Climate Change and Phenology:
Evaluating Temperature, Precipitation, and Calling Frogs and Toads in Minnesota
Part 2: Has Breeding Amphibian Phenology Shifted in Recent Decades?
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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:

	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)
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	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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