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ABSTRACT 
We constructed a model of West Nile virus to simulate the cycling of the disease in Northern Ohio.  The main objective of the model was to pinpoint coefficients to which dynamics are sensitive [model is sensitive to coefficients, coefficients themselves are not sensitive] and other significant behavior that could help concentrate [do you mean guide?] the field and experimental research of vector ecologists.   Further, we wished to see if the model  support or negate [confirm or deny are strong words – it is a bit of a stretch to imply that a simple model can definitively accomplish this.  Indeed, experiments and models never really confirm hypotheses, at best they support] the following hypotheses: the immunonaive juvenile hypothesis, the immunity hypothesis, the overwintering hypothesis, and the recrudescence hypothesis [I assume that these are all hypotheses that someone familiar with virus transmission would immediately recognize?  If not, they should be explained]. In order to construct a simplistic version of the natural cycle, we used only blue jays (scientific name) and Cx. pipiens/restuans [is there a common name for this mosqueto]. These two populations were modeled piecewise and connected with infection rate converters.   The model suggests that the outbreaks of infection in silently cycling enzootic arboviruses (including WNV) can be generated solely from internal dynamics of the system, and not by external forcing as researchers had previously assumed.  Also, the model supports the immunonaive juvenile hypothesis. The most sensitive coefficients all concerned the bird population; the sensitivity of these coefficients may be conceptually explained by the differences in the species make-up of avian reservoirs from region to region. We make suggestions for further research and improved models. [Depending on who your audience is for this paper, abstract may be need to make different assumptions about what needs to be explained.  E.g. if you assume an audience of ecological modelers (e.g. the Journal of Ecological Modelling), then the virology jargon needs to be explained.  This same comment holds for the introduction – see bracketed question marks for terms that would need further explanation].
INTRODUCTION 

West Nile virus, an arbovirus [?] and member of the Japanese encephalitis serogroup in the family Flaviviridae, first arrived on the shores of North America in the summer of 1999 (Nasci et al 2001). The arrival of the virus in New York City caught both public health officials and scientists off guard. Although annual outbreaks of arboviruses remain common throughout the world, the United States had not experienced a significant number of human illnesses do to arbovirus infection since the late 1970s when a St. Louis Encephalitis (SLE) outbreak occurred through out much of the Midwest.


WNV cycles similarly to arboviruses endemic to the United States, including SLE, LaCrosse Encephalitis, and Eastern equine Encephalitis (EEE) (Garvin et al 2004). A variety of mosquitoes (called vectors) carry WNV and can infect a number of species of birds (called amplification [?] hosts or reservoirs) with the disease. Similarly, infected birds transmit the infection to uninfected mosquitoes via mosquito bite. This part of the WNV cycle is referred to as the enzootic cycle (see Fig. 1). 


Different species of female mosquitoes (male mosquitoes to do not take blood meals) have different feeding preferences. Some prey exclusively on birds, other exclusively on mammals, and some still on both birds and mammals. A second part of the WNV cycle emerges when the mosquitoes with ornipolithic [?] feeding habits prey on infected birds. These species of mosquitoes (called bridge vectors) can subsequently spread the disease to mammals – humans, horses, dogs, etc – via mosquito bite. When WNV reaches the mammalian population the outbreak is termed epizootic [?]. 


WNV was first detected in Ohio during the summer of 2001 in a dead Blue Jay (Mans et al 2004). By the end of the 2002 summer, thousands of positive pools of mosquitoes had been collected, while hundreds of human cases had been recorded through out the state (Ohio Department of Health, unpublished data). The main enzootic vector of WNV in Ohio is the Cx. pipiens/restuans [italic] complex (Turrel et al), while the main bridge vector has yet to be identified with any certainty. An unknown number of bird species act as hosts, with blue jays and crows believed to be the two most important birds in the cycle.   


Much of the mainstream [Not clear what mainstream means.  Do you mean public, or scientific?] attention that WNV has received has focused on the public health implications of the epizootic cycle. Indeed, the public’s pronounced call for mosquito spraying and other environmentally harmful control methods confirmed that much of the public fears WNV infection. In reality, few of the people who ever contract WNV ever realize they have the disease. A serosurvery in Cleveland following the 2002 outbreak of WNV showed that 6% of the surveyed population tested positive for antibodies against the disease (Cuyahoga County Health Department, unpublished data). However, of this 6%, none knew that they had ever had the disease. Reports indicate that WNV has a morbidity rate significantly lower than 1 percent (Centers for Disease Control, unpublished data). Thus, in terms of public health, the threat of WNV has been overstated.


