Modeling parasitic insect infestation: 

Hemlock health and infestation by hemlock woolly adelgid, Adelges tsugae
Abstract: 
Hemlock Woolly Adeglid (HWA) [if you are going to use an acronym, you need to define it the first time you use it] is an invasive insect from Asia that is having a dramatic impact on the populations of Eastern Hemlock in the eastern United States.  Although general patterns in infestations have been noticed, any attempts to predict specific behavior [not clear what you are including in “behavior” – insect behavior, spread dynamics in a single tree, through a forest, etc.] have been unsuccessful due to the complexity of factors that affect hemlock growth and HWA population dynamics.  This model presents a basic system of HWA infestation and allows analysis of the effects of varying some conditions such as HWA reproduction rate, average immigration rate, and hemlock growth rate.  Although this model is a very simplified version of an actual HWA infestation and presents only essential factors in hemlock growth and HWA population dynamics, it is a useful educational tool and can be the basis for further expansion and research. [Were you able to come to any conclusions other than the fact that this model might be a useful educational tool?]
Background: 
Hemlock woolly adelgid, Adelges tsugae, is an Asian-native insect first found in the U.S. in the 1950’s in Richmond, Virginia. It has since spread throughout most of the hemlock’s (Tsuga Canadensis) native range, extending in the southern U.S. to Georgia and northern states to Vermont. HWA is transmitted between hemlocks via wind, animals, and humans (McClure 1990). Individual hemlock mortality has been observed in as little as four years after infestation.  In New England stands can survive for as long as 12-15 years (Koch et al. 2006 and Mayer et al. 2002). HWA feed off ray parenchyma cells at the base of the hemlock needles, exhibit a preference for new growth, and reproduce parthenogenetically (McClure 1995). 
Several factors affect the severity of infestation and the rate of hemlock response. In particular, the availability of new hemlock growth provides extensive resources allowing the HWA population to grow rapidly. This is observed as a spike in HWA population followed by a decline as tree health degrades. However, if the HWA population declines sufficiently, the hemlock may exhibit a period of slight recovery and production of new growth. This then allows the HWA population to rebound exhibited by a small, but significant population spike (McClure 1991). [no way out!] 
Large scale [?] Biocontrol for HWA has been unsuccessful; chemical treatments, while successful, are labor intensive and expensive, making them infeasible on a large scale. As a result current research is focused on tracking the death of hemlock stands and the landscape scale ecosystem effects on forest and stand composition and chemistry (Orwig et al 2002). Attempts have been made to predict patterns of hemlock mortality but have been unsuccessful due to the amount of compounding factors affecting both the adelgid life cycle and the hemlocks themselves.
STELLA and other system simulation programs can be a useful tool to understand complex population dynamics such as HWA infestation. However, there has been no model published to date. 
[Background information proves an excellent overview of the problem but it does not build a clear gap in knowledge that leads the reader to an understanding of the role of a model in solving a problem (either a research problem or an educational problem]
Objectives: 
-To understand the basic principles of systems modeling through the use of a simple interface. [This seems like an odd modeling objective.  The model should either educate or allow for research.  Creating a user-friendly interface could certainly be a sub-objective of creating an educational model, but it does not really serve as an overriding modeling objective]
-To begin to think about HWA population dynamics and hemlock response using computer modeling strategies. [“begin to think about” is vague]
Instructions: 
[Who is the target audience for this model?!  This needs to be defined.  What do you expect them to know?  What STELLA skills to you require?  What is the context in which this would be used?  What do you hope to teach them about HWA and about modeling?]
A. Basic growth of a healthy hemlock

An important step in building an understanding of the underlying mechanisms driving a complicated system can be to identify the behavior of the most basic form of the system in question [good]. In this model, that means examining the basic growth of a hemlock uninfested by HWA.  What factors could affect growth? Look at the Hemlock Biomass by Cohort sector in the model if that helps you.  Discuss your hypotheses with a classmate. Together, try sketching the growth of a hemlock on the first page of the graph pad in the top right hand corner of the model interface. Run the model with the Infestation Switch turned off (it will light up green if on) and Restore Default Values if you have inadvertently changed any of the values in the lower left hand corner. Did the model behave as predicted? How would you change your hypothesis for a future run? 
This model represents hemlock growth with a logistic growth equation. In its simplest form this equation is:

