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1. Data Set Homepage

· Title: 
Climate Change and Phenology: Evaluating Temperature, Precipitation, and Phenology of Frogs and Toads in Minnesota

· The Ecological Question: 

Have long-term temperatures and precipitation changed, and if so, how will these changes impact phenology, ecological interactions, and, as a result, species diversity of frogs and toads in Minnesota?

· Ecological Content:
Climate change, community dynamics, natural history, phenology


· What Students Do:

Students follow instructions for guided inquiry to use data provided in Excel spreadsheets to construct figures (scatterplots and line graphs), add trendlines, and evaluate/interpret rates of change of variables in the context of ecological concepts.  Students first evaluate long term (>100 years) data on temperature and precipitation, and then use the information from those analyses combined with background research on natural history and phenology Minnesota frogs and toads to investigate correlations between spring calling behavior and temperature over a shorter time series (20 years).  Students evaluate and interpret long term patterns of climate change, how short term time series data fits into the long term trend, and assess correlations between organisms (frogs and toads) and temperature and/or precipitation.

· Student-active Approaches: 
Open-ended inquiry, guided inquiry, collaborative learning, critical thinking

· Skills: 
Spreadsheet management and manipulation, calculations within a spreadsheet (e.g., count, min/max, average, sum), constructing figures using data in a spreadsheet (scatterplots, line graphs), trendline and rate of change analysis and calculations, reading and interpreting primary scientific literature, scientific communication (poster, presentation, and/or scientific paper)

· Assessable Outcomes:
Student-generated figures, calculations of rates of change in temperature, precipitation and/or phenology shifts, short answers to thought and discussion questions, preparation of final presentation (oral or poster, with or without accompanying completed scientific paper).


· Source: 

United States Historical Climatology Network: http://cdiac.ornl.gov/epubs/ndp/ushcn/ushcn_map_interface.html 
North American Amphibian Monitoring Program:
https://www.sciencebase.gov/catalog/item/583dc314e4b0d1899f9dea8d


· Author(s):
Kristen S. Genet

· Institution(s):
Anoka-Ramsey Community College, 11200 Mississippi Blvd NW, Coon Rapids,MN 55433


· Acknowledgements:   
Thanks to Kellen Calinger and her climate change and phenology TIEE module.  She graciously provided permission to adapt and modify the module to address climate change and phenology in a different region using different organisms.  Thank you also to the individuals in the QUBES Faculty Mentoring Network for providing guidance and feedback along the way as this module was developed.

· Relevant Cover Image: 

Rana pipiens (Northern Leopard Frog)3.jpg

2. Overview

	This module can be adapted to introductory biology, environmental science, or ecology students, depending on the depth and level of the data analyses performed.  With initial inspiration from another climate change and phenology module focused on plants and pollinators in Ohio (Calinger 2014), this module focuses on climate change and phenology in a different region and a different group of organisms.  Climate change is a global concern, and trends are evident in the midwestern United States (Kunkel et al. 2013).  Students first investigate and evaluate long term annual trends (1900-2014) in temperature and precipitation from 33 climate stations in Minnesota (module can be adapted to any state, but data provided are from Minnesota) using scatterplots and trendlines (simple linear regression can also be used) to determine rate of change over the 115 year time period.  Students then ask questions and develop hypotheses as they consider a shorter time series of temperature data (1995-2014) that matches with the duration of the North American Amphibian Monitoring Program (NAAMP), a citizen science amphibian monitoring program to which trained volunteers submit data on calling amphibians annually (Foreman, et al. 2017; amphibian data are available for most states, but data provided in this module are from Minnesota).  Amphibian spring emergence and calling that precedes breeding is influenced by temperature and precipitation (e.g., Gibbs and Breisch 2001, Klaus and Lougheed 2013, Ficetola and Maiorano 2016).  After doing some research to learn about the natural history and calling phenology of Minnesota amphibians, students will evaluate the correlation between earliest reported calling dates for each species and mean spring temperatures, as well as investigate whether the spring temperatures have changed (i.e., warmed) with corresponding shifts in amphibian calling dates.  Individual species will be considered in the context of their natural history, as well as groups of species that tend to breed in various types of wetlands that may respond differently to changes in temperature and/or precipitation over time.  
Data Resources:
United States Historical Climatology Network: http://cdiac.ornl.gov/epubs/ndp/ushcn/ushcn_map_interface.html 
North American Amphibian Monitoring Program:
https://www.sciencebase.gov/catalog/item/583dc314e4b0d1899f9dea8d 
References:
Calinger, K. 2014. Investigating the footprint of climate change on phenology and ecological interactions in north-central North America. Teaching Issues and Experiments in Ecology Vol. 10. http://tiee.esa.org/vol/v10/issues/datasets/calinger/abstract.html 
Ficetolo, G.F and L. Maiorano. 2016. Contrasting effects of temperature and precipitation change on amphibian phenology, abundance, and performance. Oecologia 181: 683-693
Foreman, T.M., Grant, E.H.C., and Weir, L.A., 2017, North American Amphibian Monitoring Program (NAAMP) anuran detection data from the eastern and central United States (1994-2015): U.S. Geological Survey data release, https://doi.org/10.5066/F7G44NG0.
Gibbs, J.P. and A.R. Breisch. 2001. Climate warming and calling phenology of frogs near Ithaca, NY, 1900-1999. Conservation Biology 15(4): 1175-1178
Klaus, S.P. and S.C. Lougheed. 2013. Changes in breeding phenology of eastern Ontario frogs over four decades. Ecology and Evolution 3(4): 835-845
Kunkel, K.E., L.E. Stevens, S.E. Stevens, L. Sun, E. Janssen, D Wuebbles, S.D. Tilberg, M.S. Timlin, L. Stoecker, N.E. Westcott, and J.G. Dobson. 2013. Regional Climate Trends and Scenarios for the U.S. National Climate Assessment,. Part 3: Climate of the Midwest U.S. NOAA Technical Report NESDIS 142-3, U.S. Dept. of Commerce, National Oceanic and Atmospheric Administration.


