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Pennsylvania Sea Grant, the Pennsylvania Department of Environmental Protection
and the Bayfront Center for Maritime Studies have teamed up to provide the oppor-
tunity for students to participate in a unique, hands-on educational experience.

Participants will sail aboard the Friendship Sloop Momentum, a historic, 42-foot
traditionally rigged vessel, and engage in scientific research while learning about
the environmental quality and ecology of Presque Isle Bay. Students will be trans-
formed into sailors and scientists for a day as they raise and lower the sails and
search for aquatic plants and animals.

Through the Environmental Rediscoveries experience, both teachers and
students will gain a deeper understanding of environmental issues that affect
Presque Isle Bay and Lake Erie environments as well as become active participants
in caring for and protecting their environment.

The goals of the Environmental Rediscoveries program are to:

• Foster an awareness of environmental issues and concerns
affecting the Lake Erie region.

• Create environmental stewards of our fragile environment of
Presque Isle Bay.

• Provide students with a unique maritime experience aboard
the Friendship Sloop Momentum, a 42-foot traditionally
rigged wooden sailing vessel.

• Build students’ teamwork skills, self-discipline and self
esteem through the cooperative efforts of sailing and
sample collection.
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 C C C C CURRICULUMURRICULUMURRICULUMURRICULUMURRICULUM

CCCCCRRRRROSSOSSOSSOSSOSS-C-C-C-C-CURRICULARURRICULARURRICULARURRICULARURRICULAR A A A A APPLICPPLICPPLICPPLICPPLICAAAAATIONSTIONSTIONSTIONSTIONS

This packet of lessons is designed to prepare students for their Environmental
Rediscoveries excursion aboard the Friendship Sloop Momentum. The lessons are
designed for seventh grade, but can be adapted for most grade levels, with all lessons
touching on some aspects of the Pennsylvania Academic Standards. Not all materials
included have to be reviewed in their entirety, but it is strongly recommended that
the activities and procedures for the field experience be reviewed with the students
prior to the field trip.

Most of the lessons have a predominately science theme, but incorporate some
aspects of other traditional academic subjects such as language arts, mathematics,
and social studies.

Some of the skills students will use in each area include:
Science process skills: Students will learn about observation,
measurement, classification, inference, prediction, communication,
formulation of hypotheses, experimentation, and data interpreta-
tion.

Language Arts: Students will talk and write about the exciting
science activities they are doing, as well as their personal interpre-
tation of their experiences.

Art: Students will interpret their findings through illustrations and
drawings.

Mathematics: Many of the scientific investigations and observa-
tions will result in an opportunity for students to apply mathemati-
cal skills such as algebra in a variety of ways. Often students will
need to apply mathematical operations to solve problems or answer
questions.

Social Studies: Students will learn about past human activities and
about their influences on the present and future.

44444
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Mayflies on the Move!
GRADE LEVEL/SUBJECTGRADE LEVEL/SUBJECTGRADE LEVEL/SUBJECTGRADE LEVEL/SUBJECTGRADE LEVEL/SUBJECT
Grade 7: Ecology/Environmental Studies/Biology

One class period

Mayflies are insects that are considered water quality indicator
species. Because they require clean sediments and an abundant
supply of oxygen to survive, their presence in a lake or stream
environment is and indication of good water quality conditions.
Water quality is something that affects everyone. We all use water everyday and assume that it is good
quality and safe to drink.   Pollution of the water can affect the organisms that live in Presque Isle Bay and in
other habitats. Presque Isle Bay, located in Erie, PA, has been designated an Area of Concern (AOC) because its
sediments are contaminated.  An improvement to the contaminated sediments could be indicated by the pres-
ence of mayflies.

The purpose of this lesson is to introduce students to mayflies and the environment, and to appreciate the
relationship between the mayfly and the water quality of Lake Erie and Presque Isle Bay.

