each 

of the same years.  

 

8) Ask your students if they see any correlation between how small/large the sandy beach is 

each year and the number of plover nests. Challenge them to write a short “argument” 

that explains why they think the size of the beach does or does not affect the number of 

plovers nesting on Laudholm Beach and/or RHC Easement-Kennebunk Beach. Once 

each student has completed this task, have a group discussion. 

 

Questions & Possible Answers 

 

1. What types of changes affect landscapes over short periods of time? 

 

Storms can create changes in a landscape quickly, yet have long-term consequences. For 

example, hurricanes along the coast can cause surging seas that flood homes, sometimes 

wiping neighborhoods out completely. Winds within a forest habitat often bring down 

large trees, changing the amount of sunlight reaching the forest floor and thereby 

affecting what types of plants grow. 

 

2. What types of changes affect landscapes over long periods of time? 

 

As air and water temperatures increase with global warming, some species less tolerant to 

warming temperatures will move towards colder temperatures to adapt. This means that a 

species living in Maine may migrate north to Canada and go “extinct” in Maine. With 
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rising sea levels, salt marsh plants will need to migrate upland to avoid being inundated 

by the sea. 

 

3. Why is it important to know if landscapes are changing? 

 

Changing landscapes can have implications for the people, plants, animals, and 

infrastructure experiencing the change. Knowing about a change allows us to plan ahead 

so adaptation strategies can be put into place. If changes are detected early enough, 

sometimes prevention or mitigation strategies can be employed. For example, knowing 

about rising sea levels enables us to build infrastructure with flooding in mind (houses on 

stilts, relocating buildings further from the ocean, etc.) or to preserve land behind salt 

marshes to give them room to migrate inland. In regards to plants and animals, rising sea 

levels will change management strategies for species experiencing the change.  

 

4. Why does the shape of the beach and path of the river change at its mouth over 

time? 

 

The interaction between water currents and shifting sands is complex. Beaches are 

dynamic systems actively changing over time. Sometimes human activity can cause 

change, too. For example, building a jetty in a harbor can shift the pattern of water 

currents along a beach and thus affect how sand is distributed along a beach, creating 

more in some areas and reducing sand in other areas. Rising sea levels due to human-

caused climate change can increase erosion on beaches and cause a beach to change in 

shape and size. 

 

5. How do shifting sands and water affect buildings built on beaches? 

 

Properties can incur expensive damages, if not complete loss, from shifting sands and 

water. Large storms often make these effects even more dramatic, with entire stretches of 

beachfront property destroyed 

 

6. How do shifting sands and water affect nesting birds on beaches? 

 

Shifting river mouths and strong storms can flood bird nests on beaches. Piping plovers 

require beaches where there is plenty of sand in order to nest successfully; if the 

meandering of the river at the mouth changes such that there is a smaller beach one year, 

the plovers will likely choose not to nest on that beach that year which could result in 

lower reproductive success. 
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TEACHER MASTERS 
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TEACHER MASTER #3: Wells Aerial Maps 
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TEACHER MASTER #4 

Data Sheet: Number of Nesting Piping Plover Pairs and Fledglings ( ) at Little River Mouth 

Beaches in Wells, Maine 

 Laudholm Beach RHC Easement-Kennebunk 

Beach 

1998 2 (3) 3 (6) 

2002 5 (15) 5 (6) 

2007 0 4 (4) 

2014 1 (1) 6 (18) 

 

*When using this data sheet in tandem with the aerial maps, Laudholm Beach is on the left 

side of the river mouth and RHC Easement-Kennebunk Beach is on the right side of the 

river mouth. 
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Activity 2 

Salt Marsh Vegetation & Sampling Techniques 

 

Estuary Principle 

Principle 3: Estuaries support an abundance of life, and a diversity of habitat types. 

Principle 4: Ongoing research and monitoring is needed to increase our understanding of 

estuaries and to improve our ability to protect and sustain them. 

 

Research Question 

What is the plant species composition of a salt marsh and how does it change as you shift from 

low marsh to high marsh to upland edge? 

 

Disciplinary Core Ideas (from NGSS) 

 MS-LS2-4: Construct an argument supported by empirical evidence that changes to 

physical or biological components of an ecosystem affect populations. 

 HS-LS2-6: Evaluate the claims, evidence, and reasoning that the complex interactions in 

ecosystems maintain relatively consistent numbers and types of organisms in stable 

conditions, but changing conditions may result in a new ecosystem structure. 

 

Crosscutting Concept (from Next Generation Science Standards) 

 Stability and Change: For natural and built systems alike, conditions of stability and 

determinants of rates of change or evolution of the system are critical elements of study. 

 

Introduction 

Salt marshes are important coastal habitats found throughout New England’s estuaries, 

supporting an abundance of plant and animal life. Plants found in salt marshes have special 

adaptations that allow them to survive in brackish water – normally a very difficult environment 

for plants. The diversity of plant species and their distribution in a salt marsh is affected by 

abiotic factors like water level and salinity at the seaward edge and by inter-specific competition 

at the landward edge. Some plants are more salt-tolerant than others and would likely flourish in 

areas prone to tidal flooding. Scientists are concerned that rising sea levels may significantly 

alter the species composition of New England salt marshes as less salt-tolerant species are 

replaced by more salt-tolerant species, thus affecting the entire marsh ecosystem.   

 

Table of Contents 

Teacher Guide……………………………………………………………………………..2 

Exercise 1: Introduction to New England Salt Marsh Plants……………………………...4 

Exercise 2: Point-Intercept Sampling Methods of Salt Marsh Vegetation………………..7 
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TEACHER GUIDE 
 

Salt Marsh Vegetation Sampling 
 

 

Research Question 
What is the plant species composition of a salt marsh and how does it change as you shift from 

low marsh to high marsh to upland edge? 

 

 

Content Objectives 
Students will understand that: 

 

 Salt marshes are dominated by a variety of plant species and influenced by tides. 

 Plants that live in salt marshes have different levels of salt tolerance and this tolerance 

level determines where the plant lives in the marsh. 

 Vegetation can be sampled at just a few locations using the point-intercept method to 

estimate the species richness and composition of the marsh; repeated sampling over long 

periods of time can show changes to the plant communities of salt marshes. 

 Rising sea levels may change the plant species distribution and composition in salt 

marshes, impacting the entire marsh ecosystem. 

 

 

Exercises 
 

Exercise 1: An Introduction to the Plants of New England Salt Marshes 

In this exercise, students will learn about the different plants found in New England salt marshes 

and where each of these plants can be found in the marsh (low marsh, high marsh or upland 

edge). Students will learn about the unique adaptations that allow these plants to thrive in this 

brackish water environment and how some species are more salt-tolerant than others.  

 

Exercise 2: Point-Intercept Sampling Method of Salt Marsh Vegetation 
In this exercise, students will use the point-intercept method to determine plant species 

composition and percent cover of each species. Students will be divided into groups so that 

sampling is completed in the low, high and upper edge marsh for comparison purposes and to 

determine changes in species dominance as you move from low marsh to upland edge.   

 

Vocabulary 

Abiotic – all of the non-living things in an ecosystem such as temperature, soil and wind  

 

Biotic – all of the living organisms within an ecosystem, including plants and animals 

 

Brackish – a mixture of salt water and fresh water 
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Estuary – a semi-enclosed body of water that has a free connection to the open sea and within 

which seawater is measurably diluted by fresh water derived from land drainage 
 

Ecosystem – the biotic community and its abiotic environment 

 

Habitat – the specific environment where an animal or plant is able to survive 

 

Herbaceous – those plants having little or no woody tissues  

 

High Marsh – located between the low marsh and the upland edge; generally only flooded 

during higher than average tides. Low plant diversity with dominant species being saltmeadow 

hay (Spartina patens), spikegrass (Distichlis spicata) and black rush (Juncus gerardii) 

 

Low Marsh – located along the seaward edge of the salt marsh; usually flooded at every tide and 

exposed during low tide. This area is typically dominated by salt marsh cordgrass, Spartina 

alterniflora 

 

Point-Intercept Sampling – a method designed to sample within-plot variation and quantify 

changes in plant species cover and height, and/or ground cover over time 

 

Quadrat – a small area, usually a square meter, selected to conduct point-intercept sampling 

 

Salt Marsh – coastal wetlands that are flooded and drained by salt water brought in by the tides 

 

Sea Level Rise – the rising level of the ocean due to thermal expansion caused by the warming 

of the oceans (since water expands as it warms) and the loss of land-based ice (such as glaciers) 

due to increased melting 

 

Species Composition – the identity of all the different organisms that make up a community 

 

Upland Edge – marks the transition area from salt marsh to upland; generally only flooded at 

extreme astronomical tides and under irregular conditions such as storm and wind-driven tides 
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Exercise 1 
 

An Introduction to the Plants of New England Salt Marshes 
 

Estuary Concept 
Salt marshes are an important habitat found in estuaries. Salt marshes 

support a variety of plant species specially adapted to survive in the 

brackish environment.  

