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Background:

One of the key concepts in ecology is succession, the changes that occur in plant
communities over time. This concept is difficult to teach because it occurs over long
periods of time and is very difficult to observe. | have found that most adults | speak to
are unaware that plant communities, ak.a. habitats and ecosystems, change over time and
in response to changes in the environment, and that those changes are somewhat
predictable. Thislesson isdesigned to introduce students to the concept of change in
plant communities.

Goals:
Students will learn:
1) That different plants respond differently to changesin their environment.
2) That plants respond to each other.
3) Both these influencing factors can shape the way a plant community changes over
time.

Objectives:
Students will be ableto
1) Diagram the changesin the imaginary plant community as a function of time, in
the presence of environmental disturbances.
2) Predict the most likely outcome of plant succession in the imaginary plant
community, in the absence of environmental disturbances.
3) Predict the outcome of land management strategies that increase or decrease the
frequency of disturbances.

Description

This lesson takes advantage of students' enthusiasm and interest in playing
games. | designed a board game in which students represent imaginary plant species.
Each player moves across the playing board differently based on their characteristics and
the events in the environment. The events are drawn randomly from a deck of cards; this
represents the unpredictability of the environment. The players also influence each
other’s movements across the board; this represents interspecies interactions. Students
report on the changes that occur, i.e. who's ahead and who' s behind, at different pointsin
the game. The dynamics of the game were designed to represent the changes that may
occur in real plant communities, and are based on current theories of plant succession.
Students explore the dynamics of the game (by playing it) and are then asked to apply
what they learned. To apply their new knowledge, students play land manager by
controlling the events (for example, stacking the deck so some events occur more often)
to achieve a specific outcome/winner.



How it relatesto restoration ecology

Restoration is the act of converting a parcel of land back to its original state, for
example when aforest is cut for timber, restoration is the process of planting trees, and
waiting for them to grow. Sometimes the process is much more difficult and the results
aren’'t as expected. Then ascientist, called arestoration ecologist, is brought in.
The basic objective of the restoration ecologist is to understand how plant species
respond to their environment and to each other, and how those two factorsinteract to
create a dynamic plant community. We can then use the information to design a plan for
the restoration.
Through playing the game, students become the restoration ecologist by studying the
dynamics of the imaginary system, and then trying to manipulate the environment to
achieve adesired resullt.



The Floristic Relay:
The Rules

Number of players. 4-6
Object of the game: First player to reach the “Finish” square wins.

Step 1: Choose adealer.

Step 2: Dealer shuffles the three decks one at atime. All players, including dealer, choose
agame piece. Place game piecesin the “ Start” square.

Step 3: Dedler places Event Cards face down in Future Events spot on the playing board.
Place the Interaction Cards face down in their spot, and deal one character card to
each player.

Step 4. Players will play with the same character card for the duration of the game.

Step 5: The dealer chooses the first Event Card and places it face up in the Current Event
Spot.

Step 6: Each player then plays according to the Character card directions, starting with
the dealer and going clockwise.

Step 8: After al players have their turn, check the board for players who landed on the
same square. These players are interacting.

1 Interactions are played in the same order as Events (clockwise
starting at the dealer)

2. Two at atime, the interacting players draw one Interaction Card.

3. Play according to the card.

4, The interaction part of the round is over when no players are

sharing sgquares.

Step 9: Repeat Steps 5-8 until al players have left the “ Start” square. Write the order of
the players on the sheet titled “How did the plant community change?’. Continue with
Steps 5-8 until aplayer wins. Write the order again at the end of the game.



Discussion Questions:

Count the Event cards that were played. How many are in each category?

Event Game 1 Game 2 Game 3

Fire

Landslide

Grazing

No Disturbance

Which character did you play? What needs to happen in order for your character to win
more often?

Which plant did best when there was fire? What about when there was grazing?

How would the outcome change if the events that happened |ess often, occurred more
often?

What would happen if we took out al the Disturbance cards and only had No
Disturbance cards?



How does the plant community change?

When all the players have left the “Start” square, write down the order of the player’s plants.
At the end of the game, write down the order again. Then, diagram the community following

the example below.

