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OVERVIEW

OBJECTIVES

LENGTH OF LESSON

GRADE LEVELS

STANDARDS COVERED

Students will examine herbivory on exotic vs. native tree species planted into
plantations in the Kellogg Forest. We will use our data to test the Enemy
Release Hypothesis, which posits that exotic species escape from specialized
natural enemies in their invaded range, contributing to their success. Students
will develop predictions, design experimental sampling methods, collect data,
and create graphs to summarize data.

At the conclusion of the lesson, students will be able to:

* Give reasons why invasive species are so successful in their introduced range
and can displace native species

* Compare ecosystem processes acting on native and exotic species

* Identify new plants species and different types of herbivore damage

* Present data in visual format for interpretation

To complete the lesson would take two class sessions. The first session would
be used to identify the questions of the study and provide relevant background
information. Teachers will present the species to be used in the study and
describe the Enemy Release Hypothesis and the success of invasive species.
Students would practice identifying the species and the types of herbivore
damage, without being told which species were exotic or native. At the end of
the first lesson, students would go out and gather leaves. During the second
session, students would measure herbivore damage and record and share their
data with the class. The teacher will make a graph of class averages and
discuss, based on the data, which species the class predicts is the exotic species.

Upper elementary, middle school, high school

S.IP.E.1 Inquiry involves generating questions, conducting investigations, and
developing solutions to problems through reasoning and observation.

S.JA.E.1 Inquiry includes an analysis and presentation of findings that lead to
future questions, research, and investigations.

B3.4x Changes in Ecosystems. Human Impact. Humans have tremendous
impact on the environment. Sometimes beneficial and sometimes detrimental.

B3.5C Predicting the consequences of an invading organism on the survival of
other organisms.



MATERIALS

BACKGROUND

BS5.3d Explain how evolution through natural selection can result in changes
in biodiversity

Ziploc bags (3 per group x 5 groups = 15)
Clipboards (5)

Calculators (5)

Measuring tapes (5)

Pens and sharpies

Handouts (included)

Data sheets (included)

Classes of species:

* Invasive species — Species that have been introduced to an
environment where they are not native, and that subsequently
become a nuisance through rapid spread and increase in
numbers, often to the detriment of native species and
ecosystem processes.

* Exotic species — Species that have been moved to an area
outside their natural range, usually by human transport.

* Native species — Species that occur naturally in an area.

Herbivory — the consumption of plants.

Enemy release — release from natural enemies when an exotic or invasive
species is introduced to a new range.

Biocontrol - Control of invasive species by the introduction of natural
predators, parasites, or pathogens from their native range.

Where they invade, invasive species cause damage to ecosystems — lowering
biodiversity by displacing native species and changing ecosystem processes,
such as nutrient cycling and hydrology. For this reason, it is of great interest to
scientists and land managers to discover the mechanisms behind the success of
invasive species.

One of the predominant hypotheses explaining the success of invasive species
is the Enemy Release Hypothesis. This hypothesis posits that when exotic
plants invade new regions, they escape their natural enemies. As a result,
herbivores and pathogens that may limit population growth rates (and
distributions and abundances) in the native range are often absent in their new
range. Accordingly, exotic plants enjoy increased success compared to native
plant competitors, which are still battling all their enemies AND competing
with the novel invaders.

A recent experiment (Carpenter & Cappuccino, 2005 Ecology) illustrates this
pattern. They found that exotic plants suffered significantly lower levels of
herbivory damage when compared to native plants, and that the most invasive
species experienced the greatest “release” of all (see Figure).
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Distribute handout to students (included).

Introduce students to why invasive species are of concern to scientist
and land managers, discussing issues they cause for native species and
ecosystems.

Define terms needed to understand the lesson (provided in background).
Ask students, in small groups, to brainstorm about characteristics of
species that would make them better invaders, or aspects of ecosystems
that would make them vulnerable to invasion. Discuss answers as a
class.

Introduce the Enemy Release Hypothesis and why reduced herbivory in
exotic ranges contributes to invasive plant success.

Explain an example of biocontrol and why this is relevant to enemy
release.

Share plants that will be used in the study, and teach students how to
distinguish them.

After observing leaves, have students choose three types of herbivore
damage that they will measure out in the field (ex. galls, leaf miners,
leaf removal).

Label bags. Distribute data collection sheets (included).

. Take students out into the field. Introduce students to proper sampling

methods, such as randomly selecting plants to sample, and consistency
between groups’ sampling methods.

. Break them into small groups and have each group collect 10 leaves

from each species used in the study. Provide each group a Ziploc bag
for leaves (one for each species used in the study).

Measure diameter at breast height (DBH) of each tree where leaves
were collected. Observe tree height.

Bring students back to the classroom to identify herbivory on leaves.
Have students estimate the amount of each kind of herbivore damage,
and the diversity of herbivores attacking each leaf (how many different
kinds of damage each leaf has).



RESOURCES

EXTENSIONS &
MODIFICATIONS

14. Have everyone average their results and draw graph of the individual
group results.

15. Submit group averages to teacher.

16. Discuss biodiversity and photosynthesis process tools.

17. Average the class results for each species, and present herbivory
damage as a bar graph. On graph for each kind of damage.

18. Have students predict which species they think is the exotic, and which
is native, based on the data collected. Why?

19. Share with students which species is exotic, and discuss as a class why
your data may have supported or not supported predictions.

20. Have the students think as land managers. Based on the results from
this study, would you recommend that people be allowed to plant the
exotic oak species in their yards? What do you think would happen to
the population of the exotic and native oaks over time? What would
happen to the population of herbivores over time?

Literature on the Enemy Release Hypothesis
Keane, R.M. & M.J. Crawley (2002) Exotic plant invasions and the enemy
release hypothesis. Trends in Ecology & Evolution, 17(4) 164-169.

Website to look up native and exotic plants in Michigan
http://plants.usda.gov/

http://www.wildflower.org/plants/
http://www.carsoncity.k12.mi.us/~hsstudent/wildflowers/index.html

This project could be modified to include any plant species the teacher chose to
use. Teachers can explore the habitats around their school and identify native
and exotic species that occur together and might have comparable types of
herbivore damage.

The Bioenergy Plots established at each school for the GK-12 program could
also be used for this project. We will be planting in native prairie species into
the high diversity plots, but exotic and invasive species will invariably enter the
plots from the seed bank and surrounding habitats. Teachers could select
species found in these plots to use in the study.