 

Focus Question 
What are the dominant species of plants in a New England salt marsh 

and how are they adapted to the brackish environment? 

 

Performance Tasks 
Students will: 

 Identify plant specimens, either living or preserved samples 

 Describe the adaptations of each plant that allow it to survive in the brackish environment 

 Hypothesize what determines where the plants will grow within the salt marsh 

 

 

Teacher Background 
Salt marshes in New England are vegetated by soft-stemmed grasses and herbaceous plants. 

Marshes are influenced by the action of tides, which bring in salt water from the ocean that 

mixes with fresh water from upland rivers and streams, resulting in a mix of fresh and salt water 

known as brackish water. The marsh can be divided into three different vegetation zones and the 

plants that grow at each one are largely determined by the water levels. These zones are known 

as the low marsh, high marsh and upland edge. The ability of a plant to withstand more or less 

salt water will determine in which zone it grows. In general, the more salt tolerant the plant is, 

the lower it will be in the marsh with the less tolerant plants inhabiting the high marsh and 

upland edge zones. This is because the high marsh and upper edge are less frequently flooded by 

the tides, typically only during new/full moon or storm-driven high tides.  

 

Salt marsh plants have special traits (adaptations) that enable them to survive in the brackish 

water environment. Most of these plants have one of three adaptation techniques to deal with the 

salt: excrete the salt through specialized glands, exclude the salt at the roots, or sequester the 

salt in its leaves. Saltmarsh cordgrass (Spartina alterniflora) thrives in the lower elevations of 

the marsh and alongside tidal creeks because of its tolerance to a high level of salinity. It has a 

special adaptation that allows it to excrete excess salt onto the blades of grass – often times you 

can see the salt crystals with the naked eye! Spikegrass (Distichlis spicata) can also excrete the 

salt onto its blades and is usually found in higher marsh elevations. Saltmeadow hay (Spartina 

patens) is adapted to exclude salt, and Glasswort (Salicornia spp.) is a fleshy, succulent plant 

whose roots take up the salt water, sequestering the salt in its leaves. Plant diversity is low in salt 

marshes because of the harsh conditions (salt water, regular flooding by tides, temperature 

changes, and low oxygen in the soil) so those that are found here are especially well adapted to 

their environment.  

Overview 
In this exercise, students will 

learn about adaptations of salt 

marsh plants, where those plants 

grow in a marsh and what 

determines where they grow. 

They will also learn how to 

identify the different species.  

 

Time Required 
One 45-minute period 
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An essential component of a salt marsh is peat – the ‘ground’ of a salt marsh, providing the 

foundation for plants and animals living there. Several feet thick, waterlogged, and composed of 

decomposing plant material, peat is low in oxygen leading to a condition known as hypoxia. 

Certain bacteria thrive in hypoxic conditions, emitting the characteristic rotten egg smell 

associated with salt marshes. Examining a handful of peat shows the abundance of organic 

matter as well as its capacity to hold water. This ability of peat to act like a sponge means that 

marshes play a vital role in soaking up excess water during storm events, resulting in diminished 

flooding along the coast.  

 

Procedure 
  

1. Review the definition of a salt marsh and how tides 

affect marshes. Discuss the different vegetation zones 

of the marsh and have students brainstorm what might 

impact where plants can grow in a marsh (low marsh = 

plants have to withstand more or constant salt water; 

high marsh and upland edge = plants will be exposed 

to salt water less frequently or only on rare occasion). 

2. Ask students what kind of adaptations they think 

plants living in a salt marsh might have. This can 

include things like the ability to excrete, exclude or 

sequester the salt.  

3. Using identification cards (see Teacher Master: 

Common Plants of New England Salt Marshes) or preserved specimens, have students 

identify the common salt marsh plants.  

4. Use small cutout images of each plant to locate where they would expect to find those 

plants along the salt marsh profile, from low marsh to upper edge and place them on the 

profile (see Teacher Master: Salt Marsh Profile) using tape. If access to cutout images is 

difficult, simply have the students write in the name of each plant at the correct zone.  

 

Questions and Possible Answers 
 

1. How does the tide influence salt marshes and the plants that grow there? 

The incoming tide floods the marsh with brackish water, which is a mixture of salt and fresh 

water. Most plants cannot tolerate growing in salty water, so salt marsh plants must have 

special adaptations that allow them to grow there. The frequency and duration of tidal 

inundation will determine where certain species of plants can grow.  

 

2. How might sea level rise impact the marsh zones and subsequently the plants that 

grow there? 

As marshes become more frequently flooded or hold more standing water, plants that are less 

salt tolerant (like those that grow in the high marsh or upland edge) may die back and be 

replaced by the very few salt tolerant species that inhabit the low marsh. 

  

Materials: 
 Laminated enlarged version of 

the Teacher Master: Salt Marsh 

Profile 

 Preserved specimens or copies 

of the Teacher Master: 

Common Plants of New 

England Salt Marshes 

 Laminated cutout images of 

each plant  

 Tape or putty 
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Exercise 2 
 

Point-Intercept Sampling Method of Salt Marsh Vegetation 
 

Estuary Concept 
Plant species distribution and cover in a salt marsh is directly related 

to the frequency and duration of flooding by tides.   

 

Focus Question 
How does the diversity and cover of plant species differ among 

vegetation zones as you survey from low marsh to the upland edge of 

the marsh? 

 

Performance Tasks 
Students will: 

 Hypothesize what species of plants will be found in the low marsh vs. high marsh vs. 

upland edge. 

 Use the point-intercept sampling method to determine plant species diversity and cover at 

each location. 

 Understand that the distribution of plant species across a salt marsh is directly related to 

the water level in the marsh as a result of tidal flooding. 

 Recognize that plant species diversity and distribution are affected by abiotic factors like 

water level and salinity at the seaward edge, and by inter-specific competition at the 

landward edge. 

 

Teacher Background 
There are many ways that scientists are able to study salt marsh plants and their distribution 

across a marsh and how it changes over time. One way is through point-intercept sampling, a 

method used by researchers when they want to monitor changes in the plant species cover over 

time and space. Using a square meter quadrat at each sampling plot, researchers can detect 

species presence and abundance along a transect line. This is repeated in the same locations at 

different areas of the marsh over many years to detect change in species distribution and cover. 

One reason this kind of monitoring is so important is that as sea level rises and marshes 

experience more tidal flooding, changes in the plant distribution across a marsh can be expected, 

and these changes could have ecosystem-wide impacts. Another method for estimating the 

abundance of each plant species is to visually estimate the percent cover.  

 

An addition to this activity could include having students first estimate the percent cover of each 

species in the quadrat by visual estimation, and then follow up by conducting the point-intercept 

method. Comparison of the two results is an interesting lesson in using various sampling 

methods and the pros and cons of each method. For example, visually estimating percent cover is 

subjective and may lead to greater error, especially if done by different people over time. 

Conducting point-intercept samples is time consuming and could result in undercounting a 

species that doesn’t happen to fall along one of the 50 sample points. However, this can be 

somewhat avoided by visually identifying all species within the plot before starting your 

Overview 
In this exercise, students learn 

how to use the point-intercept 

method to survey the vegetation 

diversity and percent cover at 

different zones in a salt marsh.   

 

Time Required 
One 60-minute period 
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sampling; if a species is identified that isn’t hit at any of the 50 points, you can say it is 1% cover 

by default, ensuring you get all species and are able to quantify richness.  

 

Procedure 
This procedure* could be adapted for a habitat** in or around your school such as a meadow, 

pasture, grassland or forest floor. It is especially useful when monitoring shorter plants, like 

grasses, herbs and ground cover species. **Be aware of any potential dangers in your selected habitat 

such as ticks or poison ivy and take necessary precautions. 
 

1. Share with students various sampling methods used by researchers and the pros and cons 

of each (estimating percent cover, point-intercept sampling) and discuss why these kinds 

of sampling methods are important. 

2. Before going out to the field, have students practice estimating percent cover by using 

pre-determined examples of various percent covers. To create these, take a percentage of 

a colored sheet of paper (10, 25, 50, 75, 90, etc.), cut them up into random sized pieces 

and place them on a full size sheet of white paper. Make one each for each percent cover 

amount you want them to practice estimating. Laminate these for future use or place in 

sheet protectors. See example in the “Materials” section. 

3. Head out to your site and lay a transect line along which you will place your sampling 

plots using the quadrats. The transect line should be placed randomly but somewhere that 

you can return to year after year, as the plot locations will not change from year to year 

(this ensures you can see change over time by looking at the same sites annually). The 

transect line should extend from one edge of the habitat to the other edge, if possible, in 

order to show species variability and cover across a distance.  

