Island Biogeography
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Background material retrieved on January 9, 2009 from:

http://en.wikipedia.org/wiki/Island_biogeography

David Nagel (Activity 2) at http://zoology.muohio.edu/labs/Nagel_Lesson_Plan_Inquiry.pdf

Supplies Needed:

Supplies needed for both Activities:

All activities

· Chalkboard, whiteboard, or overhead projector 

· Chalk, wet or dry erase pens

· Data collection table (one per team)

· Graph paper 

· 15 computers Internet accessible

· 15 sets of 2 cans –1 LARGE and 1 SMALL in each set

Activity 1

· “Species” for Activity 1 Simulation – e.g. corks, metal paperclips, plastic bread ties, fishing sinkers, etc.  Use objects of different weights

· Classroom World Map

· 15 meter sticks

· 1 roll masking tape

Activity 2

· Baby pool

· Water

· Sand to put in cans for islands

· Cover for the pool. (Mosquito netting worked well.)
· Crickets, or other insect (or crustacean, like pill bug or sow bug)
Background Information:

Island biogeography is a field within biogeography that attempts to establish and explain the factors that affect the species richness of natural communities. The theory was developed to explain species richness of actual islands. It has since been extended to mountains surrounded by deserts, lakes surrounded by dry land, forest fragments surrounded by human-altered landscapes. Now it is used in reference to any ecosystem surrounded by unlike ecosystems. The field was started in the 1960s by the ecologists Robert MacArthur and E.O. Wilson, who coined the term theory of island biogeography, as this theory attempted to predict the number of species that would exist on a newly created island.

For biogeographical purposes, an "island" is any area of suitable habitat surrounded by an expanse of unsuitable habitat. While this may be a traditional island—a mass of land surrounded by water—the term may also be applied to many untraditional "islands", such as the peaks of mountains, isolated springs in the desert, or expanses of grassland surrounded by highways or housing tracts. Additionally, what is an island for one organism may not be an island for another: some organisms located on mountaintops may also be found in the valleys, while others may be restricted to the peaks.

The theory of island biogeography proposes that the number of species found on an undisturbed island is determined by two factors: immigration and extinction.

Immigration is affected by the distance of an island from a source of colonists. Usually this source is the mainland, but it can also be other islands. Islands that are more isolated are less likely to receive immigrants than islands that are less isolated.

The rate of extinction once a species manages to colonize an island is affected by island size. Larger islands contain larger habitat areas and opportunities for more different varieties of habitat. Larger habitat size reduces the probability of extinction due to chance events. More habitat types increase the number of species that will be successful after immigration.

Over time, the countervailing forces of extinction and immigration result in an equilibrium level of species richness.

E. O. Wilson and his student Daniel Simberloff experimentally tested the theory of island biogeography in the mangrove islands in the Florida Keys. 

Species richness on several small mangroves islands were surveyed. The islands were fumigated with methyl bromide to clear their arthropod communities. Following fumigation the immigration of species onto the islands was monitored. Within a year the islands had been re-colonized. Islands closer to the mainland recovered faster and larger islands had more species at equilibrium as predicted by the Theory of Island Biogeography.

Research conducted at the rainforest research station on Barro Colorado Island has yielded a large number of publications concerning the ecological changes following the formation of islands, such as the local extinction of large predators and the subsequent changes in prey populations.

Influencing factors
· Degree of isolation (distance to nearest neighbor, and mainland)

· Length of isolation (time)

· Size of island (larger area usually facilitates greater diversity)

· Climate (tropical versus arctic, humid versus arid, etc.)

· Location relative to ocean currents (influences nutrient, fish, bird, and seed flow patterns)

· Initial plant and animal composition if previously attached to a larger land mass (e.g., marsupials, primates, etc.)

· The species composition of earliest arrivals (if always isolated)

· Serendipity (the impacts of chance arrivals)

· Human activity

Within a few years of the publishing of the theory its application to the field of conservation biology had been realized and was being vigorously debated in ecological circles. The realization that reserves and national parks formed islands inside human-altered landscapes (habitat fragmentation), and that these reserves could lose species as they 'relaxed towards equilibrium' (that is they would lose species as they achieved their new equilibrium number, known as ecosystem decay) caused a great deal of concern. This is particularly true when conserving larger species that tend to have larger ranges. A study by William Newmark, published in the journal Nature and reported in the New York Times, showed a strong correlation between the size of a protected U.S. National Park and the number of species of mammals.

This led to the debate known as single large or several small (SLOSS), described by writer David Quammen in The Song Of The Dodo as "ecology's own genteel version of trench warfare". In the years after the publication of Wilson and Simberloff's papers ecologists had found more examples of the species-area relationship, and conservation planning was taking the view that the one large reserve could hold more species than several smaller reserves, and that larger reserves should be the norm in reserve design. Jared Diamond championed this view. This led to concern by other ecologists, including Dan Simberloff, who considered this to be an unproven over-simplification that would damage conservation efforts. Habitat diversity was as or more important than size in determining the number of species protected.

Island biogeography theory also led to the development of habitat corridors as a conservation tool to increase connectivity between habitat islands. Habitat corridors can increase the movement of species between parks and reserves and therefore increase the number of species that can be supported.

In species diversity, island biogeography most describes allopatric speciation. Allopatric speciation is where new gene pools arise out of natural selection in isolated gene pools. Island Biogeography is also useful in considering sympatric speciation, the idea of different species arising from one ancestral species in the same area. Interbreeding between the two differently adapted species would prevent speciation, but in some species, sympatric speciation appears to have occurred.

