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 This curriculum was originally written for the Environmental Education on the Erie Canal 

(E3C) Program run by Corn Hill Navigation and Delta Environmental. 

 

 The authors are Kaeti Stoss (Delta Environmental) and Lisa Wing (Corn Hill Navigation). 

 

 Equipment directions were modified from the materials and packaging for each test. 

 

 Surface Water and Groundwater Quality Standards per the DEC 

http://www.dec.ny.gov/regs/4592.html & http://www.dec.ny.gov/regs/4590.html  

 

 Additional materials adapted from the Finger Lakes Institute’s Finger Lakes Regional 

Stream Monitoring Network Manual (http://www.hws.edu/fli/pdf/stream_manual.pdf), the 

Earth Force Educator Guide for Community Action and Problem Solving, and materials 

provided by the Rochester Museum and Science Center. 

 

 

Before You Begin: 

If you are planning to perform the Benthic Macroinvertebrate Biomonitoring portion of the 

FLRSMN protocol on your own you will need to obtain a NYS DEC License to Collect ($10 fee). 

Please visit the DEC website at www.dec.ny.gov for more details. Also, note that the application 

process and approval can take approximately 45 days. 

 

With Gratitude: 

In addition to NYSP2I support, this program is also made possible through the generosity of the 

Farash Foundation and the Erie Canal National Historic Corridor, as well as the efforts of Corn 

Hill Navigation, Delta Environmental, St. John Fisher College, BOCES I, Earth Force, GM and 

the Seneca Park Zoo. 
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Introduction 

The goal of the E3C (Environmental Education on the Erie 

Canal) Program is to provide students an opportunity to 

learn more about the Erie Canal, its uses and impact on the 

local community, its current status as an ecosystem habitat, 

and how these characteristics are affected by pollution.  

 

Working with this program guide, students engage as citizen 

scientists to collect field data from the Erie Canal that 

includes conducting environmental assessments of the canal 

habitat, developing a list of environmental and pollution issues based on that information, and 

selecting a single issue for further research in order to have a more comprehensive 

understanding of the context of their issue. The information acquired through student inquiry 

and research provides a sound basis for developing an environmental civic plan of action that 

students can implement. 

 

This guide provides students the tools and guidance to become environmental stewards of the 

Erie Canal. 
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Background on the Erie Canal 

 
https://eriecanalway.org/learn/nature-science/water-quality 

What is the Erie Canal? 

The Erie Canal is a man-made canal that runs from east to west across the state of New 

York. Construction of the Erie Canal began in 1817. At 363 miles long, it was completed 

in 1825, originally connecting the Atlantic Ocean with the Great Lakes. 

 

Where is the Erie Canal? 

 The Canal was built to follow a path created by nature and glaciers that changes 573 

feet in elevation from Albany to Lockport. The Erie Canal connects with the Hudson 

River, the Champlain Canal (which also connects the tidal portion of the Hudson River to 

Lake Champlain), the Oswego Canal (which follows the Oswego River to Lake Ontario), 

and the Cayuga-Seneca Canal (which connects canalized rivers and lakes, including the 

Seneca River and the Cayuga and Seneca Lakes). 

Politicians and engineers consciously selected an interior route from the Hudson River 

directly to Lake Erie, rather than a shorter route to Lake Ontario at Oswego. The interior 

route helped ensure that Midwestern timber and produce would flow through New York 

State to market. It discouraged U.S. products from being shipped down the St. Lawrence 

River through Canada, which was still part of the British Empire, and diminished the risk 

of invasion from the north. 
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What was the purpose for building the Erie Canal? 

The canal’s purpose was to provide a more effective and efficient way of life for people 

in the early 1800s. With the Erie Canal, people were able to travel more quickly than 

before. It took only five days to travel from Albany to Buffalo while taking a passenger 

boat, whereas taking a stagecoach took two weeks. Many farmers, loggers, miners, and 

manufacturers also began shipping their products through the Canal to help their 

businesses. The use of freight boats and steam tugboats was much more efficient than 

ox-drawn wagon. 

 

How has the Erie Canal changed over the years? 

The canal has continued to be improved since the 1800s. Some areas have been 

reconstructed to be straighter and wider. The Erie Canal is now only 338 miles long and 

at least 120 feet wide. When it was first built, the Canal was 363 miles long and only 45 

feet wide. It currently has 34 locks. 

The Erie Canal was originally designed as a means of travel for people and goods. 

Currently, the Erie Canal is also available for people to use recreationally. People can 

still use the Erie Canal as a passageway to travel across New York State.  

 

Explain how the Erie Canal impacted the economy? 

The Erie Canal was one of the most successful local projects during the early years of 

the United States. The original cost estimation for the Erie Canal was $7 million. New 

York State was unable to obtain federal support for the project, but strong support came 

from then Governor DeWitt Clinton.  Governor Clinton was mainly responsible for 

construction of the Canal and was able to get the NYS Legislature to designate funding 

for it.  In the first year of operation, the Erie Canal made $1 million.  

The development of the Erie Canal quickly improved local economies and created more 

job opportunities. The canal was entirely man-made and took five years to complete. 

After completion, people used the canal to transport goods across the state. It was a 

cheaper and faster route.  Additionally, more people began to settle along the Erie 

Canal, choosing it as the ideal location for both their home and work.   
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How did the Erie Canal transform the development of the City of Rochester? 

