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Instructor Notes


Theoretical Framework, Research Question and Hypothesis Development
Before students can develop hypotheses or research questions, instructors need to determine which theoretical framework they will use for this exercise. Here we provide three alternative theoretical frameworks and corresponding research articles that instructors can select from to help students develop research questions or hypotheses. Instructors may want to assign readings before the data analysis is done in class. The data analysis and figure construction sections described below can be used for all three frameworks.
 
A.  General Research Questions:  
The most general approach to these data would be to have the student compare whether species composition appears to be changing among the sites.  

Possible Research Questions
Is there evidence that species composition is changing at any one site?  Is there evidence that species composition is changing across sites in the same way?
        	
Background Reading
The instructor should review with students the key background concepts of species composition, how canopy trees are dominant and structural species in forest communities, and that canopy trees have larger diameters (concepts included in student instructions). The instructor could assign Elliston et al. 2005 to reinforce these concepts.
 
Elliston et al. 2005. Loss of foundation species: Consequences for the structure and dynamics of forested ecosystems. Frontiers in Ecology and the Environment 3:479-486.
This review article introduces/reinforces the concept that species affect other species/habitat can occur in functional categories: foundation species, core species, dominant species, keystone predators, structural species, and ecosystem engineers. The instructor could steer students to think about oaks as structural or dominant species. Students can then use these concepts to consider how shifting species composition and structure alters forest ecosystem function.

Interpreting Results
        	Instructors can use the same interpretation outlined below in the failed oak regeneration (Framework B), focusing not on oak and red maple, but rather what the most abundant large trees are in each forest location. Are these abundant large tree species likely increasing or decreasing in abundance, and which tree species may be replacing them?
        	
B. Failed Oak Regeneration
Prominent in the forestry literature are the concepts of “failed oak regeneration” and the increase in red maple abundance (Abrams 1998, Collins and Carson 2004). Oaks have higher economic value and arguably greater ecological value then maples. Therefore, many researchers have focused on examining this shift in species composition, possible causes, and management solutions (Iverson et al. 2005). Using species composition figures from each site separately, we can see if there is evidence that species composition may be changing.  

Possible Research Question
 	Is red maple replacing oak in the forest canopy of four different forests?
To address this question we can use the assumption that the abundance of any one canopy species is
1. stable if the abundance of that species is relatively the same across diameter classes
2. decreasing if there are a lot more large diameter trees than smaller diameter trees
3. increasing if there are a lot more smaller diameter trees than large diameter trees. 
 
Background Reading
To introduce the concepts of failed oak regeneration and the increase in abundance of red maple in eastern forests, I assign the following papers.  I divide the class into three groups.  Each group reads one paper.  In class, each group discusses their paper to make sure they understand the main points as it relates to oak and red maple abundance.  Then the groups reform such that there are students who are experts on each paper in each group and they teach their paper to the other students.

Abrams, Mark 1998. The Red Maple Paradox: What explains the widespread expansion of red maple in eastern forests? BioScience 48:355-364.
The article describes the pattern of increasing red maple in eastern forests and suggests that phenology and physiology makes this species a super-specialist - it can thrive in many conditions. The evidence is circumstantial but does a good job at laying the groundwork for students. This review contains a lot of information and uses some forestry terms that students may not be familiar with.
Collins, R and W. Carson. 2004. The effects of environment and life state on Quercus abundance in the eastern deciduous forest, USA. Are sapling densities most responsive to environmental gradients? Forest Ecology and Management 201: 241-258.
The authors conduct a review and an observational study of which site conditions and demographic factors are correlated with the abundances of oaks across life stage. The upshot is that sapling-sized oaks abundances (tomorrow’s adults) are not correlated with today’s adult abundances. This study suggests that the relative abundance of oaks in oak forests will decline in the future because of a lack of juvenile oaks.
Iverson, L, T. Hutchinson, A. Prasad and M. Peters. 2005. Thinning, fire, and oak regeneration across a heterogeneous landscape in the eastern U.S.: 7 – year results. Forest Ecology and Management 255: 3025-3050.
This primary literature article reviews the case for failed oak regeneration then demonstrates through experiments that fire reduces the relative abundance of red maple and promotes the relative abundance of oaks. Thus, one explanation for the replacement of oaks with red maple in eastern forests is fire suppression.
 