Growth=Growth Rate*Current Biomass*((Max Biomass-Current Biomass)/Max Biomass) 
This model requires a slightly more complicated equation including the variable Vigor. Vigor is a measure of overall hemlock health, determined by the ratio between Dead Biomass/Total Biomass. You can see this on the Equations layer of the STELLA file. The basic growth pattern, however, is the same. Why would Vigor need to be included in this equation? Does it affect uninfested tree growth?
After you are satisfied with your understanding of an uninfested hemlock’s growth pattern, proceed to the next step.
B. Basic hemlock response to an infestation.

As discussed in the abstract and background sections of this sheet, HWA affects hemlocks by feeding on phloem taken from ray parenchyma cells on the needles. Such infestation results in hemlock death by preventing photosynthate from reaching other parts of the tree. How would this behavior be exhibited by the amount of Total Live Hemlock Biomass? Again, consult with a classmate and sketch the behavior, either on the graph pad or a piece of paper. When you are satisfied with your hypothesis, run the model with the Infestation Switch turned on. Did the results match your predictions? Does the model represent different system dynamics if you run the model for a period of time and turn the Infestation Switch on during the run? How does it change?
Think again about the importance of Vigor to the Growth and Death equations. What would happen if it wasn’t included? 

 If you’ve run out of hypotheses that can be tested by turning the Infestation Switch on and off at different times, move on to the next section.
C. Building complexity into the system.

It’s clear that any real ecosystem, even the infestation of a single tree, is more complex than any computer model can be. However, through use of a model simulation program such as STELLA you can use simplified equations and forcing functions to create similar dynamics.  In the lower left hand corner of this model interface are some Values to Play With that will change system dynamics. 
As you will notice when you look at the model, HWA population is not a simple first order growth (only the current population times a single coefficient).  In reality, HWA that feed on new hemlock growth have higher reproduction and survival rates due to better available nutrients.  Similarly, the adelgids are not evenly dispersed across the available growth and feed preferentially on new or younger growth.  How is this accounted for in the model?  

Switch your graph pads to the comparative sheets (page two of the top graph pad and page one of the bottom) and think about what particular variables will do to the modeled system dynamics. Explanations of each variable are linked to buttons located below the various knobs and sliders available for you to consider. Initially, only change one variable at a time and return the model to default values before testing a new variable. 
Keep careful track of which variables you change in each run, and always remember to discuss hypotheses before running the model; careful prediction is crucial to building critical systems thinking skills.
Which variables have the greatest affect on the rate of Hemlock Biomass loss? Why does this make sense? Did some variables have less of an affect than you thought they would? How could the model be restructured so that other variables would be more or less important? [useful questions]
 If you are comfortable with the affects that single variables have, try predicting and observing additive affects of multiple variable changes.
Think about your assumptions as you were changing values of certain values.  What sort of data would you collect in the field to verify or refute these assumptions and hypotheses?  What other variables could be added to the system to more accurately model what happens in nature?  How? [More good questions]
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Summary: 