4. Location of the first plot nearest the edge should be randomized to within a few meters of 

your edge; after this, plots are placed at regular intervals along the transect line, ideally 

no less than every 10 meters. However, depending on the distance of your transect line 

and class size, you may want to reduce this distance or space them out further; the 

important thing is to keep the distance consistent regardless of what you choose.  

5. Break students into teams so only 4-5 students are at each plot, if possible. Each team 

should have a meter stick, 5 dowels with graduated markings, sampling rod, ID guide, 

clipboard, pencil and data sheet.  

6. Have students identify each of the species present and write that on their data sheet. Now 

have them visually estimate the percent cover of each species in the plot and record the 

estimate for each species (this can be written down off to the side as an added exercise to 

compare visual estimates to point-intercept methods). Remember that total percent cover 

can exceed 100% because of different plant heights – taller plants may take up the same 

space as ground cover – thus giving you more than 100% when adding up all the 

estimates for the various species. NOTE: It is important to note that plants may look 

different from the images in field guides depending on the month that you are sampling. 

For example, sea lavender does not bloom until mid to late summer, so the leaves will be 

the only identifiable feature on the plant in the late spring, early summer and fall months. 

Some plants may not be visible at all during the winter months or will look vastly 

different than how they appear during the growing season.  

7. Once this is done, have students begin the point-intercept sampling method. In order to 

sample vegetation that has not been trampled while laying out the transect line, offset the 
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quadrat 1 meter to the right from the transect line. Place the meter stick down on the 

surface, parallel to the transect line, in the direction of the transect (0cm should be closer 

to the creek or downward edge, 100cm should be moving up the transect, towards the 

uplands edge). Then, at 0cm, 25cm, 50cm, 75cm and 100cm, place a dowel perpendicular 

to the meter stick at each of these intervals. Each dowel should have a total of 10 marks, 

at 11.1cm apart. These marks will be the 50 points you are sampling. The first point 

should be taken at the 0cm/0cm mark. A thin rod (less than 3mm in diameter) is held 

vertical to the first sampling point and lowered through the vegetation canopy to the 

sample point on the ground. All species that touch the rod are recorded as a ‘hit’ on the 

data sheet for that point. Note that if 3 plants of the same species ‘hit’ the rod, you only 

count this once, not three times. Repeat the process for all 50 points. See a visual 

example of the quadrat in the “Materials” section. 

8. On the data sheet, students will write the name of the plant encountered and check off in 

the corresponding boxes at which of the 50 points they ‘hit’ that plant.  

9. After recording the species at all 50 sampling points, students will need to calculate the 

percent cover for each species. To do this, students will add up the number of points that 

a particular species was found and multiply that number by 2 (we only counted at 50 

points but we want to know the results for a full 100%). This result is the percent cover 

for that species. Have students repeat this for each of the plant species they identified in 

their plot.  

10. Ask students to compare their visual percent cover estimates with the results from the 

point-intercept method. Were they similar? What could have attributed to differences? 

Were there any species of plants that the point-intercept method missed? Which method 

do they think is more reliable over time? Why? 

 

Here is an example to clarify the process: 

Let's say Species #1 is Spartina alterniflora. At every point in your quadrat that you get a ‘hit’ 

by S. alterniflora, you put check mark in the corresponding box on the data sheet (1-50, as 

labeled). So let's say S. alterniflora ‘hit’ your rod at points 1, 4, 8, 10, 15, 24, 30, 42 and 48. Now 

add up the number of check marks for that species and place that number in the Total box - in 

this example that would be at 9 different points in our quadrat. But, you're not done! You want to 

find out the percent cover in 100% of the quadrat, but we only sampled at 50 points, not 

100....so, simply multiply 9 by 2 in order to get your estimation for 100% of the quadrat. The 

percent cover of S. alterniflora would be 18%. 

 

Questions and Possible Answers 

1. What factors explain the species composition and cover at each site in the marsh 

(low marsh, high marsh and upland edge?) 

Some species are more salt tolerant than others, and thus the amount of daily tidal flooding 

and elevation of the marsh will play a significant role in what plants grow where in the 

marsh. We would expect very salt-tolerant species to dominate the lower marsh while the 

less salt-tolerant species will inhabit the high marsh and upland edge.  

 

2. How would you expect sea level rise to affect the plant distribution and cover in a 

marsh? 
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Sea level rise could cause more brackish water to cover areas of the marsh that once 

remained relatively dry. Plants that once were exposed to tidal flooding once per month may 

now be experiencing the flooding more regularly, leading to stress and die-off of that plant. 

We could expect to see a ‘shift’ in the distribution of the plants, as low marsh plants take 

over more of the marsh because it is wetter for longer periods of time, and the high marsh 

plants are pushed to the upland edge. Upland edge plants will need to migrate even further 

inland, which can often be impossible if barriers like roads are present. In this case, we 

would expect to see the upland edge plant species greatly reduced or even removed from the 

habitat.  

 

3. Why is it important to collect this kind of data over a long period of time? 

Monitoring changes in vegetation over time can help us understand other changes in the 

ecosystem. With salt marshes, we know that water levels play a major role in the species that 

grow there; by studying changes in the diversity and cover of salt marsh plants, we can better 

understand how changes in water levels are affecting the marsh. As the habitat changes, other 

species like birds and insects that once relied on certain marsh plants may also be impacted if 

those plants become less abundant. This kind of data can help natural resource managers 

better understand the challenges facing the ecosystem, which can then lead to consideration 

of possible solutions to mitigate the impacts of sea level rise. For example, coastal 

researchers are studying the benefits and impacts of adding sediment directly on top of 

marshes, in an attempt to build up the marsh so that it is able to keep pace with rising sea 

levels.  

 

 

 
*Procedure was gathered in part from the ‘Monitoring Salt Marsh Vegetation: A Protocol for 

the Long-term Coastal Ecosystem Monitoring Program at Cape Cod National Seashore’ by 

Charles T. Roman et al, 2001.  
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Percent Cover Estimate Activity 
 

Example: (top: 5%, 50%; bottom: 25%) 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Materials: 
Percent Cover Estimate 

Activity: 

 Colored paper 

 White paper 

 Glue 

 Laminator or sheet 

protectors for 

longevity 
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Point-Intercept Activity 

Example: Point-Intercept Sampling Diagram 

 
 

 

 

 

 

 

 

Materials: 
 Meter stick 

 5 dowel rods (<3mm in 

diameter ) with 10 marked 

intervals at 11.1cm 

 Thin rod (<3mm in 

diameter)  

 Clipboard 

 Vegetation sampling data 

sheet 

 100-meter tape  

 Pencil 

 Vegetation identification 

guides or preserved 

specimens for reference 

during activity 
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TEACHER MASTER #1  
Exercise 1 
  

Common Plants of New England Salt Marshes 
Please note that the common growing season of these plants is May-September; visiting salt 

marshes earlier or later in the year may result in plants that are not fully emerged, flowering or 

are brown in color.  

 

 

Saltmarsh cordgrass (Spartina alterniflora) 

Low Marsh 

 

 
 

 

 Saltmeadow hay (Spartina patens)          Spikegrass (Distichlis spicata) 

 High Marsh            Low or High Marsh 
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Teacher Master 1: Exercise 1 cont. 

 

Glasswort (Salicornia spp.)              Black rush (Juncus gerardii) 

Bare patches throughout marsh zones            High Marsh 

 

      
 

 

 

 

 

Sea Lavender (Limonium carolinianum)        Marsh Elder (Iva frutescens) 

High Marsh, sometimes interspersed in low                High Marsh or Upper Border 
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TEACHER MASTER #2 

Exercise 1 
   

Salt Marsh Profile 

 

 
            Courtesy USGS 

 

Notes: 

 MHW: Mean High Water  

 MLW: Mean Low Water 

 Some animals and plants indicated on this image may differ from what is found in New 

England salt marshes, as this is a generalized depiction of east coast salt marshes. 
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TEACHER MASTER #3 

Exercise 2  

 

Salt Marsh Vegetation Monitoring Data Sheet 

 

Date:    

Marsh/Location:        

Transect and Plot Number:  

Field Crew: 

 

Place a check mark at each point where a species was encountered. 

POINT SPECIES 1: SPECIES 2: SPECIES 3: SPECIES 4: SPECIES 5: SPECIES 6: SPECIES 7: 

 

 

 

1        

2        

3        

4        

5        

6        

7        

8        

9        

10        

11        

12        

13        
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14        

15        

16        

17        

18        

19        

20        

21        

22        

23        

24        

25        

26        

27        

28        

29        

30        

31        

32        

33        

34        

35        

36        

37        

38        

39        
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40        

41        

42        

43        

44        

45        

46        

47        

48        

49        

50        

TOTAL         

% Cover        

 

The Total line should be the number of ‘hits’ out of the 50 points. The % cover is the total number of ‘hits’ 

for each species and multiplied by 2. For example, if you have 15 ‘hits’ for Species 1, then you have 30% 

cover of that species.  