With more people settling along the Erie Canal and using its resources, the City of 

Rochester developed rapidly. Many businesses were able to succeed within the city due 

to increasing population. Business owners utilized the Erie Canal to transport materials 

and goods across New York State. With quicker and cheaper transportation, businesses 

were able to more efficiently reach more markets. When digging on the Canal in 

Rochester began in 1821, there was a population of approximately 1500 people in the 

small village. The Greater Rochester Area looked very different after the Erie Canal was 

built, with completion here in 1823. High Falls, along the Genesee River, powered the 

mills. The city exported 26,000 barrels of flour in 1818. After the Erie Canal opened, 

trade grew rapidly to 200,000 barrels in 1828, and 500,000 by 1838. 

Rochester's population and businesses grew so quickly that it became the first 

“boomtown” similar to the frontier towns of the west in later years. By 1834, Rochester 

was a well-established city. 

  

How do locks work? 

Locks are essentially elevators for boats. The 

elevation of the surrounding lands varied greatly 

throughout the length of the Erie Canal, meaning 

that at times boats would need to be raised or 

lowered in order to continue travel along the 

canal. To raise a boat, the water in a lock is 

lowered to match the water in the lower canal. 

The boat would then enter the lock, where a set 

of doors would seal it off from the rest of the 

canal. Sluice gates were then opened on the 

other side of the lock, allowing water to raise the 

boat to the same level as the canal beyond it. The lock would then be opened allowing 

further travel along the higher length of the canal. The same process would be reversed 

to lower a boat.  
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Pre-Cruise Class Discussion  

Step One:  Assessing the Canal Habitat 
 
Students will begin their assessment of the conditions and health of the Erie Canal with their 

data collection and observations while aboard the Sam Patch. This will include physical, 

chemical, and biological analyses of the Erie Canal and additional assessments with 

professionals and experts, along with internet research in the classroom.   

 

Key questions to keep in mind while going through this assessment are: 

• What are the environmental strengths of the Canal? 

• What are the environmental conditions that need improvement? 

• Are any of these conditions long-term issues? 

• How is the Canal important to the community? 

• How do we know what is a ‘real’ issue and for whom it is an issue?  

• How do we learn more about something so that we can determine whether it is the root 

issue or the symptom of an issue?  

• Who might be an expert on our issue or area of focus, and be able to give us more 

understanding about it? 

• Which issues are verified by more than one source? 

 

By answering these questions and others that will arise, you will be able to create a list of real 

and significant issues that matter to others in your community. This list is a strong first step in 

discovering what you can do to help improve pollution and maintain the Erie Canal as a healthy 

habitat. 

 

Is There Biodiversity in Our Backyard? 

  

The Erie Canal is a man-made aquatic resource. The canal 

was a major factor in the development of Rochester, 

Syracuse, and other cities in New York State. The canal’s 

commercial uses are less significant now, leading some to 

even suggest that the state should just fill it in. 

 

Boaters, hikers, bikers, joggers, property owners, anglers, and 

tour operators feel strongly that the canal provides rich 

recreational opportunities as well as a beautiful landscape 

across our state.  But are there any other reasons we should 

care about – and care for – the Erie Canal? 

 

Who Cares?  Fish do!  So do birds, bacteria, plants, beaver, deer, and the hundreds of other 

flora and fauna that call the canal home.  If the canal’s water conditions are unhealthy through 

pollution, the food chain becomes disrupted and the plants and animals that live there die.  
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When that happens, scientists consider the body of water “dead” and it becomes unsafe for 

humans as well as plants and animals. 

 

What you will do:  In what water conditions do species thrive?  What can we learn to help us 

care for this important habitat?  

 

The experience on the Sam Patch will allow you to explore the conditions of the Erie Canal, and 

then report on the health of the canal environment and the biodiversity observed.  

 

On board the Sam Patch, you will experience the Erie Canal and travel through an historic lock. 

You will use the biological sampling equipment to collect aquatic flora and fauna and analysis 

tools to measure chemical and physical characteristics of the canal water.   

 

Your findings will be added to the Finger Lakes Institute’s stream monitoring database, which 

collects data on water conditions across western New York State.   

 

What is Citizen Science? 

 

You don’t need a biology or chemistry degree to be a scientist, you just need to observe, run 

tests, and document your findings!  Citizen science refers to programs where students and 

adults research community-based questions about their local environment. During citizen 

science projects, students take on the role of real scientists to collect and analyze data as part 

of their scientific investigation. In addition, citizen scientists use their data to monitor 

environmental conditions, such as (in our case), assessing the overall water quality of the Erie 

Canal and identifying the possible impacts on the overall “health” of the canal.  Your findings will 

help local agencies make informed decisions about how best to keep our canal healthy for us 

and the many species that call the canal home. 
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Pollution Issues and the Erie Canal 

Nonpoint source and point source pollution affects the Erie Canal.  

The Erie Canal Corridor’s waterways include approximately 40 percent of New York State’s 

freshwater resources and drain nearly half of the state’s total area. Both water quality and 

quantity are essential for navigation, drinking, recreation, irrigation, and a healthy ecosystem for 

plants and animals. 

 

Nonpoint source pollution comes from many different sources each polluting a small amount 

that adds up. For example, a car has a small oil leak. This by itself will not cause problems, but 

if many cars leak oil in a community, it can have a negative effect on the local water supply. This 

type of pollution usually starts on the land and enters the water as rainfall or snowmelt moves 

over and through polluted ground.  

 

Point source pollution is from specific sources, like industries and sewage treatment plants. 

You can point to the specific source of point source pollution, but you cannot point to a specific 

source of nonpoint source pollution.  
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Students should look for evidence of the following types of pollution during their cruise.  
 

 

 

 

 

 

 

Pollutant Source Impacts 

Trash and 
Litter 

Littering and 
Illegal 
dumping 

Litter can reach 
lakes and 
streams and 
choke or 
suffocate ducks, 
fish, turtles, or 
birds. 