Due to the lack of arboviral outbreaks in the last two decades, little research has been performed on the ecology of these diseases. Today, almost five years after the initial outbreak of WNV, we remain ignorant to many of the ecological aspects of the cycle. Wherever the disease has been introduced, infection rates in the year of introduction have skyrocketed, with the highest rates being recorded in the late summer (late August) (Bernard et al 2001, Hadler et al 2001). The year after the initial outbreak, the infection rate in is usually much lower (Mans et al 2004, Hubalek 2000). The most reasonable proposed mechanism for this drop-off is the acquired immunity of birds. This hypothesis holds that a large percentage of the bird population gains immunity during the initial outbreak, and, thus, the amplification reservoir for the disease is reduced in the subsequent years (Komar et al 2003). Nestlings, which are born without immunity, are believed to account for the peak in infection rate in the late summer (Garvin et al 2004). However, none of these hypotheses has been confirmed with any data from the field.


Further, the mechanism behind the annual initiation of the disease remains unknown. One hypothesis states that overwintering virus-positive mosquitoes initiate the cycle with the onset of the summer (Dohm and Turell 2001, Nasci et al 2001b). Another hypothesis suggests that immune birds recrudesce[?], once again become positive for the disease (Rappole and Hubalek 2003) [Does your model actually look at this last one?  If not, the next sentence needs to be altered]. We constructed a dynamic simulation model to assess [You have not mentioned models yet]the validity of all of these hypotheses, while also testing the importance and sensitivity of various coefficients including birth rates and death rates,  effecting the cycle. A goal of our modeling efforts is to help vector ecologists concentrate their field and experimental studies and, in the end, lead to a more complete understanding of the ecology of WNV and similar arboviruses. 
METHODS


Since infection of humans is a function of the population of infected birds, we choose to focus our modeling efforts exclusively on dynamics of the enzootic cycle of WNV.  Furthermore, we made a number of simplifying assumptions to make dynamics relatively easy to interpret [Need to say something like this to set context for your relatively simple model].  To simulate the enzootic cycle of WNV, we designed a two part model with mass-action components to represent the life cycle interactions of the Blue Jay population and the Culex pipiens/restuans complex in Ohio.  As mentioned before, birds such as Crows and Blue Jays act as reservoir hosts for the disease, but Blue Jays are thought to be the main reservoir host in this area.  For simplicity, we are only modeling the Blue Jay population, which we feel will adequately serve as the host for our model.  Additionally, there are more vectors of WNV than the Culex pipiens/restuans complex, but this complex is the main one in Ohio, and due to the same simplicity reasons we are limiting our model to this vector complex.   

Blue Jays

The first part of our model replicates the Blue jay population, with stocks representing adult susceptible blue jays, juvenile susceptible blue jays, infected blue jays and immune blue jays.  

In Ohio, blue jays are born starting early May through late August (Tarvin and Woolfenden 1992).  Adult pairs of jays average a clutch size of 4-7 birds in this region, though only about half of these survive (Tarvin and Woolfenden 1992). To model the births of Blue Jays, we simplified this phenomenon into one birth flow with two converters: “birth timing” and “birth rate”.  The birth timing converter is linked to a graph which represents the percentage birth distribution for each year (represented in months) for a total period of five years (each year having the same birth timing distribution).  To simplify nature in our model, 10% of the birds are born in May, 30% in June, 40% in July, and 20% in August.  The birth rate is held at a constant 3 (bird/bird), assuming an average clutch size of 6 for each pair (thus 3 birds are born for every bird).  The birth flow is first-order, with delay functions added.  The first-order growth is affected by the sum of the populations of immune birds and healthy birds (this assumes, as seen in nature, that infected birds cannot breed).  The delay function for this flow is added to “birth timing” in multiples of 60 months; an easy way to expand the five year (60 month) birth timing distribution (represented in a graph-linked converter) to 500 months [In a publication this could probably be left out and you could simply state that patterns were repeated for five years].    

