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Objective and Need for Survey

(as originally stated within the project’s WORK PLAN)

The objective of the Kiski-Conemaugh Invasive Plant Survey is to inventory invasive exotic and noxious plants which are or may be present within the 1887 square-mile Kiski-Conemaugh River Basin’s riparian areas, including stream banks, waterways, and wetlands (see cover map).  Because some invasive species, such as Japanese knotweed (Polygonum cuspidatum), multiflora rose (Rosa multiflora), and others, have established themselves as dominant within the study area, necessary control has become extremely costly, time-consuming, and challenging.  Even local, strategic control of Japanese knotweed has proven to cost as much as $350 per acre per year.  Considering that knotweed is present within approximately 80% of the watershed’s riparian areas, the cost to control the species watershed-wide proves infeasible.  Therefore, an urgent need exists for an invasive plant inventory to be completed and to serve as the baseline for developing an early warning protocol and rapid response action system in the watershed and for constructing a prioritized control system.

ACCOMPLISHMENT OF OBJECTIVE

Within 10 hours of helicopter flight time, Helicopter Applicators, Inc. (HAI) was able to collect enough hyperspectral data to locate any invasive plant for which its unique spectral signature is documented, plus many other features, that may be present within the priority riparian areas of the Kiski-Conemaugh River Basin.  To locate an individual plant species, ground spectra of that plant material needs to be acquired from a known population or even an individual plant.  This part of the aerial project was implemented by West Virginia University (WVU), specifically the Natural Resource Analysis Center.  At the conclusion of this first round of ground spectra collection and hyperspectral data analysis, six invasive species were conclusively located. With continued spectra collection and ground verification in 2005, the successful identification of these six species, and the addition of many others, will prove that this technology can be used to accurately and efficiently identify individual invasive species on a wide scale in a short amount of time.  (See Appendix A – Helicopter Applicators, Inc. Report and both relevant maps, “Invasive Species Along Stonycreek River” and “Stream Sections”, within Appendix B - Maps and Photographs for further detail.)  

With a goal of locating 17 target species, as well as a select list of additional species, the study will continue beyond the close of this agreement in order to reach its maximum potential and to generate the most useful and broad data possible.  As such, a collaborative effort between WVU, HAI, and Natural Biodiversity will ensure that spectra collection and ground verification in summer 2005 can conclusively identify all desired species within the scope of the study, as well as additional species that have recently been identified as a potential threat.  

Conclusions

The following conclusions derived from 2004 results will aid in the continuation of successful assessment and therefore efficient invasive plant control: 

1. Six species of invasive plants were successfully located via ground spectra collection, hyperspectral data, and analysis.

2. Additional ground verification in summer 2005 will conclusively prove that the locations of these six species and others have been accurately identified through the combined use of hyperspectral technology and citizen “ground-proofing”.

3. An incompatibility between WVU’s spectral collection methods and Helicopter Applicator’s data processing existed, but is being rectified.  

4. Spectra were not collected for some of the requested study species and genuses (see Appendix A).  The primary reason is the lack of known locations of some species.  For example, WVU could not locate a giant hogweed (Heracleum mantegazzianum) plant from which to collect spectra because of the thorough collaboration between the United States Department of Agriculture (USDA) and Pennsylvania Department of Agriculture (PDA) to eradicate the species.  

5. A select list of species recently identified as desirable to identify were not included in the original target list of species.  The list is currently being generated from 2004 volunteer and ground data, as well as from literary sources.  This list currently includes:

· Privet (Ligustrum valgare)

· lesser celandine (Ranunculus ficaria)

· reed canary grass (Phalaris arundinacea)

· spotted knapweed (Centaurea maculosa) 

· English ivy (Hedera helix L.)  

· Oriental bittersweet (Celastrus orbiculatus)

· Autumn olive (Elaeagnus umbellate)

Next Steps

HAI has agreed to analyze all original listed species free of additional charge, once compatible spectra are collected.  WVU has agreed to collect spectra for the species included on the original target list free of additional charge.  Natural Biodiversity will continue coordination of assessment efforts through location of invasive species on the ground and organization of the key citizen engagement component.  The addition of species not originally listed can also be done without further aerial flight time, but will result in additional spectra collection work and a limited amount of additional analysis, therefore requiring additional funding sources.  Natural Biodiversity recommends that not only should the original proposed species be added to the field data collection and analysis, but that the final list of additional species also be added, aiding in early detection and rapid response.  Natural Biodiversity will generate the final list, hopefully with assistance from USDA’s Animal and Plant Health Inspection Service (APHIS), PDA, and others.  Natural Biodiversity will also search for funding sources so that the additional plants can be added.  

Natural Biodiversity recommends that updated spectral collection methods be set prior to April 1, 2005 so that spectral collection can begin with the early growth of plants in May and be continued throughout the summer months, with a round of collection to occur during the third week in August, which is the stage within the growing season that the hyperspectral data was collected in 2004.  Then, differences, if any substantial ones exist, between early and late growth stage spectra can be identified for the chosen species.  Another interesting fact desirable to find in the process would be whether any spectral differences occur between geographic regions.  To do this, various spectra collection locations will need to be identified for the same species.  Finally, Natural Biodiversity requests that USDA APHIS and PDA assist in giant hogweed spectra collection by allowing one known population or single plant to grow through the season to the third week of August in a quarantined situation to prevent spread.  Once spectra are collected, control can resume.  