 

Species present but not recorded during the sampling method:  
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Activity 3 

Sea Level Rise and Coastal Wetlands 
 

Estuary Principle 

Principle 1: Estuaries are interconnected with the world ocean and with major systems and cycles 

on Earth. 

Principle 6: Human activities can impact estuaries by degrading water quality or altering 

habitats: therefore we are responsible for making decisions that protect and maintain the health 

of estuaries.  

 

Research Question 

How does sea level rise affect coastal wetlands? 

 

Disciplinary Core Ideas (from Next Generation Science Standards) 

 MS-LS2-2:  Construct an explanation that predicts patterns of interactions among organisms 

across multiple ecosystems. 

 HS-LS2-6: Evaluate the claims, evidence, and reasoning that the complex interactions in 

ecosystems maintain relatively consistent numbers and types of organisms in stable 

conditions, but changing conditions may result in a new ecosystem. 

 

Crosscutting Concept (from Next Generation Science Standards) 

 Cause and Effect: Events have causes, sometimes simple, sometimes multifaceted. A 

major activity of science is investigating and explaining causal relationships and the 

mechanisms by which they are mediated. Such mechanisms can then be tested across 

given contexts and used to predict and explain events in new contexts. 

 Stability and Change: For natural and built systems alike, conditions of stability and 

determinants of rates of change or evolution of a system are critical elements of study. 

 

Introduction 

Sea level change has happened at various times in Earth history. It is a natural process that has 

gone on since there have been oceans on Earth. However, the increase in the global average 

temperature is now causing sea level to rise in some areas around the globe. Global warming 

affects the volume of the oceans and the height of the sea due to two factors:  thermal expansion, 

which means that as water warms it takes up more volume than it did previously, and the melting 

of land-based ice such as glaciers and the ice caps in Greenland and Antarctica.  Scientists 

predict that the oceans will rise 0.5 - 1 meter above present levels by the year 2100. 

 

A rise of 1 meter would have a dramatic effect on our coastlines. Seventy per cent of the world’s 

population lives within 100 miles of the coast. If the height of the oceans increases 1 meter, 

many coastal areas, including many cities, will be vulnerable to erosion, flooding and storm 

surge. Scientists estimate that two-thirds of the coastal wetlands in the United States are 

vulnerable and may be lost if the sea level rises 1 meter. 

 

Table of Contents 

http://www.nextgenscience.org/pe/ms-ls2-2-ecosystems-interactions-energy-and-dynamics
http://www.nextgenscience.org/pe/hs-ls2-6-ecosystems-interactions-energy-and-dynamics
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TEACHER GUIDE 

 

Sea Level Rise and Coastal Wetlands 
 

Research Question 

How does sea level rise affect coastal wetlands? 

 

Content Objectives: 

Students will understand that: 

 Water expands as it warms. 

 Coastlines and wetlands with a small elevation gradient will be most affected by sea level 

rise.  

 
Exercises 

 

Exercise 1:  Water Expands When Heated 

 

Students conduct an experiment that demonstrates thermal expansion.  Students correlate the 

results of the experiment to the impact warming global temperatures have on sea level. 

 

Exercise 2: How Sea Level Rise Affects Different Land Forms 

 

Students build a model out of clay depicting two types of shorelines: rocky shore and a gradually 

sloping coastal wetland.  Students add water to each model, observing potential impacts to the 

different types of shorelines. 

 

Vocabulary 

Estuary—a semi-enclosed body of water that has a free connection to the open sea and within 

which seawater is measurably diluted by fresh water derived from land drainage 

Habitat—the specific environment where an animal or plant is able to survive 

Sea level Rise—the rising level of the ocean due to thermal expansion caused by the warming of 

the oceans (since water expands as it warms) and the loss of land-based ice (such as glaciers) due 

to increased melting 

Thermal expansion— the tendency of matter to change in shape, area, and volume in response 

to a change in temperature, through heat transfer 

Erosion—the action of surface processes (such as water flow or wind) that remove soil, rock, or 

dissolved material from one location on the Earth's crust, then transport it away to another 

location. 
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Storm Surge—an abnormal rise of water generated by a storm, over and above the predicted 

astronomical tides 

Salt marsh—coastal wetlands that are flooded and drained by salt water brought in by the tides 

Ecosystem—a community of living organisms in conjunction with the nonliving components of 

their environment (things like air, water and mineral soil), interacting as a system 

Elevation Gradient—the angle of elevation over a certain distance 

Ecosystem Services—all the ways in which humankind and the environment benefit from 

ecosystems, such as clean drinking water, decomposition of wastes, production of food and crop 

pollination  

Biomass—organic matter derived from living, or recently living organisms 

Carbon sink—anything that absorbs more carbon that it releases 

  

http://tidesandcurrents.noaa.gov/
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Exercise 1 

 

Water Expands When Heated 
 

Estuary Concept 

As air and ocean temperatures rise, water expands.  This 

expansion is one cause of sea level rise.  Rising seas affect all 

estuaries around the globe.  

 

Focus Question 

What effect do warming temperatures have on water and sea 

levels? 

 

Performance Tasks      

Students will: 

 Conduct an experiment that demonstrates how heated 

water expands, much like the expansion that occurs as 

rising global temperatures of air and water create sea 

level rise.  

 

Teacher Background 

Water, like all substances is comprised of molecules.  When water 

molecules are heated, their atoms move faster and farther away 

from one another.  In this experiment, students create a sealed environment around the water 

with a channel (clear straw) for the water to expand.  Once heated, water moves up the straw 

demonstrating how the volume of water in any location increases as it heats.   

Warming global temperatures are causing the water in our earth’s oceans to expand, therefore 

causing sea levels to rise around the globe.  

 

Procedure 

  

1. Share with students that there are two basic reasons why sea 

levels are rising. 

a. The melting of land-based ice such as glaciers and 

the ice caps in Greenland and Antarctica, due to an 

increase in average global temperatures.  

b. The volume of water in the oceans has increased 

due to thermal expansion caused by warming 

temperatures.  

 

2. Use a drill or a pair of scissors to make a hole in the top of 

the bottle lid, big enough for the drinking straw to fit 

through. 

 

3. Fill the bottle halfway with cold water. 

 

 

Materials: 

 1 clear straw 

 1 water bottle 

 food coloring 

 drill or scissors 

 playdough/clay 

 water 

 microwave or very hot tap 

water 

 liter container or turkey baster 

 large bowl  

 

Overview 
In this exercise, students learn that 

sea level rise affects estuaries in 

different ways.  Allowing salt 

marshes to “migrate” inland will 

help combat the effects of sea 

level rise. 

 

Time Required 
One 45-minute period 
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4. Add a few drops of food coloring and mix (students can 

choose whatever color they want). 

 

5. Screw on the bottle lid and insert the straw through it into the 

water, making sure that the straw does not touch the base of 

the bottle. 

 

6. Seal around the hole in the lid using play dough, or clay, 

thereby fixing the straw in place.  The seal must be 

completely airtight.  
 

7. Place the bottle into a bowl with very hot water in it (you can 

add hot water as it cools).  What happens to the liquid in the 

straw and why? The heat is transferred to the water in the 

bottle causing it to expand and rise up the straw.  This is 

what happens to the water in our oceans as global 

temperatures rise.  

 

 

Questions and Possible Answers 

 

1. What causes water to expand? 

 

Most matter expands when heated and contracts when cooled, a principle called thermal 

expansion. The average kinetic energy of the particles increases when matter is heated 

and this increase in motion increases the average distance between its atoms. 

 

2. How do warming global temperatures cause sea level to rise as it relates to thermal 

expansion? 

 

As temperatures rise around the globe, the water temperatures in the ocean also rise.  Just 

a small amount of temperature increase causes water molecules to expand.  The 

expansion of these molecules increases the volume of the water, causing the level of 

ocean to rise.   
 

Conclusions  

At the end of the activity, students should know that warming temperatures are causing sea levels 

to rise in two ways; by the increase of water entering into oceans from melting glaciers and ice 

caps, and by thermal expansion of molecules in ocean waters.  Thermal expansion causes the 

volume of water to increase, causing sea level to rise.  
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Exercise 2 

 

How Sea Level Rise Affects Different Land Forms 
 

Estuary Concept 

Estuaries are impacted by sea level rise differently, depending on the type and slope of the 

shoreline. 

 

Focus Question 

What is the effect of sea level rise on a gradually sloping salt marsh compared to a steep rocky 

shore? 

 

Performance Task 

Students will: 

 Build two models of a shoreline; one representing a gradually sloping salt marsh, the 

other a steep rocky shore.   

 Add various amounts of water to see what impact sea level rise has on two different 

habitat types.  

