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Urbanization is the primary cause of tree cover loss in the southeastern United States and is associated with major impacts on stream hydrology and water quality.  The loss of tree cover is linked with higher incidence of some diseases, particularly arbovirus-related (i.e. mosquito vectored) such as West Nile Virus (WNV).  Forested watersheds are characterized by stable hydrology and clean water; however, as tree cover declines during development, stream velocity, discharge, and concentrations of pollutants climb dramatically.  These changes increase the likelihood of sewer overflows and formation of stagnant pools of polluted water, conditions which are favorable for mosquito habitat. However, there is confusion concerning the influence of different types and configurations of forests due to a lack of detail in tree cover characterization in many previous reports. We used GIS to examine how variation in urban tree cover characteristics relates to hydrology and water quality and, finally, to incidence of WNV in mosquitoes and humans. We will transfer our findings to K-12 students, the general public, teachers, and managers in order to increase awareness of the role of urban trees in disease protection and provide suggestions for managing urban forests for reduction of WNV infection risk to humans. 

Project objectives:

(1) We will clarify the association of urban tree cover, arbovirus occurrence, and incidence of human WNV infection. 
(2) This information will be used to formulate management strategies for urban tree cover in order to reduce risks of WNV infection. 

Objectives met successfully to-date: Objectives have been met.

Synthesis and Conclusions
The major findings of our study were: 

1. At a landscape-scale, forest patch size was negatively correlated with vector index. This may be an example of the dilution effect in which larger forests reflect more bird diversity thereby decreasing the probability of an infected mosquito contacting birds such as corvids who may act as active reservoirs of WNV.  Consequently, these data suggest that maintaining larger forest patches (approximately 50 ha) may be necessary to minimize risk of WNV transmission in the southeastern United States. 

2. Percent pine composition was negatively correlated with vector index. The decrease in mosquitoes in areas with higher percent pine may indicate lack of preferred habitat for infected bird species and/or presence of drier sites (i.e. less hospitable habitat for mosquitoes).  

3. Lagged climate variables, soil moisture and temperature, were significant and correlated  with vector index. Moister and warmer conditions in the previous 4-6 weeks was positively related to the vector index.  

4. Seasonal climate conditions were also important.  Elevated temperature and PET averaged over late winter and spring were associated with increased abundance of Culex quinquefasciatus and their related infection rate in summer. Also, drier than normal condition during spring with low available moisture in surface layers creates favorable conditions for the development of Culex vectors in summer. 

5. In the Atlanta metropolitan area, rain events of 6 cm and higher averaged over March to April in weekly scale, combined with mild spring with average weekly temperature of 20 to 24 °C, favor mosquito development in mid-July. Also, total weekly rain events of 2 cm or less in March through May coupled with temperature around 26 °C, increases the chance of higher number of infectious mosquitoes in mid-July. These findings and the developed models can be used to estimate the size of vector populations that are likely to be seen in summer and to monitor the possible abnormalities in the increase of rates of WNV infection. 

6. Socioeconomic factors that were most highly correlated (positively) with the WNV vector index included the proportion of low income households and homes built before 1960 and housing density.

7. In-depth social analyses within the Atlanta metropolitan area indicated that the majority of residents were aware of WNV and knew that the primary vector of the disease is mosquitoes. However, knowledge regarding the specifics of the WNV transmission cycle was less apparent and targeted outreach in these areas could increase general knowledge of this disease cycle. 

8. Lower income residents may be at increased risk for WNV due to poor infrastructure and water quality in these neighborhoods. However, our analyses indicate that low income residents are more likely to practice personal protection measures against mosquitoes such as wearing long sleeve clothes, using bug spray, and periodically draining containers or standing water where mosquitoes breed. Therefore, in these areas, efforts would be best directed toward decreasing mosquito habitat and improving water infrastructure.

Distribution of Project Data
Dissertation:

Navideh Noori. 2015. Role of climate, land use/cover and water quality on West Nile Virus incidence: a modelling approach. Ph.D. Dissertation, Auburn University, 187 p. 


