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Teacher’s Guide: Phenology – Studying and Comparing Plant Life Cycles in Different Biomes
The STEM Context
     “Each domain of science has its particular approach and area of concern. Taken together, they present a coherent view of the world. Students need to understand that much of the scientific work done in the world draws on multiple disciplines" The Massachusetts Science and Technology/Engineering Framework: 2006 (page 9)

      “Students should progress from studying life science from the point of view of individual organisms to recognizing patterns in ecosystems.” The National Science Education Standards: 1994 (Page 155)

Examples of Related National Science Education Standards

Content Standard C: As a result of their activities in grades 5-8, students should develop understanding of
· Structure and function of living things
· Reproduction and heredity
· Regulation and behavior
· Populations and Ecosystems
· Diversity and adaptation of organisms
Examples of Related Massachusetts Science and Technology/Engineering Framework Standards
Life Science (Biology) Standard 3, Grades 3-5,  Recognize that plants and animals for through predictable life cycles that include birth, growth, development, reproduction and death.

Life Science (biology) Standard 13, Grades 6-8,  Give examples of ways in which organisms interact and have different functions within an ecosystem that enable an ecosystem to survive.
Introduction
Studying phenology provides excellent opportunities for linking a wide range of required plant biology coursework to the arctic and climate change.  Comparing plant life cycles in your climate to those in the arctic regions and studying what plants can tell us about changes in weather and climate provides many lines of inquiry. Early, preparatory work can include working with fast growing plants in the classroom to understand budding and flowering, leaf out, or adaptations to environmental conditions (sunlight, moisture, temperature). This can be followed by field work in plant identification, seasonal monitoring of plant life cycles and finally, a multi-year study of phenology using a school yard indicator species. Comparison of your plant species to those found in tundra and taiga environments is also informative. Activities in this teachers guide include 1) comparing historic lilac leaf out and budding by region, 2) analyzing cherry blossom data In Japan with weather data to determine climate affects and 3)information describing the basics of becoming involved in either Project Globe or Project Budburst and the protocols for participation .
Work in this topic area can also be linked to the activities and inquiry found in the Succession unit.  The Micro and Macro Ecosystem activities, research on plant adaptations and research on plant communities in the arctic all link well with this unit.
Comparing Biomes (http://www.mbgnet.net/index.html)

This website provides a simple overview of the plant communities found in the tundra, taiga, northern temperate forest, desert etc. Students can explore the differences and similarities in temperature, rainfall, plant diversity, etc. 

Included in this packet (online on the UMassk12 website) is a powerpoint called “Plants of the Polar Regions” that can be shown as an introduction to this subject.

Fast Plants
If this is the students’ first introduction to plant biology and life cycles, growing fast plants (www.fastplants.org)  in the classroom and engaging in some inquiry lessons will be instructive. In particular, inquiry activities that explore plant response to moisture, sun angles, hours of sunlight, and temperature is important. At the very least, students should be introduced to plant life cycles, from seed to mature growth, with a special emphasis on budding and leaf out. For younger students, understanding the life cycle may be sufficient to begin work in phenology. For older students, an understanding of limiting factors and plant response to abiotic factors will lead to a much richer understanding of the plant/climate change interaction.
Blooming Thermometers; Graphing Activity
The National Center for Atmospheric Research has published a simple activity for gaining understanding of how budburst in trees can be used to document climate change. It also illustrates a way to compare plants in different climate zones and plot seasonal variations among different latitudes. The umassk12 website has a set of cherry blossom pictures for showing in class prior to the activity.
Lilac section of the National Phenology Network Home Page
The National Phenology Network posts historic data on leaf out and budding of lilacs from the World Data Center for Paleoclimatology in Boulder, CO and NOAA that spans the country and goes back to 1957.  Data sets are provided with this guide, organized by regions of the U.S. The complete set is available at http://www.ncdc.noaa.gov/paleo/phenology.html.  A simple exercise understanding the uses of phenological data involves assigning teams to locations throughout the U.S., then each team receives data for a region, finds the region on a map and then plots a series of graphs that tell different stories. Possible graphs include budburst over time for all sites, budburst and leaf burst by elevation, budburst by location throughout the U.S. Comparisons between teams will tell other stories about how lilac budburst and leaf out have changed over time and change by elevation and/or latitude. A full data set and  sample graphs are in a file titled Lilac_data_ all.xls and the data set to use for the Lilac activity sheet is in a file titled Lilac_data_subset.xls. (available on the IPY website)

 Bud burst and Leaf out of a cottongrass species over time in Alaska is available at http://ecosystems.mbl.edu/ARC/terrest/phengwth/index.shtml and can be compared in a somewhat similar fashion. Both activities require a basic understanding of using excel spreadsheets and graphing. 
The GLOBE Project

Started in 1994, the GLOBE project (www.globe.gov) is a multifaceted international science networking project for students and teachers. Participation in the project requires that teachers receive an introductory training session. This can often be done through a local affiliate or individual who has already received the training and is willing to work with you as a trainer. There are many different inquiry threads to choose from, watershed monitoring, migrations of birds or butterflies, weather data, etc. The inquiry thread on phenology is of interest in this guide, but there is also a section on IPY links with other opportunities for your classroom.  The Globe project originated the Budburst, Green up and Green down programs that exist in the U.S. and still offer opportunities for teachers to share data internationally. The basic program involves teachers becoming trained in the protocols for monitoring a set of plant life cycle phenomenon, budburst, leaf out, leaf color change, etc each year over a period of years. This information is then recorded in an online data base and the class has access to all of the data from around the world. Faculty associated with the project use the data for their research and often will report their analysis of the data to the participants. The data is also available to anyone for classroom use to compare, analyze or manipulate. Data sets are available at: http://viz.globe.gov/viz-bin/access.cgi?l=en&b=g&rg=n.
One of the original schools to initiate a Budburst project through GLOBE,  West Valley High School, Fairbanks Northstar Borough School District  in Fairbanks, Alaska has been following budburst and leaf out for seven years. Data is provided on the umassk12.net/ipy website from their area.  Before committing to participating in the project look the data charts over and think about what possible links it might have to other lessons in your district curriculum. A copy of the budburst protocol is also attached and the leaf out and leaf drop protocols are also provided for reference.
Project Budburst

A newer spin-off of Project GLOBE, Project Budburst (http://www.windows.ucar.edu/citizen_science/budburst/) is a U.S. based phenology network sponsored by the University corporation for Atmospheric Research that launched in 2007. Students and teachers do not need to go through a formal training program to participate and need only follow the protocols for participating found on the website. Students observe budburst for a selected number of plants in their area andrecord data to share with others. Data is available on the website form the launch year of 2007 and will be available for 2008 in late July.
Thousand Eyes Project
A pioneer in the field of phenology, Dr. Alexander Mackay, a superintendent of schools in Nova Scotia around the turn of the century challenged the students and teachers in his schools to observe over 200 different phenomenon in their area. Everything from flowering of shrubs to first snow melt to Canada Geese migration. For 23 years the students recorded this data and today the Thousand Eyes project, operating in his name, asks schools to record similar data and compare it to the 100 year old database from Mackay's time. Students, teachers and other civic groups in Canada can join the organization and begin monitoring and recording phonological information for a large variety of plant species. The website contains a wealth of data on their effort. This data can be used to compare plants between your area and Canada as well as the data from the Fairbanks site listed above as a Project Globe site. (www.thousandeyes.org)  
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