Map of Life and Future Species Range Shifts				Name:
Today, you use the Map of Life online tool to think about tolerance ranges for animal species and how global chance may alter the distribution of a species. Map of Life endeavors to provide ‘best-possible’ species range information and species lists for any geographic area (Powers and Jetz, 2019). Map of Life assembles worldwide species distribution data, including; species range maps, species occurrence points, ecoregions, and protected areas. 
Learning Outcomes:
· Explore and learn the possible factors that influence the distribution of animal species
· Evaluate and report several ways in which temperature regulates the range of an animal species
· Diagnose and report the potential impacts of climate change scenarios on bird species with contrasting habitat requirements
PART 1:
First, you will examine an animal species of your choice whose distribution overlaps with your campus. On your computer, navigate to https://mol.org/. Click on the ‘Species by location’ tab and navigate to state your campus resides. You may have to enter your state’s name into the political boundary search bar. Examine the species list and choose one that interests you. Read the pop-up information regarding your species choice then click on ‘View Detailed Info’. You should be taken to the ‘Detailed Map’ tab, which will show the range (green) and the locations of measured occurrences (purple boxes). Be patient, it can take a few seconds to load. It helps to zoom in on the map. 
The distribution of any species can be determined by a variety of factors. Often, the broad potential range of a species is determined by its thermal tolerance. One quick way is to assume that a North-South latitudinal gradient defines a temperature range for a species.  Therefore, we can deduce the thermal tolerance information we need from the total species’ range on Map of Life. Using Google Maps, find a city near the northern and southern limits of your species’ range. Using these cities, browse the web to find the average maximum and minimum temperature (C°) for the edges of your species’ distribution. We can call these the critical thermal maxima (CTmax) and critical thermal minimum (CTmin).
Species: 
CTmax:				CTmin: 

Now, find the average annual temperature for a city in the middle of the distribution, and let’s assume this is the optimum thermal environment for our species (Topt). Let’s also assume that your species has been spotted on you campus.  So, also find the average annual temperature for our local habitat (Thab).
Topt:				Thab: 

A species operative warming tolerance (OWT) represents the potential ‘wiggle room’ a species has from its maximum thermal limits.  We can calculate the OWT by measuring the difference between a species' maximum tolerance to heat (CTmax) and the average air temperatures it regularly experiences (Thab). We can also calculate how far a species is living outside of its optimum thermal range.  This thermal safety margin (TSM) is calculated as Topt – Thab. 
Calculate each metric for your species:
OWT: __________________
TSM: __________________
These metrics allow us to evaluate species risk under environmental change. If future climate warms (or cools) within our species’ distribution, then the OWT and TSM allow us to evaluate the local extinction risk of a certain population or possibly the species. 
Question 1: Why does the overall size of the species range matter when we are considering OWT, TSM and future climate?






Question 2: Is your species an endotherm or an ectotherm (look it up if you don’t know what this means)? Why does this matter when considering climate related changes to species ranges? 






PART 2:
Map of Life uses global decade land-use projections (up to 2070) for a range of shared socioeconomic pathways.  These pathways (SSP) combine different future climate scenarios (RCPs) on one axis with shifts in socio-economic conditions (human population, urbanization and economic development) on the other. Map of Life uses this information to evaluate potential losses in suitable habitat for a species’ total range and their extinction risk.
Let’s examine how different integrated global change scenarios (SSP’s) will affect species ranges of 3 North America bird species with different habitat requirements.  First, we have the Cooper’s Hawk which has a wide distribution and broad habitat requirements (a common urban bird of prey!). Second, we have the Bald Eagle which has also has a large distribution but is located in fewer habitats than the Cooper’s Hawk (no managed or agricultural lands).  Last, we have the near threatened Spotted Owl whose range is limited to the US west coast and is only distributed among densely forested habitats.
Question 3: The ‘rocky road’ global change scenarios include human’s failure to mitigate climate forcing while doing little to curb agricultural expansion, slow down population growth and limit urban expansion. Under this ‘rocky road’ scenario, what changes (if any) would you predict in the ranges for each of these flying animals in ~50 years?  






Now, click through two global change scenarios for each species. On the home screen, enter a species name and then click on the ‘Projection Landuse’ tab.  The map that is first loaded is the current distribution. Scroll to the bottom and pay special attention to the specific type(s) of suitable land-cover for each species. Take some notes on the size of the current suitable habitat range. Change the projected year to 2070 and run the SSP1 and SSP3 predictions. SSP1 predicts a ‘sustainable’ future for both climate and socio-economic factors, while SSP3 is the ‘rocky road’ projection.  Take notes on patterns in suitable habitat through time.  You can evaluate both either ‘No-regain’ or ‘Regain’ for habitat. With “Regain” a species would be able to re-occupy habitat that was at some point in the future lost (2030), but later came back (2050). Be patient, these projections can be pretty slow! Remember to always zoom in on the map. 
NOTES on habitat ranges for each species:







Question 4: How did the results your ‘rocky road’ projection compare to your prediction? Was the magnitude of habitat change what you expected?







Question 5: Did you see any improvement in suitable habitat for a species under SSP1?  If so, evaluate why this likely occurred. (Hint: pay attention to the type of suitable land-cover for a species)







Question 6: Do you think Map of Life is a reasonable tool to make policy decisions on species conservation? Why or Why not?






Broadly, there are several ways animals may mitigate the negative effects of environmental change:
· Adaptation: shift in genotype and phenotype over generations in response to prolonged environmental pressure
· Acclimation: an individual’s physiological response to environmental change (reversible)
· Behavioral modifications: e.g. shifting daily activities to a more optimal period of the day. 
· Dispersal: movement of individuals to new location
Question 7: Let’s think about the about the future of the near threatened Spotted Owl.  Remember that these projections do not assume any change in the species, only their environment. These owls live ~10 years, mate once a year and have small clutch sizes of 1-4. Juvenile spotted owls reach maturity in 1 year but usually do not mate until they are 5 years old. This means that the generational time for spotted owls is ~5 years.  If this species is going to survive under global change in the next 50 years, something is going to have to change.  Which type of species mitigation would most likely need to place for this species to persist? Justify your answer.
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