At the end of this section students will be able to:
•     Identify a mayfly and know its basic biology and life cycle.
•     Recognize the relationship between the presence of mayflies and the overall status of

               Presque Isle Bay.
•     See the effect that pollution can have on the ecology of Presque Isle Bay.

Science & Technology
•  3.3 Biological sciences

Environment & Ecology
             •  4.6 Ecosystems & their interactions
              •  4.8 Humans & the environment

Mayfly samples
Pennsylvania Sea Grant data sheets
Worksheet for each student

Prior knowledge of the food web concept
Prior knowledge of insect anatomy/morphology
Prior knowledge of point and nonpoint source pollution

Ask the class:
� How many of you have ever been to the bayfront?
� How much do you know about water?

   OVER   OVER   OVER   OVER   OVERVIEWVIEWVIEWVIEWVIEW

   PURP   PURP   PURP   PURP   PURPOSEOSEOSEOSEOSE

  OBJECTIVES  OBJECTIVES  OBJECTIVES  OBJECTIVES  OBJECTIVES

PENNSYLPENNSYLPENNSYLPENNSYLPENNSYLVVVVVANIA ACANIA ACANIA ACANIA ACANIA ACADEMIC STADEMIC STADEMIC STADEMIC STADEMIC STANDANDANDANDANDARDSARDSARDSARDSARDS

 RESOUR RESOUR RESOUR RESOUR RESOURCES/MACES/MACES/MACES/MACES/MATERIALSTERIALSTERIALSTERIALSTERIALS

PRIOR KNOWLEDGEPRIOR KNOWLEDGEPRIOR KNOWLEDGEPRIOR KNOWLEDGEPRIOR KNOWLEDGE

 MO MO MO MO MOTIVTIVTIVTIVTIVAAAAATIONTIONTIONTIONTION

   TIME   TIME   TIME   TIME   TIME
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WhaWhaWhaWhaWhat is a Mayt is a Mayt is a Mayt is a Mayt is a Mayfly?fly?fly?fly?fly?
Mayflies are insects that can be found throughout the world. “Canadian Sailors” are the largest mayfly in

North America and are common in the Great Lakes. You might know them as those pesky critters that cover

the screens on your house or the hood of your car on a warm summer evening.  In Erie, we usually see

these insects emerge for the first time in the summer months beginning in June. Their body shape is very

similar to other insects except for their remarkably huge wings! They have the three main parts of an

insect: head, thorax and abdomen.

Like many other winged insects, mayflies have different

life stages. They live in the water as a nymph (Figure 1)

stage for a very long time, but have a very short adult

(Figure 2) life stage.  Therefore, most of their life cycle is

spent in the nymph stage on the bottom of lakes. They live

in U-shaped burrows (at right) that they construct. Their

food source is primarily microscopic particles that are

present around their burrow. They may live in their

burrow for up to two years, depending on the environ-

mental conditions. The mayflies emerge when favorable conditions exist, the mayfly nymphs swim to the

surface of the water and shed their exoskeleton. Once they have left their exoskeleton behind they are ready

to spread their wings and fly! Amazingly, during the summer of 1999, so many mayflies were seen emerging

from the water at night that they were captured on Doppler radar (Figure 3) by the weather staff at WJET-TV

Channel 24. Weather conditions probably play an important role in the emergence of the mayflies.

As mayflies leave the water, they begin to search for a place to land. They are attracted to bright lights.

Mayflies are considered poor fliers. The adult mayfly (at left) may live up to three days. Neither the male

nor female mayflies feed because their mouthparts are not fully developed.  Since they only live as adults

for a very short time, mayflies have to reproduce within a short

span of time, therefore their main concern is finding a mate.

Males swarm in one area and the females fly into that group in

search of a mate. Once they mate, the female will fly out over

a body of water, deposit her fertilized eggs directly onto the

water’s surface and die shortly thereafter. A single female can

produce as many as 8,000 eggs! These eggs then sink to the

bottom and after a few days or months a tiny nymph hatches

from the egg. This completes the lifecycle of the mayfly.