ADDITIONAL ACCOMPLISHMENTS, CONCLUSIONS AND RECOMMENDED ACTION ITEMS

Verification

The hyperspectral data is verified through a couple of means and throughout 2004 and 2005 growing seasons.  Natural Biodiversity volunteers have provided 2004 ground data with invasive plant identification at nine (9) sites throughout the study area (see attached “Volunteer Sites” map within Appendix B - Maps and Photographs).  Because 2004 is the first year that Natural Biodiversity has trained volunteers to collect plant data through its “Weed Watcher” program, staff will go into the field in spring and summer of 2005 and not only verify the hyperspectral data, but also all volunteer information as well, to ensure quality (see Table A for all 9 volunteer sites’ data and a comparison of one site, Ron Morris’, to the hyperspectral).  In addition, Natural Biodiversity staff has collected plant information at 33 systematic sites throughout the study area, all of which are within the riparian area and can therefore be utilized as verification of hyperspectral.     

Limitations 

Especially true with shade-tolerant, forest interior invaders, the major limitation of any aerial plant identification technology, certainly with hyperspectral, is the inability to “see through” thick canopy cover to herbaceous species present beneath.  However, preliminary data identifies one such species, garlic mustard (see Appendix A – Helicopter Applicators, Inc. Report and “Invasive Species Along Stonycreek River” map within Appendix B - Maps and Photographs).  Another limitation is the mass of data that is generated by hyperspectral study.  A challenge exists with data storage capacity, certainly with distribution of analyzed, mapped data in digital format for organizations that need to be able to utilize the data.  The Natural Biodiversity office will serve as a mechanism for data storage and distribution as long as it is economically feasible to do so.  For these reasons, decisions concerning potential aerial study must include a clear knowledge of what level of data is needed for study.  Refer to the True Color Aerial Photographs section for further discussion on this subject.   

Cost Savings 

Actual costs this year of hyperspectral data collection and analysis total cost = $78,000.  Hyperspectral component plus all other aspects of this project (volunteer recruitment, training, media, and personnel) totaled $240,000.  

Hypothetical estimate: Let us estimate that two people could scour a linear mile for all invasive species present within a full workday of 8 hours. With the study area equaling 235 linear river miles on both sides of the river, this equals 235 X 2
= 470 days on the ground.  In order to collect the amount of data that the hyperspectral did in just ten hours, two field people would require approximately 470 full field days.  For estimation’s sake, let us put a manager or knowledgeable staff member in the field at all times, this person with a salary of $20/hour and also an AmeriCorps member, with an extremely minimal organizational investment of $2.35/hour.  470 field days X 8 hours per day = 3760 hours of data collection by both field workers.  3760 X $20 per hour = $75,200 cost for the manager’s field time.  3760 X $2.35 per hour = $8836 cost for the AmeriCorps member.  $75,200 + $8836 = a total of $84,036 for only field data collection.    

Other costs to consider are field personnel travel to the sites: Let us create a conservative estimate of total mileage, within a situation where the field personnel carpool and travel together.  The approximate radius of the Kiski-Conemaugh River Basin’s boundaries is 35 miles, so the personnel will average a 70 mile round trip every one of the 470 field days, equaling 32,900 total miles X the federal rate to reimburse mileage of 0.375 = $12,338.  Now our total for only data collection equals $96,374.  Now, let us add in an equal amount of data analysis, mapping and reporting for the two staffers.  With the two of them working together, let us say that the tasks require about 3 months post fieldwork.  20 days X 3 months = 60 days.  60 X $20 per hour for the manager X 8 hours per day = $9600.  60 X $2.35 per hour for the AmeriCorps member X 8 hours per day = $1128.  Total data analysis = $10,728.  Data collection + data analysis = $107,102.  This is based on many estimated, but conservative variables.  Cost savings ~ $29,102.  

Although $29,102 is a substantial amount of money, the real savings lies in the time saved through the use of hyperspectral technology.  Based on the field requirement of 470 days and the fact that the maximum amount of field days for one growing season is approximately 80 days, the fieldwork would require about 6 years to complete.  The hyperspectral data was acquired in 10 hours of flight time.  Therefore, the time savings in field data collection alone ~ 6 years.  

A more accurate figure will be nailed down with a “test” verification site in 2005, where Natural Biodiversity staff will record the actual amount of time needed to inventory all invasive plants along a linear mile.  Also, with assistance from the predictive model that has been developed, estimates of cost savings related to the more rapid response and prevention capability will be generated over time.  Information used to generate these figures will include the predictive model outputs, program conservation activities, success rates, costs, as well as literary data concerning the movement of invasive plants across landscapes.