Bacteria and 
disease-
causing  
organisms 

Sewage, 
leaking septic 
systems 

Bacteria and 
germs can reach  
swimming areas, 
causing beach  
closures, and 
creating health 
hazards. 

Chemicals 
and oil 

Illegal 
dumping or 
runoff of 
pesticides, 
paints, 
solvents or  
motor oil 

Chemicals and 
oil can poison 
aquatic life. 
Animals and 
people can be at 
risk from eating 
contaminated 
fish or drinking 
polluted water. 

Nutrients Runoff of 
fertilizers  
or detergents 

Nutrients cause 
algae to grow, 
which absorbs 
the oxygen that 
aquatic life need 
to live. 

This chart and right graphic are from 
http://www.canals.ny.gov/community/environmental/canalclean.pdf 

http://www.canals.ny.gov/community/environmental/canalclean.pdf
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Cruise Schedule 

5 min Deckhand Instructions 
10 min  PowerPoint introductions 

 Instructors introduce themselves, set 
mission for the cruise 

 Instructors review different tests that will 
be performed, describe flow of students 
at stations 

15 min Round 1 
5 min Transition 
15 min Round 2 
5 min Transition 
15 min Round 3 
5 min Station clean-up 
5 min Next steps/Q&A 

  

The cruise is 90 minutes. 80 minutes are scheduled, because students usually take the 10 

minutes in the lock to observe their surroundings and do not use this time for the station 

activities. 
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Station A: Physical Characteristics 
Date ___________________ Time_______ Waterway_________________________________ 

School_______________________________________________________________________ 

GPS ________________________________________________________________________ 
 

Land Use:  Land use refers to how the land adjacent to the canal is used by humans.   

Who Cares?  The way land is used near a body of water may affect the quality of the water.  

Chemicals in the water, debris floating or submerged in the water, and the clarity of the water 
are affected by the surrounding land, how it is used, and the buildings nearby. 
 
Check all that apply (visible from your location): 

 Commercial/Industrial (factories, shops, offices)       
 Landfill           
 Residential (houses and apartments) 
 Forest            
 Old Field (overgrown farming field)      
 Wetland (swampy area) 
 Cropland (active farm field)      
 Orchard/Vineyard/Nursery (active fruit trees, vines, and flowers grown for human use) 
 Golf Course           
 Pasture (grassy areas for farm animals)   
 Other (explain) __________________________________________________________ 

 
____________________________________________________________________________ 

 

 

Weather:  It is important to record current weather conditions as well as conditions during the 

past 24 hours in order to understand how canal water conditions might be affected. 
 

Who Cares?  Weather affects canal water conditions such as high or low water level, clarity, 

and rate of flow.  

  

Current Weather: ______________________________________________________________  
 
____________________________________________________________________________ 
 
Current Air Temperature:  _______  °C  _______ °F 
 
Weather conditions in the past 24 hours: ___________________________________________ 
 
____________________________________________________________________________ 
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Local Characteristics (Debris in the Water):  Debris can be both natural and man-

made.  Debris that is floating or submerged in the water can provide habitats for plants and 

animals that live in the canal.   

 

Who Cares?  The decay of logs, leaves, and other material can provide food for bacteria, 

fungi, and other aquatic organisms.  Man-made debris can pollute the water, making it 
unhealthy and unsafe for living things.   
 

Instructions:  What do you see in the water?  Look for rootwads (tree roots exposed in the 

water), woody debris (logs, branches), and man-made items. 

 

Item Number 

  

  

  

 

 

Water Appearance/Odor: The appearance of the water can give a good indication of water 

quality if one knows what to look for. Generally, clear water is a good sign.  
 

Who Cares?  Murky or brown-colored water often means silt, or fine soil, is in the water 

because of eroding banks. Tea-brown colored water is often due to the tannins found in 
vegetation leaching into the water. This is similar to the way tea leaves color tea brown.  Algae 
blooms will be clearly visible as clouds of green and are often the result of nutrients in the water. 
If the water appears oily, it may be from runoff from surrounding roads and other surfaces. 

 

 
 

Water Temperature:  Water temperature can determine which animals survive in the river. 

It affects their feeding habits and other bodily functions. One factor that can change water 
temperature in a river is thermal pollution. Thermal pollution occurs when heated water flows 
into a waterway. Industries and power plants may draw in cold river water to cool machines, and 
then return warmer water to the waterway. Buildings and sidewalks can trap heat and warm up 
rainwater, which then runs off into the waterway.  
 

Who Cares?  Water temperature not only affects animals’ bodily functions; it also determines 

how much oxygen the water has in it. Warm water holds less oxygen than cold water, which 
means there is less oxygen for fish and other animals to breathe. 
 
Current Water Temperature:  _______ °C _______ °F 

 

 Clear 
 Murky 
 Tea-Brown 
 Algae 

 Oily 
 Unusual Odor 
 Other: _______________________________ 

_____________________________________ 
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Turbidity:  Turbidity is a measure of how much material is suspended in the water.   

 

Who Cares?  Turbidity measures the clarity of the water. Clarity affects how easy it is for 

plants in the water to get sunlight. In addition, material in the water can harm the gills of 
organisms that live in the water. 
 

Instructions:  Pour canal water into the turbidity tube until the image at the bottom of the tube 

is no longer visible.  Record the depth of the water by looking at the gauge on the side of the 
tube. 
 
Turbidity:  _______ Centimeters 

 

 

 

Substrate:  Substrate is the material that makes up the bottom of the 

waterway.  Substrate may be clay, rock, silt, loam, sand, or any 
combination of these materials.  Substrate is important because many 
aquatic organisms have specific habitat needs in order to feed and 
breed. Determining the size and type of substrate is important for 
habitat assessment. 
 

