InvestigatingCrayfish +

Freshwater Ecosystems
Great LakedRegion

¢ SI OKEHMND a

HandsOn Science Lessons

Adaptablefor Grades2¢12
Alignedto NGSS CCS$CGLL

Invasive Crayfish Collaborative
Great Lakes

=






InvestigatingCrayfish+

FreshwaterEcosystems
GreatLakesRegion

Photo:ChrisLukhaup

¢ SI OGN &

Adaptablefor Grades2¢12

RickReynoldsw.s.kd.



Publishedy InvasiveCrayfishCollaborative
lllinoisIndiana Sea Grant

Invasive Grayfish Collaborative
Great Lakes

Fundedbythe GreatLakedRestorationnitiative
invasivecrayfish.org
invasivecrayfishcollaborative @gmail.com

Written, DesignedandProducedy
Rick Reynold$1.S.Ed.
CoEditedby KristaReynoldsMLISM.Ed.

EngagindeveryStudent

engagingeverystudent.com

CoEditedby NataliaSzklarukwm.S.
AquaticlnvasiveSpecie&ducator
lllinoisIindiana Sea Grant

CoverAgroupcollectscrayfishwith aseinenet.
Image:lllinoisIndianaSeaGrant

Copyright© 202 InvasiveCrayfishCollaborative

Educators may reproduce lesson plans, handouts, and other
resourcesn this guidefor their classroonuseonly. Otherwiseno
part of this publication may be reproduced, transmitted,
transcribed, storedn a retrieval system, or translated into any
language, in any forprby any means without the written
permission of the publisheBrief quotationsembodied incritical
articles or reiews are permissible.

Publication Date: MarcR025
IISGPublicationNumber:IISG25RCEEDU019


https://invasivecrayfish.org/
mailto:invasivecrayfishcollaborative@gmail.com
https://engagingeverystudent.com/

About ThisGuide

+InvasiveCrayfishCollaborative

This S I O gulecdntainsessorplansdesignedo
help educators engage students in thinking critically s
about crayfish and their freshwater ecosystems. e
Lessongsrealignedto the NextGenerationScience
Standards, Common Core State Standards, and
Center for Great Lakes Literacy Principles. They
containnumerousadaptations/extensionso meet
the divergent needs of students in gradegl2.

Thecurriculumwill help prepareyouandyour
studentsto participatein the InvasiveCrayfish
[ 2t f | 0 ZrhwfishstudySaD éffort to collectdata Acommongoldeneyegulpsdown
aboutthe nativeandinvasivecrayfishfoundin the GreatLakes Pi;‘tgf;r;‘fnrch;’ri:;eﬂ)ucsr%vfigg
region. The data students collect is shared through iNaturalist

and ArcGIS Online, enabling them to compare what they

discover with data from other student groups, as well as

professional scientists. Just as importantly, it provides critical

information for researchers and wildlife managers seeking to

better understand and manage crayfish populations.

*A scientificcollectionpermitisrequiredfor the crayfishstudy,and
approval may take up to 4 months. Plan early to avoid delays.

Problemsof InvasiveCrayfish

Invasivecrayfishposeasubstantiathreat to aquatichabitatsin the
GreatLakegegionbecauseof their ability to reducehabitatquality
and dramatically alter aquatic food webs. Efforts to prevent the
introduction and spread of invasive crayfish consist largely of
reducing the size of existing populations and encouraging people
to refrain from releasing crayfish into new bodies of water.

InvasiveCrayfishCollaborative

The Invasive Crayfish Collaborative (ICC) brings industry, science,
and land management stakeholders together to improve
managemenbf invasivecrayfishin the GreatLakegegion.ThelCC
focuses on improving upon our collective management and . . .
outreach capabilities. lllinoikidiana Sea Grant and the lllinois I“VHSWE BfﬂV"Sh [:U"ahura"ve
Natural History Survey oversee and facilitate ICC, with funding Great Lakes

from the Great Lakes Restoration Initiative.
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) ) ) Lesson 1
Invasive Grayfish Collaborative Crayfish + Freshwater
Great Lakes Ecosystems

Subjects Sciencelanguagé\rts, Art
Gradelevels Ideal for grade€¢8, adaptable for §12

Time 75minutes or more

LessorOverview

This lesson is designedhe highly adaptable, buiptions
AyOt dzRS | ONAST GONIe&FAak
current understanding of crayfish and their freshwater
ecosystems, followed by a quick brainstorming session in
pairs about what students already know, then a short
multimedia presentation. Next, students can act out a
simplefood chainof different organismghat feedon each
other in freshwater ecosystems. They may conduct
ashortresearchprojectaboutafreshwaterorganismand
create a more complex model of freshwater food webs

that comes with biodiversity.

freshwater ecosystem
Photo: MissouriDept.of Conservatin

The lesson closes with a short discussion of the many
interdependent relationships in the ecosystem that allow
speciesincludingcrayfishto survive. Theirimportantroles

in freshwater ecosystems are highlighted.

Seethe d 9 y N O Kse@idhét he/eRdof the lessonfor more
ways to engage all learners, including field experiences.

Goals

i Studentswill understandthat crayfishandamultitude of
organismsn freshwaterecosystemsre woventogether
in an interconnected web of life known as a food web.
They will understand that this interdependence among
speciessupportedby nonlivingthingssuchaswater, air,
rocks,andsoil,enablesanimalsandplantsto surviveand
live inbalance witheachother for theS O 2 & & JoiigS Y Q &
term health.

1 Students will think critically about the particular roles of
crayfishin freshwaterecosystemsandhowtheycanhelp
keep the ecosystem healthy.

Investigating Crayfish + Freshwater EcosysteGreat Lakes§ InvasiveCrayfish.org025



Objectives

i1 Students wilcreate a visual representation of the concepts of a food chain
andfood web andhow organismsarelinkedto one anotherby the transfer
of matter and energy in an ecosystem.

1 Studentswill researchanorganismfrom the freshwaterecosystenand
write about its interactions with other organisms in it.

1 Studentswill showvisuallyandexplainverballyhow energyfrom the sun
and photosynthesis forms the foundation of freshwater ecosystems.

1 Asaclassstudentswill simulatea freshwaterweb of life, includingthe
interactions in the ecosystem and the factors which create healthy
ecosystems, including biodiversity

NextGenerationScienceStandards
PerformanceExpectations

1 MSLS23: Develop and use a model to describe vasgxual
reproductionresults inoffspring with identical genetic informatiol
and sexual reproduction results in offspring with genetic variati

T MSLS21: Analyze and interpret data to provide evidencetfo
effects ofresource availability on organisms and populations of %=
organisms in an ecosystem.

Building toward

1 MSLS24: Construct an argument supported by empirical evidence ¢hanges tghysical or
biological components of an ecosystem affect populations.

1 MSLS16: Construct a scientific explanation based on evidencéhtorole of photosynthesis in
the cycling of matter and flow of energiyto and out of organisms.

1 HSLS23: Construct and revise an explanation based on evidence for the cycling of matter and flow
of energy in aerobic and anaerobic conditions.

1 HSLS24: Use mathematical representations to support claims for the cycling of matter and flow of
energy among organisms in an ecosystem.

1 HSLS25: Develop a model to illustrate the role of photosynthesis and cellular respiration in the
cycling of carbon among the biosphere, atmosphere, hydrosphere, and geosphere.

1 HSLS26: Evaluate 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.

1 HSLS15: Use a model to illustrate how photosynthesis transforms light energy into stored
chemical energy.

Crosscutting Concepts

1 EnergyandMatter

1 System@&andSystemModels

i StabilityandChange

Science & Engineering Practices

1 DevelopingandUsingModels

1 Engagingn Argumentfrom Evidence

1 Obtaining Evaluatingand Communicatindnformation

Core and Component Ideas in the Life Sciences

LS1FromMoleculesto Organisms: Structureand processes

1 LS1.BGrowthandDevelopmenbf Organisms

LS2Ecosystems: Interactions, Energy, and Dynamics

1 LS2.AlnterdependentRelationshipsn Ecosystems

1 LS2.CEcosystenDynamicsFunctioningandResilience

NEXT GENERATION

CIENCE

STANDARDS

Investigating Crayfish + Freshwater Ecosyste@reat Lakes9 InvasiveCrayfish.org025



Core and Component Ideas in Earth and Space Sciences
9{{HY 9INIKQa {eadSva
ESS2.heRolesof Waterin9 | NBufazéProcesses

Common Core State Standards
Speaking and Listening Standards for Grade 6
(similar standards for gradeg3; 7¢12)

Standard 4. Presentlaimsandfindings,
sequencing ideas logically and using PREPARING AMERICA'S STUDENTS FOR COLLEGE & CAREER
pertinent descriptions, facts, and details to accentuate main ideas or themses;
appropriateeyecontact, adequate volume, and clgaronunciation.

Standard 6. Adapt speech to a variety of contexts and taskemonstratingcommandof formal English
when indicated or appropriate.

Collegeand CareerReadinesg\nchorStandardsfor Writing
Standard6. Usetechnology,ncludingthe Internet,to produceandpublishwriting andto interact and
collaborate with others.

Standard7. Conductshortaswellasmore sustainedesearchprojectsbasedonfocused
guestions, demonstrating understanding of the subject under investiga

Centerfor GreatLaked.iteracyPrinciples
Principle5. TheGreatLakessupportabroaddiversityof life andecosystems.

Investigating Crayfish + Freshwater Ecosyste@reat Lakes10 InvasiveCrayfish.org@025



TeachemBackground

Crayfish

Crayfish arerustaceanghat are closely related to
lobsters, their saltwater cousins, and they play an
important role in freshwater ecosystems, such as
rivers andakes.They arean important foodsource
for manyspecief fish, birds,amphibiansreptiles,
andmammals gventhosethat spendmuchof their
time on land, such as raccoons.

Crayfish are opportunistiemnivoresthat eat both

dead and living plants and animals, including insects,

snails, and fish on river and lake bottoms. Their role
in reducingdecayingmatter andfiltering the wateris
especially important for improving water quality. In
addition, their habit of burrowing provides benefits
for water quality, although burrowing near the

gl GSNDa
(Helfrich, Parkhurst, and Nevis 2001). Predators as
wellasscavengerg;rayfistt especiallynvasive non-
native species, can sometimes negatively impact
ecosystems in other ways. We will explore the
positiveandnegativerolesmore fully in later lessons.

There are 620 species of crayfish (also called
crawfish, crawdads, or mudbugs) worldwide, and 39
of these species are native to the Midwest United
States (Taylor et al., 2015). Crayfish are a diverse
groupof decapod10-legged)crustaceanselatedto
shrimp, crabs, and lobsters. Crayfish breathe
primarily through gills but can breathe air when
necessaryaslongastheir gillsare wet or humidityis
very high. They live seraguatic lifestyles in lakes,
streams, ponds, flooded fields, or ditches. Some
species spend most of their lives in underground
burrows,while othersburrow onlyif necessarysuch

as during droughts. Midwestern crayfish species live
on average three years but have been known to live
up to six years.

SR3IS Oly az2YSiAy

¢tKS @Fad YlI22NRGe 2F GKS

speciesarefoundin North Americaespecially
the southeastern United States. They can be
found on every continent except Antarctica.
Manyspeciesareatriskof extinctiondueto a
variety of factors, such as habitat loss,
pollution, and the spread of invasive crayfish
species and disease (Larson et al. 2020).

Photo:JeffBencausedbypermission

EcologicalConcepts

Anecosystemis any group of living and
nonliving things that interact with one
another.Somearerelativelysmalllike streams
and ponds where crayfish often thrive, and
others are largdoiomeslike wetlands or
forests.

Biodiversityis a measure of the number of
different species in a specific area, and it is
also used as a general description of species
richness, ecosystem complexity, and genetic
variation.Ingeneral the morebiodiversity the
more stable the environment and the less it is
impacted by changes. The organisms that
interact with each other in their ecosystems
are called aommunity (or ecological
community for high school students).

Investigating Crayfish + Freshwater Ecosyste@reat Lakes]1
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Visualmodel of afreshwaterecosystem showin@lows of energy
Graphidoy EricEnghandRickReynoldstisedby permission

Some members of a community, such as
crayfish, are particularly important to the

O 2 Y'Y dzyvikalitys FRr@xample crayfish
recycle nutrients through the consumption of
decomposing organisms. This helps clean the
water. They are also an important food source
for many predators such as fish, birds, reptiles,
andamphibians. Becaus# allthese important
roles, crayfish can be considere#t@ystone
speciedor their ecosystem; just like the
keystoneat the top of anarchitecturalarchthat
helps hold the whole structure together, a

Materials

keystone species igtal to the stabilityof
anecosystemlf it isin trouble, the whole
ecosystem can be negatively impacted.

Creating ecosysterivod webshelps students
understand the basic ecological principle that
everything in nature is connected. By analyzing
the relationshipsbetweenthe variouslivingand
nonliving things, students will increase their
understanding of community ecology and the
underlying relationships that bind living things
together.

T &/ NI & NI adout(onefor eachstudent,foundat the endof the lesson)

&/ NI @nd@Feshivate® O 2 & & PawerPeinpresentationavailableonthe
Invasive Crayfish Collaborative websitezasivecrayfish.org/products

ComputeraccesandMicrosoftPowerPoinsoftware
Displayscreen
Markers,crayonspor coloredpencilsfor studentsto share

Ballof yarn

= =/ =4 =4 =4

Classvhiteboard,chalkboardpr interactivewhiteboard

Investigating Crayfish + Freshwater Ecosyste@reat Lakes]2 InvasiveCrayfish.org@025


https://invasivecrayfish.org/products/

1 Optional:
A Copieofthed h NB I Pyesehtatiorw dzo KalinQdt the endof the lesson
A &/ dzN@ra/fists Freshwate® O 2 & & aactidtywhichfollowsthe lesson

A Largepiecesof paperor posterboard(oneper studentor one per
group), if available, for the activity listed at the end of the
Enrich/Extend section

Preparation

1. Enareallmaterialsabovearereadyfor studentuse.

2. In addition to helping students understand crayfish and freshwater ecosystems, this
lessonisdesignedo helpyouteachandreinforceavarietyof conceptsandskills,and
it is adaptable for a wide range of grades and connections across the curriculum. For
example, several different kinds of models are suggested, including diagrams and
kinesthetic models to help students understand the content presented, while
simultaneously helping them to understand how to use models themselves to find
deeper meaning in the science and better convey information to others.

Yourfocuscouldbe on crayfishandtheir rolesin freshwaterecosystemsor you might
choose to focus on the importance of biodiversity, or a concept such as adaptation.
Keep in mind that Lesson 3 of the curriculum focuses on fascinating crayfish
adaptationsjncludingtheir structuresandfunctions,aswell astheir behaviorghat

help them to survive.

3. Optional:

A Reviewmoreinformationaboutcrayfishandfreshwaterecosystemso prepare
to answer student questions. Good sources include those listed at the end of
the lesson in the Expand Knowledge + Skills section.

A ldentify an expert partner to work with your class. Contact
invasivecrayfish.org/contaaisfor possibleeecommendations.

TeachingSuggestionan the SEModel
Engage

1. Introducethe expertvisitorif oneispresentandtell studentsthey will be startingan
exciting new unit about crayfish and their habitats (where they live).

2. Optional:Explainto studentsthey will first find out what they alreadyknow. Passout
GKS da/ NIF@8FAAK ¢NADALI ¢ KI giRBiiés far tem3d OK & G dzRSy
complete it. Tell the students they are not expected to know the answers, so they
should just do the best they can. This activity serves many purposes, including
evaluatingcurrentstudentknowledge helpingstudentsfocuson topicsto bediscussed,
and evaluating change in understanding over time. Collect the handouts. This activity
could also be done later as a review game or assessment.

3. Ask students to turn to a neighbor and brainstorm everything they can think of about
crayfishwherethey live, what they eatandwhat eatsthem, etc. Theyshouldrecordall
their ideas on a piece of paper, without worrying about if they are right or wrong.
Circulatearoundthe room, answeringguestionsjf necessaryAfter aboutfive minutes,
ask for a few to share their best ideas. Then explain to students that this lesson will be

Investigating Crayfish + Freshwater Ecosyste@reat Lakes13 InvasiveCrayfish.org@025
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allaboutthe fascinatingplaceswvherecrayfishmostoften live, calledfreshwater
ecosystems.

