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Name _____________________________					Date __________
Why does diversity matter?
Part 1:  Use this handout to brainstorm the ecological consequences of removing the tree(s) from your schoolyard plot, as described in the scenario given to you by your teacher.  You can have multiple consequences!  Then, use the additional spaces to take notes on the changes explained by the other groups in your class.  
	Tree(s) that will be removed from your school plot
	Ecological consequences you are sure about
	What else would you like to know in order to understand all of the ecological consequences?

	Example: White oaks
	Oak trees retain nitrogen, and if they are cut down, this nitrogen will enter the local waterways.  
	I would like to know whether the trees are going to be replaced by something else.  
I would like to know how the amount of light will change with the oak trees gone, and how that will affect the soil organisms.  

	












	
	

	











	
	

	














	
	

	














	
	

	












	
	




Part 2:  Ecosystem Services
Trees provide numerous benefits for all living things, but some scientists have begun to study the actual monetary value provided by trees.  These are called “ecosystem services”, which are positive benefits that ecosystems provide to people (for free!).  For example, ecosystems provide us with food and water, control the climate, pollinate our crops, and clean our water.  Below are some common trees found in Northeastern forests, which have been allowed to grow for ten years, and the annual value they provide to an office building in New York State.  All of these trees are the same size (20”DBH), are in full sun, and are in excellent condition.  
	Tree species
	Stormwater benefits
	Winter energy savings
	Summer energy savings
	Air quality benefits
	Carbon storage

	Northern red oak
	$22.75
	$13.39
	$2.46
	$0.08
	$1.70

	Sugar maple
	$19.39
	$12.30
	$5.06
	$0.06
	$1.61

	Black cherry
	$8.15
	$21.17
	$1.96
	$0.03
	$3.14

	White pine
	$19.62
	$42.36
	$2.13
	$0.04
	$1.96

	Black walnut
	$24.32
	$13.39
	$2.46
	$0.08
	$3.32

	Eastern hemlock
	$14.29
	$46.87
	$3.85
	$0.08
	$1.11



Based on this information only, which tree would you plant in order to:
1. Reduce the impacts of storms?  ________________
2. Save heating costs in the winter?  _____________
3. Save cooling costs in the summer?  ______________
4. Store the most carbon?  _____________
5. Based on this information, why might you advise someone to plant a variety of trees around their home or business?  Describe the multiple benefits trees can provide.  
	









Part 3:  Use the graphs to answer the questions.  
Growth strategies
Below are two graphs of the same four tree species that are common in the Northeast. All of the trees in the carbon storage graph are the same size – 22cm DBH.   Trees that store more carbon also remove more air pollutants.  All of the trees in the height graph have been growing for 10 years.  
    
a.  Which type of tree stores the most carbon?  _________________
b.  Which type of tree stores the least carbon?  _________________
c.  Which type of tree grows the tallest after 10 years?  _______________

You are the head of the Parks Department for a large urban city.  As part of your city’s effort to reduce pollution and improve the city’s beauty, you have committed to planting 5,000 trees.  Your boss would like to see trees planted that grow quickly, since this would offer residents more shade and cooler temperatures in the summer.  Use the information above to explain which trees you would like to plant and why.  Explain what additional information you would like in order to be more comfortable in your decision.  

	

















Decomposition
There are many different kinds of trees in the forests of North America; below are some common species and the amount of weight loss that occurred after their leaves had been left to decompose for three months (Voigt, 1965).  


a.  Which type of tree lost the most leaf litter weight in three months?  ___________________
b.  Which type of tree lost the least leaf litter weight in three months?  ___________________
c.  You have read that forest amphibians, like spotted salamanders, like lots of leaf litter.  Based on this information only, which three types of trees would you plant in a forest so that the salamanders are sure to have a lot of leaf litter around?  

___________________		___________________							
__________________

d.  However, you also know that some leaf litter, like that from conifers, is very different from deciduous trees.  You find the information below about eastern red-backed salamanders and how leaf litter type affects them:  

Based on this information, you have to make a decision about reforesting a vacant area next to your school.  It is 22 acres large, and used to have a lot of vernal pools, so you think that you might have salamanders and other amphibians in the future.  Your school administration wants to plant trees like pines and cedars, because the trees will be green all year round.  Explain what kinds of trees you would plant to encourage amphibians to use the area, and why.  Then, explain what additional information you would like in order to be more comfortable in your decision.  


	















Herbivory
[image: ]Your city wants to reforest a large park.  The city manager has suggested planting Norway maples, based on the information below.  He says that Norway maples are much more likely to survive, and much less likely to be eaten by insects (data on left are from Martin, P. H. and C.D. Canham, 2010; data on right are from Schindler & Gessner, 2009).  