 

Teacher Background 

Coastal wetlands provide critical ecosystem services.  They provide essential habitat for fish, 

birds, shrimp, crabs, and many other types of wildlife. They serve as “nurseries” for wildlife, a 

source of food and a resting place during migrations. About two-thirds of the species of food fish 

harvested from the Atlantic and most of the shellfish must live in salt marshes or estuaries for 

part of their life cycles. The mass of plants and animals (biomass) that is produced naturally on 

an acre of salt marsh is greater than that produced on fertilized farmland. 

 

While it is well known that forests store large amounts of carbon by removing the greenhouse 

gas, carbon dioxide, research indicates that coastal wetlands might capture and store carbon at 

rates three to five times greater than forests. The ability of coastal wetlands to absorb and store 

tremendous amounts of carbon has received increased attention from policymakers, researchers, 

educators, state and federal agencies and organizations throughout the country.  Understanding 

the carbon storage value of wetlands may lead to increased protection and restoration of these 

habitats.    

 

In addition to sea level rise, coastal wetlands are vulnerable to additional pressures from climate 

change. The increased energy in the water cycle due to warming temperatures can cause 

precipitation to fall in more severe events. Intense storms can cause erosion and major damage to 

wetlands and other coastal ecosystems, as well as to roads, buildings, and utility structures along 

the coast. 

 

The actual distance that rising sea levels bring seawater onto land is dependent on many factors 

including the shape of the land, type of land and amount of erosion, local ocean currents, and 

tides.  Loss of wetlands due to sea level rise is most severe in areas with small elevation 

gradients.  The cities of Miami, New York and New Orleans where the elevation of the coastal 
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land doesn’t change very much or slopes gradually are particularly susceptible. Coastlines with a 

gradient of 20 to 1 for example, will lose 20 meters (65.6 feet) of horizontal land or wetland for 

every 1 meter that sea level rises. Salt marshes will be especially affected because of their gentle 

gradients – many have much lower gradients than 20 to 1 or are nearly level.  

 

Salt marshes stand a better chance of keeping pace with sea level rise if they are able to migrate 

inland; however, this is often hindered by development like roads and buildings.  As water levels 

rise, grasses that are periodically inundated by salt water will eventually become permanently 

flooded if the edge of the marsh cannot move upland.  If we do not develop our coastal areas, the 

marsh can continue to migrate.  Keeping our marshes healthy and 

restoring others that have been destroyed over time will assist in 

global efforts to combat the devastating effects of sea level rise.   

 

Procedure: 

 

1. Explain that global warming is happening because the 

burning of fossil fuels such as gas, oil and coal are 

causing excessive amounts of carbon dioxide to create a 

blanket effect around the earth.  This blanket of gas is 

retaining more heat in the atmosphere, causing an overall 

warming of air and water temperatures around the globe. 

2. Explain that as the ocean warms, the volume of water increases, causing sea levels to rise.   

3. Explain that there are different types of shorelines: rocky, sandy, developed, salt marsh, 

etc.  Find locations of these on a map.  Ask your students what types of animals might 

live there. 

4. Explain that some of these habitats, like salt marshes, are very important.  Salt marshes 

are important as a habitat for many kinds of plants and animals, as a natural buffer for 

storms, and as a place to capture and store excess carbon from carbon dioxide.   Salt 

marshes have been found to be extremely effective at locking up excess carbon, helping 

to reduce the effects of global warming.  Therefore, maintaining healthy, functioning salt 

marshes is critical in an overall effort to reduce the amount of CO2 in the atmosphere.  

5. Ask your students: “What is the effect of sea level rise on a gradually sloping wetland 

area, compared to a steep rocky shore?” 

6. In two clear, oblong storage containers, use clay to construct models of a steep, rocky 

shore and a gradually sloping coastal wetland. Add small tokens or models of clay to 

represent wildlife such as nesting birds near the water line, houses, roads or other 

structures further up along the shore. 

7. Add 1 liter or 10 turkey basters full of water to each model. 

8. Measure the depth of water in the model using a ruler. 

9. Ask your students to describe what they observe. 

10. Have your students look at the diagrams of coastal areas.  Ask them: “What will be 

affected as the water levels rise?” 

11. Find a few images of the rocky shore and a coastal wetland (or use the examples included 

in this activity) and a map showing different types of shorelines.  The image of the 

shorelines and home included here shows how the same amount of increase in sea level 

rise inundates much more land if the slope is gradual than if the slope is steep.   

Materials: 
 Clear oblong storage 

containers 

 Water 

 Self-hardening clay 

 Small objects to represent 

houses, wildlife, roads, etc. 

 Images of rocky shore, 

wetland (included) 

 Map showing different types 

of shorelines 
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12. Explain to your students that salt marshes have a better chance of keeping pace with the 

rate of sea level rise if it is slow enough and they have the ability to “migrate” inland.  

 

Questions and Possible Answers 

 

1. Which environment will suffer impacts of sea level rise more quickly? 

 

Areas with a more gradual slope will be flooded before steeper areas.     
 

2. Why not just fill in all the wetlands and build up walls everywhere? 

 

Saltmarshes are critical habitats and provide important ecosystem services to the 

environment.  They provide homes for wildlife, act as giant sponges --soaking up 

pollutants, toxins and sediments, and serve as “carbon sinks”.  Excess carbon is stored in 

saltmarshes at rates as much as three to five times greater than forests.  

 

Conclusions 

At the end of the exercise students should know that sea level rise affects coastal environments 

differently.  Gradual slopes will be more susceptible to flooding than steeper slopes. Wetlands 

are critical environments in need of protection, as they face some of the most serious threats due 

to sea level rise.  
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TEACHER MASTER #1 

Exercise 2 

 

Coastal areas with a more gradual slop will be flooded before steeper areas. 

  

 

 

 

 

 

 

 

 

 

 Steep Slope 

 

Steep Slope Gradual Slope 
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TEACHER MASTER #2 

Exercise 2 

 

The following graphic depicts marsh migration 

 

  

 

This activity is by Pat Harcourt, adapted from a lesson in URI’s “Discovery of Estuarine 

Environments” as part of the Bringing Wetlands to Market: Curriculum Linking Wetlands and 

Climate Change.  For more information and activities about carbon storage check out 

http://www.waquoitbayreserve.org/research-monitoring/salt-marsh-carbon-project/teachers/ 

 

 

http://www.waquoitbayreserve.org/research-monitoring/salt-marsh-carbon-project/teachers/
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Activity 4 

Student Sentinel Sites at Schools:  

Investigating a Changing Environment  

 
Estuary Principle 

Principle 4: Ongoing research and monitoring is needed to increase our understanding of 

estuaries and to improve our ability to protect and sustain them. 

This same principle holds true for other ecosystems. 

 

Research Question 

How can we study change in our environment and why is that important? 

 

Science Practices (from Next Generation Science Standards) 

 Asking questions and defining problems 

 Planning and carrying out investigations 

 Analyzing and interpreting data 

 Using mathematics and computational thinking 

 Constructing explanations and designing solutions 

 Engaging in argument from evidence 

 Obtaining, evaluating, and communicating information 

 

Disciplinary Core Ideas (from Next Generation Science Standards) 

 MS-ESS3-3: Apply scientific principles to design a method for monitoring and 

minimizing a human impact on the environment. 

 MS-LS2-4: Construct an argument supported by empirical evidence that changes to 

physical or biological components of an ecosystem affect populations. (Emphasis is on 

recognizing patterns in data and making warranted references about changes in 

populations, and on evaluating empirical evidence supporting arguments about changes 

to ecosystems). 

 

Crosscutting Concept (from Next Generation Science Standards) 

 Stability and Change: For natural and built systems alike, conditions of stability and 

determinants of rates of change or evolution of the system are critical elements of study. 

 

Introduction 

 

The National Estuarine Research Reserve System (NERRS) is a place-based network of 28 

reserves located in estuaries along the nation's coasts and Great Lakes. Each reserve implements 

standardized monitoring protocols to examine short-term variability and long-term changes in 

estuarine ecosystems. These Sentinel Sites are intensely studied through sustained observations 

to detect and understand changes in the ecosystems they represent. The NERRS Sentinel Sites 

combine the monitoring, outreach and training capacity at each reserve into networks that 

address questions of impacts of climate change and human stressors on estuarine ecosystems and 

coastal communities. In this activity, students will be setting up their own Sentinel Sites to study 

change. Planning and conducting investigations is very prominent in the Next Generation 
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Science Standards. Whether or not students go on to become scientists, the experience of doing 

their own investigation will deepen their lifelong scientific literacy. 

 

Perhaps one of the most important messages teachers can pass on to their students is to become 

lifelong stewards of the earth they will inherit. The best way students can learn responsible 

management of something entrusted to their care is to actually practice being stewards. Big or 

small, planning and carrying out their own project is much more memorable for students than 

simply learning about the concept of stewardship. You may find a ripple effect as the project 

touches students' friends, family, and other community members. 