Journal articles published:

Noori, N., G. Lockaby, and L. Kalin. 2015. Larval development of Culex quinquefasciatus in water with low to moderate pollution levels. Journal of Vector Ecology 40 (2):208-220. DOI: 10.1111/jvec.12156 

Lockaby, G., N. Noori, W. Morse, W. Zipperer, L. Kalin, R. Governo, R. Sawant, and M. Ricker. Climatic, Ecological, and Socioeconomic Factors Associated with West Nile Virus Incidence in Atlanta, GA.  Journal of Vector Ecology.  In press. 



Journal articles in preparation:

Ricker, M.C., N. Noori, B.G. Lockaby, and R.M. Governo. The effects of Culex quinquefasciatus (Say) mosquito larvae on the biogeochemistry of simulated breeding sites. In preparation for Water, Air, and Soil Pollution.

Lupek, M., W.C.  Morse, and C. Cox. The influence of West Nile Virus perceptions, knowledge, and attitudes on preventative behavior and mosquito breeding habitat in the Greater Atlanta Area.

Morse, W.C., and M. Lupek. Social factors and the physical environment: predictors of West Nile prevalence.


Professional Talks:

Morse, W.C.  Integrating social science into One Health to inform research, policy, and outreach. Pathways Kenya 2016: Integrating Human Dimensions into Fisheries and Wildlife, January 10-13, 2016, Kenya, Africa.

Matthew C. Ricker, Navideh Noori, B. Graeme Lockaby, and Robin M. Governo. Linkages between water quality, biogeochemical processes, and larval southern house mosquito (Culex quinquefasciatus) growth in simulated breeding sites. Society of Wetland Scientists May 31-June 4, 2015, Providence, Rhode Island. 

Navideh Noori, Latif Kalin, Graeme Lockaby, Krisztian Magori. Role of LULC and Water Quality on West Nile Virus Incidence. XXIV IUFRO World Congress. October 5-11, 2014, Salt Lake City, UT.

Morse, W. C., Lockaby, B.G., Zipperer, W., Kalin, L., Magori, K. Interdisciplinary study of the West Nile Virus in the greater Atlanta metropolitan area. The International Symposium on Society and Resource Management (ISSRM), June 9-13, 2014. Hannover, Germany.

Navideh Noori, Krisztian Magori, Latif Kalin, B. G. Lockaby. Impacts of Climatic Variability on West Nile Virus Infection, in Central North Georgia, USA. 94th Annual Meterological Society, Feb 2-6, 2014, Atlanta, GA. 

Krisztian Magori, Graeme Lockaby, Latif Kalin, Wayde Morse, Wayne C. Zipperer, Navideh Noori, Rajesh Sawant and Rosemarie Kelly. Combined landscape and social conditions create high WNV infection risk in Atlanta, GA. 98th ESA Annual Meeting August 4 - 9, 2013, Minneapolis, Minnesota 




Professional Poster Presentations:

Navideh Noori, Latif Kalin, B.G. Lockaby. 2015. Linkage between Land Use/Cover and Water Quality and its Impact on West Nile Virus Incidence. School of Forestry and Wildlife Sciences 2nd Annual Advisory Council poster session. March 10, 2015. Auburn, AL. 

Navideh Noori, Latif Kalin, B. Graeme Lockaby. 2014. Impacts of Climate Variability on West Nile Virus Risk in Central North Georgia, USA. Southeast Climate Consortium. May 7-9, 2014. Tallahassee, FL. 


Extension Talks:

B. Graeme Lockaby. Things in the Woods that will Kill You. Tick & Mosquito Borne Illnesses: The Risks & Realities. July 30, 2015. AU Extension, Mobile, AL.  

B. Graeme Lockaby. Things in the Woods that will Kill You. Tick & Mosquito Borne Illnesses: The Risks & Realities. August 13, 2015. AU Extension, Evergreen, AL.  


Websites:

The West Nile Activity is completed, posted on the PLT website, and distributed through the Summer Branch Newsletter to over 20,000 educators. The activity is included as part of the EE Resources, as this is the most popular part of the newsletter. The activity has also been posted online as part of our Focus on Forests Module, and can be seen here: https://www.plt.org/focus-on-forests.