Fremling & Schoening

  BA  BA  BA  BA  BACKCKCKCKCKGRGRGRGRGROUND  INFORMAOUND  INFORMAOUND  INFORMAOUND  INFORMAOUND  INFORMATIONTIONTIONTIONTION
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Mayflies role in the food webMayflies role in the food webMayflies role in the food webMayflies role in the food webMayflies role in the food web
Mayflies play an important role in the food web. They

acquire the energy from decomposed plant material and

move it on to higher consumers (macroinvertebrates,

fish, birds, etc.) Most importantly, they are a food

source for many different kinds of fish, including walleye

and yellow perch.  It is thought that several endangered

species of fish namely sturgeon, whitefish, lake herring

and silver chub consume mayflies as a major portion of

their diet. These species have been increasing in numbers possibly due to the return of mayflies. More

mayflies should result in more fish! The more fish, the more fish people have to catch and eat!

 Why should wWhy should wWhy should wWhy should wWhy should we be concerned about maye be concerned about maye be concerned about maye be concerned about maye be concerned about mayflies?flies?flies?flies?flies?
 Mayflies were very abundant in Lake Erie until the early 1950s when pollution from untreated sewage and

industrial discharges contaminated the sediments. The nutrients in the untreated sewage produced tremen-

dous growths of algae, which matured, died and decomposed.   Aerobic bacteria use oxygen in the decompo-

sition process of the algae. Consequently, when these large algal growths decomposed and sank they used all

the available oxygen in the lake bottom and the mayflies died out because they could not survive without oxygen.

Our technology and lifestyle play a big role in polluting our waters. In the 1960s and 70s we did our laundry

with phosphate detergents and provided minimal treatment for sewage.  In addition, human impacts came

from development of surrounding land: landfills, sewage outfalls and industry.  Since we depend on the water

in Presque Isle Bay and Lake Erie for drinking, bathing, watering our lawns, washing our dishes, among other

things, it is important that the water is potable.  Presque Isle Bay (Figure 4) receives nonpoint source pollu-

tion in the form of runoff from streets and parking lots which can contain oils and other pollutants produced by

cars and trucks. Fertilizer and pesticides are also added to the bay from lawns, gardens and other sources.  The

bay also receives point source pollution from industrial and municipal discharge pipes.

These sources of pollution affect the animals living in the water. Certain animals are more sensitive to pollut-

ants in the water.  Some mayflies are viewed as a water quality indicator species. In mayflies, the nymph

stage is very sensitive to pollutants in the water and the sediments because they are in constant contact with the

sediments where the pollutants accumulate.  If a pollutant impacts the water in high enough concentrations, the

mayflies could die or their development could be affected. If the sediments are clean and the water quality is

good then the mayfly nymphs will complete a normal life cycle. By monitoring the populations of these animals,

we can get some indication of the water quality. If we don’t see the mayflies emerging, as was the case in Lake

Erie from the late 1950s until the early 1990s, we know that there is a problem. Could the increased quality of

the water or sediments be the cause of their reappearance?

1111111111
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1. Begin a class discussion by asking questions: What kinds of insects do you see around your house in
the summer? Then list these types of insects.

2. Display Figure 2. How many of the students recognize this insect? Are there other insects that they
think look similar to the mayfly?

3. With that brief introduction now review: What is a mayfly?

4. Pass around preserved samples of mayfly adults and nymphs so the students have a chance to observe
them.

5. Pass out a blank piece of paper to each student and have each student draw the preserved sample of
the mayfly they have.

6. Display Figure 1 and discuss the mayfly life cycle. What noticeable differences do the students recog-
nize between the two life stages?

7. Briefly discuss the mayfly life cycle. Stress the significance of the mayfly nymph stage of the life cycle.
Why would you think the nymph is so sensitive to pollution?

8. Briefly discuss the Mayfly’s role in the food web. How would the disappearance of the mayfly
affect other animals in the food web?