4. Openthed / NJ @ndithelt KO 2 & & PawerPdindresentationandyouand/orthe
visitor can lead a brief interactive discussion about crayfish and their ecosystems,
drawing on the student ideas shared earlier and the information in the slide notes to
talk about the important roles crayfish play, and how they get what they need from
their environment, including food, water, shelter, space, and oxygen. If available, you
can show the students live crayfish and/or any other organisms from freshwater
ecosystems that interact with them, such as a variety of plants, fish, turtles, or
frogs/tadpoles.

Explore

5. Ask the class to arrange their desks in groups of four, if necessary, and pass out blank
paper (one sheet per student) and coloring supplies. Ask the studeetscto share the
name of one of their favorite species from freshwater ecosystems with each other and
demonstrate how they can write its name in large letters in the top third of a blank
piece of paper using a pencil. Then they can make the names dark enough to read from
acrosghe roomwith amarkeror other coloringsupplies.Thiscanbe ananimalor plant
that they havelearnedaboutin the presentationor seenin nature. Eachstudentshould
choose a different organism, and one or more students in each group should choose a
plant, because plants are so important for almost every ecosystem.

Note: Tohelpstudentsunderstandwhatto do, youcanshowthemthe @ w - A ¥ N2 @iz ¢
example that follows the lesson, create your own example, and/or show student
samples. For more advanced students, it may be valuable to have them write the
commonandscientific names of the organism they choose. This will teach them the
importance of understanding scientific names, as they provide a universal code for
identifying species.

6. a1 UKS aiddzRSyida G2 ONBIFIGS | o0FaArAl AffdzAGNI GA
name on the paper. They can use available reference sources such as books and the
Internet for referenceand/or live specimensf youare luckyenoughto havesome.Tell
students they will only have about five minutes (or however much time you want to
allow) to create their illustrations, but that they will be able to add more details and
color later if they wish.

Dependingon whereyoulive you might suggest:

A Animalsandplantspresentedin the PowerPoinpresentation jncludingthose
shown in the food web diagrams

A Optionsof freshwaterplantssuchasthosepresentedin the PowerPoint
presentation

7. Next,havestudentsconductresearchaboutthe organismauisingthe availablereference
sources to prepare a short (perhaps one minute) oral presentation or short nonfiction
piece (perhaps & paragraphs) about:

A Wherethe animalor plantlives(its habitat).
A Whatit eatsand/or what eatsit.

A Other ways in which it interacts with living and nonliving things in the
ecosysten{i.e.gettingenergyfrom the sun,nutrientsfrom decayingplants
and animals, etc.)

Investigating Crayfish + Freshwater Ecosyste@reat Lakes14 InvasiveCrayfish.org@025



A Note: Thesadetailscouldbe written belowthe illustration and/or on the back
of the sheet. They could also be used as a sample English Language Arts
assignmenor performanceassessmenPasoutthe & h NH | Pyeseatation
wdzo NAOé¢ G GKS SyR 2F (KS fSaazy a2 aiddzRRSy
Explain

8. While the students finish their illustrations and/or short research projects, ask the
groups to choose@ species and choose volunteers to represent the group to act
out asimplefood chainfor the restof the classWrite the term on the boardandask
one of the student groups to send a representative to the front of the room (or the
OSYyiSNI 2F (GKS OANDES AT @&2dzQR tA1S G2 Fal GKS
play the role of an animal at the top of the food chain, a large predatory one that
eats other animals. Ask the student to try to make themselves look and/or act like
the animal they are playing.

9. Askanothergroupto sendarepresentativeto playadifferent animalthat eatsother
animals, but that might be eaten by the first animal. Ask the second student to act
out their animal,while the first getsreadyto try to eatit. Askthe classf they knowa
word used for animals that eat other animals and a word for the animals that get
eaten.Write or type the wordspredator andprey on the board. Thenaskthe groups
to identify another animal that might get preyed upon and what predator might eat
it; have a student representative come to the front of the room (or center of the
circle) and ask one of its predators to move near its prey, as well. Ask if students
know the name for a meat eatercarnivoret and a plant eater herbivoret and
GNAGS (K2aS g2NRa 2y (GKS 02FNR 060Sft2¢6 GLINBRI (2
the namefor ananimalthat eatsmanytypesof food. Discusghe term omnivore and
write that on the board, too.

10. Ask the class what important parts of the freshwater ecosystem food chain are
missingWheredo the prey speciegyettheir energyfrom? Insteadof callingon a
student raising her/his hand, tell the class that at the count of three, all of them
should shout out the organisms (living things) they think are most important for
the ecosystemCount1-2-3, and hopefullymanyof them will shoutPLANTS! or
something else important, like algae (a type of plant) or insects.

11. Ask for volunteers from the groups to play the role of freshwater pharke
producerg and invite those students to join the food chain simulation while you
write the word producerson the board,aswell. Askthe classto againshoutoutt at
the count of threag where the plants get their energy from, and hopefully many of
them will shout THE SUN! or PHOTOSYNTHESIS! Write theSwo¢perhaps
within a quick doodle depicting it as a large circle with rays coming out of it) and
photosynthesis(perhaps within a quick doodle of a leaf) on the board. Ask the
aGdzRSya LXIeAay3da LXFyda (G2 FOG tA1S GKS& | NB
convert it into food sugar, starch, and other nutrientshat supports the whole
ecosystem.

12. Askstudentsif they knowthe prefix of the word photosynthesisandwhat the prefix
means. Writgphoto- when someone says it and ensure students understand that it
YSIya af AFKGDPE ¢KSyYy | &1t sygnkhesis maakisSSovi¢ Ay LI NI 2 F
aGdzRSy & YlLe& tNBFRe (1y2¢ GKIG Al YSIya a402Y0
plants combine to make energy? Review with students that plantchseophy!l
(write the word on the board) what makes them greanto combine sunlight with

Investigating Crayfish + Freshwater Ecosyste@reat Lakes15 InvasiveCrayfish.org@025



water andcarbondioxide(CQ) gasfoundin the air to completethe amazingorocess.

Ask the students to say at the count of three what gas the plants give off, which

animals need to live, and many should shout OXYGEN! Finally, ask the students to

share at the count of three what gas animals exha@ARBON DIOXIDEINd ask

the students playing the role of plants to inhale thex€Q/ R SEKI £ § a2E@3Sy ¢
dramatically for the students representing animals to inhale deeply; this will

complete the photosynthesis analogy and reinforce the idea that all of the living

thingsin anecosystem aswell asnon-livingthingssuchassunlight,air, andwatert

are interconnected.

13. Explairthat all other organismghat R 2 yp@ducetheir own food are called
consumersandwrite that word below carnivoreandherbivorein the middle.

14. Ask students what prey species in freshwater ecosystems might eat, and they may
suggessmallerorganismssuchastadpolesor insectlarvae.Hopefully,one will also
say dead things, the wascavengerdike crayfish eat, or you can suggest dead
organisms and ask students which living organisms eat them. Explain that this
function of eating dead matter is very important for keeping the water clean and
with enough dissolved oxygen for animals to breathe. Also explain that freshwater
ecosystems can be very complex, with many hundreds of animal and plant species,
all interconnected through a compléaod web and supported by nonliving things
suchassunlight,water, andair. Write food web underfood chainandexplainthat it
is the interaction of many food chains and cycles.

15. Askfor around of applausgor the ecosystenactors,andthey cantake their seats.
Explain to students that they will now create a more complex model of the food
webt or web of life-that will better represent the ricliviodiversity of a healthy
freshwaterecosystem. Write the wordn the board, and if time allows, talk about
the prefix big (life) and the root diversity (variety).

16. Simulatethe freshwaterecosystenweb of life with yarn:

A Leadthe studentsoutsidesoyouhavea largeareain whichto form acircle
with the whole class, directing students to take their organism illustrations
with them. Anywhere outside will work, but it is best if you can go to the
most natural area available, ideally one with native plants, or even better,
an area that is close to a freshwater ecosystem, such as a stream or pond.

A Askthe clasgo form alargecircleandtell studentsthat youwill now be
recreating the freshwater ecosystem web of life.

A Takeyourplacein the circleandtell studentsthat yourepresentthe ultimate
source of just about all the energy in the ecosystethe sun.

A Hold the end of the ball of yarn firmly in your hand while you toss the ball to
oneof the studentsrepresentinga plant speciessayingthe speciesnameout
loud. Ask students to hold up their organism signs if they think the organism
you tossed the yarn to interacts with them. This will help the students know
who to toss the ball, and keep the whole class engaged. Ask the student to
say the name of an organism it interacts with and toss the ball of yarn to the
student representing it. (Each student should hold onto their piece of yarn
while tossing the ball to another classmate.)
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Students create a model of a web of life as a class. If y0u' can, go outside
for the activity, ideally neara freshwaterecosystenor other natural area.

17. Askthe secondstudentto do the samething, passinghe ballto anotherorganismit
interacts with while holding the end of the yarn; continue until all the students are
connected in the web of life, completing the model of the freshwater ecosystem.

18. Ask the students to step back and/or gently pull on the yarn until the web is taut.
Then ask the students to remain still. Explain that in a moment, the student who
startedthe webwill tug onit, andonlythosestudentswho feel atug will tug back.

Ask the student playing the plant to begin the process, and continue until all the
studentscanfeel avibrationmovingthroughthe web. Thenaskstudentsto choose

an organism that might be less critically important for the ecosystem and ask that
student to drop the yarn.

19. Continuethis@ 2 NB INySAYE2 @ dcéssseveramore times,then askstudentsa
few questions to promote critical thinking and generate discussion:

A Howdid removingorganismgrom the freshwaterecosystemmpactthe
web?Possible answefrganisms that depend on the food web are
impacted and the web changes shape.

A Whenwerethe changego the web mostdramatic?Possiblenswers:

1 Whentherewerefewer species|osingone of themhada
greater impact on the ecosystem.

1 Whencertainspecieghat hadmultiple interactionswere lost.
A Whenwasthe webthe moststableandwhy?Possible@nswers:

1 Thewebwasmoststablewhenthere wasthe largestnumberof
species.

1 Ingeneralthe morebiodiversity, the more stablethe environment
and the less it is impacted by changes in the environment.

A Howmighthumansimpactthe webif they were addedto it? Possible
answers:

1 Theymightcausemore speciedo leavethe web.

f Thiswouldbe especiallytrue if humansR 2 yfr@td minimizetheir
impact and to protect the biodiversity of the ecosystem.
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20. Directstudentsto roll up the yarn,walk backto the classroomandhelpcleanit up.
Write community on the board and close by having students discuss how all the
different organisms living in the interconnected communities of freshwater
ecosystems andeveryother ecosystem, such as forests or grasslanaie linked
together, enabling them to survive. Ask students if they hear the word community
used in other ways, too. Briefly discuss how both humans and other living things
exist together and support each other in communities, as well, such as the ones
found in your neighborhood, city, and/or town.

21. Extend the lesson with activities such as those listed below and/or pass out the
G/ dzNGray/fusté Freshwate® O 2 & & Zhan8oMithat followsthe lessonandask
students to complete it for homework or in class as time allows as another way to
reinforce the concepts you just talked about. An answer key follows the activity,
which can also be used as a short reading prior to asking students to complete the
activity version with missing vocabulary words.

Enrich/Extend

i Pass out cards with the names of freshwater species and other important
componentf freshwaterecosystemsStudentscanusetheseto getthem started
ontheir shortresearchprojectsto prepareto createthe & g S A Br$hE cards
themselves could be used for the activity if you are limited for time. Sets of cards
can be found online, including:

A &t 2@oRnectiongThe Food Web f A a (idReduregectiorkos
0KS at2yR /2yySOilAz2yaé¢ fSaazy LIy FTNRBY bSs
wildlife.state.nm.us/discovenew-mexicaehome/agquaticwildlife/pond-
connections

A alljdad GAO YR alNAyS 902aeaiSYy /2yySOiArzyasé
FloridaExt.Servicgpp.50¢52):studylib.net/doc/8282863/lessoii-aquatic
and-marine-ecosysterrconnections

i1 Have students work with a partner to create a visual diagram of freshwater
ecosystemsPairswill needalargesheetof paperor posterboardto share;consider
having a few stacks of used sheets around the room from which students can
choose (to use the backs of them). Completed diagraorsthe best of thermn can
be displayed on the classroom walls or on a hallway bulletin board or other display.

A Considedirectingstudentsto usedifferent coloredarrowsfor the different
types of interactions on their diagrams, and write this on the board with
color-codedmarkersor chalk,if available or type it to displayon the screen
or interactive whiteboard:

Orangeto connectthe sunwith producers(plants)
Greento connectherbivoresto plants
Redto connectpredatorsto their prey

Brownto connectdecomposergo the plantsandanimalsthey break
down after they die.

A Optional:Showstudentsthe SagebruslEcosystemposter/graphicavailable
from the U.S. Fish and Wildlife Service on the Greater-Sagese
Education page as an example of one type of visual diagram they could
create:fws.gov/media/sagebrusieducationposters

A Optional:Studentscanincludehumansin their diagramsif desired.
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1 Itisrecommendedhat youtake studentson afieldtrip to astreamor other areaof
freshwater to explore the ecosystem firsthand. Have students engage in an activity
such as observing the macroinvertebrates found in the water and/or creating a
nature journal and/or field guide of the organisms they observe.

1 Students can work together to create a large mural of a diagram depicting
freshwaterecosystemsvith their illustrationsand/or nonfictionwriting aboutthem.
Diagrams can be created on classroom walls and/or other walls in the school or
largercommunity.Yarn and/or arrows cabe usedo show ecosystennteractions,
and students can help to illustrate additional important aspects of the ecosystem,
such as the sun, algae, bacteria, and detritus.

i Discusshe importantrole of watershedsandcreatea modelof one usingcrumpled
paper, as explained in this lesson from the Ferguson Foundation:
ferqusonfoundation.org/resource§ ST NOK & ONHzY LX SR LI LISNE (2 |

O
O
N>

1 Showashortvideoclipaboutcrayfishand/or freshwaterecosystemssuchas:
A & v dz3\NErglingPresentsreshwate® O2 48 A SYavYé
youtube.com/watch?v=hdeGM65Enko
A gL {LISIF] FT2N GKS CAAKY CIOAy3 GKS 2NIGK 27
greatlakesnow.org/2023/07speakfor-the-fish-facingwrath-crayfish

i Studentscanwrite fictional storiesor poemsaboutone or more organismsrom
freshwater ecosystems.

1 Haveeachstudentchoosea freshwaterecosystenorganismto researchin depth.
Theycanresearchelements,suchaswhat the organismneedsto surviveandhow
human activities have impacted it over time. Provide a rubric so students know
how they will be evaluated on the project, and findings could be shared with the
rest of the class through written reports and/or oral presentations.

i Foryoungergradesreadastoryor nonfictionbookwith your classaboutcrayfish.
Examples include:

A & ¢ KifeCycleofa/ NJ & ByBdblieKalman, Crabtree Pub Co:
amazon.com/Crayfisycle PaperbackBobbieKalman/dp/0778707032

A b/ NI dyVegGhertner, North Star Editions:
barnesandnoble.com/w/crayfisiheg gaertner/1129536594

A &/ NI SyWPRIilES®W Grimm, Lerner Pub Group:
amazon.com/CrayfiskarlyBird-Nature- Books/dp/0822530309

Evaluate

i Askstudentsto reflectonthe lessonin writing and/or orally,includingaboutwhat
they learned and what you, as the teacher, might do to improve the lesson next
time.