3. The Data Sets

All data are publicly available for free use.  Citations are provided in the References section, above. 

Data Files for Prologue:

Prologue_Excel and Graphing Practice_Data_Faculty.xlsx

Prologue_Excel and Graphing Practice_Data_Student.xlsx

Data Files for Part 1:

MN_Temp_Precip_ALL_Faculty.xlsx

MN_AnnAvg_TempPrecip_Student.xlsx

MN_AnnAvg_TempPrecip_Faculty.xlsx

Data Files for Part 2:

MN_Spring_MeanTemp_Faculty.xlsx

MN_Spring_MeanTemp_Student.xlsx

AmericanToad_CallingDates_MN_Faculty.xlsx

AmericanToad_CallingDates_MN_Student.xlsx

CanadianToad_CallingDates_MN_Faculty.xlsx

CanadianToad_CallingDates_MN_Student.xlsx

ChorusFrog_CallingDates_MN_Faculty.xlsx

ChorusFrog _CallingDates_MN_Student.xlsx

GreatPlainsToad_CallingDates_MN_Faculty.xlsx

GreatPlainsToad_CallingDates_MN_Student.xlsx

GreenFrog_CallingDates_MN_Faculty.xlsx

GreenFrog _CallingDates_MN_Student.xlsx

LeopardFrog_CallingDates_MN_Faculty.xlsx

LeopardFrog _CallingDates_MN_Student.xlsx

MinkFrog_CallingDates_MN_Faculty.xlsx

MinkFrog _CallingDates_MN_Student.xlsx

SpringPeeper_CallingDates_MN_Faculty.xlsx

SpringPeeper _CallingDates_MN_Student.xlsx

Treefrog_CallingDates_MN_Faculty.xlsx

Treefrog _CallingDates_MN_Student.xlsx

WoodFrog_CallingDates_MN_Faculty.xlsx

WoodFrog _CallingDates_MN_Student.xlsx

4. Student Instructions: 
Note: This module is divided into three sections: (1) Prologue, which can be done first in class or as preparatory homework, (2) Long Term (>100 year) Patterns of Temperature and Precipitation in MN, and (3) Short Term (20 year) Patterns of Temperature and Amphibian Breeding Phenology. 


Climate Change and Phenology

Prologue – Introduction to Data and Graphing

In upcoming classes, we will be working on a research project that will use publicly available data to explore global climate change and its effects on local ecology. Much of the research project will rely on the ability to efficiently construct and interpret graphs. This will be done using computers rather than by hand. Specifically, you will be using Microsoft Excel, an extremely useful graphing tool. The following activity may be totally new to you, or it may just help dust off and refine some of your existing graphing skills.  Interspersed throughout this activity are questions.  Please answer the questions directly and completely.

Part A – The Scientific Process

First of all, please review the process of science your assigned reading.  Number the following steps of the scientific method in the correct order:

_____ Test

_____ Observations

_____ Hypothesis

_____ Question

_____ Results

_____ Prediction

After we make observations about the world around us, we use those observations as a basis to ask questions about how things work.  In this project, we will be using publicly-available data to ask questions and test hypotheses and predictions about climate change over time and the interactions between climate and breeding amphibians.  In any scientific investigation, we have to begin with a question.  In this case, let’s work with this as a central question for now:

Have long-term temperatures and precipitation changed, and if so, how will these changes impact phenology, ecological interactions, and, as a result, species diversity of frogs and toads in Minnesota?

We may need to start out with explaining what “phenology” and “ecological interactions” are.  Phenology is defined as the study of cyclic and seasonal natural phenomena, especially in relation to climate and plant and animal life. Examples of phenology are things such as the seasonal pattern of trees leafing out, migratory birds returning from wintering habitats, and the larval and adult life cycles of moths and butterflies that are timed to match the food sources needed by the caterpillars and adults.  Please watch this video for a quick and very eloquent view on phenology: https://www.youtube.com/watch?v=wWh6ulBsLHE 

Based on our central question (above), we next have to define our independent variables and dependent variables.  

1. In your own words, define “independent variable.”

2. In your own words, define “dependent variable.”

Once we have those variables identified and defined, we can start to apply the scientific method to systematically test for cause and effect between our independent and dependent variables.  A hypothesis is a testable statement of cause and effect between independent and dependent variables.  A good hypothesis fits the format “The independent variable affects the dependent variable.  Following the hypothesis, we need to formulate it into a prediction.  A good prediction fits the format “If the independent variable is changed in a specific way, then the dependent variable is expected to do this in response.”

3. Given our central question and the variables you have identified, what would a good hypothesis for our investigation be? (Remember to follow the format outlined above!)

4. Now, reformulate your hypothesis into a prediction.  Remember that a good prediction is in the format of an “if, then” statement.

Part B – The basics of graphing in Excel

Your next task: MAKE GRAPHS! The following information will walk you through the construction of two graphs using the provided set of data. We will use Excel – if you do not have Excel on your computer (or access to a computer that does), you have FREE access to Microsoft Office 365 here: http://www.anokaramsey.edu/en/resources/Technology/StudentDownloads  

*Note: There are different versions of Excel out here.  What you see on your screen may not exactly match the descriptions and screen shots below, but you should be able to follow the directions regardless of the version of Excel you’re using.  If you have trouble, or questions – please ASK!!!

Use the Excel file provided.  Most graphs can be easily created in Excel by going to the Charts option on the “Insert” tab toolbar.

Figure 1: First, we’ll make scatterplots.  Please watch the following video that demonstrates how to make a scatterplot in Excel: https://www.youtube.com/watch?v=bYf6qO-iBW0 

Scatterplots are a commonly used Excel graphing format when neither variable is categorical, that is, both variables are sets of continuous numbers. For example, consider the data below comparing island size to the number of bird species present. Enter the data as shown below in Excel and follow the instructions to create a scatterplot. Highlight both columns of data without including the column headings and choose the “Insert” tab on the menu bar. Then select “Scatter” from Charts on the toolbar. Choose “Scatter with only markers.”
[Screenshot 1 goes here]

Excel will automatically make the first column highlighted the independent variables (X-values) and the second column highlighted the dependent variables (Y-values). Keep this in mind when entering data into a worksheet. Your graph should look similar to the one below.

