Monarchs and Inquiry-Based Learning
Background:

Monarch butterflies are an outstanding organism for classroom use. They naturally stimulate curiosity and questions from students. The dramatic migrations, host plant toxicity, and parasite interactions are also of significant interest to many scientists. There is a substantial amount of scientific research concerning monarch butterflies and a large amount of this research is readily available online for student use. Many internet sources are geared toward elementary and middle school students with age appropriate information about monarch biology and habitat.

There are basic techniques and fundamental knowledge about monarch butterflies that students need to successfully engage in inquiry-based activities. Students can gain a solid foundation for working with monarchs from a variety of sources (see below), including classroom activities, such as those within this website or the Monarchs in the Classroom curriculum. There are also a number of citizen science projects, such as MonarchHealth that enable students to participate in actual scientific research.

Studying the presence of parasites in monarch populations can be done by students with minimal equipment, if safety precautions and research protocols are strictly followed. Maintaining a clean, parasite-free environment is essential. The use of 20% bleach solution on tools, rearing containers, and all working surfaces is mandatory. Although monarch parasites do not infect humans, non-sterile conditions can result in large-scale parasite outbreaks in monarch butterflies. By following simple, inexpensive sterile procedures students can actively engage in meaningful scientific endeavors and answer questions of their own choosing.

Ophryocystis elektroscirrha (OE) is an obligate, protozoan parasite that infects monarch and queen butterflies.  The importance of OE parasites extends beyond their immediate impact on monarch butterflies. Because of their size and rapid lifecycle, monarchs can be used as models for studying host-parasite dynamics in migratory populations. Migratory animals are frequently reservoirs of parasites and pathogens that infect humans. West Nile virus, for instance, is an increasingly significant pathogen of humans and livestock that is found in migratory birds. By studying OE parasites in various monarch populations, scientists at the Altizer lab at the University of Georgia are gaining valuable information about how parasites and hosts change within migratory and resident populations of butterflies.

Students can participate in Project MonarchHealth and contribute to an on going international study of OE parasites in monarch butterflies. They can use the activities provided in the Classroom Resources section of this website to do further investigations with monarchs. Lessons 1, 2, and 3 teach students the core techniques needed for work with monarchs and parasites. In Lesson 1 students learn the actual methods routinely utilized by scientists studying OE. They will check monarchs for parasites and measure physical characteristics, such as forewing length, mass, and wing wear. Lesson 2 focuses on these same variables, but within the context of a population of monarch butterflies. Students will determine the mean, median, and mode for a variety of traits and look for relationships between these traits. Lesson 3 shows students how to identify OE parasites in tape samples taken from monarchs. These classroom activities give students a starting point for conducting their own research with monarchs. Additionally, the Research section of this website provides more advanced information for the serious student interested in learning more about OE. 
Suggested Topics for Investigations:
· Monarch size and OE infection rates

· Differences in host plants and OE infection rates
· Female host plant preferences and OE infection rates

· Seasonal changes in OE infection rates

· Variations in adult monarch pigmentation and OE infection rates

· Variations in monarch larvae pigmentation and OE infection rates

· Changes in parasite and predator populations within one season

· Changes in parasite and predator populations over several seasons

Useful Resources and Links for Inquiry-based Learning with Monarch Butterflies:
Monarch Lab: Monarchs in the Classroom is an excellent source of information for inquiry-based learning. Dr. Karen Oberhauser at the University of Minnesota’s Monarch Lab has a long history of working with teachers and fostering inquiry in the K-12 classroom. The lab sponsors teacher workshops and develops instructional materials including Monarchs in the Classroom curriculum guides for grades K-2, 3-6, and middle school. The website contains information on monarch biology, research, and rearing. There are suggestions for student investigations, background information, reference lists, and links to appropriate research articles. Supplies and curriculum materials for conducting student-directed research are available through the online store.
Monarch Lab: Monarchs in the Classroom,
University of Minnesota,

Department of Fisheries, Wildlife and Conservation Biology,

1980 Fowler Avenue, 200 Hodson Hall,

St. Paul, MN 55108

http://www.monarchlab.umn.edu/
Journey North: A Global Study of Wildlife Migration and Seasonal Change is a wonderful website for elementary and middle school students. There are multicultural activities, lessons, and information about a number of seasonal migrations including whooping cranes, hummingbirds, and monarch butterflies. The interactive migration sighting maps are excellent tools for stimulating student involvement and promoting inquiry-based learning. Journey North provides weekly updates and reports on both the autumn and spring migrations of eastern monarchs. The site actively fosters cultural awareness between children in the United States, Mexico, and Canada, while promoting preservation of monarch butterfly habitat throughout the continent. Although the site is primarily targeted towards elementary aged students, the materials are informative and useful to older students as well. 

Journey North: A Global Study of Wildlife Migration and Seasonal Change

http://www.learner.org/jnorth/
Monarch Watch provides useful information about rearing, studying, and tagging monarchs. Monarch tags used to monitor the monarch migration may be purchased through the online Monarch Watch Shop. Data on the tagged monarchs that are recovered in Mexico is also available online.

Monarch Watch: Dedicated to Education, Conservation, & Research, 

The Kansas Biological Survey,

University of Kansas


http://www.monarchwatch.org/
Monarch Larva Monitoring Project is a citizen science project involving volunteers from the United States and Canada in weekly surveys of monarchs and milkweed plants. Participants collect data on larval monarch populations and habitats. They make observations concerning host plant quality, female plant preference, larval mortality, and the presence and impact of parasites and predators. The website includes resources for volunteers and project results going back to 1997. Monarch Larva Monitoring Project is a hands-on scientific research project out of the University of Minnesota that engages students in inquiry activities.
Monarch Larva Monitoring Project,

University of Minnesota,

Department of Fisheries, Wildlife and Conservation Biology,

1980 Fowler Avenue

St. Paul, MN 55108

http://www.mlmp.org/
Monarchs Across Georgia is part of the Environmental Education Alliance and provides educational support for teachers interested in monarch butterflies. The organization sponsors trips to the monarch overwintering colonies in Mexico, teacher workshops using the Monarchs in the Classroom curriculum, and other events beneficial to the monarch enthusiast. The website also includes a variety of resources including lesson plans and information about milkweed species found in Georgia.
Monarch Across Georgia,

http://www.monarchsacrossga.org/
BioQuip Products, Inc. is a company that sells entomological equipment, supplies, and books. They are a good source for butterfly nets, calipers, collecting, and mounting equipment.
BioQuip Products,

2321 Gladwick Street,

Rancho Dominguez, CA 90220,

http://www.bioquip.com/default.asp
Useful Books and Articles for Inquiry-Based Learning with Monarch Butterflies
Monarchs and More: An Inquiry and Arthropod Based Curriculum – Middle School is an especially useful resource for teachers that want to conduct inquiry-based learning with monarch butterflies. The curriculum guide contains a “How To” section on teaching inquiry. There is also an extensive section, more than fifty pages, titled “The Process of Inquiry” that goes through the nuts and bolts of inquiry. There are numerous activities that teach students how to ask good questions, design experiments, and analyze data. This book is highly recommended and available from the Monarch Lab website. 
The Monarch Butterfly: Biology & Conservation edited by Karen Oberhauser and Michelle Solensky is a good reference book for teachers and students interested in scientific research with monarch butterflies. The book contains a diverse collection of twenty-seven research articles dealing with the biology of breeding, migration, overwintering, predation, and parasitism. The articles provide information about specific experiments involving monarchs. Many of these experiments can be replicated by students. This excellent book is available from the Monarch Lab online store.
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