9. Now that the students have background information about mayflies and their life cycle, should they
be concerned about mayflies? Review: Why should we be concerned about mayflies?

10. Group activity: Have students form several groups. Have each group develop a list of ways it affects
the water around them. Have them brainstorm about what steps they can take to change the water
quality and make a difference.  Have them think about what they would they do if Presque Isle Bay
became so polluted that they didn’t have any clean water to drink or use for bathing.

11. Tying it all together: Mayflies are an important component of the ecosystems of Presque Isle Bay
and Lake Erie. Because they are sensitive to pollution, they can be used as one indication of the
quality of the water that we all depend on. By controlling and preventing point and nonpoint source
pollution, the mayflies stand a better chance of survival and so does the rest of the ecosystem,
including us.

12.  Pass out student worksheet: Mayflies on the Move!

PROCEDUREPROCEDUREPROCEDUREPROCEDUREPROCEDURE

     VVVVVOCOCOCOCOCABULARABULARABULARABULARABULARYYYYY
Exoskeleton
Nonpoint source pollution
Nymph
Point source pollution
Potable water
Water quality indicator species

1212121212
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 QUES QUES QUES QUES QUESTIONS/INQUIRTIONS/INQUIRTIONS/INQUIRTIONS/INQUIRTIONS/INQUIRYYYYY

   ASSESSMENT   ASSESSMENT   ASSESSMENT   ASSESSMENT   ASSESSMENT

 REFERENCES REFERENCES REFERENCES REFERENCES REFERENCES
� Krieger, K. A. 1997 Mayflies and Lake Erie: A Sign of the Times. Ohio State University Sea

Grant Fact Sheet FS-069, Columbus, Ohio.
� Mayflies Return to Lake Erie. Pennsylvania Sea Grant Fact Sheet 99-01. Erie, PA.
� Kentucky Water Watch: Water Resource Monitoring. http://www.state.ky.us/nrepc/water/

group1.htm

 GL GL GL GL GLOSSOSSOSSOSSOSSARARARARARYYYYY
Exoskeleton: The outside covering of the body of an insect or spider or other arthropods.

Nonpoint source pollution: Pollution that results from runoff of melting snow or rainwater
picking up pollutants as it is carried to streams and lakes. These pollutants consist primarily of
sediments and nutrients but can carry bacteria, viruses, oils, grease, toxic chemicals and heavy
metals. The major contributors of nonpoint source pollution in our watershed are urban runoff
and air deposition.

Nymph: The interim stage of development, between egg and adult, among insects that undergo
incomplete metamorphosis.

Point source pollution: Pollution that originates from a specific identifiable source such as a
pipe from a factory. Other sources could be discharge from wastewater treatment plants, or
other industrial sources.

Potable water: Water that is clean and can be used for drinking, bathing, or other uses.

Water quality indicator species: A species that is environmentally sensitive to pollution.
Mayflies are an indicator of good water quality.

� Students should be able to correctly identify and describe a mayfly from
a group of similar insects. What do they have in common? What are
their differences?

� Students will be able to articulate (written or orally) how the mayfly
population relates to the local fish population, and why? And how do
local environmental factors impact the mayfly population?

� Students will be assessed on the completion and correctness of their
worksheet.

� Using data collected by Pennsylvania Sea Grant and historic records, compare and
contrast mayfly populations from previous years. Hypothesize what the conditions
might have been when mayflies were abundant in previous years as compared to
the present situation?

� Do you think mayfly populations are related to the fish populations?

1313131313
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Antennae 

Tusks 

Eye 

Foreleg 

Abdomen 

Middle Leg 

Forewing Pad 

Thorax 

Hind Leg 

Gills 

Figure 1: Mayfly Nymph
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Burks, 1953

Figure 2: Mayfly Adult
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 26 June 1999 ~9:45 PM 

 15 July ~9:30 PM  15 July 1999 ~9:40 PM 

15 minutes later, the emergence begins. Clouds of mayflies can be seen

east of Presque Isle peninsula all the way to the NY state line.