You can and should delete the legend on the graph (Series1) by just highlighting the box, right-clicking, and going to “Delete.”

[Screenshot 2 goes here]

Chart and axes titles can be added by clicking on the “Layout” tab in the “Chart Tools” section of your upper tool bar. Click on the “Chart title” button and select where you’d like to place your title on the graph. Once you’ve selected your title placement, a new dialog box that says “Chart Title” will appear on your graph. Click on this dialog box and type in your chart title-titles should be descriptive of the data contained in the graph.

Now click on “Axis Titles” in the Layout tab of Chart Tools. You’ll be able to choose your “Primary Horizontal Axis Title” (your x-axis title) and your “Primary Vertical Axis Title” (your y-axis title) separately. As with the Chart Title, dialog boxes will appear on your graph and you can click them to add text for your axis labels. Axis labels should describe the data on each axis and the units in which it was measured.

[Screenshot 3 goes here3]

You can also change the style of the markers on the scatter plot by highlighting them, right-clicking, and going to “Format Data Series” and Marker Options.

Finally, scientists often use lines of best fit to determine the relationship between two variables. In our example, we want to understand how island size affects the number of hummingbird species that will be present on that island. You can add a line of best fit to the scatter plot by right-clicking on the points, going to “Add trendline,” and making sure that the linear option is selected (see below). Remember to check the “Display equation on chart box” to show the equation of the best fit line you’ve added. This is a step that was not included in the video tutorial, but please make sure to check the box to display the equation on your chart.

[Screenshot 4 goes on the left side]

[Screenshot 5 goes on the right side]
Once you’ve added your line of best fit and added the chart and axis titles, your scatterplot should look something like this. Using the equation of our best fit line, we can see that an island will have roughly 0.03 more bird species per acre increase in size of the island (derived from the slope of the line – where 0.0296 was rounded to 0.03).

Remember (from a math class you have had, even if it was long ago in middle school) that the equation for a line is y = mx + b, where m = slope of the line, and b = y intercept (where line crosses the Y axis).  We can use the slope to interpret the relationship between our independent and dependent variables.  In this case, the slope is a positive number (and the line goes up from the lower left to upper right), so we can interpret the relationship between island size (our independent variable) and number of hummingbird species (our dependent variable) to be a positive relationship.  In other words, as island size increases, the number of hummingbird species also increases.  More specifically, as an island increases in size by 1 acre, it will increase number of hummingbird species by 0.03 (0.0296 rounds to 0.03).

[Screenshot 6 goes here]

Figure 2: Your turn!

Now that you’ve made that graph, use the following data to produce your own scatterplot.  These data are also found in the Excel file (click on the spreadsheet tab on the bottom called “Figure 2.  Make sure to label your axes, give your graph a title, and add the trendline and equation.  

	Total Road Length (m)
	Number of Amphibian Species

	5420
	3

	1370
	7

	580
	8

	10420
	2

	8950
	2

	3690
	6

	6910
	4


5. Which variable is the independent variable?  What axis does the independent variable get plotted on?

6. Which variable is the dependent variable?  What axis does the dependent variable get plotted on?

7. How would you describe the relationship between these two variables?  Positive? Negative? No relationship?

8. Using the equation for the line, describe how the number of amphibian species changes as road length increases by 1 m.

Figure 3: The second type of graph we’ll explore is the line graph.  Please watch the following video that demonstrates how to make a line graph in Excel: https://www.youtube.com/watch?v=1mJoPI67ZuY 

Line graphs are useful for plotting changes in variables over time such as changes in CO2 concentrations, temperature, or ocean levels - just to name a few. We’ll be practicing making line graphs using the following data of yearly precipitation levels from 1990-2005. Use the precipitation data in the Excel file to create a line graph found on the “Figure 3” tab. 

9. Which column represents the independent variable?

10. Which column represents the dependent variable?

[Screenshot 7 goes here]

Highlight the data in the Precipitation column, again excluding the column title. As with the scatter plot, you begin in the Chart section of the Insert tab, but this time, click on “Scatter” and select the “Scatter with Straight Lines and Markers” option. It may seem unusual to select the “Scatter with Lines” option instead of “Line Graph” option, but you can experiment and see what happens if you use the “Line Graph” option.  For some reason, Excel does not graph the data correctly – but it DOES if you choose “Scatter with Lines.” (
Your graph should look like the one below.

Just like the scatter plot, you can and should delete the legend (Series 1).

[Screenshot 8 goes here]

You’ll notice that the x-axis labels are incorrect in the graph above. Excel automatically labels each point starting with 1 and continuing on for each data point. However, we want the x-axis to be labeled in years, so we need to change the x-axis labels. 

To change the x-axis labels, right click on your graph. A pop-up box will appear. Click the “Select Data…” option.

[Screenshot 9 goes here]

This will bring up the “Select Data Source” window. In this window, click the Edit button under “Horizontal (Category) Axis Labels.”

[Screenshot 10 goes here]

A pop-up window called “Axis Labels” will appear. Use your cursor to select the data under the Year column (surrounded by the dashed black line in the picture below). The cell identifications for this range of data will appear in the box called the Axis label range. Click OK and then click OK again in the Select Data Source window.

[Screenshot 11 goes here]
Your graph should now have the appropriate years on the x-axis.

[Screenshot 12 goes here]
Add a chart title and axis titles in the same manner as the scatterplot.

As with the scatter plot, we can add a line of best fit to examine how precipitation levels have changed over time. The procedure for adding a trend line is the same as for the scatter plot. Once you’ve added axis labels and the line of best fit (don’t forget to include the equation for the line!), your graph will look like this:

[Screenshot 13 goes here]
Interpret your Graph:

11. What is the increase in precipitation in centimeters per year?

12. What is the total increase in precipitation over fifteen years?
Save your Graphs on the Excel Spreadsheet – you should have one graph on each sheet (Figures 1, 2, and 3) and submit them to your instructor following specific submission instructions. 