Who Cares?  The type and amount of substrate material will 

determine whether a stream can support aquatic 
macroinvertebrates and the fish that feed on them.  
 

Instructions:  Bottom sampler is lowered onto the 

bottom sediment, then closed by sending down the 
weighted messenger, and pulled up to retrieve a sample. 
Describe the texture of the substrate with this Soil Texture 
Triangle (USDA). 
 
 
 
Substrate: _________________________________________________________________ 

  

Equipment: Transparency Turbidity Tube 

 

Directions:  
1. Collect the sample in a bottle or bucket in mid-stream and mid-depth if possible. Avoid stagnant water and 

sample as far from the shoreline as is safe. Avoid collecting sediment from the bottom of the stream. 
2. Face upstream as you fill the bottle or bucket. 
3. Take readings in open but shaded conditions. Avoid direct sunlight by turning your back to the sun. 

4. Carefully stir or swish the water in the bucket or bottle until it is homogeneous, taking care not to produce air 
bubbles (these will scatter light and affect the measurement). Then pour the water slowly in the tube while 
looking down the tube. Measure the depth of the water column in the tube when the symbol just disappears. 
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Station B: Chemical Characteristics 

pH:  The pH test measures the acidity of the water. pH measurements are on a scale from 0 to 

14, with 7.0 considered neutral. Solutions with a pH below 7.0 are considered acids, and those 
above 7.0 are considered bases.  Unpolluted water has a pH of 5 to 8.5.  
 

http://leonsleakdetectors.com.au/what-is-water-ph-level/ 

Who Cares?  The acidity of water has a dramatic effect on the plants and animals living there.  

Factories, cars, and trucks release pollution in the air, which returns to the earth as acid rain.  
Some effects of acid rain on fish are softening of their bones and clogging their gills with mucus.  
See the diagram below for healthy pH ranges for a variety of aquatic plants and animals. 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
pH:  _______ 
 

Equipment: LaMotte Precision pH Test Kit 

Directions: Add 10 mL of water to the test tube and add 10 drops of indicator. Cap and Mix. Place the test tube 

in the viewer and match the color of the solution to the Octa-Slide 2 viewer.  

 

pH Ranges that Support Aquatic Life 

           Most Acid Neutral Most Basic 

  0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

 

Bacteria   1---------------------------------------------------------------------------------------13  

 

Aquatic plants       6.5---------------------------------------------13 

 

Carp, suckers, catfish,     6--------------------------------------------------13  

some invertebrates 

   

Bass, crappie       6.5--------------- 9  

   

Snails, clams, mussels      7-------------9  

 

Largest variety of animals 

(trout, mayfly, stonefly, caddisfly)    6.5-----7.5 
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Alkalinity: Alkalinity is important because it protects against pH disturbances from acidic 

sources and can affect the water’s ability to support life. Alkalinity is measured in parts per 

million (ppm) of calcium carbonate. 

 

Who Cares?  Alkalinity is a measure of the capacity of water to neutralize (or buffer) input of 

acids. A river’s alkalinity is dependent upon the types of soil and bedrock through which it flows. 

The lower the alkalinity, the lower the capability to act as a buffer. Therefore, Animals and plants 

in water with lower alkalinity are in greater danger of suffering from a high pH level if there is 

pollution, like acid rain. 

 

Alkalinity: ___________ ppm of CaCO3 

 

Equipment: LaMotte Alkalinity Kit 

 

 

 

 

 

 

 

 

 

 

 

 

  

Category 
Alkalinity as 

CaCO3 

Acidified 0 

Critical 0-2 ppm 

Endangered 2-5 ppm 

Highly sensitive 5-10 ppm 

Sensitive 10-20 ppm 

Not sensitive 20 or ppm 
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Dissolved Oxygen:  Aquatic animals need dissolved oxygen to live. Oxygen dissolves into 

water from the atmosphere. Once dissolved in the water, the oxygen diffuses very slowly and 

distribution depends on the movement of the water. Oxygen is also produced by aquatic plants, 

algae, and phytoplankton as a by-product of photosynthesis.  

 

Who Cares?  A shortage of dissolved oxygen means that fish and other aquatic species have 

less to breathe.  A low level of dissolved oxygen can be caused by pollution. Invasive species 
such as zebra mussels can also lower the dissolved oxygen level, as they eat phytoplankton 
and small zooplankton that produce oxygen. 
 
See the diagram below for oxygen requirements for a variety of aquatic animals. 
 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Dissolved Oxygen:  _______ mg/liter 
 

Equipment: LaMotte Oxygen, Dissolved (EDO) Test Kit 

  

Oxygen Requirements 

mg/liter 

   

 Less Oxygen          More Oxygen 

 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

 

Bacteria  1 ---> 

 

Alewife     4 ---> 

 

Trout        7 ---> 

 

Perch, Bass     5 ---> 

 

Carp    3 -----------------> 

 

Striped Bass, Salmon     6 ---> 

 

Salmon and Trout Eggs         11 ------------> 

 

Zebra Mussels      6 ---------------------------> 

 

Pike   2 ---> 
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Nitrate and Nitrogen:  Nitrogen is naturally abundant in the environment, but it is also 

introduced through sewage and fertilizers. Chemical fertilizers and animal manure are 

commonly applied to crops to add nutrients. Heavy rains can generate runoff containing these 

materials into nearby waterways. 

 

Who Cares?  Excess nitrogen can cause overstimulation of growth of aquatic plants and 

algae.  Excessive growth of these organisms can use up dissolved oxygen as they decompose, 
and block light to deeper waters.  This can also affect the ability of fish and aquatic invertebrates 
to breathe.  
 