 

Table of Contents 

Teacher Guide………………………………………………………………………......3 

Exercise 1: Setting up Your Own Sentinel Site…………………………….…………....5 

Exercise 2: Becoming Stewards of Your Sentinel Site………………………………….10 
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TEACHER GUIDE 

 

Student Sentinel Sites at Schools:  

Investigating a Changing Environment  
 

Research questions:  
How is your site changing over time or geographic space and what might be driving that change? 

 

How does (students fill in one or more variables) change over (students fill in time or space) in 

(fill in where students will be studying). What factors are contributing to that change? 

 

Content objectives  
Students will understand that: 

 Earth systems are affected by changes in global systems and cycles such as climate and 

weather cycles. 

 Through research and monitoring in the NERRS and elsewhere, humans gather scientific 

data in estuaries that allows us to better understand natural processes and to track changes 

on the earth. For example, the System-Wide Monitoring Program allows scientists to 

track short-term variability and long-term change. 

 Human activities within a natural system, its watershed, and in distant areas impact the 

biological, chemical, and physical components of that system. 

 Actions that will help improve and maintain environmental health include energy 

conservation, water conservation, habitat protection and restoration, proper wastewater 

treatment, and education about these natural areas. 

 

Exercises 

 

Exercise 1: Setting up your own Sentinel Site:  

 

In this exercise, students will choose an area to observe and one or more variables to monitor 

over time (if possible) or a geographic gradient to look for changes. They will also keep data on 

factors they feel may be causing the change. Once they have collected their data, they will 

analyze it and present it to their classmates. 

 

Exercise 2: Becoming Stewards of your Sentinel Site:  

 

Once your students have observed their Sentinel Site and learned more about what is impacting 

it, they will choose a problem to focus on and decide upon an action they can implement 

themselves that will benefit their own site and/or similar habitats.  

 

 

Vocabulary 
 

Monitoring – sampling of environmental factors that are compared with baseline samples to see 

if any changes have occurred 
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NERRS Sentinel Site – areas in coastal and marine environments set up for intensive study and 

sustained observations to detect and understand changes in the ecosystems they represent. 

Observational data are collected at discrete measurement stations (platforms and sensors) within 

each site, providing information that can be synthesized to provide an understanding of the 

ecological status and trends in biological and physical variables of interest.  

 

Parameter – a characteristic, feature, or measurable factor that can help in defining a particular 

system 

 

Research – systematic investigation designed to answer a question 

 

Stewardship – a way for people, including young people, to care for or maintain something such 

as the environment, an estuary, or wetlands 

 

Variable – a characteristic that changes 
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Exercise 1 
 

Student Sentinel Sites at Schools:  

Investigating a Changing Environment  
 

Estuary Principle: 
Principle 4: Ongoing research and monitoring is needed to 

increase our understanding of estuaries and to improve our ability 

to protect and sustain them. 

 

Focus Question 
How can we study change in our environment and why is that 

important? 

 

Performance Tasks 
Students will: 

 Choose a site to observe.  

 Pick one or more variables to measure, identify factors they feel may cause them to 

change, and monitor these over time or over a geographic gradient. 

 Develop visualizations of their data. 

 Analyze their data to find trends or correlations. 

 Present their findings to classmates or other audiences. 

 

Teacher Background 
The National Estuarine Research Reserve System (NERRS) is a place-based network of 28 

reserves located in estuaries along the nation’s coasts and Great Lakes. Each reserve implements 

standardized monitoring protocols to examine short-term variability and long-term changes in 

estuarine ecosystems. These Sentinel Sites are intensely studied through sustained observations 

to detect and understand changes in the ecosystems they represent. The NERRS Sentinel Sites 

combine the monitoring, outreach and training capacity at each reserve into networks that 

address questions of impacts of climate change and human stressors on estuarine ecosystems and 

coastal communities.  

 

In this activity, students will be setting up their own Sentinel Sites to study change. 

 

Procedure 
  

1. If you have not already taught your students about the 

National Estuarine Research Reserve System (NERRS) 

with previous activities, give them a brief introduction. 

Show them a map of the Reserve System (student page) 

and explain to them that these are places found in coastal 

and Great Lake states similar to national parks except in 

addition to being beautiful places people can visit, 

Overview 
This is a culminating or 

introductory activity where 

students study an area over a 

period of time or geographic 

space. 

 

Time Required 
Variable.  Multiple school periods 

or full field trip days. This activity 

can be scaled to fit your schedule 

and skill level of students. 

 

Materials: 
Variable, depending on what 

students decide to observe. Go to the 

Adopt-a-Wetland activity in the 

Bringing Wetlands to Market: 

STEM Curriculum Linking 

Wetlands and Climate Change for 

detailed information.   

http://www.waquoitbayreserve.org/

wp-content/uploads/teacher-adopt-a-

wetland-stewardship-project-and-

field-study.pdf 

 

http://www.waquoitbayreserve.org/wp-content/uploads/teacher-adopt-a-wetland-stewardship-project-and-field-study.pdf
http://www.waquoitbayreserve.org/wp-content/uploads/teacher-adopt-a-wetland-stewardship-project-and-field-study.pdf
http://www.waquoitbayreserve.org/wp-content/uploads/teacher-adopt-a-wetland-stewardship-project-and-field-study.pdf
http://www.waquoitbayreserve.org/wp-content/uploads/teacher-adopt-a-wetland-stewardship-project-and-field-study.pdf
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Reserve scientists also conduct research and monitoring to learn more about what is 

happening to our coasts. Ask your students why this is important. This is important 

because, as a result of the scientists’ work, we are better able to understand, and hence, 

protect the nation’s coasts. Discuss with your students the distinction between monitoring 

and research. Research is a systematic investigation to establish facts, often centered 

around asking a question. Monitoring is repeated sampling of the environment (air, water, 

soil, vegetation, animals) that is compared with baseline samples to see if any changes 

have occurred. 

 

2. Write the word Sentinel on the board. Ask if anyone knows what it means. Allow your 

students to use the internet if they don’t know. Write answers on the board, and you will 

probably get answers like “a guard whose job it is to stand and keep watch.” Use this as a 

jumping off point to get them curious. Tell them the NERRS have a program called 

Sentinel Sites. What could that be? Why would they call it that? After the discussion, 

explain that the NERRS Sentinel Site Program has been set up at the Research Reserves 

to detect environmental changes of importance to resource managers. Just like sentinel 

guards can warn of incoming enemies, reserve scientists can provide early warning of 

change for a specific habitat. Why is that important? With early warning, resource 

managers, communities, states, and federal agencies can develop plans to protect an area. 

For example, the Reserves are studying changes in sea level rise to see how they will 

affect salt marshes, important habitats that provide many benefits to humans including 

food, protection from storms, and filtering of pollutants. 

 

You can be as brief or in-depth on this part as you would like or have time for. Here are 

some additional, optional resources: 

 

 Sentinel Site 3-minute video https://www.youtube.com/watch?v=KRRKWnmOHwo  

 NOAA Climate Change 3-minute video Making Waves: Measuring Change in an 

Estuary at Waquoit Bay Reserve 

http://oceanservice.noaa.gov/podcast/p0513.html 

 2-page Sentinel Site info sheet (in student page at end of activity) 

 

3. What follows is a process you can use that gives students the most amount of 

responsibility for setting up their Sentinel Site. You may decide to complete some of the 

steps for them depending on their maturity, skills, and the amount of time or constraints 

you have. It’s important to guide them to choose something that will change over time. 

For instance, you could have students collect data from a bird feeder located so they can 

view it from their window and they could track changes in temperature as well as bird 

species over time. They could still collect data and gain practice in the NGSS science 

practices. Whatever your class decides to do, make sure you gain permission and 

coordinate with the owner and managers of the area you plan to study. For example, if it 

is in a wetland, are there specific regulations with which you must comply?  

 

4. Once the students have some understanding about the NERRS Sentinel Site program, 

explain to them they will be setting up their own Sentinel Site that they will be keeping 

watch over, similar (though simpler) in concept to the NERRS Sentinel Sites. You can 

https://www.youtube.com/watch?v=KRRKWnmOHwo
http://oceanservice.noaa.gov/podcast/p0513.html
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have them work in small groups, as a class or individually. If they work in small groups, 

different groups could monitor different sites or all could monitor the same site but study 

different aspects. 