Climate Change and Phenology:

Evaluating Temperature, Precipitation, and Calling Frogs and Toads in Minnesota

Part 1: Patterns of Temperature and Precipitation

Kristen S. Genet, Department of Biology, Anoka-Ramsey Community College, Coon Rapids, MN 55433

LEARNING GOALS:

· Understand the process of science
· Perform analyses using large, publicly available datasets
· Appreciate the connection between climate (abiotic) and phenological (biotic) variables
· Gain skills in graphical analysis and scientific communication
· Critically evaluate data sources, trends, and implications of short vs. long-term trends
LEARNING OBJECTIVES:

· Ordinate and describe the steps of the scientific method in the correct sequence (Knowledge)

· Identify and define independent and dependent variables (Comprehension)

· Ask an original question, then formulate that question into a testable hypothesis and prediction (Application)

· Collect and analyze data objectively (Analysis)

· Communicate the results of analysis to peers and instructor (Synthesis)

· Produce and analyze graphs of temperature change using large, long-term data sets (Synthesis, Analysis)

· Calculate species-specific shifts in phenology with temperature changes (Synthesis)

· Describe the ecological consequences of shifting climate patterns and animal phenology (Comprehension)

Introduction

Climate change as a result of anthropogenic greenhouse gas (GHG) emissions is evident in both climate and biological data.  Global temperatures have increased by 0.74°C ± 0.18°C over the past 100 years (1906-2005), although some regions experience locally greater warming (IPCC 2007).  Along with this average increase in temperature, extreme weather events including extreme heat have become more common.  The ten hottest years on record have all occurred since 1998.   All of these atmospheric influences (GHG emissions, temperature, precipitation, humidity) are directly or indirectly causing disruptions in four key aspects of the human environment—air, weather, water, and ecosystems. Changes in these areas are in turn leading to situations that threaten the health and vitality of human communities through increased air pollution, extreme heat events, floods, droughts and ecosystem threats (MN Dept of Health 2015).

Scientists use long-term climate (for example, see Figures 1-2) and biological datasets to assess past and current rates of warming and the impacts of this warming on key ecosystem functions.  These analyses provide crucial information for the prediction of future impacts of warming as we continue to release massive quantities of GHGs into the atmosphere.  


One clear biological indicator of climate change is phenology, or the timing of key life events in plants and animals.  Phenological events are diverse and include time of flowering, mating, hibernation, and migration among many others.  Generally, phenological events are strongly driven by temperature, with warmer temperatures typically resulting in earlier occurrence of springtime migration, insect emergence from dormancy, and reproductive events.  Shifts in phenology in the direction predicted by climate change have been observed worldwide, suggesting that climate change is already having profound, geographically broad impacts on ecology (Parmesan & Yohe 2003, Menzel et al. 2006; Rosenzweig et al. 2008).   

In this activity, you will be 

· Analyzing long-term temperature and precipitation data collected in Minnesota by the U.S. Historical Climatology Network http://cdiac.ornl.gov/epubs/ndp/ushcn/ushcn_map_interface.html ) to establish temperature trends in Minnesota over the past 100+ years.  

· Evaluating the value of short-term and long-term data in the context of climate change and ecological interactions

Long-term Temperature Trends in Minnesota

The data for these exercises are found at the United States Historical Climatology Network for 33 stations scattered throughout Minnesota (Figure 3)


The first thing you must do is select one of the 33 climate stations and download the data.  Ideally, each group will choose (or be assigned) a unique climate station.  

1. Go to the U.S. Historical Climatology Network (http://cdiac.ornl.gov/epubs/ndp/ushcn/ushcn.html) and select “Web Interface” near the upper right of your screen.  
2. Once on the Web Interface, select “Minnesota” from the dropdown list of states, and then click “Map Sites”.  Your screen should look like Figure 3, above.  
3. Choose ONE of those 33 climate stations (talk with your neighbors to ensure you’re not picking the same one as groups nearest you), and click on the hyperlink for that climate station. When you click on that hyperlink, you’ll see a box pop up over your map identifying your weather station, with options to get data.  Click on “Get Monthly Data”
4. Under “Available Download Files”, choose option B: Create a download file of data summarized by year (Jan 1-Dec31) 

5. Check the boxes for “Annual Total Precipitation” and “Annual Average Mean Temperature” (the first and the fourth rows), enter 1900-2014 for the range of years and leave the output filename as the default that is automatically populated into that fields.  Click “Get Data” and give it a minute to think and take you to a link where you can download and open your data file.

6. Click on the link for the download data file, and it should open in Excel.  Your data file should have four columns: (1) weather station ID, (2) year, (3) temperature, (4) precipitation.  Dots in any of the cells denote missing data (you shouldn’t have any missing data, but let your instructor know if you do).  
An important component of climate change studies is the analysis of temperature change over long time scales in the region of interest.  For our analysis of Minnesota, you will assess temperature change across the entire state as well as at smaller, regional scales represented by individual climate stations.  The U.S. Historical Climatology Network (USHCN) has collected temperature and precipitation data at 33 weather stations throughout Minnesota since 1895 (Figure 3). The number of USHCN weather stations is limited as USHCN stations are required to have a consistent, non-urban location since 1895; this eliminates urban heat island effects (urbanized areas that are hotter than surrounding rural areas, U.S. EPA) and latitudinal/altitudinal effects. Changes in the location of weather stations can cause apparent increases or decreases in temperature as a result of moving to a generally warmer or cooler location.  These possible altitudinal or latitudinal effects are eliminated in the USHCN climate record by requiring consistent station locations since the start of data collection.  Using the mean of temperatures recorded at all 33 weather stations in Minnesota, we can evaluate statewide trends in temperature since 1895.  