The EPA’s Nitrate (NO3-) level for safe drinking water is 10 ppm and Nitrite (NO2-) level is 1 
ppm. The DEC standard is 1 ppm for Nitrite with a combined Nitrite and Nitrates level of 10 
ppm. 
 
Nitrogen:  _______ mg/liter (or ppm) 

 

Equipment: LaMotte Nitrate Nitrogen Test Kit 

 

 

 

 



21 
 

Delta Environmental & Corn Hill Navigation © 2019 

  

USGS 
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Phosphate:  Phosphate is an essential element for plant life. It is also a common component 

of agricultural fertilizers, manure, and organic wastes in sewage and industrial waste.  

 

Who cares?   When there is too much phosphate in water, it can speed up the reduction of 

dissolved oxygen in water bodies. Soil erosion is a major contributor of phosphorus to streams. 
Bank erosion occurring during floods can transport a lot of phosphorous from the river banks 
and adjacent land into a stream. 
 
The DEC guidance value is 40 ppb (0.04 ppm) for phosphorus in waters that propagate fish and 
supply drinking water. 
 
Phosphate:  _______ mg/liter (or ppm) 

 

 

  

Equipment: LaMotte Oxygen, Dissolved (EDO) Test Kit 
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Estuaries and Coasts (2014) 37:243–258 

How phosphate and nitrate work together: Phosphate and nitrate are naturally part of 

the environment, and both are necessary for plant growth. When there isn’t enough of one of 

these nutrients, growth or abundance of a population is limited in an ecosystem. This is called a 

“limiting factor.” 

 

Who cares?  Among the most visible water quality problems in the Rochester area are the 

nuisance algae blooms at Ontario Beach and Durand Beach. Because nitrates are plentiful in 

the water, the level of phosphate is a limiting factor for these algae blooms 

In addition to being unsightly, algae blooms create favorable conditions for bacteria to multiply. 
High bacteria levels are also associated with heavy rains. Storm water can contain lots of 
bacteria that washes off of pavements and rooftops. When bacteria levels are high enough to 
cause health risks, the beaches are closed.   

   

 
 

  

Environ. Microbiol. 2016, DOI: 10.1111/1462-2920.13035 
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Station C: Biological Characteristics 

Biodiversity:  Waterways with a wide variety of organisms living within them (referred to as 

biodiversity) are considered healthy, while waterways with only a few different species of 
organisms indicate that conditions are not desirable.   

 
Pollution and invasive species can reduce the quality of the environment, and also reduce 
biodiversity. Scientists have discovered that some species of macroinvertebrates are sensitive 
to pollution and other impacts, and will not be found when there are high levels. Others thrive in 
polluted environments and can indicate unhealthy water conditions. 
  

Who Cares?  Good question!  Given what you have learned in class and on this field study, 

why should we care about the aquatic life in the canal? 
 
____________________________________________________________________________ 

____________________________________________________________________________ 

 

 

 

 

 

 

 

 

 

 

 

  

 

Instructions:  Collect and examine samples of aquatic life that you find in and along the 

canal.  Draw a detailed sketch and use the materials in this station to try to identify each 
organism.   
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Science Journaling 
Material on Science Journaling is adapted from Opening the World 
through Nature Journaling: Integrating Art, Science & Language Arts 
(Second Edition – 2012) by John Muir Laws, Emily Breunig, Emilie Lygren, 
Celeste Lopez 

 
 
A journal or notebook is an indispensable tool in all branches of 
scientific investigation. It is where the researcher records and 
preserves what has been seen, done, and thought in the  
course of his or her work. Keeping a science journal sharpens and 
focuses observational skills and provides reliable documentation of 
past events. The process of carefully recording observations in a 
journal forces one to see and take note of things that student may 
otherwise overlook.  
 
Journaling, as part of a school curriculum, strengthens and refines students’ cognitive skills by 
teaching them to observe, to become aware of what they have observed with all of their senses, 
and to exercise their imaginations and critical skills through developing hypotheses to explain 
what students have observed. Observation is a skill that teachers can teach and develop. 
 
Many people look casually but do not see the details of what is before them. A scientist must 
see deeply and recognize subtle differences. Human memory is unreliable. Details of the 
immediate past slowly slip from mind as they are replaced by more recent events. Memories of 
emotionally charged events may be vivid, but are not reliable records of data. Keeping a science 
journal not only sharpens and focuses observational skills, but also provides reliable 
documentation of past events. Observing deeply through journaling facilitates more than a 
capacity for scientific thinking. Those who journal, write, and sketch regularly are better 
learners. They are more connected to their surroundings, develop identities within their 
community, and gain the ability to look outside of themselves and reflect on their lives.  
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Guiding Students 
People do not often notice details that are common to their environment. When was the last 
time you really noticed the details of the tree in front of your house. The purpose of these 
prompts are to get students to take in details that they think are ordinary and not worth 
mentioning, but these details are the key to observing your environment.  
 
Telling yourself or your students to “look carefully” or “look hard” is not helpful. The human brain 
quickly clears itself of details that are not necessary for survival. This is useful because it frees 
up working memory for new things. You will find that if you observe a scene with a group of 
student, and then ask them what they saw, you will only get a few superficial responses. 
Instead, you should ask the following prompts. 
 

I notice... 
When making a nature observation, ask students to say all of their observations aloud. Do not 
filter out any of your observations. Anything that you see (structure, behavior, color, interactions 
with other species) you should say out loud. If you are gathered in a group of classmates or 
nature explorers, listen to the observations that are said by other students and build on or 
modify what you hear. This makes nature observation a social activity. By describing what you 
see, your brain also processes each observation more deeply. This is reinforced by the auditory 
feedback loop of hearing your own voice describing what you see. You will find that the things 
that you say remain in your working memory much longer than those you only think quietly to 
yourself. 
 

