Research Topic:  Factors Affecting Increased Mountain Pine Beetle Outbreaks
Research Question: How has increased temperatures influenced range expansion in mountain pine beetle in western North America?
 
Background
1. The mountain pine beetle (MPB), Dendroctonus ponderosae Hopkins, is a native tree-killing bark beetle that periodically erupts into large-scale outbreaks causing widespread tree mortality in pine forests of western North America4,5. MPB has an extensive distribution, extending from northern Mexico up into western Canada, with most Canadian outbreaks being restricted to southern British Columbia and northwestern Alberta2. 2. In recent decades, there has been significant expansion in the geographical range of MPB in Canada and the Pacific Northwest, with populations attacking trees at higher elevations and latitudes than previously recorded9. 3. As pine forests are widely distributed across Canada, it has been suggested that the beetle’s distribution does not depend on the availability of suitable host trees but rather is limited through climate2. This limitation is a consequence of their sensitivity to cooler temperatures as a result of their cold-bloodedness, and it is therefore expected that they should respond quickly to changing temperatures by shifting their geographic range and population behaviour to take advantage of new climatically favourable environments5.3. Research overview: cause-effect
2. Topic significance & timeliness
1. Introduces the topic and the general problem

            4. Current MPB research at the University of Alberta first introduced me to the beetle and the threat of an eastern expansion into North America. Interested in what would cause such an expansion, I began by researching what factors can be attributed to the increase in MPB range. I was given a plethora of factors and refined this to climate change, specifically warming temperatures, because I am interested in the many different ways that global warming can be felt. 5. I sought to investigate the effects of warming on MPB using the keywords “climate change”, “mountain pine beetle”, “range expansion”, and “temperature”.5. Which key words did I use?
4. How I found and narrowed the topic; reinforces significance of topic

	6. Many of the studies that I analyzed emphasized the implications that changing climate has on the beetle’s ecology. 7. I was able to find three specific articles that focused on how shifting temperature changes in recent years subsequently correlated to an increased MPB range. All three contained background information that connected reduced temperature-induced mortality of the insect to increased range expansion. I selected articles that used multi-year temperature records and multiple study sites, in order to reinforce their findings that a temperature change is occurring temporally and that it is occurring on a large-scale. Two of the articles utilize models conditioned on climatic temperature data in order to assess its contribution towards the probability of MPB outbreaks1,2. The final article uses field experiments to determine the effects on temperature on the insect’s development and how this can be extended to range expansion3. 8. Determining how increased temperatures impact the geographical range of MPB has important implications for the health of western North American pine forests. Increased knowledge in this area allows for scientists and governments to properly mitigate current and future outbreaks, and prevent potential expansion across the continent.7. Research overview; connects sources
6. Research connection to the topic
8. Topic significance and implications of research on the topic.


1. Aukema BH, Carroll AL, Zheung Y, Zhu J, Raffa KF, Moore D, Stahl K, Taylor SW. Movement of outbreak populations of mountain pine beetle: influences of spatiotemporal patterns and climate. Ecography. 2008 [accessed 2017 May 17]; 31:348-358. doi: 10.1111/j.2007.0906-7590.05453.x
            9. The purpose and scope of research:

9. Aukema et al. examine the contributions of temperature during outbreaks of MPB covering an extensive region in southern British Columbia, Canada, during a 15-year time span. 10. The data collected in this study was used to present a model that incorporates the spatial and temporal arrangements of erupting MPB populations, as well as climatic factors that influence insect development and phenology (defined as how the biological world times natural events), in order to forecast future outbreaks. 11. Data that were used for the model consisted of aerial surveys that corresponded to a grid of 469 cells, with each cell being roughly 12 x 12 km. Model forecasts of outbreak probability one year in advance provided 80% accuracy over the landscape. 12. Aukema et al. found that increasing temperatures contributed to explaining outbreak probabilities and suggests that this is a result of temperature primarily affecting the beetle’s flight and colonization ability. Increased temperatures may provide a shorter, more synchronized flight period leading to an increase in MPB tree colonization success.13. Assessing the quality of article and the research reported
12. Main argument/what was found?
11. Research outcome & findings
10. What was done to address the issue?