Look at the Excel file with data that you have downloaded.  Your worksheet includes four columns: 

	State_id  
	YEAR  
	ANN_MEAN_TMEAN (F)
	ANN_SUM_PRECIP (in) 


You will work in pairs on individual weather stations (choosing one of the 33), and then you will compile your data to calculate statewide averages for all of Minnesota.  

These will be calculated by averaging the temperature records for every USHCN weather station from January through December (annual average temperatures) for the time period 1900-2014.  

1. Which Climate Station has your group selected?  Please list the location AND station ID:

Looking at the data for the climate station your group chose to analyze, how would you determine temperature change over the years for which you have data?  In your answer, address the following questions.  Please remember the skills you gained from earlier class activities about graphing and using statistics (scatterplots and line graphs with trendlines) as you’re answering these questions.

2. What is your independent variable? 

3. What is your dependent variable? 

4. What type of graph would be useful and why?  

5. How could you determine the rate of annual change in temperature and precipitation from your graph?

6. How would you calculate total temperature and precipitation change over the entire period (1900-2014)?

Based on your answers to the questions above, produce two plots: (1) temperature change, and (2) precipitation change for the climate station you chose from 1900-2014.  You will be uploading your Excel file with the completed graphs when you have completed this entire assignment.  Using the graph you produced, record the rate of change (oC/year for temperature and in/year for precipitation) and total change (oC for temperature and in. for precipitation) for the entire time period (1900-2014) in the table below.  Hint: for the rate of change, you’ll use the equation for the line, and for the total change, you’ll need to figure out how many years that time period spans and then use the annual rate of change multiplied by the total number of years.

7. Please complete the data table with the information from the graph you plotted with your temperature data from your chosen climate station.

	Climate Station Location ______
	Rate of Change 
	Total Change

	Temperature
	
	

	Precipitation
	
	


8. Is temperature increasing, decreasing, or remaining stable at your climate station? 

9. Is precipitation increasing, decreasing, or remaining stable at your climate station?

Now calculate the average annual temperature and precipitation for the entire state of Minnesota.  You can do this by compiling data with your classmates from all 33 climate stations, or using the data spreadsheet provided by your instructor.  Once you have this data, produce a scatterplot with a trendline (make sure to add the equation for the line) for the entire statewide precipitation data, as you have for your individual climate station.  

10. Complete the table below with the rate of change and total change from 1900-2014 for the entire state.  

	Statewide Averages
	Rate of Change 
	Total Change

	Temperature
	
	

	Precipitation
	
	


11. Is the temperature trend the same for your individual climate station as it is for the entire state?  Describe the similarities and differences.

12. Is the precipitation trend the same for your individual climate station as it is for the entire state?  Describe the similarities and differences.

Another tool commonly used by climate change scientists is an anomaly plot.  Yearly anomalies indicate how much warmer or colder a given year is compared with the long-term average temperature, or how much wetter or drier a given year is compared with the long-term average precipitation.  These plots are useful because they clearly indicate anomalous years while still providing information on long-term temperature and precipitation trends.  

To calculate yearly anomalies for your climate station, you first need to calculate the average annual temperature (oC) and annual average precipitation (in.) for your climate station.  Simply calculate the mean of all temperatures (1900-2014) in your division.  Next, subtract the mean temperature from each of the yearly temperature values to produce yearly temperature anomaly values.  This has been done for you on the Excel datasheets for the statewide data, but please look at the formulae and functions in the cells so you can understand how it was calculated.  You can also review the “Spreadsheet Tutorial 1 -- Formulae, Functions, and Averages” that can be found at: https://www.hhmi.org/biointeractive/spreadsheet-tutorial-1-formulae-functions-and-averages 

13. Please enter your data for average annual temperature and precipitation in your specific climate station and the statewide averages in the table below. 

	
	Climate Station _______
	Statewide Annual Average

	Annual Average Temperature (oC)
	
	

	Annual Average Precipitation (in.)
	
	


14. If the anomaly (temperature or precipitation) for a given year is negative, what does this mean?

15. If the anomaly (temperature or precipitation) for a given year is positive, what does this mean?

16. What type of graph should you use to analyze temperature anomaly data?

Based on your answer to the previous question, produce anomaly plots for your individual climate station and the statewide averages.  You should produce a total of 4 anomaly plots: (1) temperature anomaly for your individual climate station, (2) temperature anomaly for statewide data, (3) precipitation anomaly for your individual climate station, and (4) precipitation anomaly for statewide data.  Using these anomaly plots, answer the following questions:

17. Please enter the information in the table below you got from interpreting the anomaly plots you made. 

	Climate Station _____________
	Rate of Change
	Total Change 

	Climate Station Temperature
	
	

	Statewide Temperature
	
	

	Climate Station Precipitation
	
	

	Statewide Precipitation
	
	


18. Is the temperature change rate and total temperature change value the same as in your original plot (Question 8)?  Why or why not?
19. Is the precipitation change rate and total temperature change value the same as in your original plot (Question 9)?  Why or why not?

20. Based on your analysis and interpretation of temperature and precipitation changes in Minnesota from 1900-2014, write a brief paragraph summarizing the trends you have discovered.
You should have produced a grand total of 8 graphs:

· Four for your individual climate station

· Temperature change over time

· Precipitation change over time

· Temperature anomaly plot

· Precipitation anomaly plot

· Four for statewide data (same four as for your individual climate station, above)
You should also have answered all 20 questions as you worked through the activity.  Please complete the assignment as directed by your instructor.
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Climate Change and Phenology:

Evaluating Temperature, Precipitation, and Calling Frogs and Toads in Minnesota

Part 2: Has Breeding Amphibian Phenology Shifted in Recent Decades?