I wonder... 
As you say your observations out loud, be aware of any questions that occur to you. Ask these 
out loud to the group (or yourself if you are alone). Do not be afraid of asking questions. The 
point is not to answer them now but just to get them out there. Saying the question aloud will 
help you re-member it later. A good scientist should be able to ask many more questions than 
they can answer. Some of the questions you can answer with further observation. Some 
questions you will be able to research, or explore how one might go about answering the 
question with research or observation.  
 
If you make this a regular practice, questions will flow more easily. You can make yourself a 
more curious person! 
 

It reminds me of… 
Ask yourself what your observations remind you of. Try to come up with as many connections 
as you can. Go into your own network of memories and see how this new set of observations 
fits in. Is this like something you studied before, observed in another context, or saw on a nature 
special? Have you seen this invertebrate before or seen similar behavior? Can you make an 
analogy or metaphor that ties to a new observation? Why does this new observation remind you 
of that? Connecting this new observation to those already in memory will help you remember 
what you are seeing.  
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Students Journal their Observations 

After students have observed each organism collected and answered the prompts as a group, 
they now need to record their data on the guided sheet (with questions and boxes) or blank 
sheet.  
 
Positive reinforcement can and should be given, but it needs to be given in a way that advances 
the goal of the curriculum. You have told your students they are to observe and carefully record 
what they have seen. Give positive reinforcement when you find accurately observed details in 
their work. “I see you have shown the arms on the Daphnia. Details like that become important 
to biologists when identifying and studying invertebrates.” Give positive reinforcement to 
scientifically useful information that students add to their observations such as date, location, 
time and weather information, size or scale information, color notes, multiple views of the same 
subject, or behavior or interactions with other species. “You have put a scale next to your 
drawing. That will really help you remember this organism when you review your notes.” 
 

Don’t Say 
 

 “That is really pretty.” 

 “What a good drawing.” 

 “You are a great artist.” 

 “That looks so realistic.” 

 “You are really good at shading.”  

Do say 
 

 “The way you use both writing and 

drawing to describe this invertebrate 

is really clear.” 

 “I see you measured the distance 

between the limbs and added a 

scale.” 

 “Oh, you found the gills on the side of 

the insect! Great observation.” 

 “The details of the exoskeleton you 

illustrated helps me pick out which 

insect you were looking at.” 

 

 

 
All the items in the “don’t say” column may find a place in an art class, but have no place in this 
setting. Here we momentarily put aside our art values to shift the students’ focus, and in doing 
so, free them to draw. 
 



30 
 

Delta Environmental & Corn Hill Navigation © 2019 

Draw the shape before the details 

This limits the need to erase and helps with seeing how the 

details interact.  

 

 

Do Not Erase 

Erasing destroys data. If you want to change something, 

redraw it or change it on the drawing. 

 

 

Draw Larger than Life-Size 

Especially with small organisms, draw large enough to 

capture details. 

 

 

Drawing Moving Subjects 

If your organism 

moves, start a new 

sketch.  

 

 

 

 

 

 

 

Use Text 

Add information to your drawings 

 

 

 
Watercolors by Kaeti Stoss 

Top and middle by John Muir Laws 

Lower left drawing is by Claire Walker Leslie 

Lower right is by Charles Darwin 
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Where did you find it?   ____________________ 
 
What do you think it is? ____________________ 
 
Color: __________________________________ 
 
Number of legs: __________________________ 
 
Number of wings:  ________________________ 
 
Number of antennae: ______________________ 
 
Number of body sections:  __________________ 
 

Special features:  ______________________________________________________________ 
 
____________________________________________________________________________ 
 
Description: __________________________________________________________________ 
 
____________________________________________________________________________ 
 
____________________________________________________________________________ 

Where did you find it?   ____________________ 
 
What do you think it is? ____________________ 
 
Color: __________________________________ 
 
Number of legs: __________________________ 
 
Number of wings:  ________________________ 
 
Number of antennae: ______________________ 
 
Number of body sections:  __________________ 
 

Special features:  ______________________________________________________________ 
 
____________________________________________________________________________ 
 
Description: __________________________________________________________________ 
 
____________________________________________________________________________ 
 
____________________________________________________________________________ 
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Classroom Based Assessments of the Health of the 

Erie Canal 
Once you have your data collected and observations from your trip on the Sam Patch along the 

Canal, you will need to conduct two additional assessments of the health of the Erie Canal to 

ensure you are able to identify real and significant issues related to the Canal.   

 

This is a good time to revisit the following questions: 

 How do we know what is a ‘real’ issue and for whom it is an issue? 

 How do we learn more about something so that we can determine whether it is the root 

issue or the symptom of an issue? 

 Which issues are verified by more than one source? 

 

Online Research 

Conducting online research with credible sources helps you acquire some background 

information on your issues; identify contact information for the agency, business, or 

organization; and also help you write good questions to ask experts and stakeholders.  Below 

are some places to start looking for information online.  What other ideas do you have for 

sources of online information? 

 Local government agencies that oversee the Canal 

 Local government agencies that monitor water quality 

 Citizen groups interested in the health of the Canal 

 Reports from agencies that oversee the Canal and water quality 

 

Getting Information from Experts and Stakeholders 

Asking questions of experts or stakeholders, on the phone, in-person, or through email is a 

great way to help refine your definition of issues, and also to learn more about what some 

people think is an issue, what others think is not an issue, and why.   

 

Who are these experts and where will you find them?  Start by asking the people on the Sam 

Patch the above questions and ask them who else has knowledge of the Canal habitat.  Below 

are some ideas to get started.  Who else can you think of? 