July 15th shows the beginning of one of the larger emergences. Notice

that the next radar sequence shows a greater reflected echo as more

mayflies emerge.

July 15th was one of the largest emergences. Two distinct coulds of

mayflies are seen stretching along nearly 40 miles of lakershore.

 26 June 1999 ~9:30 PM 

This image shows the lake before emergence. Ground clutter can be

seen on land and several small ships east of Presque Isle peninsula.

Figure 3:Doppler Radar Images
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Figure 4: Presque Isle Bay
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Name:________________________ Date:______________ Class: ______________

SECTION I: COMPLETION

nymph walleye    adult nonpoint source  point source pollution
water quality exoskeleton potable food web

1. Most of a mayfly’s life is spent on the bottom of lakes in the __________stage.
2. Mayflies play an important role in the food web. They are a food source for many types of fish,

especially __________.
3. __________ pollution results from runoff of melting snow or rainwater picking up pollutants and

carrying them to streams and lakes.
4. Mayflies are a _____________ indicator species. Their presence in sediments indicate good

water quality.
5. Having a clean supply of water or water that is __________ is important because we depend on

water for drinking, bathing, watering our lawns and washing our dishes.

 Word Bank 
antennae   thorax     caudal filaments   gills legs  
abdomen  wings      eye            tusks 

5 

6 

7 

8 

1. _____________ 5. _____________
2. _____________ 6. _____________
3. _____________ 7. _____________
4. _____________ 8. _____________

SECTION III: CRITICAL THINKING

Remembering what you learned in class, write a paragraph describing what you think
caused the decline of the mayfly population in the 1950s. State why you think they have

     made a return to Lake Erie in the 1990s.

 SECTION II: LABEL ME!
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Grade 7: Ecology/History/Environmental Science

Two class periods

Presque Isle is a recurved sand spit that was formed over
14,000 years ago when a massive glacier retreated and left
a deposit of sand and gravel. Since that time, humans have
taken advantage of such a unique and delicate region. From
the Iroquois Indians in 1650 to Commodore Oliver Hazard
Perry in the Battle of Lake Erie, to the present day opportu-
nities offered by Presque Isle State Park, Presque Isle truly is a natural wonder to be appreciated and preserved.

The purpose of this lesson is to educate students about the origin, history and ecology of Presque Isle, so they
are better able to appreciate its uniqueness to our region.

At the end of this lesson students will be able to:
• State how Presque Isle has evolved and changed over time.
• Recount Presque Isle’s role in the War of 1812 and Battle of Lake Erie.
• List the stages of ecological succession and relate them to the biodiversity of Presque Isle.

Map of Presque Isle State Park/Presque Isle Bay
Pennsylvania Trails of Geology booklet
Worksheet for each student
Computer with internet access-optional

War of 1812
Concept of ecological succession

   OVERVIEW   OVERVIEW   OVERVIEW   OVERVIEW   OVERVIEW

Presque Isle

Science & Technology
        • 3.3 Biological Sciences
        • 3.5 Earth Science
Environment & Ecology
        • 4.1 Watershed & Wetlands
        • 4.3 Environmental Health
        • 4.6 Ecosystems & their Interactions
        • 4.7 Threatened, Endangered & Extinct Species
        • 4.8 Humans & the Environment

GRADE LEVEL/SUBJECTGRADE LEVEL/SUBJECTGRADE LEVEL/SUBJECTGRADE LEVEL/SUBJECTGRADE LEVEL/SUBJECT

   TIME   TIME   TIME   TIME   TIME

   PURPOSE   PURPOSE   PURPOSE   PURPOSE   PURPOSE

  OBJECTIVES  OBJECTIVES  OBJECTIVES  OBJECTIVES  OBJECTIVES

PENNSYLPENNSYLPENNSYLPENNSYLPENNSYLVVVVVANIA ACANIA ACANIA ACANIA ACANIA ACADEMIC STADEMIC STADEMIC STADEMIC STADEMIC STANDANDANDANDANDARDSARDSARDSARDSARDS