            13. This entomological research article follows a scientific format and was published in a credible peer-reviewed journal. The funding for this project was provided by Natural Resources Canada, a government run operation that further contributes to the credibility of the source. In terms of procedure, many variables were taken into consideration in the development of the model, with special attention placed on optimizing parameters and using previously observed data.14. Highlighting article connection to student’s research topic, re-emphasizing this source’s significance

            14. This article is useful towards understanding the influence of temperature on MPB range expansion, as the ability to derive a model allows for a quantitative analysis of each contributing variable against one another (ie. temperature against flight, population density, habitat suitability, etc.) and can help cement what is the most significant contributor to the spatial growth of MPB.
 
2. Carroll AL, Taylor SW, Regniere J, Safraynik L. Effect of climate change on range expansion by the mountain pine beetle in British Columbia. The Bark Beetles, Fuels, and Fire Bibliography. 2003 [accessed 2017 May 17]; 195:223-232. http://digital commons.usu.edu/barkbeetles/195 

This article attempts to prove that there has been a shift in climatically benign habitats and that mountain pine beetle has taken advantage of these new habitats and colonized them.  Carroll et al. uses a model that correlates climatic conditions with the establishment and persistence of MPB populations. Historic weather records consisting of minimum and maximum temperatures and an aridity index were used to generate maps of past suitable environments for MPB in British Columbia. Overlays of MPB occurrence on these maps were used to determine if range expansion has occurred in recent years in response to climate change. The findings of this longitudinal study verified that the range of favourable habitats has experienced considerable growth. Increased infestations were also shown to have been occurring in these formerly unfavourable MPB habitats, indicating that the beetle is moving into new territory. The authors suggest that MPB expansion further northward and eastward is expected to occur alongside with continued warming.15. Assessing the credibility of the author

            15. The lead author of this study is a well-known name within the mountain pine beetle field. Many of the articles that I came across during my research contained Carroll as a lead author, co-author, or principle investigator, indicating that this person has made a significant contribution to the field and is a credible source of information.
           16. Instead of providing a forecast of future outbreaks, this article utilizes its data to provide concrete evidence that MPB range expansion is influenced by temperature changes, and that it has been occurring for quite some time. As warming continues to occur, previously unsuitable habitats start to develop more favourable hosting conditions for MPB. The beetles will then start to relocate in order to occupy these new environments, thus contributing to its increase in geographical range.16. What is specific about this research/source?

 
3. Mitton JB, Ferrenberg SM. Mountain pine beetle develops an unprecedented summer generation in response to climate warming. The American Naturalist. 2012 [accessed 2017 May 17]; 179(5):163-171. http://www.jstor.org/stable/10.1086/665007

Recent studies have emerged indicating that the mountain pine beetle has begun to produce two generations of beetles compared to previous records indicating only one generation per season. The cause of this shift in generations has been attributed to increases in temperature change. This article assesses whether temperatures had changed in the past four decades at a site in Boulder County, Colorado, and if the beetle still produced one generation a year. Analysis of long-term hourly temperature data collected from a climate station located near the Colorado site revealed that significant warming occurred, with substantial increases of temperature and heat energy available for MPB development. The mean annual temperature in the past 2 decades was 1.5˚C warmer than the previous 2 decades. To determine if MPB generation times had changes, Mitton et al. used pheromones to induce beetle colony establishment in trees and monitored development at intervals throughout the summer and fall of 2 consecutive years. They reported that the life cycle of some colonies had increased from one generation to two generations per year.Transition words
17. Strong, clear topic sentence

         17. While the results of the study seem to coincide with their hypothesis, there are some issues that are present in the methodology. 18. The temperature data that was collected was only from one site in Colorado and should not be representative of larger-scale conclusion concerning temperature changes and MPB range expansion. Furthermore, the pheromone experiment consisted of only seven experimental trees and as a result, it cannot be conclusively verified that what was observed occurring during this study can be extended to occur all over western North America due to the small sample set.19. comparison/ contrast
18. Assessing the validity of research: criticism/ limitations

           19. This article’s methodology differed from Carroll et al. (2003) in that it consisted of in field experiments combined with historic data. This study also focused on developmental changes causing increased MPB expansion as a result of changing temperature, rather than the availability of suitable host environments. 20. The findings of this study demonstrate that a response of MPB to increased temperatures involves faster development, which can cause an increase in reproductive output (ie. tree colonization), contributing to its expanding western North American range.20. main argument and implications
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