1 Usecompletedstudentdiagramdo evaluatestudentunderstandingpf the concept
of freshwater ecosystems.

1 Reviewthe shortresearclprojectsaboutanorganismfrom freshwaterecosystems
and its interactions with other organisms.

i1 Usestudentparticipationin classdiscussiorandactivities,includingthe simulation
of a freshwater web of life, to determine student understanding.
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ExpandKnowledget+ Skills

1 &¢ K8I & F MiagskuBiStrdainTeam:mostreamteam.org/assets/factsheet22.pdf
f G¢KS CNBaKgl G0SNI . A2YSdpég |/ . SNJ St Sey
www.ucmp.berkeley.edu/exhibits/biomes/freshwater.php

& CNEB a kabsysiegsilfer pollutantsbeforetheyreach2 O S | Sti@noeDaily:
www.sciencedaily.com/releases/2018/04/180430212349.htm

1 Helfrich,L.A. ParkhurstJ.,andNevesR.2001.Thecontrol of burrowingcrayfishin
ponds. Dept. of Fisheries and Wildlife Services, Virginia Tech:
vtechworks.lib.vt.edu/items/9f97d5865434613b707-44f137b4930b

1 Taylor, C. A., Schuster, G. A., & Wylie, D. B. (2015). Field Guide to Crayfishes of the
Midwest.Manuall5. lllinoisNaturalHistorySurvey Champaignlllinois.145pages:
shop.inrs.illinois.edu/inhgnan.html

FreshwaterFoodWeb Diagrams

1 a! |j dioddd © 6 Wnés.of Michiganmichiganseagrant.org/wp
content/uploads/2018/08/09400-AquaticFoodWeb-GLEP.pdf

f G4CNBakKgl GSNI / KFIyySf C22R 2Sodé¢ [/ FNB LyaidAaddzi$s
caryinstitute.org/ecainquiry/teachingmaterials/hudsorriver-ecology/freshwater
channeifood-web

Plantsand Animalsof the GreatLakesAreaConnectedo FreshwaterEcosystems

1 GreatLakesWildlife: glerl.noaa.gov/data/waterlife/additionalResources.html

1 GreatLakedVaterLife(PowerPoint)Highlightdifferent plantsandanimalsthat
one can find in the Great Lakes:
glerl.noaa.gov/data/waterlife/docs/WaterlifeAnnotated.ppt

1 &t NAGbNdiedo GreatLakes I (G S NDAudWGRE P ¢
gl.audubon.org/sites/default/files/colonial_waterbird summary may 1 update.pdf

1 ReptilesandAmphibianf Michigan:michigan.gov/dnr/education/michigan
species/reptiles

Lessons/Activities

T & CNB a Kessod $ MIFrastivater Live:freshwaterlive.org/resources/lesseplans

 a!ljdzt GAO C22R 2S0é¢ FtlFaKOINRa Ay vdzAl £ Say
quizlet.com/40755546/aquatiood-web-flashcards

f GaC22R 2So0a¢ fSaazy LXIyo /t![a{X Cft2NARIF {dald
www.cpalms.org/Public/PreviewResourcelesson/Preview/75952

EducationStandards

1 Moreinformationaboutthe NextGenerationSciencestandardsto whichthis
lesson was alignedtextgenscience.org

1 Moreinformationaboutthe CommonCoreStateStandardsindlinksto the
complete documentsthecorestandards.org
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Crayfish Trivia

1. Whatkind of animalsare crayfish?Circleone)

a. Amphibians d. Insects
b. Crustaceans e. Mollusca(mollusks)
c. Fish

2. Putanda - of checkmarkn front of all the placeswhere crayfishlive.

_ Drysand _____ Oceans
____Lakesandponds ____Riversaandstreams
__ Mudpuddles
3. Markall of the animalsbelowthat eat crayfish.
____Birds,suchasheronsandducks __ Reptilessuchasturtles andsnakes
____FishlJike trout ____Mammalsikeraccoonsriver otters,andhumans

Amphibianssuchasfrogs

4. Crayfistbreathethroughtheir:

Gills Nose
Lungs Skin
Mouth

5. Docrayfishlivein our state?Circleone: Yes No

6. Inwhatwayscancrayfishbe goodfor the environment?
_____Theyarescavengershat eatdeadanimalsandplants.
____Theyarefood for manydifferent animals.
___Theycaneatlots of food that other animalslike to eat.
_____Theycaneatlots of salmonandtrout eggs.

__Theyhelpto keepstreamsandother bodiesof water clean.
7. Whichof theseare better for ecosystems?

a. Invasiveplantsandanimals

b. Nativespecies

8. Pleasanrite allthe reasonswvhy youthink nativeor invasivecrayfishare better for their
ecosystems below and on the back of this paper.
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CrayfishTriviaAnswerKey

1. Whatkind of animalsare crayfishACircleone)

a. Amphibians d. Insects
e. Mollusca(mollusks)
c. Fish

2. Putand - of checkmarkn front of allthe placeswvherecrayfishlive.
Drysand Oceans

X Lakesandponds _ X Rivers and streams
X_Mud puddles

3. Markallthe animalsbelowthat eat crayfish.
X _Birds,suchasheronsandducks

X Fish like trout

X _Reptiles, such as turtles and snakes
X Mammals, like raccoons, river otters, and humans

X_Amphibianssuchasfrogs

4. Crayfisthreathethroughtheir:

X Gills Nose
_ Lungs ____ Skin
Mouth

5. Docrayfishlivein our state?Yes!Crayfishare found in all 50 states,with more than 400species
found in North America. Over 600 total species have been identified around the world.

6. Inwhatwayscancrayfishbe goodfor the environment?
X Theyarescavengerthat eatdeadanimalsandplants.

X_Theyarefood for manydifferent animals.
Theycaneatlots of food that other animaldiketo eat.
Theycaneatlots of salmonandtrout eggs.

X_Theyhelpto keepstreamsandother bodiesof water clean.

7. Whichofthesearebetter for ecosystems?

a. Invasiveplantsandanimals
8. Pleasawrite allthe reasonsvhyyouthink nativeor invasivecrayfishare better for their ecosystems
below and on the back of this paper.

Native crayfishlive in balancewith other speciesn their ecosystemTheyareimportant food for
many other native species of animals, and they are omnivores/scavengers that consume dead
animals and plants, helping to keep their freshwater ecosystems clean and recycling nutrients.

Invasive crayfish can outcompete native species for food, shelter, and space. They can sometimes
reproducemore quickly,too, and canbe consumedessby native predators. Theirburrowing activity
can also be a problem, increasing erosion and decreasing water quality, for instance.
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FreshwatelEcosystend a ARgskearch NP ERahjl€

RainbowTrout

(Steelheadrout that stayin freshwater)
Scientifimame:Oncorhynchumykiss

Habitat: Cleancoolfreshwaterin streamsyrivers,andlakes

Diet: Eatsinvertebratedike insects(larvaeandadults),crayfishand other
crustaceans, and zooplankton; small fish and fish eggs; algae

What eatsthem?
1 FishJlike bassandlargertrout
1 Birds,like herons kingfisherseaglesandosprey
I Mammals)ikeraccoonsptters,andhumans
1 Crayfishasscavengersf deadfishandwhentrout areeggs)
1 Decomposerdike bacteria

Otherinterestingfacts:

1 Steelheadandrainbowtrout arethe samespecieshut steelheadravelto the
ocean to continue growing into adults. Then they travel back to where they
hatchedaseggs.Therethey spawn(layeggs)anddie. Thenutrientsfrom their
bodies feed the ecosystem for the next generation.

Rainbowtrout arethe only salmonidghat stayin freshwatertheir entire lives.
Nativeto the westof the Rockiesrainbowtrout were introducedin almost
every other state and on every continent except Antarctica.

—a —-

Sources:
T dawl A yrowr(@ncorhynchumykissipd.S FishandWildlife Servicefws.gov/species/rainbow
trout-oncorhynchusmykiss
1 awl A yrowaad{ (i S St Kaidnaildlife Federationnwf.org/Educational
Resources/Wildlif&suide/Fish/Rainbowl rout-Steelhead
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Name: Period: Date:

OrganismPresentationRubric

Name of Organism:

explained

Maximum SelfScore | Teacher
PresentationComponent Points (fill out before | Score
Possible | presentation)
Content
h NH | yKewraitQexplainedjncluding:
A Habitat(s)andwaysit survivesn freshwater 10
ecosystems
A Whatit eatsand/or what eatsit
Interactionswith other livingandnonlivingthingsclearly 10

Delivery/AudienceEngagement

Speectldeliveredclearlyat appropriatevolumeandspeed

(not too fast, slow, loud, or soft) >
Speedyolume,andvoiceinflectionarevariedto engage 5
audience and emphasize key points
Speakerconnectswith audiencethrougheyecontactand 5
doesnot spendtoo muchtime lookingat notesor screen
Speakedemonstratesenthusiasnfor topic throughout
presentation;audiences persuadedoy speakerabout 5
important role(s) in ecosystem
Visual(s)
lllustrationhelpsto explainz NB | yaklaptetiQris 10
and/or role(s) in ecosystem
Writing Conventions

Grammatical/spellingonventiondollowedin written 10
summary

TOTAL 60

TeacheiComments:
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Crayfish+ FreshwaterEcosystems

CrustyCrustaceans

Crayfishare crustaceansnamedfor their hard,crustlike exoskeleton
Their upper shell is known asarapace They are closely related to
lobsters, their saltwater cousins. Like insects and spiders, crustacea
are arthropods, named for their jointed legs. Crayfish have ten legs:
four pairsof walkinglegsandtwo chelipedswith chelae(claws). They
havetwo pairsof antennaefor sensingood anddangerin their murky
habitat; the smallerpairare knownasantennules

Keyin the Webof Life

Crayfish are an important :
part of freshwater Sun e
ecosystemssuchasrivers e A

and lakes. They are food
for many species of fish,
birds,amphibiansreptiles,
and mammals. Even some
land-dwelling animals,
such as raccoons, love to
eat them, so they play
important roles in

—
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Imageby JeffBenca
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terrestrial ecosystems, as
well. Many people enjoy
cooking them for dinner,
toot especially

in southernstateslike
Louisiana.
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Model of a FreshwaterEcosystem

Graphidby EricEnghand RickReynolds

What Do CrayfishEat?

Crayfish aremnivoresthat eat both dead and living plants and
animals. Their role in reducirtgtritus (decayingorganic mattes
and filtering the water is important for improvingater quality.
(Onewayto rememberwhatd R S (i Nikainglzndwhat acrayfish
mightsay aboutt A & G KI G0 A0 az2dzyRa

eatalmostanything.

Crayfishalongwith microorganismssuchasbacteriaand plankton
(tiny plantsandanimals) breakdownandrecyclenutrientsin the

f A1S3

A crayfishfeast!
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SO24ae &S Yioa webD¥adlfisB &nd leaves can be a
feastfor acrayfishwhichbecomesafeastfor arainbow trout,
which can feed a human family. All living things are linked in
countlesswaysto the web of life, whichalsoincludesessential
nonlivingthings,like water, oxygen carbondioxide,andspace.

Heroesor Villains?

Predatorsas well ascavengerscrayfish can negatively
impact ecosystems, todnvasive nonnative species have
the mostimpact.Forexample they canoutcompetenative
speciedor food, andeattoo manyfishandamphibianeggs.
Theirhabit of burrowing in mud canprovidebenefitsfor

gl GSNI ljdzr t AG@X odzi 0 dzZNNER g A
sometimes increaserosion(Helfrich, Parkhurst, and Nevis
2001).Thiscanaddmore sedimentto the water, reducingits
clarity and overall quality for wildlife and humans.

Pl sz s
Canyou spotthis camouflagedcrayfish
in its burrow?Photo:Brockennaglory,
Wikimedia Common

Whereare CrayfishFound?

About400ofthe ¢ 2 NIz @Eyfishspeciesarefound
in North America, especially the southeastern United
States. The rest are found on every continent except
Antarctica. Many species are at riskeatinction, due
mainly to habitat loss, pollution, and the spread of
invasivecrayfishspeciesanddiseasgLarsoret al. 2020).

EcologyTheStudyof Interconnectionsin Nature

Anecosystemis any group of living and nonliving things
that interact with one another. Some are relatively small,
like streamsandpondswherecrayfishoften thrive. Others
are largebiomes like wetlands or forests.

Biodiversityis a measure of the number of different Ammals like crayfish need foo_d, watgr,
air, shelter, and space to survive. This

species obrganismg(living things) in a specific area. The clearspringis excellentcrayfishhabitat,
term is also used as a general description of species with plenty of rocks for shelter.
richness, ecosystem complexity, and genetic variation. In  Photo:EricLarson

general, the more biodiversityhe morestable the

environmentandthe lessit isimpactedby environmental

changes. The organisms that interact with each other in

their ecosystems are called acological community
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Name(s): Period: Date:

Delving Deeper into Crayfish Freshwater Ecosystems

1. Howwouldyoudescribecrayfishto someonewho hadneverheardof or seenthem before?
Continue on the back if you need more space.

2. Howmight freshwaterecosystembe impactedif there were nocrayfish? Include deast
three positiveandtwo negativeimpactsin your answer.Continueon the backif youneed
more space.

3. Whatdoesextinction meanWhyaremanycrayfishspeciesat riskof it?

4. Howcanthe lossof biodiversity be a problemfor ecosystems®rovidean exampleto help
explain your answer. Continue on the back if you need more space.
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5. Crayfish argolytrophic (opportunistic feeders) that will eat almost any organic matter. A
crayfishmighteat50%plant detritus, 40%living plant matter, 8%deadanimalmatter, and 2%
fAGAY3I YAYLE YIFOGGSNW / NBFGS F 3INFYLK (02 akKz

6. Ifthe crayfishdescribedabovein question5 consumedlO0grams(0.22pounds)of foodin a
week, what would the mass of the food types consumed be in grams and pounds?

plant detritus: grams pounds

living plant matter: grams pounds
dead animal matter: grams pounds
living animal matter: grams pounds

7. Ifthe crayfishdescribedn question5 consumedl67 grams(0.37pounds)of food in two
weeks, what would the mass of the food types consumed be in grams and pounds?

plant detritus: grams pounds

living plant matter: grams pounds
dead animal matter: grams pounds
living animal matter: grams pounds
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Name: Period: Date:

CuriousCrayfish+ FreshwaterEcosystems

Complete the description of crayfish and where they live with these terms: amphibians, biodiversity, birds,
ecosystemsfish, freshwater,invasive humans |lakes,native,omnivores predators,reptiles,scavengersspecies

Crayfishplay animportant role infreshwater , such as and
. Most often found on river and lake bottoms, crayfish are that
eat both animals and plants. As of dead organisms, they help to clean the water.
Crayfish are also an important food for many organisms including:
1 , Suchastrout. 1 , Suchasraccoonsandriver otters.
1 , suchasherons andducks. 1 , suchasfrogs.
1 , suchasturtles andsnakes. 1 , especiallyin placedlike Louisiana.

Sometimes crayfish that come from other places can harm ecosystems, too. These
species can be of many species. They can also compete with

natives for the food, water, shelter, and space that every animal needs to survive. This can reduce
native populations and

il Population A

(group of same species)

rOrganism (any living thing)N Community R

(group of organisms that interact)

Ecosystem

(place where living and nonliving things interact) >

V' a7 “‘“%;
~ o/
@ — )‘i’n"g \.‘\ AN (also shows organisms’ habitats:

0 places they live)

\_

_/
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CuriousCrayfish+ FreshwaterEcosystems

Crayfish play an important role freshwater ecosystemssuch asakesandrivers. Most often found on
river and lake bottoms, crayfish aoennivoresthat eat both animals and plants. Asavenger®f dead
organismsthey helpto cleanthe water. Crayfishare alsoanimportant food for manyorganismsncluding:

1 Fish suchastrout 1 Mammals suchasraccoonsandriver otters
1 Birds suchasheronsandducks 1 Amphibians suchasfrogs
1 Reptiles suchasturtlesandsnakes 1 Humans especiallyin placedike Louisiana

Sometimes crayfish that come from other places can harm ecosystems, too.imhasieespecies can
be predatorsof manynative speciesTheycanalsocompetewith nativesfor the food, water, shelter,and
space that every animal needs to survive. This can reduce native populatiobgdncersity.

(" Population N\ ( Community )

(group of same species) (group of organisms that interact)

rOrganism (any living thing)\

Ecosystem

- (place where living and nonliving things interact)
N

7 A Iso shows organisms’ habitats:
"‘ ﬁ{% (a
L "-r‘ub‘f\\ 0 places they live) )

Investigating Crayfish + Freshwater Ecosyste@®at Lakes30 InvasiveCrayfish.org025



SSTWEEA - TS
% Invasive Crayfish Collaborative Lassong

Great Lakes Invasive Crayfish + Community Changes
Subjects Sciencelanguagé\rts, Art i

Gradelevels Ideal for grades@l2, adaptable for 85

Time 45 minutesor more

LessorDverview

Studentdirst readaboutmysteriouspopulationchangesn

a freshwater ecosystem, then create line graphs to show
the changes over time. They think about what might be
causing the changes and brainstorm with a partner about
how the changes might be causing problems in the Kindof cute, but bigtrouble: aninvasivespecies
freshwater ecosystem. Lesson options are listed in the =~ Photo:Flowermazevia Pixa
GOYNAOKKOEGSYRéE asSoOlirazyo

Goals

i Students explore issues around native and invasive species by
analyzindhypotheticaldataaboutchangingoopulationsovertime.