At this point you will either need to give them guidelines which you have decided on 

ahead of time or let them dream, and guide them into realistic choices later.  

a. What is the geographic area from which they can pick? Do you have access to 

buses? Can they walk off school grounds? Do they need to stay on school 

grounds? It’s best to pick a site in the vicinity of their school in order to be 

able to realistically monitor it over time. If you can choose a coastal area (a 

salt marsh or beach), that’s great. But if you’re not located near the coast, 

possible other sites include a freshwater pond, a drainage basin, river, stream, 

vernal pool, meadow, pollinator garden or even a tree or woods. 

b. How much time will they be able to spend on the monitoring? Are you limited 

by the class period? Will it be a day-long field trip? Will it be due this month 

or the end of the school year? Will this be an afterschool project for the 

students?  If you can make the project last over the whole school year, that 

will yield the most interesting changes for the students. If you can’t dedicate a 

lot of time for each class, can you continue the project from year to year so 

students can compare data from previous classes? 

c. Are they limited to equipment you already have or they can scrounge for free, 

or do you have any funds to buy equipment if they need it? 

 

5. Your next steps depend on your limitations. If you have time, it’s best to visit the area 

first, but you can also do this virtually with Google Earth. Explain to your students that 

they will need to pick variables to study with a possibility of showing change over the 

period they have to study it. For example, you could monitor species richness, species 

composition, temperature, pH, dissolved oxygen, salinity, water levels, or changes in 

topography. Seasonal changes can be interesting to monitor--first snowfall, last snowfall, 

or when the osprey arrives at its nest. If you’re making only one visit, it should change 

over the geographic area (for example, from the edge of the school yard to the interior of 

the woods). 

 

6. Once the students have chosen the spot, have them choose something to monitor. In order 

to make a more compelling project, help to guide them to something that will actually 

change. They should monitor an outcome, something that changes, as well as a driver, 

something that they think may cause the change. For example, if they are observing birds 

at a feeder, they might monitor the numbers and types of birds (the outcomes) as well as 

the temperature, date, time of day, type of food (drivers or possible causes). Then they 

will need to make their observations. They will need to figure out how to record their 

data over time if they plan to monitor their site into the future. If the time you are able to 

be out in the field is limited, you could augment field time with a webcam.  

 

7. Once they have made their observations, tell them they are going to need to make sense 

of them. Introduce the concepts of analyzing and interpreting data. This assumes they 

have already learned about using mathematics and computational thinking – this is where 
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they will practice these skills. You can supply them with some examples of data from 

NERRS Sentinel Sites (see student pages), which can be analyzed as a class for practice.  

 

8. Divide the students into small groups (or have them do it individually) to create 

appropriate visualizations of their own data and construct explanations for what they see. 

This could mean graphs, tables, posters, infographics, mini video clips –whatever they 

feel will convey their story best utilizing and practicing their skills.  (Note: The student 

pages at the end of this activity contain visualizations of actual data from NERRS 

Sentinel Sites that teachers can have students analyze and to use as examples or models). 

 

9. Dedicate a class period for students to share their depictions of the data and explanations 

for what they see, through presentations for their classmates. After each group presents, 

allow time for feedback and questions from the rest of the group. Do any new questions 

pop up? How can they find the answers to those questions (Take more measurements? 

Internet? Interview an expert in their community)? Do they think the changes are natural 

or caused by people? How can they find out? 

 

10. This activity may lead students to want to do more investigating. It is optimal if you can 

provide class time for them to pursue additional questions, but you could also encourage 

them to pursue them on their own at home for extra credit.  

 

11. In future years, you may want to let the new students continue the tradition of the 

Sentinel Site or give them the experience of creating their own. One advantage of 

continuing a project from year to year is that students can compare their data to past 

years. 

   

For more detailed information on studying a habitat, go to the Adopt-a-Wetland activity in the 

Bringing Wetlands to Market: STEM Curriculum Linking Wetlands and Climate Change   

http://www.waquoitbayreserve.org/wp-content/uploads/teacher-adopt-a-wetland-stewardship-

project-and-field-study.pdf 

 

Questions and Possible Answers 
 

1. What did you learn from other student presentations?  

 

Answers will vary. 

 

2. Do you have any new questions? 

 

Answers will vary.  

 

3. How can you find the answers to those questions?  

 

They can develop a plan to make more measurements, search the internet, interview an 

expert in their community or at their local research reserve (a contact list can be found 

http://www.waquoitbayreserve.org/wp-content/uploads/teacher-adopt-a-wetland-stewardship-project-and-field-study.pdf
http://www.waquoitbayreserve.org/wp-content/uploads/teacher-adopt-a-wetland-stewardship-project-and-field-study.pdf
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here:  http://estuaries.noaa.gov/Teachers/Default.aspx?ID=304 , or the students may 

come up with more possibilities.  

 

4.  Do you think the changes are natural or caused by people? How can they find out? 

 

See number three above. 

 

Additional Resources: Here are some existing programs your students can join. This 

simplifies some of the planning steps and your students will get the satisfaction of being part of a 

larger project. In many cases, the data from these programs is used to make decisions to support 

these environments.  

 

Picture Post link: http://picturepost.unh.edu/index.jsp   

Picture Posts are installed at forests, parks, and schools. Each post guides visitors to 

photograph a location in nine orientations. Photos are dated, geotagged, uploaded, and shared 

on the Picture Post site and support environmental monitoring. 

 

Nature’s Notebook link: https://www.usanpn.org/natures_notebook Nature's Notebook 

gathers information on plant and animal phenology across the U.S. to be used for decision-

making on local, national and global scales. Phenology is the study of periodic plant and 

animal life cycle events and how these are influenced by seasonal and interannual variations 

in climate, as well as habitat factors (such as elevation). 

 

Aquatic Invasive Species monitoring:  
http://www.mass.gov/eea/agencies/czm/program-areas/aquatic-invasive-species/ 

  

Beach profile monitoring: http://www.seagrant.umaine.edu/extension/beach-profile-

monitoring/home 

 

eBird: http://ebird.org/content/ebird/ A simple and intuitive web-interface engages participants 

to submit their observations or view results via interactive queries into the eBird database. 

eBird encourages users to participate by providing Internet tools that maintain their personal 

bird records and enable them to visualize data with interactive maps, graphs, and bar charts. 

All these features are available in English, Spanish, and French. 

 

Tips for citizen scientists: http://newengland.stewardshipnetwork.org/resources Includes 

many examples of citizen science projects. 

 

SciStarter: https://scistarter.com  SciStarter connects people to citizen science projects, 

citizen scientists, and resources. 

 

iNaturalist: https://www.inaturalist.org/ Students can upload photos of organisms, identify 

them through crowdsourcing, and record observations.  

  

http://estuaries.noaa.gov/Teachers/Default.aspx?ID=304
http://picturepost.unh.edu/index.jsp
https://www.usanpn.org/natures_notebook
http://www.mass.gov/eea/agencies/czm/program-areas/aquatic-invasive-species/
http://www.seagrant.umaine.edu/extension/beach-profile-monitoring/home
http://www.seagrant.umaine.edu/extension/beach-profile-monitoring/home
http://ebird.org/content/ebird/
http://newengland.stewardshipnetwork.org/resources
https://scistarter.com/
https://www.inaturalist.org/
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Every year, volunteers comb the 

milkweed plants at Wells Reserve in 

Maine for signs of Monarch 

caterpillars to remove them from 

fields that are to be mowed to fields 

that are to be left alone that year. 

One year they saved 38 caterpillars 

but the numbers change from year 

to year.  

Exercise 2 
 

Planning and Carrying Out a Stewardship Project 

to Help Your Sentinel Site 
 

Estuary Concept 
Human activities can impact estuaries by degrading water quality or altering 

habitats; therefore, we are responsible for making decisions to protect and 

maintain the health of estuaries. 

This principle can also be applied to other habitats and ecosystems. 
 

Focus Question 
What can students do to help protect local habitats? 

 

Performance Tasks 
Students will: 

 Learn about a problem (or possibility of a future problem) confronting their Sentinel Site.  

 Develop a list of possible actions and decide which action(s) to undertake. 

 Implement a stewardship project related to their Sentinel 

Site. 

 

Teacher Background 

 

Following are some resources about student stewardship 

projects. 

1. http://estuaries.noaa.gov/Teachers/score.aspx   

Estuaries 101: Ways to introduce students to the concepts 

of stewardship and a step-by-step form to help them 

organize their plan. 

2. http://www.waquoitbayreserve.org/wp-

content/uploads/teacher-4-3-stewardship-projects.pdf  

Bringing Wetlands to Market: STEM Curriculum 

Linking Wetlands and Climate Change: Specific ideas 

for stewardship projects related to wetlands and more 

links for resources on how to involve students in service 

learning projects. 

 

Procedure 
 

1. The students will likely begin to develop a sense of 

ownership for their Sentinel Site. Explain to your 

students that part of the mission of the NERRS is to 

undertake initiatives to keep estuaries healthy (further 

Overview 
Students will decide upon an 

action that they can implement 

themselves that will benefit 

their site and/or other similar 

habitats. 