In the model, when all blue jays are born they are automatically put into the ‘juvenile bird’ stock.  There are three outflows for this stock: (1) ‘juvenile death’, (2) ‘maturation’ and (3) ‘infection of juvenile birds’.  

(1)  ‘juvenile death’:  Death of juveniles not due to WNV is held at 60%, representing the naturally high juvenile death rates for Blue Jays in nature.  

(2)  ‘maturation’  : The flow of juveniles maturing without being first infected is first order, dependent on the stock of ‘juvenile birds’.  A ‘maturation timing’ converter also affects the flow.  The ‘maturation timing’ converter is the same as the ‘birth timing’ converter, assuming that birds born at the same time mature together.  Delay factors were used in this flow, as well, to represent maturation over a period of 500 months.  

(3)  ‘infection of juvenile birds’ :Juveniles who are infected before they mature flow into the ‘infected jays’ stock.  This flow is second order; affected by the ‘infected mosquito’ stock and the stock of ‘juvenile birds’.  Additionally, the converters of ‘ir (infection rate) juvenile’ and ‘ir mosquito to bird’ also are multiplied into this flow. 

In our model, the ‘infection of juvenile birds’ is not the only flow into ‘infected blue jays’, however; when birds from the ‘healthy adults’ stock get WNV they, too, flow into this stock.  When mature birds become infected, the flow is also second order (healthy birds*infected mosquitoes*ir mosquitoes to birds).  Once in the stock of ‘infected birds’, we have modeled their fate to have two outcomes; if they die, they will go into an outflow of ‘death infected birds’ and if they live, they will gain immunity and flow into a stock of ‘immune birds’.  However, regardless of fate the infected jays are kept in the stock ‘Infected Blue Jays’ for four days by a delay function. Conceptually, this represents the time that the bird has the disease, but has not yet died or gained immunity. Simplifying nature for our model, we are assuming that initially there were no immune birds in Ohio. The death rate of immune birds is also modeled as the same as the death rate for healthy birds that never became infected by WNV (represented by a ‘death rate adult’ converter that affects both the outflow of ‘death immune birds’ and ‘death healthy’).  In Ohio, Blue Jays have an annual death rate between .5 and .6 (Tarvin and Woolfenden 1992).  Simplifying Blue Jay death, we assumed in our model that the death rate is the same for each month of the year, thus the “death rate adult” converter has a value of .585/12 (birds/month).  

Culex pipiens/restuans complex

The second part of the model, representing the infected Culex pipiens/restuans complex population in Ohio, is simplified to have one stock, ‘infected mosquitoes’.  This stock has three flows: (1) ‘birth infected mosquito’ (inflow), (2) ‘infection mosquito’ (inflow) and (3) ‘death infected mosquito’ (outflow).  

(1)  ‘birth infected mosquito’ : The birth of infected mosquitoes is first-order, dependent on the stock of ‘infected mosquito’ population multiplied by a ‘larval maturation timing’ converter.  This converter is also a linked graph representing timing of larval hatching over the course of 60 months with a similar delay function in the flow to represent births over 500 months.  This inflow represents the mosquitoes born to already infected mosquitoes in nature, which always pass on WNV to their offspring. 

(2)  ‘infection mosquito’ : Additionally to birth, mosquitoes can also be infected by WNV by biting an infected bird, which is modeled by another flow into ‘infected mosquito’.  This inflow is first order, dependent on the stock of ‘infected birds.’  The inflow is also multiplied by several converters, one being ‘mosquito pop’, which is the same as ‘larval maturation timing’, and is also put under the same delay functions.  In nature, when mosquitoes bite birds, they do not necessarily become infected, thus this percentage is represented in the ‘infection rate bird to mosquito’ converter. 

(3) ‘death infected mosquito’ : Since in nature individual mosquitoes cannot gain immunity, in our model there is only one outflow: ‘death infected mosquito.’  This is a simple first order flow (‘infected mosquito’ population stock*’dr (death rate) infected mosquito’).  