1 Students become aware of how certain species can have negative
impactson ecosystemsncludingthroughreductionsin biodiversity.

1 Studentdncreaseheir understandingf nativeandinvasive crayfish
andthe roles that they anather macroinvertebrateplayin
freshwaterecosystems

i Studentghink criticallyabouthow invasivecrayfishcanbe a threat
to different native species and biodiversity

Objectives

i1 Studentswill readaboutahypotheticalsituationandusethe
information to graph data and help them analyze it.

1 Studentswill researchspeciedrom the GreatLakegegionto
determine their roles in freshwater ecosystems.

1 Studentswill expressorallyand/or in writing whatthey havelearned
about native and invasive crayfish and their impacts on freshwater
ecosystems.
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NextGenerationScienceStandards
Performance Expectations

T MSLS21: Analyze and interpret data to provide evidence for the effects of resource availability on organi
and populations of organisms in an ecosystem.

1 MSLS24: Construct an argument supported by empirical evidence that changes to physical or biological
components of an ecosystem affect populations.

1 HSLS22: Develop and use a model to illustrate the hierarchical organization of interacting systems that
provide specific functions within multicellular organisms.

1 HSLS26: Evaluate claims, evidence, and reasoning that the complex interactions in ecosystems maintai
relatively consistent numbers and types of organisms in stable conditions, but changing conditions may |
in a new ecosystem.

Building toward
T MSESS3: Apply scientific principles to design a method for monitoring and minimizing a human impact
the environment.

CrosscuttingConcepts

1 CauseandEffect:Mechanismand Explanation

i StabilityandChange

1 System@&ndSystemModels
Science& Engineering’ractices

1 DevelopingandUsingModels

1 AskingQuestionsandDefiningProblems

1 Constructing=xplanationgindDesigningsolutions

9 Obtaining Evaluatingand Communicatindgnformation
CoreandComponentideasin the Life Sciences

LS2: Ecosystems: Interactions, Energy, and Dynamics

1 LS2.AlnterdependentRelationshipsn Ecosystems

i LS2.CEcosystenbynamicsfFunctioningandResilience

NEXT GENERATION

CIENGCE

STANDARDS

CommonCoreStateStandards
Speakingand ListeningStandardsor Grade6
(similarstandardgor gradesAcs; 7¢12)
Standardl. Engageeffectivelyin arangeof
collaborative discussions (onen-one,in groups,andteacher led) with diverse partners on
grade6 topics,texts,andissueshuildingon others' ideas and expressing their own clearly.

Standard 4. Present claims and findings, sequencing ideas logically and using pertinent descriptions,
facts, and details to accentuate madteasor themes;useappropriateeyecontact,
adequate volume, and clear pronunciation.

Standard 6. Adaptspeechto avarietyof contextsandtasks,demonstrating command of formal English
when indicated or appropriate.
Collegeand CareerReadines#\nchorStandardgor Writing
Standard 6. Usetechnology ncludingthe Internet,to produceandpublish writing and to interact and
collaborate with others.

COMMON CORE

STATE STANDARDS INITIATIVE

PREPARING AMERICA'S STUDENTS FOR COLLEGE & CAREER

Standard 7. Conduct short as well as more sustained research projects lmdfedusedquestions,
demonstratingunderstanding of the subject under investigation.

Centerfor GreatLaked iteracyPrinciples
Principle5. TheGreatLakesupportabroaddiversityof life andecosystems.
Principle6. TheGreatLakesandhumansin their watershedsareinextricably
interconnected.
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TeachemBackground

Aninvasive speciess defined as any nenative organism that causes harm to the environment,
economyor humanhealth(EPAepa.gov/greatlakes/invasivspeciesgreat lakesO0). It cantake over
the habitatof native speciesforcingthe nativespeciedo decline in population or to disappear from
their natural environment. Invasive species tend tohighlycompetitive,highlyadaptive and
successfuht reproducingWashingtorinvasive Species Educatiovise.wa.goy.

A few species of crayfish aspreading rapidly ifreshwater ecosystemaorldwide, disrupting local
habitatsand negativelyaffectingcountless species\ative crayfish speciemre now among the most
threatenedgroups of organismdn fact y S & (i A8Yéraers &t Naitm American crayfish species
areatNA a1 2 F (LrBotgiOyién 201 @sibéorg/stable/4086421) Invasive crayfish are
believed to be the leading cause of this decline, and humans have played a significant role in their
spread, througtthe release of classroom science organisms, live fishing bait, pets, etc.

F

p
[

Additionalinformationandvisualsarefoundin the introductionto thiscurriculumandA y (i K S
27T

E LJ
Yy2gf SRIS b {1Afta¢g asSolazy i GKS SyR S

t

(/))\<.

a 9
UK
Materials
1 Copieofthe followingfor eachstudent(foundafter lesson):
A & ¢ Kigsteryofthe ChangingCrayfisit 2 LJddzt | G A 2y & ¢
A Optional:d L y @8pacle® SI2 2SO0 ¢
1 Graphpaperor graphingsoftware

A Graphpapercanbe generatedn different formatsandprinted free at
incompetech.com/graphpaper

A Alternatively, Microsoft Excel and Google Sheets are two programs that
canbe usedto creategraphsd | 2t@MakealLineGraphin9 E OiSohet
of many videos and web pages online that explains the process:
youtu.be/30110ILgYDo

1 Markers,crayonspr coloredpencilsfor studentsto share

1 Optional:Posterboard
Preparation

1. Ensureall materialsabovearereadyfor studentuse.

2. Optional:Learn more about topics in the lesson in the More
Resources/Referencegctionat endof the lessonto prepareto answerstudent
guestions.

3. Optional:Arrangefor aguestspeakemvith expertiseon freshwaterhabitat
restoration projects to visit your class. Contact us here for possible
recommendationsinvasivecrayfish.org/contaais
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https://www.epa.gov/greatlakes/invasive-species-great-lakes-0
https://www.epa.gov/greatlakes/invasive-species-great-lakes-0
https://wise.wa.gov/
https://www.jstor.org/stable/40864210
https://incompetech.com/graphpaper
https://youtu.be/3o11OlLgYDo
https://invasivecrayfish.org/contact-us/

TeachingSuggestiong the 5EModel
Engage

1. Engage students and encourage them to apply prior
knowledge by asking what they woudd if they
discoveredhat native crayfishandother
macroinvertebrategsmall animalsvithout backbones)
seemto be lesscommonin anearbystream,while some
new crayfish species are appearing there.

2. Ask students to think about what research project(s)/tes
they might conduct to get mormformation,who they

mighttalkto aboutit, andwhat other problemsmightbe  Bluegill sunfistare native tothe

to brainstorm their ideas with a neighbor, recording thenspot on their gills.
on paper or with an electronic device in words and Photo: U.S. Fish and Wildlife Service
pictures.

3. Circulatethroughthe groups,answeringlandasking)yuestionsto helpstudentsarrive
at their own conclusions. After a few minutes, tell students they will have one more
minute to brainstorm and to be prepared to share their best ideas with the class.

4. Allowthe groupsto sharetheir ideasandtell them that they will be workingwith a
partner to graph some data to learn about the issue.

Explore

5. Ask students to formgroupsot@ @S KAt S @2dz LJ &da& 2dzi GKS a¢KS

ChangingCrayfisit 2 LJdzt |-adtiitgsyle®téAskthem to first readthroughthe
scenarioExplairthat after they finishreading,they shouldwork togetherto graphthe
dataandanswerthe questionsinthe & , 2/ d&NJ f f sBofiaa.S ¢

6. Tell students they should conduct additional research, as necessary, to determine
what roles each of the species listed in the table play in the Great Lakes ecosystem.
Theymayusethe Internetandother availablereferencesourcesthey shouldcite the
sources they use for additional information.

Explain

7. Circulate through the room answering (and asking) questions, helping the groups get
started.Encouragetudentsto usereliablesourcedo researctthe organismdistedin
the table on the studentactivity sheet.Suggessiteslistedin the ExpandKnowledger
Skills and Resources sections, if needed.

8. Allowstudentstime to completetheir investigationoutsideof classjf necessary.

Once students have completed their research, ask a group to share their graph of
organismabundanceluringafull classdiscussionAskother groupsif their graphsare
similar and discuss different ways of displaying data.

10. Askstudentsto sharetheir observationsaboutwhat is happeningto organismsn
LargelLake.Consideiaskingdifferent groupsto sharewhat they discoveredabout
each organism listed in the table.

11. Write thetermsd y' | & A.J3 Sehdtid & 0& WIS BtSebéard.Askstudentsif
they know what these terms mean and how the terms were used in sources they
found through their research. Ask students if they have heard about any other
invasive species found in the U.S.

reat Lakes
related to the issue. Tell them they will have a few minutbasinand get their name from a darkened blu:
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12. If studentsK I @ Gilye&iimentionedthat Rustyand RedSwampCrayfishare invasive
speciedoundin LargelLake(andthe GreatLakes)sharethat information. Askstudents
what impacts these two crayfisspecies mighbe having orthe other species in Large
Lake, based on the data.

13. Askstudentsto think aboutthe different waysaninvasivespeciesouldnegatively
impact a native species. Help them understand that invasives can outcompete
natives for space and food, introduce new diseases, and disrupt an entire
ecosystem.

Enrich/Extend

{ Studentscancompletethe & L y @ Spacle® 812 2 iaingdan the handout
following the lesson plan

1 Askstudentsto readd b | &AngaSiveCrayfistof the GreatLakesv S 3 Afcdtryfl €
in Lesson 4Theycanuse itasa referenceto help them compare two crayfish
species. This can be done using a graphic organizer such as a Venn diagram
and/or a written analysis.

1 Have students readartoons abouinvasive crayfislnd/or create their own
cartoons Excellenexamplesandideasarelistedinthe & {  Sofifinvasive
Speciesind/ | NJi 2 fessdnglahfoundon the TakeAlM website
takeaim.org/wpcontent/uploads/2016/11/StoneSoupTeachersLP.pdf

1 Showsomeorallofthe TEDR ! YAYI A2y G¢KS dlemer & 2F Ly @l aj
Y f 2 Zd.ted.cim/lessons/thahreat-of-invasivespeciesiennifer-klos Ask the
studentsto work throughthe & ¢ K Xquyégtiéenswith apartner,recordingtheir ideas
in science notebooks or via the online system. Discuss their ideas as a class and/or
0KNRdzZZK GKS RAaOdzaaizy o02FNR | O0OSaaSR @Al GKS

T Foryoungerand/or lessexperiencedstudents,considereadingthrougha ¢ K S

a @ & ( Sshématigasaclassandansweringyuestionsbeforeforminggroupsto
work on the project.

1 Investigatethe biodiversityof macroinvertebratesn anearbystreamto evaluate
water quality based on the prevalence of different species. You can also help to
improvewater quality by doinga serviceprojectsuchasplantingnative plantsor
removing trash. Good activities to support this field work are found in:

A & { G NSBIE{ YO A SlgsébBkansfrom Utah StateUniv.ExtensiorService:
extension.usu.edu/waterquality/files/StreasBideScience.pdf

A { h [ HEa@eénmental Servideearningcurriculum:
engagingeverystudent.com/project/sohenvironmentalservicelearning
curriculum

1 Invite studentsto createpublicserviceannouncemenvideosaboutways
to helpkeepinvasivespecieof animalsandplantsout of our ecosystems.

Evaluate

1 Reviewstudentresearchprojectsandanswergo the questions.

1 Usestudentparticipationin classdiscussiorandactivitiesto determine
student understanding.

1 Askstudentsto reflectonthe lessonin writing and/or orally,includingabout what they
learned and what you, as the teacher, might do to improvelé&sson next time.
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https://takeaim.org/wp-content/uploads/2016/11/StoneSoupTeachersLP.pdf
https://ed.ted.com/lessons/the-threat-of-invasive-species-jennifer-klos
https://extension.usu.edu/waterquality/files/Stream-Side-Science.pdf
https://www.engagingeverystudent.com/project/solve-environmental-service-learning-curriculum/
https://www.engagingeverystudent.com/project/solve-environmental-service-learning-curriculum/

ExpandKnowledge+ Skills
Science/References

1 Dataina ¢ Kigsteryofthe Changing NJ- & dctivily Kdaptedfrom: Wilson,K.A.,Magnuson,].
J., Lodge, D. M., Hill, A. M., Kratz, T. K., Perry, W. L., & Willis, T. V. (2004)enlongty
crayfish(Orconectes rusticug)vasion: dispersal patterns and community change in a north
temperate lake. Canadian Journal of Fisheries and Aquatic Sciences, 61(1128855
jvzlab.limnology.wisc.edu/wpontent/uploads/sites/1902/2022/11/Wlison_2004 long
term_CJFAS.pdf

T I SEFNAOKSE [d! @ YR S5A{0STFlIy23 wayish a{ dzA Gl AYyAY
Biodiversityand/ 2 y & S NJIDepiiof Fskfeiesand Wildlife SciencesyirginiaTech:
pubs.ext.vt.edu/420/426524/420524.html

1 InvasiveSpeciesn the GreatLakes EPAgepa.gov/greatlakes/invasivepeciesgreatlakes0O

& C AGhildid Michigan/ NJ- & Pdpartihenéof Fisheriesand Wildlife Michigan
State Universitydocslib.org/doc/2887390/fielehuideto-michigancrayfish
1 &Ly @CrayfisBhS MrwasiveCrayfishCollaboration:
https://invasivecrayfish.org/invasiverayfish101/
T awSaSlINOK wS@Slfa |21 F2NJalyl3aay3a Lygdlargs
Wildlife Servicefws.gov/story/202402/researchrevealshope-managinginvasive
red-swampcrayfish

1 & al NEmdidRaise€yebrowsand/ 2 y O SGigathakeNow:
greatlakesnow.org/2024/04/marbledrayfishraiseseyebrowsand-concerns

Videos

1 & ¢ RiBeatof InvasiveSpeciegJenniferY f 2TERE#:ed.ted.com/lessons/the
threat-of-invasivespeciegennifer-klos

1 &2 KArdiinvasivd LIS O ExplaréNature/NationalParkServiceviaYouTube:
youtube.com/watch?v=_ZzPM7Dw9Gg

Lessons/Activities

1 & . dzFRAyBaga S andmanymoreaquaticmacroinvertebratdessonsinthed { G NB | Y
{ARS {OASYyOS¢ LINRBPBANIY FNRY !{dFIK {dFGS | yAGD 9
extension.usu.edu/waterquality/educateesources/lessonplans

1 IDAHOwater educationresourcesincludingcurriculumandvideos,Univ.of IdahoExt.:
uidaho.edu/extension/idah2o/resources

A s oA e s

extension.usu.edu/waterquality/files/watershedetectives.pdf

EducationStandards

1 Moreinformationaboutthe NextGenerationScienceStandardsincludingalink to
the Framework for KL2 Science Educatiom which this lesson was aligned:
www.nextgenscience.org/framewokE2%80%934stienceeducation

1 Moreinformationaboutthe CommonCoreStateStandardsndlinksto the complete
documents:www.corestandards.org

Investigating Crayfish + Freshwater EcosysteGreat Lakes36 InvasiveCrayfish.or@025


https://jvzlab.limnology.wisc.edu/wp-content/uploads/sites/1902/2022/11/WIlson_2004_long-term_CJFAS.pdf
https://jvzlab.limnology.wisc.edu/wp-content/uploads/sites/1902/2022/11/WIlson_2004_long-term_CJFAS.pdf
https://pubs.ext.vt.edu/420/420-524/420-524.html
https://www.epa.gov/greatlakes/invasive-species-great-lakes-0
https://docslib.org/doc/2887390/field-guide-to-michigan-crayfish
https://invasivecrayfish.org/invasive-crayfish-101/
https://www.fws.gov/story/2024-02/research-reveals-hope-managing-invasive-red-swamp-crayfish
https://www.fws.gov/story/2024-02/research-reveals-hope-managing-invasive-red-swamp-crayfish
https://www.greatlakesnow.org/2024/04/marbled-crayfish-raises-eyebrows-and-concerns/
https://ed.ted.com/lessons/the-threat-of-invasive-species-jennifer-klos
https://ed.ted.com/lessons/the-threat-of-invasive-species-jennifer-klos
https://www.youtube.com/watch?v=_ZzPM7Dw9Gg
https://extension.usu.edu/waterquality/educator-resources/lessonplans
https://www.uidaho.edu/extension/idah2o/resources
https://extension.usu.edu/waterquality/files/watershed-detectives.pdf
http://www7.nationalacademies.org/bose/Standards_Framework_Homepage.html
http://www.nextgenscience.org/framework-k%E2%80%9312-science-education
http://www.corestandards.org/

TheMystery of the Changing
Crayfish Populations

ScenarioScientistsnonitoringwildlife at LargeLakewere alarmedwhen
they observed different species of crayfish in the area. A historically »
popular fishing lake, the scientists and wildlife managers were concerned- '
that the introducedspeciesnight be negativelyimpactingfishpopulations -
and biodiversity. .