Key to Diagrams _
- Mimsy bush
w - Grickle grass E
- Truffula tree
\@/ - Borogrove grass
- Lorax tree
w - Momerath herb

Example:
Ist Place  Grickle grass (6 plants)
2nd Place  Truffula tree (5 plants)
3rd Place Momerath herb (4 plants)
4th Place  Lorax tree (3 plants)
5th Place  Borogrove grass (2 plants)
6th Place  Mimsy bush (1 plant)
At the start:
Ist Place (6 plants)
2nd Place (5 plants)
3rd Place (4 plants)
4th Place (3 plants)
5th Place (2 plants)
6th Place (1 plant)
At the end:
Ist Place (6 plants)
2nd Place (5 plants)
3rd Place (4 plants)
4th Place (3 plants)
Sth Place (2 plants)
6th Place (1 plant)
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Momerath herb

Character Type:
Early Successional

Fire event:
go forward 5 places

Landslide event:
go forward 2 places

Grazing event:
stay in the same place

No disturbance:

Lorax tree

Character Type:
Early Successional

Fire event:
stay in the same place

Landslide event:
go forward 5 places

Grazing event:
go forward 2 places

No disturbance:

Grickle grass

Character Type:
Early Successional

Fire event:
go forward 2 places

Landslide event:
stay in the same place

Grazing event:
go forward 5 places

No disturbance:

go back 1 place go back 1 place go back 1 place
Truffula Tree Mimsy bush Borogrove grass
Character Type: Character Type: Character Type:

L ate Successional L ate Successional L ate Successional
Fire event: Fire event: Fire event:

go back 4 places go back 1 places go back 1 places
Landdlide event: Landslide event: Landslide event:

go back 1 place go back 4 place go back 1 place

Grazing event: Grazing event: Grazing event:

stay in the same place stay in the same place go back 3 place

No disturbance:
go forward 3 places

No disturbance:
go forward 3 places

No disturbance:
go forward 3 places




Sunny day

No Disturbance

ba,

v
-
xh

Cloudy day

No Disturbance

Butterfly flies by

No Disturbance

Rainy day

No Disturbance

£

Bee buzzes by

No Disturbance

Bear eats berries

No Disturbance




Competition
For Water

Late character type has more
roots & uses up al the water

L ate move forward 2,

Competition
For Light

Late character type shades
Early character type

L ate move forward 2,

Facilitation
With Nutrients

Early character type adds
nitrogen to the soil

Early staysin place,

Early move back 1

If:

2 Early characters or

2 Late characters

meet, then

flip acoin to decide the
winner

Early move back 1

If:

2 Early characters or

2 Late characters

meet, then

flip acoin to decide the
winner

Late move forward 2

If:

2 Early characters or

2 Late characters

meet, then

flip acoin to decide the
winner (winner moves)

Facilitation
With Shade

Early character type protects
Late character from heat and
drying out.

Early staysin place,
L ate move forward 2

If:

2 Early characters or

2 Late characters

meet, then

flip acoin to decide the
winner (winner moves)

Tolerance

Species tolerate each
other

Both stay in place

Tolerance

Species tolerate each
other

Both stay in place




Helpful Web Pagesfor Riparian Ecology

www.fs.fed.us/database/feis
This database was designed for fire ecologists, but has lots of useful information on
riparian plants.

http://plants.usda.gov
Classification and ecological information on US plants. Click on Topics for information
about Wetland Indicator Status and Invasive Species.

http://gk12.asu.edu/

This site is home to the GK-12 earth science education program at ASU. The siteis under
development but will eventually have lots of examples and lessons for earth science
education. An updated version on the succession game will be posted herein afew
weeks.

General Information on Riparian Areas

Brinson, M.M., Swift, B.L., Plantico, R.C., and J.S. Barclay. 1981. Riparian Ecosystems.
Their Ecology and Status. FWS/OBS-81/17, US Fish and Wildlife Service,
Washington, DC. 151 pp. (at NAU)

Gregory, S.V., Swanson, F.J., McKee, A.J., and K.W. Cummins. 1991. An ecosystem
perspective of riparian zones. BioScience 41: 540-551. (on microform at NAU)

Johnson, R.R., and C.H. Lowe. 1985. On the development of riparian ecology. In R.R.
Johnson, C.D. Zieball, D.R. Patton, P.F. Ffolliot, and R.H. Hamre, eds. Riparian
Ecosystems and Their Management: Reconciling Conflicting Uses. General
Technical Report RM-120, Forest Service, U.S. Department of Agriculture,
Washington, DC, pp. 112-116. (at NAU)

Junk, W.J., Bayley, P.B., and R.E. Sparks. 1989. The flood pulse concept in river-
floodplain systems. In D.P. Dodge, ed. Proceedings of the International Large River
Symposium. Special Issue of Journal of Canadian Fisheries and Aquatic Sciences
106:11-127.