Interpreting the results:
Timberview Plots:  This is an oak forest.  The three most abundant large diameter trees are black, white, and chestnut oak.  There are very few intermediate and small diameter oaks suggesting that these oaks are not replacing themselves in the canopy.  Red maple has higher abundances of intermediate and small diameters than large diameters suggesting that red maple is increasing in abundance here.  So to address the research question:  Yes it appears that red maples are replacing oaks
Macalester College Plots:  This is also an oak forest with northern red oak as the most common large diameter species and the four most abundant large diameter species are all oak.  Like Timberview, there are few intermediate and small diameter oaks suggesting that oaks are decreasing in the canopy.  There are no red maple in this forest so red maple is not increasing.  Instead American elm and black cherry have many more intermediate and small diameter trees compared to large diameter trees suggesting that these two species are increasing in abundance.  So to address the research question: Yes it appears that oaks are being replaced, but they appear to be being replace by black cherry and American elm, not red maple.  Therefore, an increase in red maples is not occurring everywhere in eastern forests.
 	Colby College Plots:  This is not an oak stand.  Aspen is the dominant large tree in this forest far outnumbering other large diameter trees.  Northern red oak has many more small diameter trees than large diameter trees so it appears to be increasing in abundance in this forest (along with white ash).  Red maple may have just started to invade this forest, it has some small diameter trees.  So to address the research question: Is red maple replacing oaks?  No, this is not an oak forest, northern red oak appears to be increasing in abundance, and red maple may also be increasing but is a much less common species.  Time will tell if red maple replaces oaks in the future but it is not right now.  Northern red oak appears to be regenerating well, therefore northern red oak is not failing to regenerate everywhere. 
 	Bennett Springs Plots:  This is also not an oak forest but rather a mixed mesophytic, earlier successional forest, with white ash, Virginia pine, and sycamore as the most abundant largest diameter trees. White ash appears to be replacing itself because all diameter classes are of similar abundances.  The most abundant smaller diameter trees are redbud, dogwood, witch hazel, eastern hophornbeam, and blackhaw.  All of these are midstory species that will not reach the canopy, therefore they will not replace any of the canopy trees.  Northern red oak has low abundance at this site, but has more small diameter trees than large diameter trees suggesting that it may be increasing in abundance.  Red maple is the fifth most abundant canopy tree and has higher abundance of intermediate and small diameter trees than large diameter trees suggesting that it is increasing in abundance.  So to address the research question: this is not an oak forest, red maple is increasing, but may not be replacing the most abundant large diameter tree because it (white ash) seems to be replacing itself.  Oak is a minor component this forest community and likely will remain that way. 
 
C. Ecological Succession in Forests
These data can be used to explore ecological succession in forests tree species.  The section on succession in the background will give students a great jumping off point.   It is certainly true that many factors influence successional patterns and prominent among them are past land use history, disturbance history, and abundance of white-tailed deer. The effect of land use history on succession means that different forests even if they are close together may have a different successional dynamics.  This can make succession seem site specific and idiosyncratic. Nonetheless, there are mechanisms that drive succession and even through the noise of land use history and other factors, we can still see a predictable replacement of tree species over time.   In the eastern deciduous forests and in some tropical wet forests, the mechanisms that often drives forest succession is shade tolerance.  Tree species differ in the degree to which their seedlings and saplings can tolerate shade.  Therefore in early secondary succession forest are dominated by species whose seedlings can grow fast in high light.  When the adults grow up and shade the understory, the seedling and sapling layer will become dominated by species whose seedlings can tolerate some shade.  In late successional forests the most abundant tree species tend to be those whose seedlings can tolerate shade and wait for a small disturbance or a canopy gap opening to then grow to fill the gap and reach the canopy.  Therefore if a forest were undergoing succession via shade tolerance, we would expect that if the most abundant large trees are either early or intermediate successional species that there would be few small trees of that species.  And we would expect that the most abundant small trees would be later successional species.  If some other mechanism is operating, than we might see intermediate trees species being replaced by other intermediate tree species, for example. 

Possible Research Question/Hypothesis
· Are the four forests all exhibiting a shade tolerance model of succession?
· In all four forests, early successional species will be most abundant in the large diameter class and later successional species will be the most abundant species in the small diameter class because late successional species have seedlings that are more shade tolerant.  

