Least Wanted: Invasive Plants and Animals
Understanding the biological difference between native, non-native, introduced and invasive species; and a simulation activity illustrating the importance of early warning and detection of invasive plant or animal species as they attempt to establish themselves in an ecosystem. A demonstration of a professional biologist’s management of an invasive species before and after its establishment, and how human decisions and movement can increase the speed and distance an invasive travels.
Materials:

· 10 or more students

· Props listed in Procedure 1 and a few local species sheets from http://www.misin.msu.edu/facts/ 
· Lanyards with “Invasive Species” on a nametag-enough for each class member (1/2 sheets of red paper could be used instead)
· Lanyards with “Biological Control” on a nametag-enough for each class member (1/2 sheets of green paper could be used instead)

· 1 Lanyard with “FIRST Invasive Species” on a nametag (1, ½ sheet white paper)
· Up to 3 Lanyards with “Habitat Biologist/Volunteer” on a nametag (2, ½ sheets yellow paper)
· A large open space split into two spaces—1/3 (Michigan), the other 2/3 (other states/countries or invasive species origin) of the space, with marked boundaries (using cones or drawn with sidewalk chalk) 
· Emerald Ash Borer (EAB) Beetle range maps, Asian Longhorned Beetle (ALB) Range Map
Objective:

1. Students will be able to identify and describe several local invasive species, and the native species that are threatened by them, and why.
2. Students understand the difference between native, non-native, introduced and invasive species.
3. Students will understand the role humans often play in spreading invasive species.
4. Students will describe ways that early awareness and detection of an invasive species can slow the spread.
5. Students will describe 1-2 biological controls used as management tools that a habitat biologist or trained volunteer may use to mitigate the spread of invasive species and/or to replace (by diversifying species) and/or restock the native species.
Background:

(Excerpt from www.invasivespecies.gov, The National Invasive Species Council)

What is an invasive species?

Executive Order (EO) 13112 defines invasive species as species that are non-native (or alien) to the ecosystem under consideration and whose introduction
 causes or is likely to cause economic or environmental harm, or harm to human health. Invasive species can be plants, animals, or pathogens. The Invasive Species Advisory Committee's (ISAC) "Definitions White Paper" provides a more in-depth discussion on this topic.

Are all non-native or alien species invasive?

No, Most non-native species are not invasive and many are highly beneficial
. Think ladybugs eating aphids in gardens. However, even a single invasive species can cause great harm.

What are some of the ways that invasive species harm the physical
 environment?
Some invasive plants increase the severity and frequency of wildfires. Invasive aquatic species can alter nutrient availability and water quality. They can also interfere with the flow of water. Certain invasive plants withdraw water from deep in the soil and reduce the amount available for other uses. Others do not hold the soil well, making land more prone to erosion. Certain invasive plants alter the amount of nutrients in soils. Invasive earth worms decrease protective leaf litter cover. Nutria damage marshes that protect areas from hurricanes. Invasive crabs can dig networks of holes and weaken levees.

What are some of the ways invasive species harm other species?

Some
 invasive species harm other species indirectly by competing for food and space. Invasive species interfere with the growth, reproduction, and development of other species. Some invasive species produce toxins that harm other species.

Some invasive species directly feed upon or sicken fish and wildlife. Invasive plant pathogens kill forest trees and prevent their re-growth. Invasive plants shade out desired plants. 

What are some of the ways invasive species harm human health?

The pollen of some invasive plants can increase the severity of respiratory allergies. The sap of some other invasive plants cause skin irritation. Invasive ants cause painful stings. Invasive Brown Tree Snakes and Black Spiny-tailed iguana deliver venomous bites. The sharp spines of Yellow Starthistle cause injury to grazing livestock and interfere with military training. Invasive rodents, mosquitoes and ticks can transmit deadly pathogens. Cholera and toxic algae can be moved by the ballast of ships. Zoonotic diseases that infect both humans and animals, such as West Nile Virus, can be fatal to humans.

Where are invasive species found?

Invasive species can be found in every type of habitat. They can be found in oceans, lakes, streams, estuaries, and wetlands. On land, they can be in croplands, rangelands, back country areas, fields, and forests. Some invasive species inhabit homes and urban environments. While invasive species are in many places, there are vast resources that need our protection.

Where can I find information about invasive species in my area?

One source of information is your County's Extension Office. They are supported by the Land Grant University System and the USDA'sCooperative State Research Education and Extension Service (CSREES)
What do invasive species cost the economy?