 RESOUR RESOUR RESOUR RESOUR RESOURCES/MACES/MACES/MACES/MACES/MATERIALSTERIALSTERIALSTERIALSTERIALS

PRIOR KNOWLEDGEPRIOR KNOWLEDGEPRIOR KNOWLEDGEPRIOR KNOWLEDGEPRIOR KNOWLEDGE
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Presque Isle Bay: Area of Concern (AOC)
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Presque Isle Bay�s watershed
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Exotic Species: Zebra Mussels & Round Gobies
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 Eurasian ruffe  Sea lamprey 

 

 Zebra mussel 

 

 Round goby 

  

 

 Spiny waterflea 
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 How to identify it: 

 
��Look for a yellowish or 

brownish "D" shaped shell with 
dark and light colored stripes  

 
��Average size is 1 inch, but can 

be as large as 2 inches 
 

��Grow in clusters in shallow (6-
30 feet) algae-rich water 

 
 

 

  How to stop the spread: 
 

��Inspect boat, trailer and 
equipment and remove 
any zebra mussels 

 
��Empty bait bucket on 

land. Do not release live 
bait into a waterway 

 
��Learn what zebra mussels 

look like, and know which 
waterways are infested 

 
 

 Zebra mussel range September 1999 
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Byssal Threads 
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 How to Identify It: 
 
��Dark blotch on dorsal fin 

 
��Fused pelvic fins 

 
��Frog-like raised eyes 

 
��Thick lips 

 
��Body mostly slate gray in color 

mottled with black to brown spots 

 
 How to Stop the Spread: 

 
��Learn to identify the 

round goby 
 
��Always drain water from 

boat before leaving any 
waterway 

 
��Never dump live fish 

from one body of water 
into another 

 
��Always dispose of 

unwanted bait on land 
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Sculpin 

Round Goby 
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Round Goby 

 

Zebra Mussel 
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 Word Bank: 
 

Byssal threads     Pelvic fin 
Mouth     Larvae 
Foot   Eye 
Exhalent siphon      Stomach 
Dorsal fin  Inhalent siphon 
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Friendship Sloop Momentum
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Benthos Sampling Procedure: Look What We Found!
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Hydrolab �Sampling Procedure
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Sieving Procedures: Out! Come Out! Wherever You Are!
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Identification and Processing: Who Are You?
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Note: Refer to figures on pages 115 and 116 for diagrams of  general anatomy.
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Dorsal View
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Ventral View



  IIIIINNNNN T T T T THEHEHEHEHE F F F F FIELDIELDIELDIELDIELD

 

117117117117117



IIIIINNNNN T T T T THEHEHEHEHE F F F F FIELDIELDIELDIELDIELD

118118118118118
 



  IIIIINNNNN T T T T THEHEHEHEHE F F F F FIELDIELDIELDIELDIELD

 

119119119119119



IIIIINNNNN T T T T THEHEHEHEHE F F F F FIELDIELDIELDIELDIELD

120120120120120
 



FFFFFOLLOWOLLOWOLLOWOLLOWOLLOW-U-U-U-U-UPPPPP A A A A ACTIVITIESCTIVITIESCTIVITIESCTIVITIESCTIVITIES

FOLLOW-UP ACTIVITIES
  OVER  OVER  OVER  OVER  OVERVIEWVIEWVIEWVIEWVIEW
Following your experiences aboard the Friendship Sloop Momentum, you may want to take the
opportunity to provide some closure for your students and to discuss their experiences with
them. Some of these activities can be done in the classroom or on the bus ride back to school.

  A  A  A  A  ACTIVITCTIVITCTIVITCTIVITCTIVITY LISY LISY LISY LISY LISTTTTT
1. CREATIVE WRITING:

� Encourage students to reflect on their experiences. What did they see? What did
they hear? What did they do? What did they smell? Have each student write his
or her thoughts on paper. Encourage them to be as creative as possible by
writing a story, poem or drawing a picture.