Todiscovethow manyof thesenew speciesvere present,theytrapped
crayfish at different locations around the lake over several years. They
alsosampledfor snailsfish,andamphibiango determineif there were
changesn the numbersof organismsAt one monitoring location, they
recorded the following numbers of organisms captured in one day.

Species Yearl Year2 Year3 Yeard Year5
Virile crayfish 10 9 6 3 1
Rustycrayfish 0 1 4 7 10
Redswampcrayfish | 0 2 3 6 9
Snailpersquare 8,500 7,000 4,000 1,500 500
meter

.| Bluegillsunfish 20 17 12 10 7
Eastermewts 16 14 10 6 2

YourChallenge:
L Createa graphthat showsthe numbersof speciesollectedovertime.

2. Explairthe datachangesovertime in writing. What might be causinghem?

3. Brainstormwith apartnerabouthowthe changesnightbe causingproblemsin the
freshwater ecosystem. Record your ideas in words and pictures on the back of this
sheet or in science notebooks.

4. Researclihe rolesthat eachof the organismdistedin the table playin the GreatLakes
ecosystem. Going back to question 3, how do you think rusty crayfish and red swamp
crayfish are impacting the other species? What evidence do you have? What other
studies would you want to conduct to be more certain of your ideas?
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Name: Period: Date:

InvasiveSpecie$’roject

Adaptedwith permissiorfrom asimilar projecty ErinCole

YourAssignment

Researclaninvasivespecieghat isimpactinganecosystenmearyou. Createa dmanagemensales
LIA Gt@dkdreyourinformationandwarnothersaboutthe dangersof theseinvasiveorganisms.

OverallGuidelines

Youwill be trying to convinceyour classmateshat your animalor plantisthe mostdamagingo
the ecosystem it has invaded. Our money and other resources should mgartagingt NOW!
Some things to think about in your sales pitch:

1. Whatkindof damagdsyourorganisncausingZEconomicEnvironmental?
Aesthetic (natural beauty)?

2. Ifitisnot abigproblemin our areayet, couldit becomereallydamaging™ow?
3. Whatarecosteffectivewaysto getrid of it?
4. Isthere anorganizatiorthat isalreadytryingto getrid of it? If so,couldthey usehelp?

Information Requirements

1. Commonandscientificnameof your plantor animal

Detaileddescriptionof whatit lookslike; howto not confuseit with similarorganisms
Its originalecosysten(whereit isnativeandoriginallyfrom)

Whereit canbe found now (region,specificplacein ecosystem)
Howscientistghink the organismarrivedin its new location

Howit harmshumansandecosystemgBespecificfor examplejf it takesoverland

from other plants, How does it do it? it causes economic damage, to what
industries or structures?)

7. Whathumansaretryingto doto stopthe invasion(Again be asspecificaspossibleis
there a specific organization that is already trying to stop it? What
tools/chemicals/methods are they using, and are there pros and cons to the various
methods?)

8. Allsourcesf information,includingphotos,are citedin MLAformat

o gk wN

FormattingRequirements

1. 4c¢l0slidescreatedwith PowerPointGoogleSlidesPrezior anotherprogram,including
a sources page at the end

2. Atitle slidewith aphoto or drawingof the plant or animal(createdwith graphicssoftwareor
drawn by hand and scanned or photographed)

3. Thepresentationshouldlastno longerthan 3 or 4 minutesandshouldseemlikead a
a

S
LIAGOKZé¢ y20 2dza i 1t beperdugsive NXY I GA 2y | f S

O ax
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Investigating Crayfish + Freshwater Ecosyste@reat Lakes38 InvasiveCrayfish.org@025



Evaluation
Yourpresentationwill be scoredasfollows:

Requirement Score

Information: Allinformationaccurateandrequirementsmet; sourcedisted / 20

OrganizationPresentatiorisneatandorganized /5

VisqalEngagementPhotoor drayvingqnfirstinQeandothervisualsengagethe /5

audience and help to communicate information

Persuasivenes$resentatioris persuasiveaboutthe needto controlthe species /5

ConventionsCorrectgrammarandspellingused /5
Total / 40

Choicednclude:
InvasiveAnimals

1. Zebramusselr quaggamussels
Chinesanitten crab
Nutria
Europearstarling
Englisthousesparrow
Sealamprey
Americanbullfrog
Rustycrayfish
Feralpig/feral swine
10 Redearedslider

©OoNOOOA~WDN

InvasivePlants

1. Cheatgrasgdownybrome)
Honeysuckle
Curlyleaf pondweed
Bull,Canadapr muskthistle
Commornor cutleafteasel
Brazilianwaterweed
Commorreed
Europearfrogbit
Purpleloosestrife
10 Spottedor Japanes&napweeds

©COoNOOGO MWD

Resources

11.PondLoach
12. Northernsnakehead

13. NewZealandmud snail

14. Roundgoby
15. Asianclam

16. Silver bighead black,or grasscarp

17.Redswampcrayfish
18. Spotted lanternfly
19. Emeraldashborer
20. Marbled crayfish

11. Hydrilla

12. Brittle waternymph
13. Starrystonewort

14. Garlicmustard

15. Narrowleavedcattail
16. Eurasiarwatermilfoil
17. Treeof heaven

18. Butterfly bush
19.Kudzu
20.Reedcanarygrass

1 dnvasive SpeciéedllinoisDept.of NaturalResources:
dnr.illinois.gov/conservation/iwap/invasivespecies.html

1 MLAcitationguide,PurdueOnlineWriting Lab(OWL):

owl.english.purdue.edu/owl/resource/747/02

1 USDAnNvasiveSpeciesesourcesinvasivespeciesinfo.gov/us

1 USDAlantsdatabaseplants.usda.gov

1 USGSlonindigenouquaticSpecieslatabasenas.er.usgs.gov
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Invasive Grayfish Collaborative _Lesson3
Great Lakes Crayfish Adaptations

Subjects Sciencel.anguagé\rts, Art

GradelLevels Ideal for gades &12,
adaptable for 25

Time 50¢ 75 minutesor more

LessorOverview

In this lesson, students explore crayfish adaptations that
help them to survive in freshwater ecosystems. Like the
other lessons in the crayfish curriculum, it is designed to
be highly adaptable. Options include having students

brainstormcrayfishadaptationsthat helpthemto survive T R
in their freshwater ecosystems, a short interactive Redswampcrayfish(Procambaruslarkii): one of the

multimedia presentation about crayfish anatomy and most invasivecrayfishspeciesshowsoff its chelipeds.
adaptations, and studerdesigned and engineered Photo: National Park Service

models of crayfish or a new type of scavenger/predator
that iswell-adaptedto survivein anaquaticenvironment.

Goals

1 Students will increase their understanding of
crayfishadaptationsthat helpthemto surviveand
reproduce.

9 Students will be provided the opportunity to apply the
conceptof adaptationsto the processof engineeringlesign.

1 Studentswill demonstratecriticalthinkingaboutthe particularrolesof crayfish
in freshwater ecosystems, and how they can help keep ecosystems healthy.

Objectives

i1 Studentswill demonstrateunderstandingf crayfishadaptationsjncluding
ways they are able to find food, reproduce, and escape predators.

i Students will create models of crayfish or new studdesigned and
engineered organisms adapted to be successful scavengers/predators in
freshwaterecosystemsndsharethemwith their peers,gainingfeedback
that could be incorporated into new design iterations.

1 Studentswill write abouthow crayfishor their own engineeredrganismsare adapted
to survive then share their ideas anohodels in class presentations andiiscussion.

i1 Studentswill verbalizethe importanceof food, water, shelter,andspacen the survival
of crayfish and other organisms, and how they are adapted to best use them.
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NextGenerationScienceStandards
Performance Expectations
Building toward

1 MSLS44: Construct an explanation based on evidence that describes how genetic variations of traits in
L2 LIzt F GA2Y AYONBIFAS a2YS AYRAQDGARAzZ £ 4Q LINBOIFOAC

T MSLS46: Use mathematical representations to support explanations of how natural selection may lead t
increases and decreases of specific traits in populations over time.

1 MSETS11: Define the criteria and constraints of a design problem with sufficient precision to ensure a
successful solution, taking into account relevant scientific principles and potential impacts on people and
natural environment that may limit possible solutions.

1 MSLSH4: Use argument based on empirical evidence and scientific reasoning to support an explanation
how characteristic animal behaviors and specialized plant structures affect the probability of successful
reproduction of animals and plants respectively.

I HSLS44: Construct an explanation based on evidence for hatural selectioreads toadaptation of
populations.

1 HSLS12: Develop and use a model to illustrdtes hierarchical organizatioof interacting systemghat
provide specific functions within multicellular organisms.

CrosscuttingConcepts
i StructureandFunction
i StabilityandChange
Science EngineeringPractices
1 AskingQuestionsandDefiningProblems
1 Constructing=xplanationsind Designingsolutions
1 DevelopingandUsingModels
9 Obtaining Evaluatingand Communicatingnformation
CoreandComponentideasin the Life Sciences
LS1From Moleculego Organisms: Structureand processes
i LS1.AStructureandFunction
i1 LS1.BGrowthandDevelopmenbf Organisms
LS2Ecosystemsinteractions,Energy and Dynamics
1 LS2.CEcosystenbynamicsfFunctioningandResilience
LS4 BiologicalEvolution: Unity and Diversity
1 LS4.CAdaptation
Coreand Componentideasin Earthand SpaceSciences
ESS2 I NIyKtenis
ESS2.CheRolesof Waterin9 I NBukfazéProcesses

NEXT GENERATION

CIENCE

STANDARDS

CommonCoreStateStandards
Speakingand ListeningStandardsor Grade6

(similarstandarddor gradesA¢s; 7¢12)

Standardl. Engageeffectivelyin arangeof
collaborative discussions (one
on-one,ingroups.andteacher
led) with diversepartnerson grade6 topics,texts,andissuesbuildingon2 i K S N& Q
ideasandexpressindheir own clarity.

PREPARING AMERICA'S STUDENTS FOR COLLEGE & CAREER

Standard 4. Present claims and findings, sequencing ideas logically and using pertinent
descriptionsfacts,anddetailsto accentuatemainideasor themes;useappropriate eye
contact, adequate volume, and clear pronunciation.

Standard 6. Adaptspeecho avarietyof contextsandtasks,demonstratingcommandof formal
English when indicated or appropriate.
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Collegeand CareerReadines#\nchorStandardsor Writing
Standard 4. Produceclearandcoherentwriting in whichthe developmentporganizationand
style are appropriate to task, purpose, and audience.

Standard10. Write routinely overextendedtime frames(time for
research, reflection, and revision) and shorter time
frames(asinglesitting or adayor two) for arangeof
disciplinespecific tasks, purposes, and audiences.

Centerfor GreatLaked.iteracyPrinciples
Principle5. TheGreatLakesupporta broaddiversityof life andecosystems.
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TeacheBackground

CrayfishLife Cycleand Behaviors

Crayfish go through incomplete metamorphosis
during their life cycle. Unlike many other
invertebrates, such as butterflies, which go
through complete metamorphosis with distinct
larval and pupal stages, they hatch from eggs
directlyinto tiny crayfishandgothroughroughly
11 molts, in which they shed their exoskeleton
andthenreplaceit with anewone,growinginto
adults.

Crayfish have adaptations that help them
survive at each stage of their life cycle. They
start out as one of 5600 or more eggs that
their mothers typically carry in their
swimmerets smallappendagesn the ventral
side (underside) of their abdomen.

Crayfish are generally nocturnal. Being most
active at night helps them to stay hidden from
predators and stay sheltered from the hot sun.
Whentheydo ventureout from shelterbeneath
rocks or burrows during the day, it is in well
shaded areas.

Ph'ortvb:RickReynoIs'

CrayfishAnatomy/Structures

Thebodyof a crayfishisdividedinto three segmentshead,thorax,andabdomen.Thehead
and thorax are fused together to form the cephalothorax.

1 Thorax the crustacearequivalentto a chest;fusedwith the crayfishheadto form the
cephalothorax

1 Cephalothoraxjoinedthoraxandheadof crayfishandother arthropods

Antenna

£a ﬂ Sy
> Cephalothorax

1

A
— ' F | _~"_ x .“
Sxliamerets ‘\ ‘
Uropods N \

Walking legs

Antennule

GraphicRickReynold$rom publicdomainillustration

1 Abdomen sectionbehindthe thoraxcoveredin sixplates
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1 Tergum namefor the thickenedplateson eachsegmentof the bodyof
crayfish and other arthropods; helps to protect soft interior

9 Carapacehard upper shell of crayfish and other arthropods that extends
from the tip of the rostrumto the start of the abdomen;protectsthe crayfish

1 Rostrum beaklike projection;askstudentswhatfunctionmightbe; protects
eyes, antennae, and antennules

1 Antenna(pluralantennae)iongorgansusedfor touch,taste,andsmell;
helps to sense prey and predators in murky water

1 Antennules shorterorgansalsousedfor touchandtaste,aswell asbalance
1 Fivepairsof legsto movealongriver or pondbottom (locomotion)

1 ChelipedsPairof legsnearestto the head,enlargedwith claws(chelae)
to hold food, provide protection, and use in combat

1 Chelaclawlocatedat the endof eachcheliped(pluralchelae)

1 Uropods Lastpairof abdominalappendage®f crayfishandrelatedcrustaceans;
found on sides of the telson, completing the tail fan used for swimming

1 Telson Anextensionof the lastabdominalegmenttriangularshapedstructure
found in between the uropods, completing the tail fan used for swimming

1 Eyesoneyestalks canberotated for verylargefield of vision

Cervical
groove

Rostrum Eye on eyestalk

M b “ h (Z

// i (h/% f’;‘% (

GraphicRickReynold$rom publicdomainillustration

1 Cervicaggroove indentationthat separatesieadandthorax,
which are connected in crayfish

Gills extractoxygenfrom water; usedto breathe
Maxilla: helpdrawwater over gills

Maxillipeds holdfood; cantouchandtaste

- = =4 =

Mandible: crushedood to be swallowedby mouth
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1 Greenglands helpto filter wasteproductsandbalancesaltlevels
in blood; similar to kidneys in humans

1 Genitalpores usedin reproduction

1 Swimmerets:small appendages on the ventral side (underside) of their
abdomen;in malesthey are usedin mating;in females they are usedto
hold eggs and baby crayfish

Crayfishhodystructuresandother adaptationsare presentedwith larger
images and labels in the slides and notes of the Crayfish Adaptations
PowerPoint presentation.

Additionalsourcesfor teachersand/or studentsarelistedinthed 9 E i Sy R
YR Ga9ELI YR Yy2¢fSR3IS b {({Affag a

Materials

&/ NI B RRKRBK I PdwesPyidpeesentationavailableonthe Invasive
Crayfish Collaborative websitevasivecrayfish.org/products

1 Computeraccessdataprojector,displayscreenandMicrosoftPowerPoint
(or other software capable of displaying a .ppt file)

1 Optional:

A G/ Nre@FA&K !'RILIFGA2ya¢d NBIRAY3 |yR ljdzSadaz
diagramactivity,& / NJ Exfermal Ky | (i 2aseériptionsandd / 2 Y LIF NA y 3
P'RIELIGFGARZ2Yyaégd KIFEyYyR2dzi G GKS SyR 2F GKS f Sa

A Modelingclayor PlayDohandnatural materialslike dried vegetation,twigs,
pine needles, and pinecones for students to share

A Humanmadematerialsfor studentsto share suchasusedpapertowel tubes
and/or toilet paper tubes, popsicle sticks, elastic bands, paper, cardboard,
tape, and noroxic glue

Paperplateson whichto constructcreatures
Coloredpencilsmarkersand/or crayongfor studentsto share
Livenativecrayfishand/or preservedcrayfishspecimens
Microscope(sand/or handlens(es)

Enlargedghotographsof crayfish

G / dzN@ra/fists Freshwate® O 2 & @ aactidtyvéhichcanbe
found before this lesson in the crayfish curriculum.