 New York State Canal Corporation 

 Town of Pittsford Parks and Recreation 

 Town of Pittsford Government 

 Monroe County Parks and Recreation  

 Monroe County Government 

 Residents along the Canal 

 Environmental Groups 

 Businesses along the Canal 

 



33 
 

Delta Environmental & Corn Hill Navigation © 2019 

Step Two: Selecting One Issue 
Using the information your class gathered through data collection, observations, online research 

and consulting with experts and stakeholders, create a list of all of the issues that have been 

verified by at least three of the four sources.  Also be sure that your class’s issue is a root 

cause, not a symptom. This is important because when you decide what project to do, you want 

to be sure that you will actually be able to improve the selected condition. 

 

Developing Criteria for Selecting an Issue: 

The next thing to do is to work with your class in developing a list of criteria for selecting a single 

issue to look into more deeply.  It is important to take time in determining the criteria that 

everyone in the class, including the teacher, agrees are important in making a decision, as you 

all have to be able to work together on the issue.  

Consider the following when selecting criteria: 

 Is the issue important to more than one type of stakeholder? 

 Is the issue related to your classwork? 

 Is the issue interesting? 

 Is the issue one that affects the health of the Canal? 

 Will addressing this issue create significant change for our local community? 

 Are we involving the different voices of interest in our selection process? 

 

It is often helpful to have a discussion of the pros and cons of each of the issues on the list as 

an informal way to start developing criteria. Consider the scope and scale of each issue and if it 

is one they can feasibly address. Also consider the amount of time available to work on the 

issue, what additional types of information are needed, and if that information is readily 

available. This type of discussion can lead to a refining or narrowing of the definition of the 

issue. 

 

Once criteria are decided as the basis for selecting a single issue, work with your class on 

adding this information to the Selection Grid template, along with your list of issues.  It may take 

more than one round of use of the Selection Grid, as well as other pro and con discussions to 

make a selection.  

 

Selecting an Issue Democratically 

Remember, this is a democratic process for everyone to have a voice and share their opinions 

as a part of the process.  Additionally, this means that the majority decision prevails.  The idea 

is to have sufficient fair and open discussion of the issues in this selection process in order to 

identify areas of agreement and shared interest that everyone can support in some way going 

forward. It is also important to conduct as many voting cycles as necessary to determine a 

strong majority, not just a simple majority of 51 percent.  

 

  



34 
 

Delta Environmental & Corn Hill Navigation © 2019 

Step Three:  Digging Deeper into Your Issue 
In this step, you will dig deeper into your issue to understand these questions: 

 Why your issue exists?  

 Who has decision-making authority about the issue or environmental condition?  

 Who has a strong interest in the issue (stakeholders)? 

 What the different perspectives, or viewpoints, of the different stakeholders are? 

 What else there is to know about your issue before you decide on a project to make a 

positive impact on that issue or condition? 

 

In the process of doing this you will look at policies and practices related to your issue.  This 

means looking at formal written policies like laws or regulations related to the Erie Canal and 

also learning about what people are actually doing.  For example, there may be a law about no 

littering (policy) that is not enforced, so people actually do litter (practice).  

 

In order to do this, your class will need to go back to your list of experts and stakeholders you 

used in Step One, and determine which ones are relevant for your issue.  You will also want to 

do some online research and expert interviewing to determine if there are other experts and 

stakeholders you need to consult.  For example, there may be a specific division of an agency 

or local government that you now need to research.  

 

Start by looking online to find what you can, and then begin to email or talk with relevant experts 

and stakeholders. Here are some questions to help you identify useful experts and 

stakeholders: 

 Who has an interest in this issue?  

 Who is an expert on this issue?  

 Who has tried to address this issue in the past?  

 Who makes decisions about this issue and/or is responsible for enforcing policies on this 

issue? 

 Who is affected by the issue you selected and cares about the status of the issue? • 

Who bears the cost or pays for the issue?  

 

Below are some key questions to help guide you through the research process of Step Three: 

 What policies and/or community practices are currently in place regarding your issue?  

 Who is affected by the issue you selected?  

 Who makes decisions about the policies and practices related to this issue? 

 What policies or practices need to be changed to improve your issue? 

 

Once you have gathered substantial information and have developed a deeper understanding of 

the policies and practices related to your issue, your class will review the information in order to 

narrow your list to the 3-5 options you believe can be addressed.  

 

This will involve pro and con discussions as you did in Step Two and asking questions of each 

other to explain and understand the information gathered.  Once the list of options is narrowed 
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down, record the list on chart paper.  You will then work with your class to discuss the following 

about each of the items on the list: 

 The benefits of the policy or practice. 

 The economic, personal, and community costs of the policy or practice. 

 The stakeholders affected by the policy or practice.  

 Three reasons why the policy or practice should be changed. 

 The allies and opponents of changing the policy or practice. 

 

As you are gathering information be aware of the reliability and credibility of the sources of your 

information.  You will want to avoid sources that have a strong particular bias or spin, are 

spreading misinformation, omit key information or try to persuade readers of a particular 

viewpoint.  Remember that just because it is written, stated by an adult, or found online it does 

not automatically make the information true, credible, or reliable. 

 

Below are some questions provided by the American Press Institute that will help guide you in 

your analysis of the media: 

 Type: What kind of content is this — news, opinion, advertising or something else?  

 Source: Who and what are the cited sources, and why should I believe them? 

 Evidence: What’s the evidence and how was it vetted? 

 Interpretation: Is the main point of the piece proven by the evidence?  

 Completeness: What’s missing? 

 Knowledge: Is there an issue here that I want to learn more about, and where could I do 

that? 