However, there are a number of problems with Norway maples.  Since they grow so quickly, their shade out-competes native plants and reduces the diversity in the forest (see the graph at left from Wyckoff and Webb, 1996).  
In another study, native saplings were 30% shorter beneath a canopy of Norway maples (Galbraith-Kent & Handel, 2008).  Norway maples also don’t offer the ability to make maple syrup, which some area residents are interested in doing.  
Make an argument, using the information provided and your knowledge of trees, on how you would like to reforest the park, and why.  Explain what additional information you would like in order to be more comfortable in your decision.  
	








Dispersal
Trees produce seeds in order to reproduce.  Seeds that remain close to the parent tree often don’t survive, due to shading from the parent plant, or lack of nutrients, or competition with other seedlings.  For example, here is a graph showing the survival rate of seeds dropped by the cumala (Viorla nobilis) tree (from Howe, 1993b).  

a.  Should you plant a seed close to or farther away from the parent plant?  Why?  
	





b.  Seeds that are heavy have different survival rates than lighter seeds (data from Busso et al, 2005).  

Should you plant a lighter or a heavier seed if you want your tree to survive?  
	





c.  Sometimes the seeds are inside of a fruit or encased inside a hard shell, or attached to a “wing” (graph at right from Augspurger & Franson, 1987).  There are many factors that affect whether a seed will survive and germinate or not; weight is just one of those factors.  




Which type of seed is more likely to remain closer to the parent tree, heavy or light seeds?  What might explain this?    
	




d.  To summarize, circle the answers that make these statements correct:
Seeds that are heavy/light and close/far away from the parent are most likely to survive.  But, heavy/light seeds are more likely to disperse far away from the parent plant.  
e.  Now, you have to decide which trees to plant in order to reforest a piece of property next to your school.  Your school doesn’t want to spend a lot of money, so they are hoping to purchase trees that will naturally disperse.  Decide, using the list below, which trees you will plant, and why.  Explain what additional information you would like in order to be more comfortable in your decision.  
	Tree name
	Seed weight
	Distance 50% of seeds will travel from parent 

	Northern red oak
	0.5g
	5m

	Sugar maple
	0.01g
	20m

	Cottonwood
	0.001g
	10m



	







[image: MalePhoto by RobVaasse, The Netherlands, May 2003]Phenology
The European pied flycatcher (photo at right) has declined by 90% in the Netherlands, and researchers believe it is due to the fact that their food source (a caterpillar) has hatched 16 days earlier and is no longer available when they arrive from their migration (Both, 2006).    

In New York, short-distance migrants are now arriving 12 days earlier in the spring (Butler, 2003).  The ruby-throated hummingbird is arriving, on average, ten days earlier now in Dutchess County, NY, then it was in the late 1800s (Vitale & Schlesinger, 2011).    
[image: ]
You are the manager of a nature park, and the hummingbirds are a great draw for area residents who come and watch them feed every year.  You know that hummingbirds prefer to feed on the nectar of red or orange flowers like honeysuckle, jewelweed, and bee-balm.  Beebalm is a plant in the mint family (Lamiaceae), and these plants are flowering an average of 7 days earlier (Willis et al., 2008).  Honeysuckle and jewelweed are not flowering earlier.  You wonder if you should plant trumpet creeper (a native that some people say is flowering earlier), or Japanese honeysuckle (an invasive that flowers early enough for the birds).  Based on all of this information, what plants would you focus on preserving in your park, and why?  Explain what additional information you would like in order to be more comfortable in your decision.  
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Norway maple 	1-year olds	2-year olds	3-year olds	3000	1000	11450	Sugar maple	1-year olds	2-year olds	3-year olds	4250	250	0	
Number of seedlings per 30cm DBH parent tree


Number of species	Norway maple	Sugar maple	Beech	3.2	4.5999999999999996	4.8	
Average # tree species/8m^2
Survival at 12 weeks	0	5	10	15	20	25	30	35	40	45	50	0.2	1.8	2.2999999999999998	2.8	3.1	Distance from tree (m)
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% germination
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Percent seeds dispersed
Honeysuckle	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	138	139	141	135	138	139	142	137	138	140	Jewelweed	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	134	132	130	133	131	135	130	132	133	135	Beebalm	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	124	125	122	123	121	120	119	117	115	114	
Julian Date Bud Burst


Northern red oak	Willow	Sugar maple	White oak	1063.8399999999999	123.6	1007.52	714.64	
Carbon storage in kg 

Northern red oak	Willow	Sugar maple	White oak	15	23.333333333333222	20	10	
Height (ft) in 10 years

Decomposition After Three Months
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