As described in our project proposal, we intended to create a research model based on data collected from literature that Christy has been using for her continued work with an HWA project after work at the Harvard Forest last summer. We found it difficult to convert between units, and often had to convert using arbitrary numbers (such as a conversion between hemlock branch tips and area in cm^2). Working within somewhat of a time crunch, we changed course and focused on making a heuristic model. However, the resulting model has elements that can be used for future production of a research model. The frustration of making a research model highlighted particular problems, such as effectively demonstrating accurate ratios of cohort-style growth of a hemlock and relating other factors such as soil nitrogen content to hemlock growth. These factors will have to be better understood to accurately model system dynamics.
[As I said at the start of the class, one of the greatest values of modeling is that it helps you figure out what you don’t know and forces you to confront the kind of data problems that you discovered along the way.  So this is bad, but also good that you had this experience]
Hemlock growth was modeled as a first-order logistic growth function with an added Vigor converter to mediate hemlock growth rates. [This general approach of starting with basic formulations and adding a bit of situation-specific complexity is a very sensible approach] This converter was included because infestation results in a loss of Total Biomass, which in turn results in an increase in Hemlock Biomass Accumulation. This behavior of increased growth makes neither intuitive nor empirical sense. The Vigor converter also mediates the retention of old growth, as decreasing tree health diminishes a hemlock’s capacity to maintain old growth.
Initial values for the distribution of hemlock canopy biomass were found by running the hemlock with no infestation and a small amount of new growth​​- in effect demonstrating tree growth from sapling to maturity. Initial values for HWA density were not taken directly from the literature, but we summarized and averaged data from McClure (1991), Orwig et al (2002) and Koch et al (2006). Orwig et al (2002) and Mayer et al (2002) also discussed the affect of variable habitats on making accurate hemlock time to death predictions. The accuracy of initial conditions was not crucial to building this model, as it is intended to demonstrate general behavior of a system [which is absolutely fine – it is OK for a research model to focus on theoretical possibilities rather than shooting for something that can be calibrated]. Field observations could either validate or invalidate these starting conditions. In any case, this gives a basic blueprint to think about what field observations might be worthy of consideration and why using feasible quantitative units would help in future HWA work.
We did most work together, but in general Rufus worked on modeling independent tree growth and Christy worked with the HWA population model. For the final presentation, Rufus spent most of his time with the interface and Christy worked with the power point. As for literature and research, Christy had already done most of this work.

Grading Criteria

E.1) Heuristic model: Documentation and summary report (3-5 pgs of text total):

Documentation should be written in the form of a handout that the intended audience will receive together with the STELLA model. Model and documentation should form a self-contained unit that your intended audience members can easily follow to learn your desired lesson.  Documentation should contain the following sections (include these headings): 

· Abstract: One paragraph summarizes background, approach and learning objectives of the exercise. [see comments]
· Background: Sets context for the model. Briefly reviews the topic, citing related literature. Describes how/why modeling provides a useful approach. Clearly describes objectives. [see comments in text]
· Instructions: Provides a step-by-step description of how the intended audience should use the model. Describes simulation scenarios. [intended audience is not defined, which makes it difficult to assess potential effectiveness of the model as a teaching tool]
· Questions: Pose a set of questions that stimulate your intended audience to accomplish your learning objectives and that assess whether they have done so. [questions are quite good, but without a clearly defined target audience, it is difficult to assess educational value]
· Conclusions: Summarizes the significance of the exercise. [Not included]
· Literature cited: Use literature cited format of American Naturalist. [OK]
· STELLA model: Should be structured so that it is easy to interpret and to use and should contain internal documentation that complements information on the handout. [Very nice interface.  Text descriptions are scattered around the interface – it might be useful to cluster them.]
· Summary report: a 1-2 page appendix to your report for me (not for your audience) that describes and explains your choice of modeling formulations, provides additional information related to the construction and use of the model, and details the role of each group member in developing the model.  Cite at least three sources of literature that you used in developing your model and explain how you used them. [good]
Christy and Rufus:

You have done a great job with the model!  The conceptualization and formalization make excellent use of basic formulations in a way that creates a relatively simple, yet interesting complex tree/HWA model.  The interface is quite easy to navigate and the explanations are good.  The background section above also provides a nice summery of the problem.  The primary challenge of your project is that you never defined a clear objective or a clear audience for what you have produced.  While it is clear to that you got a good deal out of the experience of creating this model, you would have maximized your own benefits had you either hunkered down and stayed with the research model concept, or more clearly defined the audience and then refined the model to achieve specific and explicit educational objectives.  I actually think you would have been fine going the research route, but focusing on elucidating/exploring general principles and theoretical possibilities rather than worrying about calibration.  

Presentation:

Good content.  Many of STELLA figures had text that was too small to see so that it was difficult to tell what we were looking at.  Not enough eye contact from either of you.  Rufus, you tended to look at the board while you were talking.  Nice job answering questions.
Project Grade = 8.8/10
Presentation 8.7/10