RESULTS

[Need to discuss model calibration]
[Need to deal with units. Are numbers expressed per unit area?]
Our model predicts simultaneous outbreaks of West Nile virus in the mosquito and bird populations every 130-140 months.  The outbreaks last two to five years.  The end of an outbreak coincides with a significant portion (20-87%) of the bird population being immune. The outbreaks are followed by lulls in which the number of immune birds slowly decreases while the number of infected birds is almost always < 1 and the number of infected mosquitoes is almost always < 100 (see Fig. 2).  [Mention that outbreaks decay in peak magnitude over time.]
The first outbreak resulted in the death of 85% of the birds (400 to 60), after which the population grew to 200 over 140 months.  At this point the model predicted regular outbreaks with a frequency of roughly 1/130 months which killed roughly 70% of the birds (200 to 60) (see Fig. 2).    

We measure population size as the midpoint between seasonal high and low population for a year [is this what you mean?].  The outbreak frequency is measured as the number of months between bird population peaks.  Changes to four of the coefficients in the model: death fraction, dr adult, dr juvenile, and birth rate, had significant effects on this frequency (Fig 3) [did you try others?  Where there others for which the model dynamics were not sensitive?  Include these in list of parameters varied.  Description of parameters varies might go better in methods section.].  The model appeared to be most sensitive to the death fraction (fraction of total infected birds which die, as opposed to gain immunity), as shown by the range of frequencies (1/110-1/310) of cycle outbreaks in the graph [Include a second graph like figure 3, but that contains population size (either expressed as peak population or by the metric described above].

Unlike the other variables, small changes to the death fraction changed the overall pattern of the graph in addition to the frequency of outbreaks. Decreasing the death fraction by 10% flattened the population vs time graph, which appeared to reach equilibrium quickly.  Increasing by 10% caused the bird population and infected mosquito population to drop so low that both required a larger than normal amount of time to return to infection causing levels.


Changes to the following variables altered the population interactions [how are you defining interactions?] without significant changes to the periodic nature of outbreaks: ir bird to mosq, ir mosq to bird, ir juvenile, and dr infected mosquito.  A 10% change in ir bird to mosq has no visible effect.  Lowering it significantly delays the initial onset of the outbreaks while raising it sharply increases bird mortality.  A value of 0.063 or above causes the extinction of the bird population.  A 10% change in ir mosq to bird has no visible effect. Lowering the ir mosq to bird to .00004 causes both a delay in the initial outbreak as well as a lower infection rate in mosquitoes during the outbreak.  A 10% change in ir juvenile had no visible effect.  Raising the value significantly makes the infection more severe, with more infection and death, while lowering significantly had the opposite effect.  Raising and lowering the dr infected mosquito variable by 10% had a small and opposite effect on the peak populations of birds [Discussion of sensitivity analysis needs to be a bit more systematic]
DISCUSSION 


[Although what follows is certainly the most interesting finding from your model, I suggest a more general beginning to your discussion section.  Start by saying something along the lines that a using a relatively simple model we were successfully able to reproduce observed dynamics.  Discuss how this gives you confidence to assume that you might have effectively captured key dynamics and therefore justifies asking what if questions about the importance of parameters].  Periodic outbreaks of arboviruses associated with endemic cycles are thought to result from some external pressure. The most commonly ascribed mechanism is an increase in enzootic or bridge vector abundance due to certain weather conditions (usually an increase in rain) (Hubalek 2000).  However, the evidence remains anecdotal as no field studies have been able to document this mechanism. Our model suggests that WNV may have very low infection rates in both birds and mosquitoes for some time (silently cycle) and then have a major enzootic outbreak of the disease without any external forcing. 

Our model suggests that the initial outbreak of the disease in a certain area causes a significant drop in the bird population.  The low population combined with the relatively high number of immune birds following an outbreak causes the disease to become less abundant in both birds and mosquitoes. This allows the bird population to grow quickly. The bird population was modeled such that they recover from serious damages to the population number. This was done by raising the birth rate from the observed number of 2.5 for every bird to 3 for every bird. Conceptually, this can be justified because when the bird population is significantly lowered intraspecific competition for resources decreases [this sentence might belong in a description of model calibration rather than in discussion]. 

In order to further explore this cycle, long-term surveillance of mosquito infection rates and bird populations is necessary in areas of the United States where the disease has established itself. Currently, many surveillance programs are abandoned a couple years following the initial outbreak of an arbovirus. Our model demonstrates that extending these surveillance programs indefinitely could lead to interesting new knowledge about the complex cycling of arboviral diseases.