Introduction:


Phenology is the timing of biological events, most often with changing seasons.  We often think of phenology in terms of arrival dates for spring migratory birds, or when spring trees and flowers display their new leaves or flowers.  Frogs and toads emerge from overwintering habitats in the spring, and when the conditions are suitable, we begin to hear the nightly chorus of breeding amphibians.  The suitability of conditions (habitat and weather) for breeding is influenced by both temperature and precipitation, but whereas precipitation influences wetland conditions more strongly, temperature exerts a stronger influence on amphibian calling phenology (Ficetola and Maiorano 2016).  Whereas climate stations have been collecting temperature and precipitation data regularly for more than a century, the data available for evaluating large-scale changes in amphibian distribution and abundance have been collected over the past two decades.  The North American Amphibian Monitoring Program (NAAMP) was organized by the US Geological Survey (USGS) in collaboration with 26 partners (state agencies, universities, and nonprofit organizations) for a large-scale citizen science program to train volunteers for monitoring calling amphibian populations over much of the eastern and central United States.  NAAMP monitoring began in 1994 (testing protocols, and expanded after 1994), and national protocols were unified in 2001.  Data collection continued through 2015.  The goal of NAAMP was to provide scientifically and statistically reliable, long-term distribution and trend data for calling frog and toad populations at both the state and regional level (Foreman et al. 2017).

As we have established that climate has changed over the past century (and then some) in Minnesota, the resulting question becomes:

How do long term shifts in climate affect the phenology of calling frogs and toads?


This question has interested ecologists for a long time.  So far, we have investigated changes in climate using temperature and precipitation data that have been averaged over the entire year, however, breeding amphibians are most strongly influenced by conditions directly preceding and during their spring breeding season (e.g., Blaustein et al. 2001, Gibbs and Breisch 2001, Todd et al. 2011).  And, so far we have been looking at trends in temperature and precipitation that date back to 1900, whereas our amphibian data are limited to shorter term patterns since 1995.  Our first task is to evaluate trends in temperature in the subset of climate data from 1995-2014, and then we can see if those trends are correlated with breeding amphibian phenology during that twenty year period.  

Temperature Trends in Minnesota, 1995-2014

To obtain data for the spring temperatures, you will follow protocols similar to Part 1, although you will limit the data range to the last two decades, and you will also need to organize, manipulate, and compile the data for only the months directly preceding and during amphibian breeding seasons (February through June).

· Go to the U.S. Historical Climatology Network (http://cdiac.ornl.gov/epubs/ndp/ushcn/ushcn.html) and select “Web Interface” near the upper right of your screen.  
· Once on the Web Interface, select “Minnesota” from the dropdown list of states, and then click “Map Sites”.  This should look familiar from the last activity.  
· Start with the same one of those 33 climate stations you worked with for the last activity, and click on the hyperlink for that climate station. When you click on that hyperlink, you’ll see a box pop up over your map identifying your weather station, with options to get data.  Click on “Get Monthly Data”
· Under “Available Download Files”, choose option A: Create a download file of monthly data 

· Check the box for “Mean Temperature (TMEAN)”, enter 1995-2014 for the range of years and leave the output filename as the default that is automatically populated into that fields.  Click “Get Data” and give it a minute to think and take you to a link where you can download and open your data file.

· Click on the link for the download data file, and it should open in Excel.  Your data file should have four columns: (1) weather station ID, (2) year, (3) month, (4) mean temperature.  Dots in any of the cells denote missing data (you shouldn’t have any missing data, but let your instructor know if you do).  

· Follow your instructor’s directions to sort the data by the month column and then delete all data rows from January (Month = 1) and July-December (Months 7-12).  You then will use the Excel formula [=average(datarange)] to average the mean temperature data from February through June for each year from 1995-2014.  Your instructor will check to ensure your data manipulation or provide you with the data.

Now calculate the average spring temperature (February – June) for the entire state of Minnesota.  You can do this by compiling data with your classmates from all 33 climate stations, or using the data spreadsheet provided by your instructor.  Once you have this data, produce a scatterplot with a trendline (make sure to add the equation for the line) for annual spring average temperature in Minnesota, 1995-2014.

1. What is the rate of change (i.e., slope of your trendline) for temperature 1995-2014?

2. What is the total temperature change over all 20 years, based on these data?

3. How does the trend from 1995-2014 compare with the longer term trend from 1900-2014? Is the trend similar or different?  What conclusions can you draw when you compare the short term to the long term pattern?


Ideally, it would be great to evaluate phenology of breeding amphibians with more than one hundred years of data, but in practice, we are limited to data for the last twenty years.  The value of NAAMP is that it provides a great resource that we can use to evaluate trends in amphibian abundance and distribution over a large geographic area.  We’ll start with Minnesota, although using the protocols in this activity, we really have the tools to evaluate climate change and amphibian phenology in other states or nationally as well. 

There are fourteen species of frogs and toads in Minnesota.  Some species are found throughout the state, and other species reach the edge of their range within Minnesota.  Although there is evidence that climate change is impacting amphibians (e.g., Blaustein et al. 2001, Corn 2005), the influence of climate on amphibian breeding phenology is not uniform for all species (Klaus and Lougheed 2013) and species at the edge of their range may be more vulnerable to the effects of climate change (Gibbs and Breisch 2001).  

First, you’ll need to learn a little bit about the species of frogs and toads found in Minnesota.  Once you understand a little bit about their natural history and breeding phenology, you will be able to formulate a hypothesis and prediction to evaluate your research question: How does temperature affect the phenology of calling frogs and toads in Minnesota? 

4. Use the following websites, as well as any field guides you have available, to complete the table below.

· http://www.dnr.state.mn.us/reptiles_amphibians/frogs_toads/index.html 

· http://cgee.hamline.edu/frogs/science/mnfrogs.html 

· https://www.slideshare.net/kvanbooven/frogs-and-toads-of-minnesota 

	Species (Common Name)
	Species (Scientific name)
	Where is it found in Minnesota?
	What kind of habitat does it breed in?
	Generally, when does this species call in the spring?

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


There are a few species with special considerations that we need to keep in mind as we evaluate how temperature influences calling phenology.  