> > > > > >

Preparation

1. If possiblejdentify anexpertpartnerto work with your classaboutcrayfishand
their adaptations. Contact us here for possible recommendations:
invasivecrayfish.org/contaats.

2. Writethewordd& ! R LJG bniih& Bogfdtcreferto duringthe lesson.

3. Ensureallmaterialsabovearereadyfor studentuse.

Investigating Crayfish + Freshwater Ecosyste@reat Lakes45 InvasiveCrayfish.org@025


https://invasivecrayfish.org/products/
https://invasivecrayfish.org/contact-us/

4. Optional:

A Reviewmoreaboutcrayfishandtheir anatomy/adaptationgo prepare
to answer student questions. Good sources include those listed at the
end of the lesson in the Expand Knowledge + Skills section.

TeachingSuggestions the 5EModel
Engage

1. Introducethe expertvisitor,if oneis present,andtell studentstheywill be learning
more about crayfish today to prepare them for a field trip to find crayfish in a
nearby freshwater ecosystem (if you will be visiting one). But first, tell students
82dz2QR tA1S UKSY G2 OGKAYyl Fo2dzi KK GKSe& I f NS
freshwater ecosystems.

A Askthemto turn to a neighborandquicklybrainstormon a pieceof paper
all of theadaptationsthey would need to survive in their underwater
environment

A Writed | R LJG onih& Bbafdaidexplainthey aretraits of crayfishand
every otherorganism(living thing) thatevolvedover millions of years to
help them survive both physical structures of their bodies, as well as
behaviors that help them find food, escape predators, reproduce more
crayfish, etc.

A They should record all their ideas from their brainstorm without worrying
aboutif they are goodideasor not, andthey canalsodraw picturesof the
adaptations.

2. Circulatethroughthe room, answeringanyquestions After aminute or two, tell
students they have one more minute to brainstorm and that they should be
prepared to share one or more of their best ideas with the class.

3. Askthe pairsto sharetheir bestideaswith the classanddiscusgshem.

4 hLISyYy GKS a/NIreFAakK ! RFLIWGFGA2yae t26SNX 2Ay 3G LIN
visitor canleada brief interactivediscussioraboutit, drawingon studentideasand
information in the slide notes to talk about important crayfish body structures,
behaviors, their life cycle, and the functions adaptations play in helping crayfish
survive and reproduce. If available, you can also show the students live crayfish,
which is especially engaging.

Explore

5. Next,tell studentsthat they will havethe opportunityto createamodelof either
a crayfish or a new organism that is adapted to be a successful scavenger and
predator in freshwater ecosystems.

A Explairthat they will be ableto useavarietyof materials their creativity,
and what they have learned about adaptations to help with their
engineering designs.

A Show them the available materials, such as clay,-B&ty, natural
vegetation toilet papertubes,pipe cleanersandscrappaper,with
which they will be able to create their designs.
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6. Ask students to choose a partner (if desired, or they can
work individually)andcollectmaterialswith whichto work.
Rotatethoughthe groupsof students,answeringjuestions
andhelpingstudentsgetstarted,if necessaryTellstudents
that they should be prepared to present their work to the
classjncludingabouthowthe 2 NH I yaklaptétdrhelp
themto survive.lf they havetime, they cancreateanother
fATS adl3IsS FT2NJ GKSANI 2NEI
2NJ Ly AyasodaQa IFljdzZ GAO

Explain

7. After about 15 minutes, or whenever groups start to
completetheir designsexplainthat youwill be lookingfor
volunteersto makea brief presentationto the classabout
their organisms, and ask them to start cleaning up when
they are finished.

8. 1al aiGdRSyida G2 SELXLIAYy
writing usingone of the followingmethodsor anotherway

that they devise: Astudent-createdorganism
Photo:LucindaWatson

A Theycancreatelabelswith smallpiecesof cardstock,
attached to their organisms with toothpicks and tape
or another method.

A Theycanillustratetheir engineeringlesignson paper,
labeling the adaptations that help them to survive.
Colorcanbe addedwith pencils, markers, arrayons.

A Theycanwrite anarrativein paragraphform that
explainghe2 NH | yaklaptations.

9. Ask students to share their work, giving other class members a chance to ask
guestionsaboutthe 2 NH | yadlaptet@érat the endof eachshortpresentation.

10. Tell students that they will be able to finish their projects for homework or in
class the next day (if necessary and as you deem appropriate). Collect the
finished projects to review more carefully and display around the classroom
and/or the school.Youcouldalsoaskstudentsto refinetheir creationsbasedon
constructive feedback you and/or the rest of the class has provided before the
creations are displayed publicly.

11. Closewith aquickreviewof conceptdearnedduringthe lessonandcrayfish
adaptations that help them survive in their aquatic habitats.

Enrich/Extend

T 1al] aiddRSyida G2 O02YLX SGS (GKS a/ NFreFfAaAK 9EGSNY
endof the lessorwith the supportofthe & / NJ- ExBernal K/ | (i 21&6ériptions
KFyR2dzix 6KAOK A& faz F2dzyR G GKS SyR 2F (K
reading can also be used to support the activity and the others below.

1 Askstudentsto comparecrayfishwith their neworganisnt or one of their LIS S N& Q
new organismsForexample aVenndiagramcouldbe used.Theyshouldcompare
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their ONB | (plighidaEd@behavioraladaptationsto thoseof crayfishjncluding
GKSANI 2NHIFI YyAAYQa RAFFSNBY(G adNUzOGdzZNBa +yR Fdzy

1 Askstudentsto first plantheir organismsn paperbeforethey startengineering
them with physical materials, labeling the adaptations that will help the
organisms to survive.

i If you have access to live or preserved crayfish, students can view them
and/or their body structures under magnification with a microscope, hand
lens,and/or macrolensto better seetheir uniqueadaptations.Youcanalso
use a microscope or macro lens connected to a computer and/or data
projector to show specimens to the whole cla@btain and dispose of
your live crayfisliesponsibly always use native or neimvasive species
andNEVER release your classroplants or animal@to the wild.

i Ask students to dissect crayfish specimens
with the guidanceof oneor moreresources,
such as:

A G/ N &8FTAaK 5AaasS0d
Biology Junctiorbiologyjunction.com/
crayfish_dissection.htm

A a5 S ErayfisiDissectionPartL é
video:youtu.be/AOZdmUKoViY

A a5 S ErayfisfDissectionPartL L €
video:youtu.be/0QgB9xNagtGor

1 Studentscanwrite fictional storiesor poems
about crayfish and/or the new organisms
they created.

i Take students on a field trip to a stream or Astudent preparedo dissecta
otherareaof freshwaterto observecrayfish preserved invasive crayfish
and their ecosystems firsthand. Photo: Deb Berg

1 Setup classroontenterswith other activitiesrelatedto adaptationsthe new
organisms, and/or crayfish, such as those listed above. This would provide
more opportunity for studentchoiceanddifferentiatedlearningexperiences.

1 Showoneor more shortvideoclip(s)aboutcrayfish:
A Crayfishhabieshatching:youtube.com/watch?v=_el1LVOMRIMQ
A Crayfistmolting: youtube.com/watch?v=mF6NgMBCcNCM

1 Foryoungergradesyeadastoryor nonfictionbookwith your classabout
crayfish. Examples include:

A @& ¢ KifeCycleofa/ NJ & ByBdblieKalman, Crabtree Pub Co
amazon.com/Crayfisycle PaperbackBobbieKalman/dp/0778707032

A b/ NI dyegGhartner North Star Editions
barnesandnoble.com/w/crayfisiheg gaertner/1129536594

A &/ NI SyWPRIilESW Grimm Lerner Pub Group
amazon.com/CrayfiskarlyBird-Nature- Books/dp/0822530309
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Evaluate
wWSOASs aiGdzZRSyid RSaAONARLIGAZ2Yya 2F GKSANI Y2RStf ON

)l

includingwaysthey are ableto find food, reproduce andescapepredators.Students
should also be able to discuss crayfish adaptations orally.

Students can be asked to reflect on the lesson in writing and/or orally, including about
whattheylearnedandwhatyou, asthe teacher,mightdo to improvethe lessomexttime.

ExpandKnowledget Skills

1

CarpenterM.E.(2017).4 ! R LJioftieA NY & TSaiendng:é
sciencing.com/adaptatiorsrawfisi10006220.html

a/ NJ & X 2 & BdbgichBurveyandAssessmerProgramUniversityof lllinois:
publish.illinois.edu/biologicalsurveys/research/crayftsiblogy/

Helfrich,L.A. Parkhurst,).,.andNevesR.2001.4 ¢ K&htrolof BurrowingCrayfishn

t 2y Ra®é 5SLIIP 2F CAAKSNARSE YR 2AfREATFS
vtechworks.lib.vt.edu/server/api/core/bitstreams/163b1c@da8465c99f4-
52072alf5b7f/content

G a I NErhydidiRaise€yebrowsand/ 2 y O SGidaidakeNow: Detroit PBS:
greatlakesnow.org/2024/04/marbledrayfishraiseseyebrowsand-concerns

Lessons/Activities

l
1

G/ NI 8 ¥ A & & Bislogy@ufctién:biologyjunction.com/crayfish_dissection.htm

Crawfish Educational Materials for Grade8 & High School Biologlouisiana
Crawfish Promotion and Research Board:
Isuagcenter.com/~/media/system/4/4/6/b/446b98e3a69c8f3bdedd57feb2802¢c7hb/
crawfishlessonplank8hslab.pdf

OCOSIA Outreach ActivitigSrayfishnvestigation® EawrenceHallof Science:
marestage.lawrencehallofscience.org/collecmurses/COSIA/outreadctivities

CrayfisiStudentActivityBook.ElementarySciencd’rogram:
currikicdn.s3uswest2.amazonaws.com/resourcefiles/54d26e5197a40.PDF

G Ly i NRt&s@eriifi]21yS G QdsésonplaréCaliforniaAcademyof Sciences:
calacademy.org/educators/lessapans/introductionto-scientificsketching

EducationStandards

T

More informationaboutthe NextGenerationScienceStandardsto whichthislessonwas
aligned:nextgenscience.org

More informationaboutthe CommonCoreStateStandardsandlinksto the complete
documentsthecorestandards.org
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CrayfishAdaptations

Crayfish have many adaptations that help them to
survive:physicaktructures like their hardexoskeleton, *
aswell asbehaviorgthingsthey do). Asyouread,think
about similarities and differences between crayfish
adaptations and those of other species (including
humans).

FindingFood+ StayingSafe

Crayfisharenot pickyeaters.Theywill eatalmostany
dead or living animal or plant that they can get their
chelae(claws) on. They can use thehrelipeds(the
pair of legswith chelae)or defenseagainstpredators
and other crayfish, too.

Crayfish also use their chelipeds for digging and to  Ared swampcrayfishdefendsitself with its chelipeds.
get food to their mouths. Thremaxillipedsand a Photo:NationalPark Service

pair of maxillaeare used in feeding, too. Strong

mandiblescrush food before it enters their mouths.

Cervical

Crayfish grind up their food even more with teeth Rostrum Eye on eyestalk R
. . .. , . . , R e SR
insidetheir stomachsThisis calledthe cgastricmill® € e R - W
. Q ] = g \ﬁr .:
Crayfish haveompound eyesnade up of many small . _ 5'_3 ;.:\, A\w /
eyes.Theireyesareon stalks whichgivesthem alarger Lo '-l"","“"" |
field of view to spot food and predators. They are maxita 4 N A 10 180 S
protected by therostrum, also called theupraorbital Maxillipeds S 1z 7\
spine whichsticksout in front of andabovetheir eyes. e L

Crayfisthavetwo pairsof antennaeusedfor sensing
food and danger in their murky habitat. The smaller

] GraphicRickReynoldsrom publicdomain illustration
pair are known asntennules

If crayfish sense danger, they usually swish their
tail fan down to escape backwards. The tail fan i
made up of theelsonwith two pairs ofuropods Cephalothorax » A"""’
on either side that can spread out to move more ‘ TR '
water. Powerfulmusclesn their abdomenprovide _ ‘ : g
the downward force to make their quick escape. g;'"‘f,i;;n;;s"\‘ Y A

N
Walking legs

Antenna

Tels

Protectiveplatescovertheir abdomen;eachplate Uropods >
isknownasatergum on the dorsal (top) side and (claw)

asternumon the ventral side. GraphicRickReynold$rom publicdomain illustration

Crayfish are generallyocturnal. Being most active
at nighthelpsthemto hidefrom predatorsandstay
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sheltered from the hot sun. When they do venture
out from the shelterof rocksor burrowsduringthe
day, it is in welshaded areas.

Burrowingin mud not only provides safety from
predators;it canalsohelp crayfishsurvivecoldand/or
dry periods. Burying themselves in the mud can help
keeptheir gillsmoistandpreventthem from freezing.

LifeCycle

Adultfemaleslay50to 5000r more eggsat atime. o , ) : i
The eggs are usually carried in th@vimmerets Afemalecrayflshholdlng hereggsin her swimmerets
smallappendageson the undersideVentral side) of

their abdomen

Crayfish go througincomplete metamorphosis
during theirlife cycle They hatch from eggs directly
into tiny crayfish whichtheir mothersusuallyshelter
until they grow larger.

Beforetheyreachadulthood,they gothroughroughly Crayfish
11 molts; each time they shed theexoskeletort Life Cycle
and they usually eat it! This recycles the calcium SO Grows larger

; sl exoskeletons T'“Y crayfish
they canquicklygrowahard,newone. Theirlife cycle b el
differs from that of butterflies and many other (molting)
invertebratesthat go throughcomplete \
metamorphosiswith different larval and pupal

stageg caterpillar and chrysalis, etc.
Male or Female?

Crayfishmaleshavegonopods(modified swimmeretsthat are
firmer thanthe featheryswimmerets). Thegonopodsare used
to deposit sperm in the female when they mate. This fertilizes,
her eggs so they will develop into baby crayfish.

GettingOxygen

Crayfish get dissolved oxygen from freshwater using their
gills (like fish). They use one of their two pairswdxillae
aroundtheir mouth to drawwater overthe gills. Theirgills
areattachedto four pairsof walkinglegs whichalsohelps
draw water over the gills as they walk.

Crayfishcansurviveout of water for shortperiods,aslongas
their gills stay wet. If they start to dry out, they need to
return to water or bury themselves in wet mud so they can
getthe oxygenthey need.

Amale crayfishwith gonopodscircled _
Photo: DebBerg
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Name(s): Period: Date:

What DoYouKnowabout Crayfish Adaptations?

1. Describdive interestingcrayfishadaptationsUsecompletesentenceandincludehowthey
help the crayfish survive in their freshwater ecosystems. You might also add illustrations.

2. Howcouldyoudividea crayfishupinto partsto explainwhatit isto someonewho hasnever
seen one? You might also add an illustration below or on the back of this sheet.

3. Howdo swimmeretscompareto walkinglegs?
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Abdomen
Antenna
Antennule
Anus

Carapace

CrayfishExternalAnatomy

(outsidestructures)

Tailareawith segmentsswimmeretstelson,anduropodsare attachedto it
Oneof two longsensoryorgansat front of crayfish(antennae two or more)
One of two short antennae

Endof digestivetract; locatedonlower part of telson

Upperprotective exoskeleton(shell) ofcephalothorax

CervicalGroove Indentationin carapacdetweenheadregionandthoraxregion

Cephalothorax Combinedheadandthorax; containsthe heart, gills,stomach,and other organs

Chela
Cheliped

Oneof two big clawsusedfor defenseandfood handling(chelae two or more)

One of two long legs with chela

Compound Eye Two eyes made up of many small eyes; locatedstailks

Gonopods

GreenGland

Mandible

Maxillae

Maxillipeds
Mouth
Rostrum

Swimmerets

TailFan
Telson
Tergum
Sternum
Uropods
WalkingLegs

Modified swimmeretsof males;usedto passspermto females

Oneof a pair of organsusedto remove wasteproducts and balancsaltlevels
in blood; two openings to them are on the lower side of the head

Oneof two strongjawsusedto crushfood

Firstpair of maxillaehelpshold, tear,andpassfood to mouth; secondpair helps
draw water over theaills (used to get oxygen from the water)

Oneof three pairsof feedingappendagesattachedto jaws
Openingat start of digestivetract
Beaklike structure above eyes; also called theraorbital spine

Fivepairsof shortappendage®n bottom of abdomenusedfor swimming;
femalesalsousethemto holdtheir eggsandyoungcrayfish.