Further, our model suggests that immunonaive juveniles may play an important role in the late summer increases of WNV infection in mosquitoes. Indeed, the birth of juvenile blue jays increases the avian reservoir significantly. Field surveys undertaken to explore the infection rate in juvenile birds verse adult birds could confirm this hypothesis. 


Results of our model indicate that immunity does not play a significant role in the long-term decline of WNV prevalence following initial outbreak. Although our immune bird population accounted for up to 87% of the total bird population and causes the initial drop in mosquito infection rate, the death rate of the immune birds negates any long-term impacts that they could have on the disease (immune birds only survived for an average of two years and then were replaced with immunonaive juveniles) [is this a function of how it was modeled or is it something that you feel confident must be true in nature?]. Indeed, our model suggests that the total number of avian reservoir hosts may be more important than the immune/susceptible ration of birds. Field studies have confirmed that WNV can have a detrimental impact on wild bird populations (Male 2003).

However, these results on immunity may be an artifact of the fact that we modeled only the blue jay population. Under experimental conditions it was found that slightly over 95% of blue jays injected with WNV perished (Komar et al 2003). In our model, 90% of the birds that contracted the disease perished, while 10% gained immunity [Why did you model it differently from the empirical data?]. Although blue jays may be the main avian host, they almost certainly do not account for more than 50% of the avian reservoir in Northern Ohio. Other bird species may gain immunity more frequently than blue jays. If these other species have relatively long life-spans, immune birds may indeed play significant role in the dampening of the cycle [good point]. Further, depending on the time that other bird species remain infectious, they may contribute disproportionately to the overall avian reservoir. Indeed, further research into the infection of wild birds could help shed some light on the role of immunity. [So it seems like the important conclusion is that internal dynamics CAN explain oscillations, but not necessarily that they DO.  It would be interesting to try sensitivity analysis on average lifespan of birds (isn’t this just the death rate coefficient for adult birds, which I believe you DID vary and can therefore talk about?).]

The overwintering of mosquitoes, which we simulated with a delay function, allowed for the annual initiation of the virus. We attempted to test the role of recrudescence in this cycle, but were unable to get it to significantly alter the graphs of the disease. Due to the very limited knowledge on recrudescence it was difficult for us to know how many birds each year may recrudesce. Further, research on this matter is planned by vector ecologists and could shed light on the effect of recrudescence on the annual initiation of the disease. 


Various coefficients (Fig 1) of the model changed the frequency of the cycle when a sensitivity analysis was conducted in the +/- 10% range. These four coefficients all deal with bird populations, and may conceptually represent the differences in the natural history of bird populations in different regions. Thus, the disease may cycle more or less frequently based on the different characteristics of the bird population associated with local environmental conditions. As earlier suggested, knowing more about the species make-up of the avian reservoir would allow us to better understand the ecology of WNV.  


Obviously, this model is a major simplification of the actual WNV natural cycle.  Arboviral cycles are notorious for being complex and difficult to dissect. Improvements could be made in the model by more accurately matching bird and mosquito populations; knowing how many birds or mosquitoes exist in a certain area could add more certainty to the model. Also, understanding the life cycles and the relative contributions to the reservoir (including percentage of infected that gain immunity) of different bird species could lead to a more accurate model. Although these different bird species populations would probably have to be modeled separately and then combined, the results may show interesting features of the ecology of the disease. It is entirely possible that some of the values of the coefficients will never be found through field or laboratory studies. In the long run, dynamic simulation may be the only way to gauge the relative importance of different coefficients of the WNV cycle.  [In my mind the fact that you were able to calibrate and reproduce cycles with such a simple model is the most interesting finding.  It suggests that it is at least possible that the dynamics result from a relatively simple interactions rather than from the full complexity.  This conclusion has implications that go beyond this model and speak to general issues of system dynamics.  Pretty darn cool]
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FIGURES (legends following)

Fig. 1.  A conceptual diagram of the enzootic cycle of WNV.
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Fig 3. Outbreak Frequency as a function of changes to modeling coefficients.
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Fig. 4. Model data  vs. real data (collected by Dr. Mary Garvin).