· Blanchard’s Cricket Frog (Acris crepitans blanchardi) is an endangered species at the edge of its range in Minnesota.  Although it is very important to evaluate this species’ breeding phenology and how climate change may be affecting this species at the edge of its range, it has not been detected in NAAMP surveys, and we therefore will not be able to include it in our analyses.  http://www.dnr.state.mn.us/rsg/profile.html?action=elementDetail&selectedElement=AAABC01040 

· Two species of true frogs (Family Ranidae) are also at the edge of their ranges and very uncommon in Minnesota.  Although they have been detected by NAAMP surveys in MN, there are not enough records for us to evaluate any meaningful patterns.  We must omit Bullfrogs (Lithobates catesbeianus) and Pickerel Frogs (Lithobates palustris) from our analyses due to inadequate sample size.

· The two species of gray treefrogs (Cope’s Gray Treefrog, Hyla chrysoscelis and Eastern Gray Treefrog,  Hyla versicolor) have similar calls that are very difficult for trained volunteers to distinguish in the areas where these two species overlap (Genet and Sargent 2003).  As a result, these two species have been combined for our data analyses.  

This leaves us with a total of nine species and an additional “species” that is the combined gray treefrogs.  You will work in a group to investigate the patterns of calling phenology (using the dates that each species is first heard calling in the spring) from 1995-2015, determine if there is a relationship between temperature and earliest calling date, and finally evaluate whether there has been a shift in calling phenology that is associated with climate change.  You should use the information from the table you filled in as you formulate your hypothesis and prediction.  

5. What species did you choose?

6. What is your hypothesis (remember the format of a hypothesis, and how it differs from a prediction)?
7. What is your prediction (remember the format of a prediction, and how it differs from a hypothesis)?

8. Please provide reasons and rationale for your hypothesis and prediction.  You are encouraged to include citations from scientific literature and/or credible websites here. 

Now you get to play with the data!  Each species has a spreadsheet that includes a column with the route number (that represents the location that was surveyed; each route is one sampling point), and the date that the species was first detected calling.  The dates are in the format of Julian Dates, where the days are numbered sequentially from 1 (for January 1) to 365 (for December 31) or 366 (in leap years).  For your species, you will need to determine whether you have adequate data and a large enough sample size for all years.  You can use the formula =count(cell range) to determine sample size for each year at the bottom of the column in your Excel spreadsheet.  You will also need to calculate the average earliest calling date for each year.  You can do that using the formula =average(cell range) in your Excel spreadsheet (please round to the nearest whole number).  

9. Complete this table with your sample size and average earliest calling data for your group’s species below.  You will then want to create a new spreadsheet (or work in a new tab in your species’ spreadsheet) and enter this data.

Species: ___________________________________________________________

	Year
	Sample size (n)
	Average Earliest Calling Date (Nth day of Year)

	1995
	
	

	1996
	
	

	1997
	
	

	1998
	
	

	1999
	
	

	2000
	
	

	2001
	
	

	2002
	
	

	2003
	
	

	2004
	
	

	2005
	
	

	2006
	
	

	2007
	
	

	2008
	
	

	2009
	
	

	2010
	
	

	2011
	
	

	2012
	
	

	2013
	
	

	2014
	
	

	2015
	
	


10. What is the minimum sample size you think you should have in order to include that data point in your analyses?  Provide rationale for your choice of minimum sample size.

11. For any years in which you do not meet the minimum sample size, delete the average earliest calling date from that cell (leaving the cell blank).  You can still evaluate the trend over time even if you have missing data.  

12. Why is it important to ensure sample size is adequate for all years when evaluating a trend over 20 years?

13. Create a scatterplot using average earliest calling date and years.  Add a trendline and the equation for the line.  

14. What is the rate of change (days/year) for the average earliest calling date for your species?  Is the trend for your species to call earlier or later in the spring?

15. What is the total change (in days) over the entire 21 year period (1995-2015) for your species?  Has your species shifted to call earlier or later in the spring?

It is widely accepted that amphibian emergence and onset of breeding behavior (i.e., calling) is dependent on weather conditions.  Temperature is important for amphibian physiology, and precipitation is important for ensuring habitat suitability at wetland breeding sites.  While both temperature and precipitation influence  amphibian breeding, temperature more strongly influences the timing of the onset of calling behavior, or phenology (Ficetola and Maiorano 2016).  Using the data for average spring temperatures (1995-2014), produce a scatterplot of your species average earliest calling dates.  As the temperature data are not available for 2015 from our data source, you’ll have to limit this analysis to 1995-2014 (i.e., exclude the amphibian calling data point from 2015).

16. Which variable (temperature or calling date) is the independent variable?  Which axis should this be plotted on?

17. Which variable (temperature or calling date) is the dependent variable?  Which axis should this be plotted on?

18. Create your scatterplot and add the trendline and equation for that trendline.  

19. What is the rate of change (days/degree) for your species?  How would you generally describe the relationship between calling phenology of your species and mean spring temperatures?

Now it’s time to put it all together!  Gather your scatterplots and data for the following and look at them together:

· Long term temperature trend for Minnesota (1900-2014)

· Short term spring temperature trend for Minnesota (1995-2014)

· Calling phenology over time for your amphibian species (1995-2015)

· Relationship between average spring temperature and earliest calling date for your species (1995-2014)

In your group, discuss and answer the following questions.  For each question, make sure you not only describe the relationship between the variables and the trend that is evident on your figures, but also include the mechanisms (reasons) that account for or explain these relationships.  In other words, your answers should include both explanations of “what” and “why” as you evaluate your data.  You are encouraged to include references and citations in your explanations, as you compare what you found in your analyses to what is in the literature.

20. Summarize the long term temperature trend for Minnesota (1900-2014).  How would you describe what’s happening to temperature over time, and what factors are responsible for this?

21. Summarize the short term temperature trend for Minnesota (1995-2014).  How does it fit within the context of the longer term trend (discussed in the previous question) and what are your speculations for the future?  What is the value of evaluating temperature in longer versus shorter time scales?  What do we need to be careful about or keep in mind when looking at data and trends over short time periods compared to long term trends?

22. How has breeding phenology (the average earliest date calling is detected) changed for your species from 1995-2015?  What factors influence this or are responsible for this?