Interpreting the results
Timberview Plots:  The three most abundant large diameter trees are black, white, and chestnut oak, which are generally intermediate in shade tolerance and successional stage.  Red maple has higher abundances of intermediate and small diameters than large diameters suggesting that red maple is increasing in abundance here, which is also intermediate in shade tolerance.  Therefore it does not seem like the shade tolerance model of succession is operating here.  
Macalester College Plots:  This is also an oak forest with northern red oak as the most common large diameter species and the four most abundant large diameter species are all oak. American elm and black cherry have many more intermediate and small diameter trees compared to large diameter trees suggesting that these two species are increasing in abundance.  So here again we have an intermediate shade tolerance and successional stage species that seems to be being replaced by two other intermediate shade tolerant and successional stage species.  Therefore, the species composition at this forest does not support the shade tolerance model of succession. 
 	Colby College Plots:   Aspen is the dominant large tree in this forest far outnumbering other large diameter trees.  Northern red oak has many more small diameter trees than large diameter trees so it appears to be increasing in abundance in this forest (along with white ash).  Because aspen is an early successional species and northern red oak and white ash are intermediate successional species, then this forest does appear to be following the shade tolerance model of succession.  
 	Bennett Springs Plots:  White ash, Virginia pine, and sycamore are the most abundant largest diameter trees. White ash appears to be replacing itself because all diameter classes are of similar abundances.  The most abundant smaller diameter trees are redbud, dogwood, witch hazel, eastern hophornbeam, and blackhaw.  All of these are midstory species that will not reach the canopy, therefore they will not replace any of the canopy trees.  Red maple (another intermediate successional stage tree) may be increasing in abundance as well.  Therefore, this forest does not appear to be following the shade tolerance model of succession.  
	So, what does it mean that we only find evidence for a shade tolerance model of succession in one of three forests?  Likely because some other factor is playing a stronger role in determining changes in forest dynamics.  Students could speculate on what those might be based on papers they read or other lecture materials the instructor builds in.  
In recent decades, ecologists have been moving from an equilibrium view of ecology (shade tolerance model)  to a non-equilibrium view. During this transition there has been a range of views on ecology and how ecological information can best be used to support good environmental management (Moore et al. 2009). The type of questions that can be asked in the context of this laboratory exercise are thus timely and reflective of the current research in ecology. 

Data Analysis
        	Having each student create a species composition figure for each of the four sites may be tedious for the students.  Consider whether you want each student to choose (or your assign) two sites to do.  Or consider having four students work together where each student does one species composition figure that they all share. 
	Instructors may want to give students a pep talk about quantitative analyses along the lines of :  Learning new quantitative skills can be hard and it can be frustrating.  But such skills are very important in this day and age.  Step by step instructions are a great way to learn new techniques, but they still can be challenging the first time through. Ask for help and keep a positive attitude.  Commonly when researchers analyze data they end up having to go back and start again because of mistakes or technical problems.  It is part of the process.  Here are some suggestions for smooth data analysis: rename and save your data file when you first download it, save it often, read several steps ahead, then go back and do those steps, and when you figure out how to do something make a note to yourself in the margins of this document. Also know that these instructions are written for a current PC version of Excel. Your version may be different, but should have the same functionalities that are in these instructions. You may need to look for some functions in different places.
        	These instructions are written for the student who knows some basics about Excel (how to move between worksheets, how to copy and paste).  They are also written so that students will have to figure some things out.  Students with a lot of Excel experience will move quickly; those with less experience will likely need more help. 

Interpreting Results
Figure 5 is showing both failed oak regeneration and shade tolerant succession.  This is an oak stand with the most abundant large trees being: white, northern red and northern pin oak.  There are relatively fewer intermediate or small oaks compare large oaks, although there are just as many intermediate white oaks as red maples.  The most abundant small diameter species are red maple and sugar maple.  Therefore it appears that red maples are replacing oaks (failed oak regeneration) and that sugar maple are replacing oaks (shade tolerant succession).  These data a not clear cut which is typical in ecological data but we can see apparent patterns.  

Assignment
This exercise lends itself well to having the students turn in the figures that they made using the format that you assigned and writing a two or three page interpretation, where they interpret their results in terms of the research questions/hypotheses that they developed in the beginning.  They can bring in information from the articles that they read to help support their interpretation.  In doing so hopefully they will articulate their understanding of the forest dynamic concepts that you focused the lab on. 
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