2. QUIZ: Remember Me?
Test your student’s memories of what they collected in the field!

3. COMPUTER APPLICATIONS:
Through the Environmental Rediscoveries website students can view their data
online and make inferences and predictions from their data.
Note: If students do not have access to the Internet, hard copies of their data can be provided by contacting
Anne Danielski.

A. Data Analysis Questions
1. Relative to their sampling position on the map of Presque Isle Bay, how

could the surrounding environment affect their results? Example: Are there
any streams emptying into the bay near your site that could contribute runoff
or other pollutants? How would other streams in the Presque Isle Bay
watershed affect your results?

2. Looking at the number and types of invertebrates collected, use Microsoft
Excel or other spreadsheet program to create graphs and charts displaying
your findings. Did you find any mayfly nymphs? Why or why not?
Note: If students do not have access to a computer, have them draw their graphs and charts
by hand using markers and construction paper.

B. Microsoft Power Point Presentation
Your students may want to summarize their experiences and experimental
results by creating a presentation they can share with other classes or their
entire school. Pictures and data will be available online for downloading to use in
the presentation. Creating a presentation is a great way to give your students a
chance to be creative and also assess what the students learned through their
Environmental Rediscoveries experience.
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  T  T  T  T  TAKE HOME LESSONAKE HOME LESSONAKE HOME LESSONAKE HOME LESSONAKE HOME LESSON
It is our hope that the Environmental Rediscoveries experience:

� Exposed your students to their environment.
� Taught them about the components (both living and nonliving) of their environment.
� Gave your students an understanding of how they affect their environment.
� Helped your students become more aware of the issues affecting their environment

and encouraged them to become stewards of their environment.
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WEB RESOURCES
GENERAL INFORMATION WEBSITES

•    Environmental Rediscoveries: http://www.pserie.psu.edu/seagrant/rediscoveries/index.html

• Pennsylvania Department of Environmental Protection: http://www.dep.state.pa.us/

• Pennsylvania Sea Grant: http://www.pserie.psu.edu/seagrant

• National Sea Grant Program: http://www.nsgo.seagrant.org/

• Bayfront Center for Maritime Studies: http://www.goerie.com/bcms

• Living Classrooms Foundation: http://www/livingclassrooms.org

MAYFLIES ON THE MOVE!
• Area Of Concern (AOC): http://www.epa.gov/glnpo/aoc/presque.html

• Walleye: http://www.seagrant.wisc.edu/greatlakesfish/LakeErie.html

• Sturgeon: http://www.seagrant.wisc.edu/madisonjason9/sturgeon.html

• Whitefish: http://www.seagrant.wisc.edu/greatlakesfish/LakeErie.html

• Lake Herring: http://www.seagrant.wisc.edu/madisonjason9/herring.html

• Silver chub: http://www.state.ia.us./dnr/organiza/fwb/fish/iafish/minnow/card/sic-card.htm

• Pennsylvania Sea Grant Mayflies on Doppler Radar: http://www.pserie.psu.edu/seagrant/
mayflies.htm

PRESQUE ISLE
• Erie Triangle:  http://erie.net/~chamber/eriehist.html

• Anthony Wayne: http://www.tristate.pgh.net/~bsilver/WAYNE.htm

• Niagara:  http://www.brigniagara.org/niagara.htm

• Restored:  http://www.brigniagara.org/museum.htm

• Discover Presque Isle: http://www.goerie.com/presqueisle/

• Atlantic Flyway: http://www.fws.gov/r7enved/sssp.html
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PRESQUE ISLE BAY: AREA OF CONCERN (AOC)
• Surf your Watershed: www.epa.gov/surf

• Topographical Maps Online: http://www.topozone.com

SAILING
• Mark Rosenstein’s Sailing Page: http://www.apparent-wind.com/sailing-page.html