Overall estimates are hard to determine. However, damage from just six invasive species has been estimated at $74 billion a year. (2014)
What can I do to help prevent the spread of invasive species?

You can help by learning which invasive species are in your local area, and what actions are being done to manage them. Make others aware of invasive species. Avoid unintentional movement of invasive species as hitchhikers on items such as hiking boots, boat trailers, hay, mulch, and firewood. Replace the invasive plants growing in your garden with non-invasive alternatives. Get involved in organized efforts in your area to find and remove invasive species from local parks, playgrounds and campgrounds. Learn how to care for exotic aquarium fish and other pets and plants, so that they don't become a problem. Ask your political representative to support invasive species efforts. Support non-profit organizations that work to combat invasive species.

Procedures:

1. Show props that represent how invasive species may travel. A toy boat for ballast water/fill/exterior transfer of seeds/mussels. A shoe, a car, pants/socks/shirt to show that humans may carry wood, or seeds on themselves or on/in their vehicle. Kiln-dried firewood that is free of insects as a smart example of what to use AND samples of firewood that was infested with beetles like the Emerald Ash Borer or Asian Longhorn Beetle. Bait packages/buckets illustrate not dumping bait like foreign night crawlers or rusty crayfish into the waterways—but to throw them in the trash.
2. In Michigan, the Midwest Invasive Species Network at http://www.misin.msu.edu/facts/ has fact sheets with photos of Michigan’s current invasive species as determined by expert scientists. Print a few to show to the students how to identify a species, where to look, and what to do to prevent the spread—like washing and drying boats—and throwing old bait away instead of into the water. Preserved lamprey or beetles can be shown to students. Students
 could try to match an invasive species with the mode that introduced it—zebra mussel by boat, beetle by firewood AND humans moving it etc.
3. Review the background information. Ask students to explain the difference between native and non-native species. Have them list a few of each. Ask students to explain what an invasive species is. Have them list a few. Make sure you’ve researched a few plant and animal species from your local area, and share with the students. Ask the student’s what they think invasive species may do to native species.

4. Ask students if there are non-native species in Michigan that are not considered invasive. Some citizens may think the introduced non-native Chinook Salmon is invasive since it competes with native fish for food and breeding grounds, biologists with the DNR support the Chinook since it is a strong sport fish and is not as heavily impacted by Sea Lamprey-an invasive fish that swam here on its own-after humans dug the Welland Canal.  Invasive
 species are determined based on the humans making the decisions—and what their management goals are—a key point!
The invasive species Purple Loosestrife plant has been managed in Michigan with the introduction of a non native leaf eating beetle in 1994 in the Saginaw Bay Watershed, and with a follow-up introduction of the same leaf eating beetle in combination with a non native root weevil in southeast Michigan. These beetles target nearly exclusively the leaves and roots of Purple Loosestrife, and have significantly lessened the presence of the plant in Michigan—allowing native wetland plants to reinstate themselves.
5. Tell the students they are going to simulate a local invasive species entering a native ecosystem, and the impact it has over 5 years. Ask them to describe what they predict would happen. What may change if a habitat biologist or trained volunteer intervened with a biological control such as a removal plan, replanting or other action. What may change if citizens were aware of a specific invasive species.
6. Mark out the playing field, have students circle around you in the 2/3 size area (which represents the state/country the invasive species originated from).
7. Choose one student to be an invasive plant seed (carried by a human or animal) or animal, and hand them a nametag that says FIRST Invasive. Next, have them decide how they are traveling and what species they represent. Choices include:

a. To showcase a species that is not yet established vs. a species that is very established first run a simulation using the Asian Longhorned Beetle first discovered in NY after hiding in untreated packing crates from China (not in Michigan yet) where students may only use the 2/3 space to move in. See Emerald Ash Borer simulation example in the Extention.
i. ALTERNATE: They are a Purple Loosestrife root or seed carried in wetland mud found in ballast water. Biological control equals leaf eating and/or root eating beetles, that eat the loosestrife and allow native plants to grow back.

ii. ALTERNATE: They are a zebra mussel carried in the ballast water of a transatlantic freighter into Lake St. Clair. Biological control equals human intervention by cleaning boats and ballast, and chemical controls and the planting of predators, along wtih other management programs.

iii. ALTERNATE: They are a Sea Lamprey that swam through the manmade Welland Canal into Lake Huron that attacks/kills Lake Trout, biological control equals both lampricide and stocking Chinook Salmon as a sportfish similar to Lake Trout.