[image: image4.emf]9:28 PM   Thu, May 13, 2004

0.00 12.00 24.00 36.00 48.00

Months

1:

1:

1:

2:

2:

2:

0.00

15.00

30.00

0.00

10000.00

20000.00

1: infected mosq real data 2: infected mosq

1 1 1 1

2 2

2

2

Graph 2 (Untitled)


FIGURE LEGENDS

Fig 1 – A conceptual diagram of the enzootic cycle of WNV.  Mosquitoes can transmit the virus to a bird through a bite (bird infection).  In turn, if an uninfected mosquito bites an infected bird, it can then become infected (mosquito infection).  In our model, the Culex pipiens/restuans complex is the mosquito vector.  Blue Jays are the reservoir host.    

Fig 2 – A graph representing the modeled population dynamics of the enzootic cycle of WNV; showing healthy birds, immune birds, infected birds, and infected mosquitoes.  Number of individuals is on the y-axis, with time (in months) on the x-axis.  The model predicts simultaneous outbreaks of West Nile virus in the mosquito and bird populations every 130-140 months.  The outbreaks last two to five years.  The end of an outbreak coincides with a significant portion (20-87%) of the bird population being immune. The outbreaks are followed by lulls in which the number of immune birds slowly decreases while the number of infected birds is almost always < 1 and the number of infected mosquitoes is almost always < 100.  

Fig 3 – This is a graph of the sensitivity analysis performed on four different coefficients: DR Juvenile, DR Adult, Birth rate, and Death fraction. The x-axis refers to the percentage change in the initial value of the coefficient. The y-axis corresponds to the frequency of outbreaks (number of months) in the WNV cycle. The data was entered into excel and best fit curves were used to graph.  As the percent change in coefficient increases, Birth rate outbreak frequency increases; while DR juvenile, DR adult, and Death Fraction all decrease in frequency.  
Fig 4 - This graph shows the model data compared to the real field data (collected by Dr. Mary Garvin) for over a period of three years.  Number of infected mosquitoes is on the y-axis, with months on the x-axis.  The model data strongly resembles the cycles and peaks of the real data.  Especially important is that the model data exhibits a large outbreak peak, followed by a smaller infection peak the next year: the same trends seen in nature.  (As discussed in the paper, some researchers attribute this to the acquired immunity of birds to WNV.)

Appendix 1. 

Flows:

Death Infected Mosq -- dr_infected_mosq*infected_mosq {mosquitoes/month}

Infection mosq -- 5*ir_bird_to_mosq*infected_birds*(mosq_pop + delay(mosq_pop, 60) + delay(mosq_pop, 120) + delay(mosq_pop, 180) + delay(mosq_pop, 240) + delay(mosq_pop, 300) + delay(mosq_pop, 360))  {mosquitoes/month}

Dehybernation Infected Mosquitoes -- DELAY(infected_mosq, 8)* (dehybernation_timing+delay(dehybernation_timing, 60)+delay(dehybernation_timing, 120)+delay(dehybernation_timing, 180)+delay(dehybernation_timing, 240)+

delay(dehybernation_timing, 300)+delay(dehybernation_timing, 360))  {mosquitoes/month}

death juvenile -- dr_juvenile*juvenile_birds {birds/month}

births -- birth_rate*(healthy_birds+immune_birds)*(birth_timing+delay(birth_timing, 60)+delay(birth_timing, 120)+delay(birth_timing, 180)+delay(birth_timing, 240)+

delay(birth_timing, 300)+delay(birth_timing, 360)) {birds/month}

maturation -- juvenile_birds*(maturation_timing+delay(maturation_timing, 60)+delay(maturation_timing, 120)+delay(maturation_timing, 180)+delay(maturation_timing, 240)+delay(maturation_timing, 300)+delay(maturation_timing, 360)) {birds/month}

death healthy -- dr_adult*healthy_birds {birds/month}

infection juvenile birds -- ir_juvenile*ir_mosq_to_bird*juvenile_birds*infected_mosq {birds/month}

immunity -- delay(immunity_percent*(infection_juvenile_birds+infection_adult_bird), .2)-pulse(0.5*immune_birds*recrudescence_trigger, 5, 12) {birds/month}

death immune birds -- immune_birds*dr_adult {birds/month}

Coefficients

birth rate -- 3 (bird/bird)
dr juvenile -- .6 {1/month}

ir juvenile -- 1.3 {bird/bird OR dimensionless}

death fraction -- .9 {bird/bird ORdimensionless}

immunity percent -- 1-death_fraction {bird/bird OR dimensionless}

dr adult -- .585/12 {1/month}

ir mosq to bird -- .00006 {1/(mosquitoes*month)}

ir bird to mosq-- .015 {1/(bird*month)}

dr infected mosquito -- .5 {1/month}

Forcing Functions (see Stella for data and units)

birth timing

maturation timing

mosq pop 

infected mosq survey data 

dehybernation timing  

Appendix 2.