23. How does temperature influence the date of earliest detected calling in your species?  Explain the biological mechanism for this relationship.  

24. Do your data come together to tell a coherent story?  In other words, think about the relationship between spring temperatures and calling dates for your species.  Do the trends for both temperatures over time and calling phenology over time match this relationship?  Explain any similarities or differences in your data thoroughly.

25. Let’s look ahead into our crystal balls another 20 year – or maybe even another 50 or 100 years.  What are your predictions for your species in the context of temperature and calling phenology in Minnesota?  Provide reasoning and rationale for your predictions, and explain the biological significance and conservation implications of your predictions.
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5. Faculty Notes: 

Prologue:

This section is intended to either be done as a “work-together” kind of tutorial during class; it can also be assigned as homework to introduce or precede the climate change exercise.  For many students, this serves as a refresher, and for others, they are manipulating data in a way they have never done before.  The instructions are very specific and include screenshots, with the intention that students should be able to follow them independently, with little need for outside guidance.  You may choose to assess their responses to the short answer questions and figures they produce, or simply use this as an introduction or refresher to set the stage for implementation of the climate change and phenology module.  

Part 1: Temperature and Precipitation Patterns

This section can be done within one three hour laboratory period. Depending on time management and student preparation, there may be time to spare – or students may need to finish the activity as homework.  As written, students individually (or in pairs) go to the website interface and download the data for one of the 33 climate stations in Minnesota and then work through producing scatterplots with trendlines to evaluate trends, rate of change, and overall changes in temperature and precipitation both at an individual climate station, as well as comparing that individual climate station to the entire statewide dataset.  The intention for comparing a single climate station to the statewide averages is so that students can see the value of increased sample size, as well as appreciate the differences in temperature and precipitation throughout our state (there’s quite a difference in temperature and precipitation in different parts of Minnesota, given the latitudinal differences from north to south, and the precipitation differences from east to west that also result in three different biomes represented in the state.  If time or instructor preference dictates, the investigation of data and patterns from individual climate stations can be omitted, and then just focus on the statewide patterns in temperature and precipitation.  Assessment for this activity can include evaluation of figures produced by students (they will produce at least four, and as many as eight scatterplots with trendlines, depending on how you choose to structure the activity).  There are also 20 fill in the blank and short answer questions interspersed throughout the activity that students can and should answer.  
Part 2: Temperature and Amphibian Phenology 1995-2014

This section should also be able to be completed during one three-hour laboratory period.  Alternatively, based on students’ experience completing the prologue and Part 1, it could be assigned as homework to be done independently or collaboratively outside of class, and then data compilation, discussion, and/or presentation of results could be done after Part 2 is completed by the students. Student begin by revisiting the web interface to download temperature data, this time downloading monthly data and then using Excel functions to organize and manipulate the data so that they can calculate average temperatures for each year (1995-2014) for only the spring months (February-June) that influence amphibian calling and breeding.  Alternatively, the data have been downloaded and compiled, and the spreadsheet with data for spring temperatures for each of the 33 climate stations in MN can be provided for students, to save time and the data download and preparation process.  Students will use the experience from producing scatterplots, adding trendlines, and evaluating rate of change and total change in spring temperatures from 1995-2014.  The data for earliest detected calling dates for each species of frog and toad have been prepared from the NAAMP.  Crickets frogs have not been detected by NAAMP surveys, and although there are some data (but inadequate for analyses) for Bullfrogs and Pickerel frogs included with the module, these three species are omitted.  Additionally, data for the two species of gray treefrogs have been combined, because trained volunteers cannot reliably distinguish between these species.  After doing a little background research about distributions and natural history of Minnesota frogs and toads, students formulate their hypotheses and predictions so that they can work collaboratively in groups on one of the remaining ten species to determine whether there is an association between temperature and date of earliest calling, and also whether there have been shifts in calling phenology that can be associated with climate change.  Students work to compile data on their chosen species, evaluate sample size (and omit data that does not meet sample size requirements), construct multiple scatterplots, evaluate rates of change and trends, and integrate the analysis with the long term temperature data from the previous part of the activity.  For the plots in the Faculty data files, I have omitted data points when n<3. Assessment can be done using submitted copies of plots produced (students should create 3 scatterplots with trendlines for this part of the activity), answers to the 25 embedded thought/discussion questions in the activity, and/or formal scientific communication (oral presentation, poster presentation and/or completed scientific paper).  Students will find that the patterns are not consistent or predictable among the various species, and in some cases tell some very interesting stories.  For example, the long term trend for temperature is a clear increase over time (1900-2014), but in the short term, temperatures actually decrease from 1995-2014.  American Toads are shifting to calling earlier over time (1995-2015) and their calling dates are influenced by temperature (earlier calling dates with warmer temperatures).  But the short term temperature data shows a decrease in temperature and shift to earlier calling by American Toads (students would likely predict that toads would call later if temps decreased, but that’s not what the data show!).  This should lead to a very engaging discussion about the importance of long term trends and lag time in biological responses.  Another important discussion point is data points that may be outliers and that may exert strong influence on trends.  As presented, the data analyses are just very simplistic trendline and rate of change analysis.  The intended audience for this module is introductory biology or nonmajors environmental science.  The data analyses could be adapted for more advanced students to include statistical tests of correlation and/or simple linear regression. Each of the Faculty data files includes the completed calculations, as well as the scatterplots with trendlines (and line equations).  The student files include only the data (earliest detected calling date for each year for each route).  Sample size differs for some species, and there are two ways to look at that: (1) omit species with smaller sample sizes (e.g., Great Plains Toad, Canadian Toad) (2) use the differences in sample size, along with the relationships (and strength of those relationships) to illustrate the importance of sample size in ecological data sets.
Figure 2: Average Annual Precipitation in Minnesota, 1895-2007





Figure 1: Average Annual Temperature in Minnesota, 1895-2007





Figure 3: Climate Stations at 33 locations throughout Minnesota. Source: U.S. Historical Climatology Network