8. The rest of the students are each the native species that is disrupted by the invasive. In this example invasive Asian Longhorn Beetles gravitate toward infesting large dominant trees-preferring maple species-but also using birch, buckeye, willow and elms as hosts amongst others. In this example the rest of the students would be a native host tree species.
9.  Have all the students, both the First Invasive and natives spread out in the 2/3 boundary area, in this case representing a forest in Ohio, Ontario, Illinois, New Jersey, New York or Massachusetts. 
10. Explain that for 30 seconds after you say go, the goal of the First Invasive student is to tag as many native students as possible-who are all running to avoid the First invasive in the 2/3 boundary area. (If using a plant species as the First invasive explain that while seeds don’t have legs-humans will carry them in ballast water, or on their clothing and animals will carry them in their beaks, on fur or in scat too, as will wind and water). If a native is tagged, it must freeze, standing straight up with arms at their side.

11. After 30 seconds (or shorter, if necessary, so that not all natives are tagged) yell stop. Ask all natives that are frozen to raise their hands. Hand an invasive lanyard to anyone who has their hand up—they have all been overtaken by the invasive Asian Longhorned Beetle this year. Chart your results—year1-one Asian Longhorned Beetle (ALB) v. 14 native host trees for example, year 2-9 ALB v. 6 native host trees. 
12. Repeat for one more 30 second period, with all new ALB now able to tag the remaining native host trees. Chart your results as year 3.
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13. Ask the class what they could do to stop or reverse the impact the invasive ALB has had on this forest ecosystem. How can citizens help to stop or slow the spread of invasives? [Find what invasives to watch for, what they look like, and avoid spreading them based on biologist guidelines. This information should be found from a trusted source such as http://www.misin.msu.edu/facts/ or a state’s natural resource agency or the federal USDA.
14. Introduce a habitat biologist/or trained volunteer (taken from the native or invasive population) by giving them the lanyard that says “habitat biologist/volunteer”. Tell that student that they can administer the “biological control” that has been scientifically determined to work. In this case first cutting down infected trees, chipping them and burning the chips and grinding the stumps left behind, then replanting damaged host trees with diverse species that the ALB isn’t prone to infesting, and by stopping people from carrying ALB invested firewood into areas that the ALB hasn’t entered yet by spreading the burn local/buy local message.
15.  Explain that the “habitat biologist/volunteer” can replace the students wearing an “invasive” lanyard by tagging them and handing them a new “biological control” lanyard.  Once a student has been given a “biological control” lanyard they are safe from being tagged by any “invasive” students, which represents the successful management of that species and/or it’s habitat. Now, run a 30 second round to represent Year 3 and chart the results with the “invasives” and “habitat biologist/volunteer” both tagging species. Did adding a biologist slow the spread of the invasive species? What would happen if more biologists were added? Add a second and/or third biologist to Year 4 and 5 and chart.
There are certain times of year, and specific methods necessary to remove/halt each invasive species. Burning a prairie to halt succession by invasives, introducing a new insect to eat loosestrife, lampricide, root removal, pesticides, introducting a predator and many more—that all have a high cost in human and monetary resources. Local Department of Natural Resources or University and Extension staff are trained in these procedures, and recruit volunteers for removal projects. Invasive removal/containment projects should always be done in conjunction with trained biologists.
16. Have the students review the chart and discuss what they believe it shows. How would they suggest limiting the spread of invasives? What might the economic impact of the invasive species—and their management be? Why does it matter if an invasive out competes a native species?
EXTENSION:

1. After completing steps 7-15, run a second simulation using the Emerald Ash Borer beetle as the invasive, carried by humans in ash tree firewood, and remove the boundaries between the 2/3 playing area representing non Michigan states as shown on the EAB map, and 1/3 playing area now known as Michigan to make one large playing area—this shows that humans/animals don’t stay within state or regional boundaries and therefore spread invasives farther than they would get on their own. Such as from Ohio (2/3 area) to Michigan (1/3 area). See Emerald Ash Borer spread maps by DNR Forestry Division—attached.

ASSESSMENT:
1. Ask groups of students to coordinate and explain a five year simulation of an invasive species of their choosing and the biological control they suggest.
2. Have the class explain the different costs that are associated with invasive species both economic and environmental. 

�Italics to emphasize 


�Really? Did a biologist tell you that most non-natives are not invasive and are actually beneficial? This seems like a slippery slope to go down and undermines the point of the lesson itself. I find it hard to believe but maybe its because I’m educated on them.  


�Underlined to emphasize


�I would make this the first thing you mention; I always think of it as the foremost harm they cause…


�Maye this is more of an extension activity???


�What do you mean, they’re assigned? Assigned what? 
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