Brad – research on mosquito coefficients, integral in building and modifying the basic structure of the model, determined units, wrote abstract, introduction, discussion, works cited and appendices, and edited 
Hanni – research on bird coefficients and stocks, made entire powerpoint presentation, wrote methods, kept michel and brad realistic, literature research, edited  

Michel – research on mosquito coefficients, integral in developing and syntaxing the various equations of the flows and all of the timing force functions, manipulated data in excel, sensitivity analysis, wrote results and constructed figure

Model project grading criteria for research models (From syllabus):

Documentation and summary report (3-5 pgs of text total):

Documentation is in the form of a scientific paper yes
Documentation should contain the following sections (include these headings): 
See extensive comments within body of paper
· Abstract: One paragraph summarizes objectives, approach, findings and conclusions.

· Introduction: Provides sufficient, well researched, background on the topic for the intended audience.  Reviews relevant literature and includes appropriate citations. Clearly states objectives/questions/hypotheses of project and describes why the subject is worthy of study, and why modeling provides a useful approach. At least implicitly identifies audience.

· Methods/approach: Describes the dynamic simulation modeling approach as it relates to your research. Describes the structure of your model. Explains choice of state variables. Explains equation formulations [e.g. "we used a multiplicative Michaelis-Menton type equation to describe the growth of the pond weed Elodea sp. as a function of nitrogen concentration and light intensity (Madden et al., 1998)"]. Describes how you calibrated and "validated" your model (if applicable). Describes simulation scenarios used.

· Results: Includes graphs of STELLA output. Describes and explains your results and findings.

· Discussion/conclusions: Interprets the significance of your work. Points towards future potential work of interest and new questions raised.

· Literature cited: Cite at least three sources.  Uses literature cited format of American Naturalist.  

· Figure legends: these are blocks of text that describe figures in sufficient detail that someone can interpret without reading (this is different from internal legends). Be sure to number both figures and figure legend.
· Appendices: One appendix includes equations and coefficients. A second describes the separate role of each group member in developing and implementing the project.
Oral report: 

· Background: Provides information necessary for a peer to understand subject under investigation, the question addressed, its importance, research/teaching objectives, target audience.  Yes.  A more detailed conceptual model would have been much more effective at conveying the problem then the STELLA model.  The STELLA model was too small, too complex to explain in a talke, and really not easily interpretable.
· Methods: Describes the modeling approach used to address the question. yes
· Results/discussion: Presents findings, discusses implications. yes
· Conclusion: Provides general and specific conclusions, promising next steps in research. yes
· Presentation style: Presentation is engaging, informative, well-organized, and involves all group members.  Talk is practiced, transitions are smooth, time is used efficiently.  Group members maintain eye contact with class. Visual aids are thoughtfully selected to convey information (e.g., PowerPoint, posters, scientific equipment, etc.). Presentation was generally excellent. Introduction did fine job of setting context.  Transitions between group members were good.
Michel, Hanni and Brad:

Pretty darn cool work!  I have obviously made rather extensive comments within the body of your text.  I have treated this like a draft of a potentially publishable paper because I think it IS potentially publishable.  There is a bit more modeling that needs to be done, and the text needs to go through a few revisions, but the results and conclusions will almost certainly be of interest to a larger community.  I would be more than happy to discuss/work with you on converting this into a submittable form.  The three potential venues for publication are: 1 ecological modeling (e.g. Ecological Modeling), 2.  general ecology (e.g. Oecologia), 3 journals focused on infectious disease (e.g. journals cited).  Please come see me.
John
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Fig 2. Modeled population dynamics; showing healthy birds, immune birds, infected birds, and infected mosquitoes.
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