Naiman, R.J., and H. Decamps. 1997. The ecology of interfaces. Riparian zones. Annual
Review of Ecology and Systematics 28: 621-658. (at NAU)

Patten, D.T. 1998. Riparian ecosystems of semi-arid North America: Diversity and
Human Impacts. Wetlands 18:498-512 (on-line through NAU)

Vannote, R.L., Minshall, G.W., Cummins, K.W., Sedell, J.R., and C.E. Cushing. 1980.
The river continuum concept. Canadian Journal of Fisheries and Aquatic Sciences.
37:130-137.



Human distur bance esp. groundwater pumping

LeRoy, P.N., Allan, J.D., Bain, M.B., Karr, JR., Prestegarrd, K.L., Richter, B.D., Sparks,
R.E., and J.C. Stromberg. 1997. The natural flow regime: A paradigm for river
conservation and restoration. BioScience 47: 769-784 (on microform at NAU)

Stromberg, J., Tiller, R., and B. Richter. 1998. Effects of groundwater decline on riparian
vegetation of semiarid regions. The San Pedro, Arizona. Ecological Applications 8:
113-131. (at NAU)

Medina, A.L. 1990. Possible effects of residential development on streamflow, riparian
plant communities, and fisheries on small mountain streamsin central Arizona.
Forest Ecology and Management 33/34: 351-361.

Riparian Tree Ecology (cottonwood/sycamor e/box elder)

Scott, M.L., Friedman, J., and G.T. Auble. 1996. Fluvial processes and the establishment
of bottomland trees. Geomorphology 14:327-339. (at NAU)

Auble, G.T. and M.L. Scott. 1998. Fluvial disturbance patches and cottonwood
recruitment along the upper Missouri River, Montana. Wetlands 18:564-556 (on
line through NAU)

Stromberg. J.C. 2001. Influence of stream flow regime and temperature on growth rate of
the riparian tree, Platanus wrightii, in Arizona. Freshwater Biology 46: 227-239.

Kolb, T.E., Hart, S.C., Amundson, R. 1997. Boxelder water sources and physiology at
perennial and ephemeral stream sitesin Arizona. Tree Physiology 17: 151-160

Stromberg, J.C. 2001. Biotic integrity of Platanus wrightii riparian forestsin Arizona:
first approximation. Forest Ecology and Management 142: 251-266.
Succession

Boggs, K. and T. Weaver. 1994. Changes in vegetation and nutrient pools during riparian
succession. Wetlands 14: 98-109.

Connell, JH., and R.O. Slatyer. 1977. Mechanisms of succession in natural communities
and their role in community stability and organization. American Naturalist 111:
1119-1144. (at NAU)

Druy, W.H., and I.C.T. Nesbet. 1973. Succession. Journal of the Arnold Arboretum 54:
331-368. (at NAU)



Egler, F.E. 1954. Vegetation concepts |. Initial floristic composition, afactor in old field
vegetation development. Vegetatio 4: 412-417.

Huston, M.A., and T.M. Smith. 1987. Plant Succession: Life history and competition.
American Natualist 130: 168-198. (at NAU)

Peet, R.K. and N.L. Christiansen. 1980. Succession: A population process. Vegetatio
43:131-140.

Pickett, ST.A, Collins, S.L., and J.J. Armesto. 1987. Models, Mechanisms and Pathways
of Succession. The Botanical Review 53: 335-371. (at NAU)

Effect of Arsenic on Plants

Lgeune, K., Galbraith, H., Lipton, J., L.A. Kapistka. 1996. Effects of metals and arsenic
on riparian communities in southwest Montana. Ecotoxicology 5: 297-312. (at
NAU)

Books

Mitsch, W.J. and J.G. Gosselink. 2000. Wetlands. John Wiley, New Y ork. 3 Edition, p.
920. (at NAU)

Elmore, F.H. 1976. Shrubs and Trees of the Southwest Uplands. Southwest Parks and
Monuments Assoc. 214 p. (at NAU).

Arnberger, L.P. 1982. Flowers of the Southwest Mountains. Southwest Parks and
Monument Assoc. 139 p. (at NAU)

Epple, A.O. 1995. A field guide to the plants of Arizona. LewAnn Publishing Co.
Helena, Montata. 347 p. (at NAU)
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