Thetelsonandfour uropods;usedfor swimmingbackwards fast!
Centersectionof tail fan

Upperprotective platesof abdomen

Lowerprotectiveplatesof abdomen

Twopairsof appendage®ntail fan that surroundthe telson

Fourpairsof jointedlegs;the gillsareattachedto them
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Name(s):

Period: Date:

ComparingAdaptations

Comparehe structuralandbehavioraladaptations
of two species using words and illustrations.

Species 1:

Different Adaptions

/

Adaptations in Common

N

Species 2:

0NN

Different Adaptations

N
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Invasive Crayfish Collaborative ] Lesson 4 )
Great Lakes Native + Invasive Crayfish
Subjects ScienceMath, Languagerts

GradelLevels Ideal for grades@l2, adaptable for &

Time

LessorDverview

Inthislesson studentsexplorenativeandinvasivecrayfish
species of the Great Lakes and their roles in freshwater
ecosystems. Activity options include having students
brainstorm what they already know about native and
invasive crayfish, matching cards of crayfish ecosystem
roles and photos with their descriptions, and writing

50 minutesor more

creatively about what they have learned. See the . o C : .
GOYNAROKKOEUGSYRE aSOGA2Y ys‘}”f{}j’ewﬁkt%”vegcgﬁ)ﬁls B 910 hn%ug aup & 5 5

more ways to engage all learners.

Goals
1

Increasel (i dzR ényleiistasdlingf nativeandinvasivecrayfishand
their roles in freshwater ecosystems

Getstudentsto think criticallyabouthow invasivecrayfishcanbe a
threat to different native species and biodiversity

Increasestudents'understandingdf how certainspeciesanhave
negative impacts on ecosystems

Increasestudents'understandingof the variouswaysthat invasive
crayfish can be introduced to new waterbodies

Objectives

T

Studentswill learnaboutspeciedrom the GreatLakegegionto
determine their roles in freshwater ecosystems.

Students will demonstrate understanding of native and invasive
crayfishspeciesincludingwaysto identify them andtheir impactson
freshwater ecosystems.

Studentswill expressorallyand/or in writing what they havelearned
about native and invasive crayfish and their impacts on freshwater
ecosystems.

Investigating Crayfish + Freshwater Ecosyste@reat Lakes§7

InvasiveCrayfish.org 2025



NextGenerationScienceéStandards
Performance Expectations

Building Toward

1 MSLS14: Use argument based on empirical evidence and scientific reasoning to support an
explanation for how characteristic animal behaviors and specialized plant structures affect the
probability of successful reproduction of animals and plants respectively.

1 MSLS21: Analyze and interpret data to provide evidence for the effects of resource availability on
organisms and populations of organisms in an ecosystem.

1 MSLS24: Construct an argument supported by empirical evidence that changes to physical or
biological components of an ecosystem affect populations.

T MSESS3: Apply scientific principles to design a method for monitoring and minimizing a human
impact on the environment.

1 HSLS22: Develop and use a model to illustrate the hierarchical organization of interacting systems
that provide specific functions within multicellular organisms.

I HSLS26: Evaluate 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.

CrosscuttingConcepts
i StructureandFunction
1 CauseandEffect:Mechanismand Explanation
i StabilityandChange
Science& EngineerindPractices
1 AskingQuestionsand DefiningProblems
I Obtaining EvaluatingandCommunicatingnformation
1 Constructing=xplanationsind Designingsolutions
CoreandComponentideasin the LifeSciences
LS1.A: Structure and Function
LS1.BGrowth and Developmentof Organisms
LS2Ecosystemsnteractions,Energyand Dynamics
1 LS2.AlnterdependentRelationshipsn Ecosystems
1 LS2.CEcosystenbynamicsfFunctioningandResilience

NEXT GENERATION

CIENCE

STANDARDS

CommonCoreState Standards
Speakingand ListeningStandardsor Grade6

(similarstandarddor gradesAc5; 7¢12)

Standardl. Engageeffectivelyin arangeof
collaborative discussions (one
on-one, in groups,and teacher PREPARING AMERICA'S STUDENTS FOR COLLEGE & CAREER
led) with diverse partners on
grade 6 topics, texts, and issues building on others'
ideas and expressing their own clearly.

Standard 4. Present claims and findings, sequencing ideas logically and using
pertinent descriptions, facts, and details to accentuate ndeas
orthemes;useappropriateeyecontact,adequate volume, and
clear pronunciation.

Standard6. Adaptspeecho avarietyof contextsandtasks,demonstrating
command of formal English when indicated or appropriate.
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Collegeand CareeiReadines®\nchorStandardsfor Writing
Standard6. Usetechnology,ncludingthe Internet,to produceandpublish
writing and to interact and collaborate with others.

Standard 7 Conduct short as well as more sustained research projects
basedonfocusedguestionsdemonstratingunderstanding of
the subject under investigation.

Centerfor GreatLaked.iteracyPrinciples
Principle5. TheGreatLakessupporta broaddiversityof life andecosystems.

Principle6. TheGreatLakesandhumansn their watershedsareinextricably
interconnected.

TeachemBackground

CrayfishDiversity

TheeasternUnited Statesis hometo morethan 60%of the 2 NJkrivWn&rayfishspecies,
making it a global hotspot for crayfish biodiversity (Richman et al., 2015). The American
states and Canadian provinces surrounding the Great Lakes are home to approximately 40
crayfishspecieqTayloret al.,2015),andanumberof thesespeciesarerare or havenarrow

natural ranges (Page, 1985; Taylor et al., 2015; Richman et al., 2015). Some states in the
southernmost areas of the Great Lakes region such as lllinois, Indiana, and Ohio have
numerous crayfish species with narrowly endemic ranges, including the sinkhole crayfish
(Faxonius theaphionensis) central Indiana and the depression crayfiflambarus
rusticiforms)in southern lllinois.

Aterrestrial crayfishburrow Photo.C.A.Taonr

Many crayfish species in the Great Lakes region are known to occur only in streams and

rivers(i.e.,a f 2 eécdsydtemsvith activelymovingwater), but somespeciesanpersistor

SOSYy GKNARGS Ay atSyidAaoOeé KIoAdGlda o6adatt 61 GSNRO
smaller number of these crayfishes are almost completely terrestrial and spend most of

their lives in underground chambers removed from direct contact with permanent water

bodies.

The Great Lakes region includes a number of native species that are important to
freshwaterecosystemsManyare describedn the speciegguideat the end of the lesson.
Important roles they serve include:
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1 Asfood: Over200animalspeciesjncludingmammals pirds, reptiles,amphibians,
fishes, and insects eat crayfish (DiStefano, 2005). Fish, such as bass, are especially
prominent crayfistpredators(Probstet al., 1984Rabeni, 1992)Awide varietyof
other fishspeciesfrom brooktrout to creekchubsalsoconsumecrayfish(Gowing
& Momot, 1979;Newsome& Gee,1978).Crayfishare a vital food sourcefor other
important animals in freshwater ecosystems, such as the hellbender, an
endangered salamander (Wiggs, 1976). Crayfish are also consumed by many
terrestrialanimalsincludingminks,raccoonsandwadingbirds (Bakeret al., 1945;
Martin & Hamilton, 1985; Toweill, 1974).

1 AsconsumersCrayfishare opportunisticomnivores.Theyeatawide varietyof
food items from phytoplankton to fish.

o Detritus: Crayfish can consume large amounts of detritus, primarily in the
form of leaf litter and other decaying plant material (Huryn & Wallace,
1987; Schofield et al., 2001). The processing of large amounts detritus by
crayfish, such as dead animals and plant matter, can help kespwater
ecosystems clean and healthy. It can also strongly alter the abundances of
insectlarvae,suchasheptageniidmayflies(Creed& Reed2004),whichcan
be an important food source for fishes and other aquatic vertebrates
(Hoopes, 1960).

o Crayfish also eat primary producers such as algae (Goldman, 1973) and
aquaticplants(Creed 1994).Somecrayfish carconsumesomuchalgaland
plant materialthat they stronglyinfluencethe populationdensitiesof these
organisms (Goldman, 1973). Crayfish also feed on many different types of
invertebrate prey, including snails (Kreps et al., 2012), insects and their
larvae (Parkyn et al., 2001), and even other crayfish (Nakata & Goshima,
2006). Crayfish also eat vertebrates such as fish (Rahel & Stein, 1988) and
amphibians, particularly their eggs or larvae (Axelsson et al., 1997).

1 As ecosystem engineer€rayfish live in a variety of aquatic and terrest(tiahd
based)habitats. Theycanimpacthabitat quality and availableresourcedor other
organisms (Reynolds et al., 2013).

o Burrowingisafascinatingcrayfishbehavior. Theability to digburrowsand
other underground chambers is an important behavioral adaptation of
many species of crayfish that helps them survive in multiple ways:

A Protectionfrom predators Burrowingprovidesprotectionfrom the
many animals that eat crayfish. It offers them a secure hideaway
from fish, birds, insects such as dragonfly larvae, and even other
crayfish.

A Shelter Burrowsprovideshelteragainstharshweatherconditions,
such as drought and heat.

A Temperature and moisture regulatiarBurrows allow crayfish to
regulate their body temperature and stay hydrated. Crayfish that
spendmostof their life in burrowswill usuallydig verticallyto reach
the water table, which allows their gills to remain moist and allows
them to survive times of drought. In areas where water levels
fluctuate, such as ponds or creeks that may dry up occasionally,
crayfish burrow into the moist soil to avoid dehydration.
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o Crayfishhurrowsalsocreatespaceghat canbe usedby other organisms
(Creed & Reed, 2004).

0 Burrowing can also increase erosion rates (Statzner et al., 2000; 2003). In
terrestrial habitats, primary burrowing crayfish (species that spend qiost
or allgof their adult lives underground in fields, ditches, prairies, and wet
meadows)onstructcomplexnetworksof tunnelsandchambersdeepinto
the soil. Theseoften-expansivesubterraneametworkscanserveascritical
conduits for water or gas exchange, thus oxygenating and draining
otherwise poor soils (Richardson, 1983; 2007).

o Typesof CrayfishBurrowers(asshownwith lettersace in the imagebelow):

A PrimaryBurrower (a): Primaryburrowingcrayfishspendmostof their
lives in burrows they dig in the ground. These burrows can be very
deep, sometimes as deep as three meters (about 10 feet). Inside, the
burrows have many openings, tunnels, and chambers where the
crayfish can move around and live.

A SecondanBurrower (b, c,d): Secondarpurrowersalsospendalot of
time in burrows, but their burrows are usually not as deep or
complicated as those of primary burrowers. They often dig their
burrows near creeks or ponds. These burrows are simpler but still
provide a safe home for the crayfish.

A Tertiary Burrower (e) Tertiary burrowers are sometimes called rRon
burrowers and only occasionally retreat into simple and shallow
burrowswhenthey needto, like duringa droughtor whenwater levels
are low. Most of the time, they stay out in open water.

Different typesof crayfishburrows, rangingfrom primary (a), secondary(b, c,d) andtertiary (e)
lllustrationfrom Hobbs(1981)

Impactsof InvasiveSpecies

Unfortunately, nonnative crayfish species introduced through human activities present
a significant threat to many of the native crayfish species in the Great Lakes and
surrounding areas. In some cases, these-native crayfish can be considered invasive
(i.e., cause ecological and economic harm), given their abilities to rapidly colonize new
habitats and displace native species. Invasive crayfish have already displaced native
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crayfish from considerable portions of their ranges and have dramatically altered
ecosystem structuren some places (Wilson et al., 2004). Invasive crayfish are therefore
aformidablethreat to both crayfishbiodiversityandfreshwaterecosystemsn the Great
Lakes and worldwide (Lodge et al., 2000a).

Invasive crayfish in the Great Lakes region are described in the guide at the end of the

lesson. They negatively impact countless species, including many native crayfish species,
whichhavebecomeone of the mostthreatenedgroupsof organismsn the world. In fact,

anSAGAYIIGSR any LISNOSyid 2F b2NIK ! YSNAOIY ONI@&TAa
(Larson & Olden 201(stor.org/stable/40864210 Invasive crayfish are believed to be the

leadingcauseof this decline,andhumanshaveplayeda significantrole in the spreadof

crayfish, through release of classroom science organisms, live fishing bait, pets, etc.

Aninvasive speciess defined as any nenative organism that causes harm to the
environment,economyor humanhealtho & L y Bpedicadite Great] | | ERANtE
can take over the habitat of native species, forcing the native species to decline in
population or to disappear from their natural environment. Invasive species tend to be
highlycompetitive,highlyadaptive andsuccessfuht reproducing(Washingtorinvasive
Species Council).

Introduction pathwaysof invasivespeciesare presentedwith visualsascardsat the end

of this lesson. Additional information about native and invasive crayfish is found in the
G/ 2YY2y bl OABS YR LYy@FraAr@dS |/ N&FfFAakKSa
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Materials

1 Copief the followingfor eachstudentor groupof 3¢4 students(foundafter lesson):
A &/ 2 Y WatyeandInvasiveCrayfistof the GreatLakesv S I A 2 y €
A Setsof crayfishrolesandintroduction pathwayscards
 Copieofthed / 2 Y'Y dzy AbOutGrayfighl TheirL Y LJI luddautfor eachstudent
1 Optional:Coloredpencilsmarkersand/or crayondor studentsto share

1 Optional:Posterboard
Preparation

1. Ensureall materialsabovearereadyfor studentuse.Cutup cardsandseparatethem into two
groups:

A Crayfishroles,andimpactsof invasivecrayfish
A Introduction pathways

2. Optional:Learnmore abouttopicsaddressedn the lessonwith the sourcedisted
in the More Resources/References section at end of the lesson to prepare to
answer student questions.

3. Optional:Arrange for a guest speaker with expertise on freshwater habitat
restorationprojectsto visityour class Contactusfor possiblerecommendations:
invasivecrayfish.org/contaats.
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TeachingSuggestiona the SEModel
Engage

1. Engage students by showing them live crayfish (if available) or preserved crayfish. Pass out the
G/ 2YY2y bl OGADGS YR LY@lFrarosS / NreFfArAakSa 2F GKS
in small groups of & students to identify the species, using the guides, prior knowledge, and/or
additional research.

Explore

2. Afterafew minutes,discusstudentideasandhow they were ableto identify the species.

3. Ask students to take out their science notebooks or blank paper. Invite them to draw a vertical
line downablankpageto createtwo columnsof aboutthe samewidth. Askthemto labelthe first
O2ft dzYy a/ NI e@FA&K w2fSaé¢ FyR GKS aS0O02yR 0O2f dzvy
brainstorm ways native crayfish can benefit their ecosystems and record those ideas in the first
column. Negative impacts of invasive crayfish can also be brainstormed in their groups; students
can record their ideas in the second column.

4. Circulate through the groups, answering (and asking) questions to help them get
started (if necessary). After a few minutes, tell students they will have one more
minute to brainstormandto be preparedto sharetheir bestideaswith the class.

5. Allowgroupsto sharetheir ideasandthen passout the setsof cardsthat describe
crayfishrolesandimpactsfrom the end of the lesson Askthem to work with their
groups to try to match the photo cards with the correct descriptions, as well as
organizethem into groupsfor the positiverolesof nativesandnegativeimpactsof
invasive crayfish.

Explain

6. Pasoutthed / 2 Y'Y dzy AbOutGrayfigh Theirl Y LJ- i@uddaut,onefor each
student. Ask them to read through the questions together and discuss their ideas.
Then invite them to write creatively to complete the activity. Circulate through the
room to support students, or you might consider taking them outside to work.

7. Afterabout15minutes,tell themthey cantake a breakin two minutesto shareone of
their creative responses if they would like to do so.

8. Afteracoupleof minutes,invite studentsto shareone of their responsesvith the class
and discuss it.

9. Give students most of the remainder of the class to complete their responses. Tell them
that they canalsocontinuewriting outsideof clasgime, if desired.Fiveminutesbeforethe
end of class, ask more students to share their responses with the class. Discuss the issues
they raise in their funny stories, etc.

10. Closewith adiscussiorof different waysinvasivespeciesanbe introducedto ecosystems
and ways that students can help prevent the problem. You might also ask students to
discuss ways they might help to reduce problems of invasive crayfish after they have
already been introduced.
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Enrich/Extend

1 Invite studentsto choosea native or invasivespeciedrom the guideto createposters
about them.

A Pass out posterboard (if available)students could use backs used sheets
or posters to create colorful, labeled scientific illustrations of the species.
Studentscanannotatethe illustrationswith descriptionsandhow theyimpact
their ecosystems.