The Activities:

Activity 1: Simulated Modeling.  Students will use 2 large cans and 2 small cans, and place one large and one small can 1 meter away from a masking tape start line, and 1 large and 1 small can 2 meters away.  The students, taking turns, will throw a series of objects (different weights).  All data are recorded, and the results are graphed both individually and as a class.

Ahead of Class – approximately 1 hour the first year, 10 minutes in following years

· Collect 15 sets of cans, 2 large and two small.  It is important that everyone in the class receives the same size large and the same size small.  (Restaurants are a good source for cans.)

· Collect 15 sets of a variety of objects to act as the “species” disbursing to the island cans.  It is important that everyone in the class receives the same objects.  For example, 15 corks, 15 rubber erasers, 15 plastic tabs from bread wrappers, etc.  When examining the class data, the only variable will be the student tossing the material.

· Have chalkboard/whiteboard/overhead (referred to as whiteboard from now one) available with appropriate writing utensil (chalk, dry erase or wet erase pens) 

During Class – approximate time 30 – 50 minutes

· Divide the class into twos, students will be working with a partner

· Ask students, “How do you think animals and plants got to islands?

· Record their responses on the whiteboard.

· Ask students to look at different islands all around the world.  Ask students to guess if they would find a lot of species on these islands, or only a few.  Ask them to justify their reasoning?

· EXTENSION – Students are assigned a specific island and research what animals and plants are found there.

· Place a strip of masking tape on the floor to denote where the students will be standing.  Show the students the two sizes of cans and the objects collected.  Tell the students that one large can and one small can will be placed 2 meters away from the masking tape, and one large and one small can will be placed one meter away from the masking tape.  Students only 1 try.  If they miss, they miss.  PERIOD.

· Tell the students that, taking turns, each person will throw each object, one at a time, at the Large Near can.  One person will throw, and the other person will record.  Then the partners switch, and the recorder becomes the thrower, and the thrower becomes the record. 

· Repeat the above step, but this time, throw to the small near can.

· Repeat the above step, but this time, throw to the far large can.

· Repeat the above step, but this time, throw to the far small can.

· Students total each column.

· Students graph their data.  (Ask students which graph would be best?)

· While students are working on their data analysis, have them also post their total data on a classroom data sheet.  If you have students complete their calculations and graphing, they can help you with the class data.  If you have computer access, you can post the data, and graph the results in Excel.

· Graph the class data.

· Ask the student to think about the order that they threw object.  Did that alter their results?  (It probably did.  As students practice, they will get better, and therefore, the small islands probably had more species than if the order were randomized.)

· Was their best guess (their hypothesis) supported by the data in this simulation?

· Ask students if they think live animals will support this simulated model.  

· Ask your students to write down their best guess (hypothesis).

After Class – approximate time 5 minutes

· Students collect all the objects, place them in one of their 4 cans, and collect their 4 cans.

Activity 2: Live Modeling.  Students will use a baby pool filled with water and place “Large” and “Small” sand-can islands “Near” and “Far.”  The baby pool with sand-can islands simulates the species survival relating to concept of island biogeography.  Insects (such as crickets, moths, or mealworms) populate the islands.

Ahead of Class – approximately 20 minutes if a hose is available.

· Either in a corner (on top of two tables pushed together near a window or sink for ease of draining) of your classroom, or an isolated space outside, fill the baby pool with water.  It doesn’t have to be deep, but it should come up to 

· You will need 2 small and 2 large cans.  If your can are not as deep as the water, you will need something (flat rocks) to have them rise above the water.

· Fill the cans with sand and set into the baby pool, one large and one small can close to one edge, and one large and one small can in the middle of the pool.

· Place a bit of food and cover on each island (I use egg carton cup (one of the 12) turned on its side.  If the pool does not have a lip around the edge, you can place the two “far” cans closer to the far edge.  If it does have a lip, the insects can walk around on that lip, making all 4 islands NEAR.  Therefore the FAR cans have to be in the middle of the pool.

· To simulate the mainland (and the starting point for all our crickets) place a small can (propped up on the rocks if necessary).  

· Have the cover and insects ready.

· Have whiteboard available with appropriate writing utensil 

During Class – First day approximate time 30 – 50 minutes – successive days, about 15 minutes to collect change in number and number of deaths.

· Students will be collecting data as a class.  Assign recorders and counters.  These tasks can rotate over subsequent days.

· Place the crickets on the “mainland.”  Students need to count the number of crickets.

· Have students make observations on the crickets and their movements during this time.  

· EXTENSION – Students research crickets/grasshopper natural history.

· EXTENSION – Students dissect a grasshopper (reasonably inexpensive).  An excellent website for external and internal anatomy: http://www.bio.davidson.edu/courses/entomology/lab/internal.pdf

· EXTENSION – students sketch scientific drawing of a grasshopper (or cricket), label all body parts.  An excellent website for external and internal anatomy: http://www.bio.davidson.edu/courses/entomology/lab/internal.pdf

During Class –Subsequent days – approximate time 15 minutes 

· Students record the number of crickets on each island, the number of deaths.

· At determined intervals, you can supplement your cricket populations with more crickets.  For example, every Monday, you add the total number of crickets that died in the week before.  Add these crickets to the Mainland.  Be sure to add food on each island.

· Continue daily observations until the island populations stabilize – between 3-4 weeks.

· When cricket populations have stabilized on each island, you can stop the experiment.

· Discuss how to graph these data.  There are two variables: the size of the island and the distance the island is from the mainland.  Additionally, the students may want to graph each island’s population change through time.  How can you do that?

· Students graph results, and write the conclusions to this experiment, including if they hypothesis was supported or rejected.  

· Students share their conclusions with the class.  

Suggestions for graphs (these are just examples)

To graph the island population change through time, use line graphs:
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Find percentage of stable populations per island, and pie graph those percentages:
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