• Mystic Seaport Maritime Museum: http://www.mysticseaport.org/

EXOTIC SPECIES
• Zebra Mussels: http://www.sgnis.org/www/zebra.htm

• Round Goby: http://www.sgnis.org/www/goby.htm

• Eurasian Ruffe: http://www.sgnis.org/www/ruffe.htm

• Sea Lamprey: http://www.sgnis.org/www/lamprey.htm

• Spiny Waterflea: http://www.sgnis.org/www/spiny.htm

• Photos of Zebra Mussels: http://www.wes.army.mil/el/zebra/piclist.html

• Comprehensive Info on Zebra Mussels: http://www.wes.army.mil/el/zebra

• Fish Advisories: http://www.state.pa.us/Fish/fishadvi.htm
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MayMayMayMayMayflies on the Mflies on the Mflies on the Mflies on the Mflies on the Movovovovove!e!e!e!e!
Section I: Completion
1. Nymph
2. Walleye
3. Nonpoint source
4. Water quality
5. Potable

PPPPPrrrrresque Isleesque Isleesque Isleesque Isleesque Isle
Section I: Completion
1. Recurved sand spit
2. War of 1812
3. Niagara
4. Succession
5. Biodiversity
6. Atlantic Flyway

PPPPPrrrrresque Isle Besque Isle Besque Isle Besque Isle Besque Isle Bay: Aay: Aay: Aay: Aay: AOCOCOCOCOC
Section I: Completion
1. Flushing time
2. Drainage basin divide
3. Watershed
4. Eutrophication
5. Point source and
    nonpoint source
6. Cascade and Mill

ExExExExExotic Speciesotic Speciesotic Speciesotic Speciesotic Species
Section I: Completion
1. Non-native
2. Ballast
3. Filter feeders
4. Byssal threads
5. Round gobies, sculpins

Section II: Label Me!
1. Head
2. Wings
3. Caudal filament
4. Legs
5. Antennae
6. Thorax
7. Gills
8. Tusks

Section III: Critical Thinking
Answers will vary. Students should mention
something about pollution from untreated
sewage or runoff contributing to the
disappearance of the mayfly in the 1950s.
The reappearance of the mayfly in the
1990s is most likely linked to an improve-
ment in water quality.

Section II: Matching
1. A
2. E
3. C
4. B
5. F
6. D

Section III: Critical Thinking
Answers will vary. Reference should
be made to how Presque Isle has
migrated in the past due to wind
and wave erosion. This erosion
causes new habitats to be formed,
which creates more habitats for
many plants and animals.

Section II: Matching
1. 1
2. 2
3. 1
4. 2
5. 1

Section III: Critical Thinking
Answers will vary. Some possible steps
students can take include properly disposing
of oil and paint cans and by limiting the
amount of fertilizer applied to their lawns.

Section II: Label Me!
1. Dorsal fin
2. Eye
3. Stomach
4. Inhalent siphon
5. Pelvic fin
6. Exhalent siphon
7. Byssal threads
8. Foot

Section III. Critical Thinking
Answers will vary.  Among the ideas the
students may have can be taken directly from
“How to stop the spread” on the zebra mussel
and round goby fact sheets. Many of the
same actions that are used to prevent the
spread of zebra mussels and round gobies can
be applied to other aquatic nuisance species.

WORKSHEET ANSWER KEYS
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GGGGGet some Met some Met some Met some Met some Momentum!omentum!omentum!omentum!omentum!
Section 1: Completion
1. Momentum
2. Friendship
3. Compass
4. Personal flotation device
5. Raise away

Section 2: Label Big Mo!
1. Mainsail
2. Jib
3. Main sheet
4. Mast
5. Peak halyard
6. Bowsprit
7. Transom
8. Throat halyard
9. Hull
10. Cockpit

Section 3: Critical Thinking
Answers will vary. Students
should be as creative as
they can. Students should
mention something about
how the wind would affect
the direction they are sailing
and any navigational tools
they would use to help them
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