  

At the end of this step you need to be prepared to address the following question: 

 Which policy or practice do you want to change and why? 
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Step Four:  Selecting a Goal and Strategy to Change 
Now that your research is completed it is time to narrow the focus to what you want to do to 

make an improvement with  the condition you selected in Step Two. In order to do this, you will 

need to: 

 Select one policy or practice they want to change  

 Select the most effective strategy to achieve the desired change  

 Develop a project goal and a strategy statement to guide how the change will be made.  

 

To make this decision your class will need to develop criteria, with the teacher’s input, for 

making this decision and again use democratic processes for making a decision. 

 

The following questions will help guide your decision making in this step: 

• What criteria do we need to select a single policy or practice to try to change?  

 What are we trying to achieve by changing this policy or practice? 

 What are the strategy options for changing this policy or practice?  

 What criteria do we need to select the most effective strategy to make our desired 

change? 

 Should we work with a group, organization, or initiative already working on our issue or 

should we take our own action? 

 

Criteria Guidelines for Selecting a Policy or Practice for Action 

The criteria below and the related questions will help you and your students determine the 

criteria needed to select a policy or practice for an environmental condition to change or sustain 

on the Erie Canal 
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Student Voice Practicality Civic Engagement/Skills Erie Canal Impact 

Participation: 

Can everyone be a part of 

this? 

Time: 

Can we accomplish this 

action in our timeframe? 

Community: 

Does this require us to 

interact with the local 

community? 

Impact: 

Is there a definable and 

measure impact from this 

solution? 

 

Interest: 

Is this project fun and 

interesting for us to work 

on? 

Legality: 

Is this project legal? 

Decision-makers: Will we 

engage with decision 

makers and people in 

power? 

Resilience: 

Is this a project that will 

lead to a healthier Erie 

Canal? 

Understanding: 

Can I explain this project? 

Does it make sense to 

me? 

Money: 

Do we have the funds to 

complete this project? Can 

we acquire the funds to 

complete this project? 

 

Policy and Practice: 

Does this solution address 

underlying policies and 

practices? 

Research: 

Is the solution based on 

reliable/credible 

information? Does this 

solution use research 

support from 

stakeholders? 

 Accessible: 

Are we working within an 

accessible area? 

 

 Data-driven: 

Is the solution based on 

quantitative data? 
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Step Five: Planning and Taking Civic Action 
Use the template below to organize and develop strategies for a course of action in developing 

project  

 
1) Review What You Know 2) Set the Goal 3) Decide What to Do Next 

Describe the Erie Canal 

issue. 

State the present policy or 

practice. 

List & analyze all of the 

options for new policies or 

practices. 

Select the option you would 

like to pursue as your goal. 

 

List & analyze all of the 

possible strategies to reach 

the goal. 

Select the best strategies. 

 

Now that the information gathering, research and student decisions are done, it is time to 

facilitate the students in developing a plan of action to make the change they have chosen. This 

is the planning for their action project! 

 

The two key tasks for the students at this point are: 

• Write an action plan to address the action project goal and strategy statement 

• Take action by implementing the plan and completing the action project 

 

Students will work collaboratively to develop the specific plans, which include tasks and 

assignments, due dates, resources required, and budget. In developing the plan, students will 

need to consider potential obstacles and discuss a possible back up plan if these challenges are 

too big to address. The best action plans will be developed with the input of expert volunteers 

and allies that the students have worked with during the preceding steps.  

 

The following guideline questions will help the students think about the choices, decisions and 

plans they will need to make as they develop their action: 

  

• What are the necessary tasks to address our strategy and meet our goal?  

• How long will each task take?  

• Who will do what?   

• What is required for each task?  

• Who will help with each task?  

• What challenges or obstacles might occur along the way?  

• What will you do to meet these possible challenges?  

• Will your action project lead to sustainable environmental change?  

• How will you know when your action project is completed? 
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Step Six: Review and Share 
 

Now that the work is done and the students have implemented their project, it is time for the 

students to take time to recognize their accomplishments, share their project with 

the public, and consider any next steps that could be followed on their project. 

 

An important part of the process is how to bring it to closure. Students need to take time to 

evaluate their work on their action project, as well as the results of their project. Taking time for 

reflection and evaluation helps them explore and understand more deeply what they learned, 

what worked, what they might do to extend the project, and how this experience has affected 

them. It is very important that students recognize their success and celebrate it after the hard 

work and effort they have put into planning and implementing their action project. 

 

It is especially important that students who encountered challenges recognize the 

accomplishments made along the way, even if they did not achieve the desired goal. They 

need to recognize the steps made toward the goal, how they handled the challenges, and what 

they learned despite setbacks. Engaging in environmental problem solving through policy and 

practice change can be quite challenging and it is an important civics lesson to recognize that 

small gains can be significant wins. We want students to understand how to persist and not 

become discouraged when things don’t go according to plan.  

 

Having students share their project story with a larger, public audience is another component of 

ensuring students receive the full benefit of participating in the E3C program and applying their 

learning to real world problem solving. Preparing for a public presentation and writing their 

project story to share publicly enhances student communication skills. They must review their 

work with a critical eye, selecting the most important information to share so that their story is 

told effectively. The presentation experience develops public speaking skills and builds 

confidence. The attention and respect from peers and adults is an affirmation that their work is 

valued, an important encouragement to continue this kind of civic action and environmental 

problem solving and a recognition that young people can have a positive impact on their 

community. 

 

Some questions for students to consider at this point as they reflect and review their work are: 

• How well did the plan work? 

• How well did we work together through the process? 

• What did we learn that would make a new project more effective? 

• What could be done further with our project or issue? 

• How have I affected as a result of participating in this experience? 
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