Project Learning Tree West Nile Activity-download the activity “West Nile Virus: Forests Help Reduce the Risk”
https://cws.auburn.edu/CESURI/Announcements/View/26

Southern Regional Extension Forestry newsletter and website. http://www.sref.info

Association of Natural Resources Extension Professionals newsletter and website http://www.anrep.org/


Outreach activities for children:

May 13, 2016: CESURI Outreach Day, Auburn University, AL. Mosquito life cycle and West Nile virus.

May 10, 2016: Alabama  Storm Water Symposium, Auburn University, AL.

March 2016: Jacksonville, FL. Jr. MANRRS Conference. Presentation on West Nile Virus.

January 26, 2016: Tallassee High School. West Nile information seminar as part of Coach Mask’s history class.

December 11-13, 2015: State Jr. MANRRS Conference in Lexington, KY. Michelle spoke to over 150 children about West Nile Virus and taught them the West Nile dance.

[image: C:\Users\coleden\Pictures\KY jR. caonference\IMG_8196.JPG]

August 2015: Discussed importance of covering up at West Nile Regional MANRRS Meeting, Atlanta, GA.

[image: C:\Users\coleden\Pictures\2015 Atlanta regional manrrs\IMG_6563.JPG]

July, 15 2015: Taught the West Nile Dance to promote awareness at the SPECS Summer Prep Academy in Tallassee, AL.
July, 8-9 2015: Provided education to 100 Birmingham Water Ambassadors, held at the Auburn University Davis Arboretum Pavilion
[image: C:\Users\coleden\Pictures\water ambassaders\IMG_7316.JPG]
July 2015: West Nile material presented at the Extension Field day with Jr. MANRRS student assisting Dr. Brenda Allen.

June, 12 2015: Included West Nile Virus activities during educational competition for our 4-H youth interested in the outdoors as a part of the 4-H team Forestry Invitational Oak Mountain  

May 2015: Promoted West Nile Virus awareness at the Munford School National Get Outdoors Day event.

April 2015: Engaged students with West Nile Virus activities at the Tuskegee Middle School OutDoor Event.

March 2015: Michelle Cole discussed West Nile virus with stream team in Dothan, AL.

January 2015: Coordinated the startup of the Tallassee Stream team West Nile activities. 

Additional objectives in progress: None
Objectives not yet met: All objectives have been met.

How will this project increase the knowledge we have about urban forestry?  How will the public benefit? 
We have learned not only that forest cover is important, but the composition and structure of urban forests also exert influences over WNV risk. Larger patch sizes and those containing a higher percentage of pine decrease WNV risk, therefore retaining these patches in urban planning is advantageous. The public will benefit because the knowledge gained from this research will allow city managers to focus their efforts to prevent and/or reduce West Nile Virus outbreaks in parts of the city that fit into the categories identified as problematic based on the social and forest patch results. Also, city managers will be able to identify climatic conditions favorable to WNV outbreaks.

How will the results be disseminated to the public?
The results were linked to websites such as Project Learning Tree, Southern Regional Extension Forestry, Association of Natural Resources Extension Professionals, and the Center for Environmental Studies at the Urban-Rural Interface. We have provided outreach programs to school children teaching them about West Nile Virus and what we have found. Results have also been presented at scientific and county extension meetings and are currently being compiled for scientific journals. 

Has the project met the projected timeline of accomplishments? Yes
Is the project on schedule? Yes
Is the project ahead of schedule?  No
Is the project behind schedule?  No 

If a no-cost time extension has been requested for this project, why is (was) it needed? One no-cost extension was requested during this project in order to accomplish the socioeconomic portion of the research. This has been completed and the journal articles are being prepared for submission.

List the active partners (key individuals or organizations) involved in the project to-date:

Investigators:  Dr. B.G. Lockaby, Dr. L. Kalin, Dr. W. Morse, Dr. K. Magori, Dr. N. Noori and 
Dr. Wayne Zipperer – US Forest Service

Comments considered of importance but not covered above:

This report was prepared by:
Name: Dr. Graeme Lockaby 
Title: Professor
Phone Number: 334-844-1054
Date: 10/17/2016
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