A Invite studentsto conductadditionalresearchasnecessaryTheymayusethe
Internet and other available reference sources; they should cite the sources
they use for additional information.

1 Studentscanobservelive or preservedcrayfishand/or their body partsundermagnification
with a microscope, hand lens, and/or macro lens. You can also use a microscope or macro
lens connected to an electronic device and/or data projector to show them to the whole
class.

1 Invite studentsto createpublicserviceannouncementiideosaboutwaysto
help keep invasive crayfish out of our ecosystems.

T 1al addzRSyda G2 dzaS GKS ablGAGS 3 Ly@larxdgsS [ N
guideto helpthem comparea native crayfishspeciefoundin yourareawith an

invasivecrayfishspecieghat is causingoroblemsin your area.Thiscanbe done
using a graphic organizer such as a Venn diagram and/or a written analysis.

1 Have students readartoons abouinvasive crayfislnd/or create their own
cartoons Excellenexamplesandideasarelistedinthe & { (i Sofiffinvasive
Speciesnd/ | NJi 2 fessdnglahfoundonthe Take AIM website:
takeaim.org/wpcontent/uploads/2016/11/StoneSoupTeachersLP.pdf

Evaluate
1 Reviewstudentprojectsandanswergo the handoutquestions.

1 Usestudentparticipationin classdiscussiorandactivitiesto helpdetermine
student understanding.

1 Recordevelsof oral participationandstudentunderstandingof nativeand
invasive crayfish and their impacts on freshwater ecosystems, etc.

1 Askstudentsto reflectonthe lessonin writing and/or orally,includingabout
what they learned and what you, as the teacher, might do to improve the
lesson next time.

Expandnowledge+ Skills

Science/References

1 AxelssonE.,Nystrom,P.,Sidenmark,).,& Bronmark,C.(1997).Crayfishpredationon amphibian
eggs and larvaédmphibiaReptilig 18(3), 217228.

1 BakerR.H.,Newman,C.C.,& Wilke,F.(1945).Foodhabitsof the raccoonin easternTexas.
TheJournalof Wildlife Management 9(1),45-48.

T a/ 2YY2y [/ NIr@8FAaAKS&a 2F GUKS / KAOIF3I2 wSIA2y dé CA
fieldguides.fieldmuseum.org/sites/default/files/rapicblor-quides
pdfs/981 usa_common_crayfishes of the chicago_region.pdf
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Videos

1 & ¢ RHseatof InvasiveSpeciegJennifery f 2TERE#:ed.ted.com/lessons/the
threat-of-invasivespeciegennifer-klos

1 &2 KAréinvasivg LIS O ExplaréNature/NationalParkServiceviaYouTube:
youtube.com/watch?v=_ZzPM7Dw9Gg

Lessons/Activities

1 & . dsFRAayBaga S andmanymoreaquaticmacroinvertebratdessonsintheda { G NS I Y
{ARS {OASYy OS¢ LINBANIY FTNRY ! GIK {dF0S | yAQO®D
extension.usu.edu/waterquality/educateresources/lessonplans

1 IDAHOwater educationresourcesincludingcurriculumandvideos,Univ.of IdahoExt.:
uidaho.edu/extension/idah2o/resources

1 WashingtorinvasiveSpecie€ounciturriculum:invasivespecies.wa.gov/educational
materials/teachercurriculum

A s o e

extension.usu.edu/waterquality/files/watershedetectives.pdf
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Name(s): Period: Date:
Communicatingabout Crayfish+ TheirlImpacts

Explorethe crayfishguideand cardswith a smallgroup. Thenwork individually to . . .

1. Imagine a new student joins your class on a day you are sampling for crayistv. would you
explain to them how to identify different native and invasive crayfish species? Include specific
characteristicgor at least4 speciesyoumightfind anddifferencesandsimilaritiesbetweenthem.
You can use sentences and/or labeled illustrations. Feel free to use separate paper or notebooks.

2. Imagineyou are a crayfishspecieknown to be invasivein the GreatLakesegion. Makeup ashort
funny story about how you and your fellow invaders were able to spread into the area using one of

the most common dispersal methods.
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3. Imagineyou are a native crayfish.Bragto the other aquaticanimalsaboutall the positiverolesthat
you and other native crayfish play in aquatic ecosystems.

4. Imagine you are a native fish or amphibiawrite about invasive crayfish and all the trouble they are
causingyouandother native speciesWhatwould yourecommendscientistsandwildlife managerglo to
solve the problem?

Learnmore:
G L y @CrayfisiuS MrivasiveCrayfishCollaborativeinvasivecrayfish.org/invasiverayfish101
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CommonNative and InvasiveCrayfishesn
the GreatLakesRegion

Ontario

Quebec
QC

TheGreatLakegegionincludesthe eightU.S statesandtwo Canadiarprovincesshownabove.
GraphicRickReynoldsadaptedfrom map of North Americaby Elbart089 CCBY¥-SA3.0
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Native CrayfishSpecies InvasiveCrayfishSpecies Other HighRiskSpecies
Bigwater crayfish Obscure/Alleghenycrayfish Commonyabby
Cambarusobustus Faxonius obscurus Cherax destructor

Diggercrayfish
Creaserinutodiens

Photo: Smithsonian Environmental Research
Center CC BY 2.0

Calicocrayfish
Faxonius immunis

Northern clearwatercrayfish
Faxonius propinquus

Rustycrayfish
Faxonius rusticus

Australianredclaw
Cherax quadricarinatus

Signalcrayfish
Pacifastacuseniusculus

Virile crayfish
. . e " 7 R e —
Faxonius virilis Photo: onsirDept. of Natural Resources
Devil crayfish Redswampcrayfish _ _
Lacunicambarugiogenes ~ Procambaruslarkii Florida/electricblue
) crayfish
Paintedhandmudbug Procambarusilleni
Lacunicambarus polychromatus
White Rivercrayfish ' Marbled crayfish
Procambaruscutus "~ PhotoLucHoogensteiiCCBYSAA.0 Procambarusirginalis
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NATIVECRAYFISEPECIES

BigWater CrayfishCambarugobustug
- .‘. 3 2 "ﬁé’: %‘* -\gtf;r. ::_“

Abigwater crayfishin its rockyhabitat. Photo:ZackGraham

Description Bigwater crayfisharealargespeciesCarapacéengthscanbe more
than 5 cm long. The overall body color is greeflishwn. They have:

91 Largestrongchelaewith two rowsof tubercules(bumps).
1 Along,narrowrostrumwith roundedcorners.
1 Anareolathat isopenandsomewhatwide.

Habitat: Big water crayfish are commonly found under large, flat rocks. They do
not usuallyburrow, exceptto survivefreezingtemperaturesor preventdryingout
when it is hot. They can live awide rangeof water temperatures and plevels.
They can move short distances over dry land.

Distribution:
1 Nativeto the GreatLakesand OhioRiverwatersheds
1 Foundfrom centralMichiganto northern IndianaandnorthernandeasternOhio
1 TheyarealsofoundthroughoutsouthernandcentralOntario,aswell asthroughout Quebec.

SourcedCambarudNE 0 dzaUS@saab.ér.usgs.gov/queries/factsheet.aspx?SpeciesID=207
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https://nas.er.usgs.gov/queries/factsheet.aspx?SpeciesID=207
https://nas.er.usgs.gov/queries/factsheet.aspx?SpeciesID=207

DiggerCrayfish Creaserinusodiens formerly Cambarus/Fallicambarus fodiefs

Likemost crayfish,diggercrayfishcan surviveout of the water for short periods.Photo:ZackGraham

Description

1 Heavybodied,olive-brownor reddishtan colored
Apale,iridescentstripe alongthe midline of the abdomen
Darkbrown blotchescoverthe body
Broadchelaewith wide, flattenedfingers
Deepgrooveat baseof moveablefinger
Broadrostrumwith atrough-like depression
1 Noareola

=4 =2 =4 4 A

Habitats
1 Seasonalvetlands,woodedfloodplains.andlow-lyingfields
1 Oftenlivesin burrowsupto 3 feet deep

Distribution:
1 Diggercrayfishlivein the MississippiQhioRiverand GreatLakesvatersheds.
1 Foundfrom southeasterrWisconsirandcentrallllinoisto eastern
Ohio and southern Michigan
1 Theyalsolive throughoutsouthernOntario.

Sources
1 &5 A 3 NS RIMESsHUReHt.of Conservationmdc.mo.gov/discover
nature/field-gude/digger-crayfish
T &5 A 33 S NJIlinddDEpT of Naturdl Resources:

dnr.illinois. qov/educatlonIW|Idaboutpaqes/mIdaboutlnvertebrates/W|Idaboutcrayﬁsh/
wacfdiggercrayfish.html
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Calico CrayfishHaxonius immunis

Callcocrayflshare alsocalledpapershellcrayflsh Theyhavethln shells
Photo:Chrid_ukhaup

Description

i Calicacrayfishhavearangeof color patterns,from blackandbrownto mottled
green, gray, and brown.

1 Theysometimeshaveblue,green,or purplechelae.
1 Chelaaarelargewith fairly longfingers.Chelaehavelargetubercules.
1 Theyhaveanhourglasgatternontheir carapaceandtail segments.

Habitats
1 Calicocrayfishlive in manyhabitats. Theseincludesmallgravet
bottom streamsand slow-flowing creeks lakes,and pondswith
muddy bottoms.

1 Theycanbuild simpleburrowsto preventgettingdried out.

Distribution:

1 Calicacrayfishlivein cleanriversacrosghe Midwest. Theyare alsofoundin
southern Ontario and throughout Quebec.

1 Theydo not livein northwesternMinnesota,centralandnorthern Wisconsin,
and southern and eastern Ohio.

Sources
1 dFaxoniud\ Y'Y dzyUB@SHes.er.usgs.gov/queries/FactSheet.aspx?SpeciesID=210
4/ 2YY2y [/ Nre@FfAakKSa 2F GKS / KAOF3I2 wS3IA2ydé CASER
fieldquides.fieldmuseum.org/sites/default/files/rapicblor-quides
pdfs/981 usa common_crayfishes of the chicago region.pdf

Investigating Crayfish + Freshwater Ecosyste@reat Lakes7]3 InvasiveCrayfish.org 2025


https://nas.er.usgs.gov/queries/factsheet.aspx?SpeciesID=207
https://nas.er.usgs.gov/queries/FactSheet.aspx?SpeciesID=210
https://fieldguides.fieldmuseum.org/sites/default/files/rapid-color-guides-pdfs/981_usa_common_crayfishes_of_the_chicago_region.pdf
https://fieldguides.fieldmuseum.org/sites/default/files/rapid-color-guides-pdfs/981_usa_common_crayfishes_of_the_chicago_region.pdf

Northern Clearwater CrayfisfFaxoniugpropinquus)

Photo:ChrisLukhaup

Description
1 Arelativelysmallcrayfish witha carapacdengthof 25¢35 mm

1 Usuallybrownishgreenwith adarksaddlespanninghe top (dorsalside)of its
abdomen

1 Largechelaeihe tips are orangeor red with blackrings
1 Areolaisopenandwide

Habitats:
1 Foundin rivers,swiftly flowing streamsandlakes
1 Preferrockyareaswill seekshelterin shallowcrevices

Distribution:
1 Theyarefoundinthe MississippRiverandGreatLakesTheyareabundant
across the upper Midwest east of the Mississippi River.
1 Theylivein easternMinnesotaandlowato northern Ohio,in the WabashRiver
watershed of lllinois and Indiana, and throughout Ontario and Quebec.

Sources
f GClLE2yAdzd LINRLAYI dzdzd ®é¢ ! { D{ Y
nas.er.usgs.gov/queries/FactSheet.aspx?Species|D=2249
&b 2 NIcka®wadgrO NI & Tlikois Beptsof NaturalResources:
dnr.illinois.gov/education/wildaboutpages/wildaboutinvertebrates/
wildaboutcrayfish/wacfnorthernclearwatercrayfish.html
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Virile (Northern) Crayflsr(Faxonlus V|r|I|s)

5 .3* ﬁ i et ;. ‘; v\’ _‘

Photo Alan Schm|ereCCO

Description

9 Variesin color,from light brownto olive-brown
Bodyhasdarkbrown markingson eachsegmentof abdomen
Longsharptuberclesalongthe middlemarginof the chelae
Tipsof chelaeare orange
Upperwalkinglegsand chelaecanbe bluishin color
1 Areolaisnarrowlyopen

== =2 =4 =

Habitat:
1 Theylivein smallstreams Jargerivers,andinlandlakes.

1 Preferhard,rockysurfacesut canuseareaswith plants
T Canlivein smallburrowsin muddyriver bottoms.

Distribution:
1 Nativeto the GreatLakesMissouriRiver,upperMississippRiver,andlower OhioRiver
1 Theyarealsofound inMissouri,ArkansasQklahomaTexasandNewYork.

1 TheyoccurthroughoutOntario,asfar north asthe Jame®8aywatershed,and
in Quebec.

1 Norrnativeintroductionshavebeenmadein partsof Ohio,Pennsylvanisand New Y ork.

Sources
1 & Cl E B NAAGH@seé usgs.gov/queries/factsheet.aspx?SpeciesID=215
T a£ANARES ONIE@FTAAKDPE bl G§dzZNB{ SNBSY
explorer.natureserve.org/Taxon/ELEMENT _GLOBAL.2.112669/Faxonius_virilis

1 & Cl E B N&rithsanibEnvironmentaResearciCenter:
invasions.si.edu/nemesis/species summary/97425

Investigating Crayfish + Freshwater Ecosyste@reat Lakes15 InvasiveCrayfish.org 2025


https://commons.wikimedia.org/w/index.php?search=faxonius%2Bvirilis&title=Special%3AMediaSearch&go=Go&type=image&haslicense=unrestricted
https://nas.er.usgs.gov/queries/factsheet.aspx?SpeciesID=215
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Devil Crayfish(Lacunicambarusliogenes formerly Cambarugdiogenesg

. e Vo B i

Photo:ChrisLukhaup

Description
1 Usuallyoliveor tanin color,without obviousblotchesor spots
1 Chelaehavelargeknobsandtuberculesaswell aslongbright red/orangehighlightson
tips.
1 Rostrumisdeeplygroovedanddeepredin color.
1 Areolaisclosed.

Habitat:
1 Foundnearstreams ponds,lakes,andditches
1 Theyburrowandspendmostof their time underground.Theypile ballsof mud at
0KS (2L 2F OKSAN) 0dzZNNRgad ¢KSe 2FaGSy NBOSI
OKAYyYySeaoné
Distribution:
1 Occuracrossmuchof the easternUnited States

1 Theyarein everystate eastof the RockyMountainsexceptthe NewEngland
states.

Sources
&5 SAMIf & WMissaukBiept. of Conservationmdc.mo.gov/discovenature/field-quide/devitcrayfish
T a5SOAf ONleFAaKde LEfAy2Aa 5SLIG® 2F bl GdzNIT £ w
dnr.illinois.gov/education/wildaboutpages/wildaboutinvertebrates/wildaboutcrayfish/wacfde
vilcrayfish.html

1 a[ I Odzy A ®IA ¥ & ISGEEFadept. of NaturalResources:
georgiabiodiversity.org/portal/profile?es id=405722&qgroup=crayfish
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PaintedhandMudbug (acunicambarugpolychromatug

Paintedhandmudbugwith atan/olive greencoloration. Photo:ZackGraham

Description
1 Broadbodyandreddishtan to olivegreenin color

Segment®f the abdomen andail fan havered edges.

Chelaeare large,often with green,blue,andolivetones.Theyhaveredtips.
Chelaeare coveredwith manysmalltubercules.
Therostrumisdeeplygroovedandhighlightedin deepred.

1 Areolaisclosed.

== =4 =4 A

Habitat:
1 Theyarewidespreacandcommonin wetlands wet meadows streambanks,
and ditches.

1 Theyspendmostof their life in deep,complexburrows.

Distribution:
1 Occurin the lower Mississippand OhioRiverwatersheds
1 Theyarein southernlllinoisandnortheastthroughsouthernMichigan
and western Ohio.

1 Theyarealsofoundin southwesternOntario,in the Detroit Riverbasinin
Windsor.

Source
f at FAYGSRKIYR YdzRodzZad¢é aAaazdzNA 5SLI® 2F [ 2y
mdc.mo.qgov/discovenature/field-quide/paintedhandmudbug
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