 

Time Required 
Variable 

http://estuaries.noaa.gov/Teachers/score.aspx
http://www.waquoitbayreserve.org/wp-content/uploads/teacher-4-3-stewardship-projects.pdf
http://www.waquoitbayreserve.org/wp-content/uploads/teacher-4-3-stewardship-projects.pdf
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High school students from 

Vermont came to Narragansett  

Bay NERR for an immersive 

experience in coastal and estuary 

education that included helping 

the Reserve remove invasive 

autumn olive plants. 

 

information can be found at http://nerrs.nooa.gov/stewardship). Write the word 

“stewardship” on the board and ask if your students know what it means. Provide 

examples from one of the New England reserves (see photos and captions). 

 

2. Tell your students that they are going to plan a project to 

keep their Sentinel Site healthy. Discuss how resource 

areas often need good management practices. Remind 

them of the discussion they had about their findings. Did 

they find any problems? If yes, is there anything that can 

be done about those problems? If there’s nothing wrong 

with the Sentinel Site now, how can they help keep it that 

way? If they don’t know, you could invite a community 

expert familiar with their Sentinel Site to come in to talk 

with them.  

 

3. Write down all their ideas. Split them up into small groups 

to discuss which ideas they would like to pursue. You can 

then have each group put forth arguments on which idea 

they feel the class should pursue and have a vote or split 

up into two or more groups to pursue their own projects. 

 

4. Have the students create a plan to accomplish their 

stewardship project (there’s an example planning form in 

Estuaries 101 here): 

http://estuaries.noaa.gov/Teachers/pdf/15_Score_Ex3.pdf     

 

Here are some ideas to get you started (make sure you coordinate with whoever manages the 

land): 

 Pick up litter/remove trash  

 Educate someone else about the value of your site (parents, other students, 

community members, town government, etc.) by various means (design posters, 

create videos to post online or broadcast through local cable TV, develop radio 

PSAs, bring younger students or parents on a field activity at your site, write 

letters to the editor or send a press release to your local paper) 

 Is it a plain piece of lawn or bare dirt that you’d like to improve? How about 

planting native plants (pollinator gardens are especially needed) or organic 

vegetable gardens? You can also educate others by combining this with a student-

designed educational sign. 

 If erosion is a problem, the students may be able to help install water bars, plant 

native bushes, or put up a sign. 

 

5. Take a photo of your students doing their project and have them create a caption that 

answers the following questions: 

a. Who am I? (class, grade, school, location) 

b. What am I doing? 

c. Where am I doing it? 

http://nerrs.nooa.gov/stewardship
http://estuaries.noaa.gov/Teachers/pdf/15_Score_Ex3.pdf
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d. Why am I doing it? 

e. “I’m a steward of my watershed/estuary because……” 

 

Even better, have them make a brief video (no more than 5 minutes) that answers these 

questions.  

   

 

 

 

 
 

 

 

 

 
 

Americorps members help restore a sea 

run brook trout run on the Quashnet 

River at Waquoit Bay Reserve on Cape 

Cod by clearing extra sediment and 

blocking the vehicular traffic. 
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STUDENT ACTIVITY PAGE #1 

 

Surface Elevation Table (SET) Model Activity 

Introduction and Background Info 

This activity will provide students with an example of how researchers at the National Estuarine 

Research Reserves are measuring changes in marsh elevation over time. The National Estuarine 

Research Reserves (NERRS) have a program called Sentinel Sites. The NERRS Sentinel Site 

Program was set up to detect and monitor environmental changes. By monitoring these changes, 

researchers can provide information about what is impacting the area and early warnings of 

threats to specific habitats. Why is it important to monitor salt marshes and the habitats within 

them? 

 

One way researchers are studying the changing environment is by measuring how the land is 

changing over time. One of the biggest threats to wetlands is sea level rise and we want to know 

how the wetlands are responding to pressures from climate change. NERRS researchers use what 

is called a “Surface Elevation Table” (SET) to measure the change in elevation of the marsh over 

time. They do this using rods buried deep (up to 120 feet at some reserves) into the ground to 

serve as reference points to see if the marsh is rising or sinking. A SET is attached to the 

reference rod, which consists of many smaller pins that are moved up and down to measure the 

surface of the wetland (see diagram). Researchers can measure the change in elevation of the 

marsh by measuring the change in height of the SET pins.  

 

In this activity students will create a model of a SET in order to 

understand how researchers can study the changing elevation of 

the marsh. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Materials: 
 Paper towel roll  
 Skewers 

 lettuce container 

 cardboard 
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Procedure 

 

1. Have students punch holes into opposite sides 

of the paper towel roll, making sure they line 

up.  

2. Once the holes are punched, insert the skewers 

into the paper towel roll. 

3. Place the paper towel roll on top of the lettuce 

container so that the ends of the roll are resting 

on the edge of the container (see picture of set 

up).  

 

4. Put a piece of cardboard or layer of sand at the bottom of the lettuce container and have 

students lower the skewers until they are just touching the cardboard or sand. 

5. Measure the height of the top skewer from the top of the paper towel roll. 

6. Add another layer of cardboard or sand to the container. Have students repeat steps 4 and 

5. 

7. In order to measure the change in elevation, students should subtract the second 

measurement from the first. If the change is positive, that indicates an increase in 

elevation and vice versa.  

*Additionally, you can have students start off with several layers of cardboard or sand and 

remove them to show a decrease in elevation. 

 

Questions: 

1. Did you observe a positive or negative change in elevation? 

2. What might a positive change in elevation of a marsh indicate? 

3. What might a negative change in elevation indicate?  

4. What might be some of the causes of those changes? 

5. What useful information can the SET data provide and how can resource managers use it 

to mitigate the impacts of climate change on wetlands? 
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STUDENT ACTIVITY PAGE #2 

 

Percent Cover of Plant Species Activity 

In this activity we will examine real data collected by the Waquoit Bay Reserve research team on 

wetland plant species coverage. Two of the most common plant species in the area are Distichlis 

spicata (salt grass) and Spartina alterniflora (smooth cordgrass). Both species are important 

components of a wetland as they provide habitat for many species, protect against erosion, filter 

chemicals and pollutants and absorb nutrients. The graph provided shows percent cover of these 

two species as well as bare sediment and dead plant material from 2011-2014. Use this graph to 

answer the questions below. When examining the graph think about what we have learned so far 

about the effects on climate change on wetlands. 

 

Questions: 

1. Look at percent cover of D. spicata from 2011-2014. What was the percent cover in 2011 

compared to 2014? Do the same for S. alterniflora.  

2. What changes do you observe in both species over time? Come up with some ideas as to 

what could be causing these changes. 

3. Look at the percent of dead material over the time period. What changes do you observe? 

4. Thinking back to the potential effects of climate change on wetlands, could any of these 

effects be responsible for some of the changes observed in the data? Why or why not? 

5. What are some of the potential impacts of the observed changes and future impacts if 

these trends continue? 

Distichlis spicata

Spartina alterniflora

Citation: Mora, Jordan. “Identifying evidence of change: Tracking vegetation shifts in a micro-tidal salt marsh system.” Waquoit Bay NERR. 
PowerPoint Presentation. 

What’s Going on in the Waquoit Wetland?
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TEACHER MASTER #1 
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TEACHER MASTER #2 
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Sentinel Sites at School Activities 

 

Next Generation Science Standards (NGSS) Alignment 

 

Science and Engineering 

Practices 

Disciplinary Core Ideas Crosscutting Concepts 

 

1. Asking questions and 
defining problems 

2. Developing and using 
models 

3. Planning and carrying 
out investigations  
 

4. Analyzing and 
interpreting data 
 

5. Using mathematics and 
computational thinking 

6. Constructing 
explanations and 
designing solutions 
 

7. Engaging in argument 
from evidence 
 

8. Obtaining, evaluating, 
and communicating 
information 
 

 

MS-Human Impacts 

MS-ESS3-3 Apply scientific principles to design a method for 
monitoring and minimizing a human impact on the environment. 

(MS-LS2-4- Construct an argument supported by empirical evidence 
that changes to physical or biological components of an ecosystem 
affect populations. (emphasis is on recognizing patterns in data and 
making warranted inferences about changes in populations, and on 
evaluating empirical evidence supporting arguments about changes 
to ecosystems). 

 

HS-Interdependent Relationships in Ecosystems 

HS-LS-2-6- Evaluate the claims, evidence, and reasoning that the 
complex interactions in ecosystems maintain relatively consistent 
numbers and types of organisms in stable conditions but changing 
conditions may result in a new ecosystem. (Examples of changes in 
ecosystem conditions could include …. sea level rise). 

 

Fits the best:  

Stability and Change 

For natural and built systems alike, 
conditions of stability and 
determinants of rates of change or 
evolution of the system are critical 
elements of study. 

 

Also fits: 

Patterns 

Cause and Effect: Mechanism and 
Explanation 

Scale, Proportion, and Quantity 

Systems and Systems Models 

Energy and Matters: Flows, 
Cycles, and Conservation 

Structure and Function 
 