Other Potential Applications

A significant potential application of previously collected data is abandoned mine drainage (AMD) detection, including inventory of both in-stream and exposed stream bank discharges.  Although 1700 known discharges exist within the 1887 square-mile Kiski-Conemaugh River Basin, not all sources of AMD into the waterways have been identified, which is certainly true of the “difficult to identify” in-stream seepages.  Spectra for elements and compounds found in bituminous AMD have largely been identified through other projects.  Therefore, analysis of the existing data with the purpose of finding AMD sources and levels of in-stream metals would require minimal effort and funding.  Therefore, Natural Biodiversity recommends that its umbrella organization, the Kiski-Conemaugh River Basin Alliance, create a proposal to do so and submit a grant application for the project, most likely to one of the following: Office of Surface Mining (OSM), the PA Department of Environmental Protection (DEP), or the Western PA Coalition for Abandoned Mine Reclamation (WPCAMR).  Other features could be identified by the existing data through additional spectra collection, such as riparian forest health, diversity, cover type, and species.  

Model

For multiple reasons, listed below, the modeling system termed Invasive Species Landscape Model (ISLM) is not complete, but instead it is still currently under development and a “debugging” process:

· Insufficient hyperspectral data to date

· Incomplete plant species preference data from literature

· Flawed inputs in some areas Ex: A false assumption was used to determine present locations for invasive plants and therefore the reasons for the existence of species in these locations.  Natural Biodiversity’s systematic vegetation sample locations were assumed by WVU to be the lone locations of invasive plants found by Natural Biodiversity.  However, the locations were simply the only sample points from which Natural Biodiversity had been able to collect data to date.

Action Items Recommended by Natural Biodiversity:

· Further work by WVU at no extra charge to finish and correct model

· WVU should create, again at no extra charge, a detailed schematic or flow chart of inputs, assumptions, literature points, mapped features, and any other fact or theory used to create model outputs and provide to Natural Biodiversity and USDA APHIS by January 31, 2005.  This will assist partners in creating the most accurate predictive model possible.

See Appendix C - WVU FINAL REPORT for preliminary results, deliverables received to date, and outcomes still expected.  Also see “ISLM Vulnerability Map Example” within Appendix B - Maps and Photographs.
Rapid Response

With the hyperspectral data and the predictive model, Natural Biodiversity and partners will be able to respond rapidly to any invasive plant population within the Kiski-Conemaugh’s riparian areas.  By knowing present locations and potential movements of threatening species, control projects will be prioritized and be mobilized efficiently for maximum results.  Especially with the addition of suspected species in 2005, the program will target species that have not yet become a massive problem, but threaten to do so.  For example, if a hogweed plant or population is detected following spectra collection in 2005 and further analysis with existing hyperspectral data, control can be initiated in spring 2006.  High-risk areas will be identified by using a combination of mapping known locations and adjacent areas susceptible to invasion.  Natural Biodiversity will need assistance from experts in the field of invasive plant rapid response, such as USDA APHIS and United States Geological Survey (USGS), to develop and implement the full protocol.  

Prioritization For Efficient Conservation 

In addition to rapid response, conservation efforts can be prioritized for maximum efficiency, even with more well established species.  For example, Japanese knotweed locations will be known, as well as areas prone to infestation, such as developed or degraded sights with high levels of sunlight.  By taking into consideration the major distribution pathways of knotweed, such as seed and rhizome fragment flow down streams, control will focus from headwater areas initially and work downstream.  Susceptible areas, such as power line rights-of-way and south-facing slopes, will also be taken into consideration. 

True Color Aerial Photographs  

True color aerial photographs, with a resolution of 1 meter, were taken of the entire Kiski-Conemaugh River Basin (see example titled “True Color Complement” within Appendix B - Maps and Photographs).  At the very least, these photos will serve as the backdrop for hyperspectral data mapping and modeling projects.  The photographs could also serve as planning and mapping tools for any other project in need of high-resolution images of the landscape.  The possibilities seem endless and could include use by county planning departments, watershed associations and many others.  At the least, other applications will include a baseline inventory of the level of development and land use in the River Basin and calculation of percentages of land use types.  Because of the high resolution of the photos, possibilities also include determination of certain cover types, forest health, biodiversity, and invasive species presence beyond the riparian areas and into upland sites.  By evaluating the potential uses of the true color alone, and also its combined use with hyperspectral, determinations can be made for future needs of aerial inventory and mapping.  For example, if forest cover types can be adequately determined by true color alone, then the future need of hyperspectral to determine this will be eliminated, thus the cost saved.  If the combination of true color and hyperspectral in spots can be used for forest health monitoring, then the cost of using hyperspectral for wide areas of forest can be eliminated.  Natural Biodiversity will work with local, state and federal partners to make these determinations.  A need exists in the Kiski-Conemaugh River Basin and other areas to inventory:

1. Forest cover types

2. Forest biodiversity, including species richness, relative density of species, and importance values for each species

3. Forest health 

4. Forest pests present

5. Forest resources available for sustainable use

6. Areas of vulnerability within forest systems

Because these features would be useful in creating an update to the PA Department of Conservation and Natural Resources (DCNR) Kiski-Conemaugh River Conservation Plan, DCNR funds could assist in implementation.

Media

Thirteen (13) newspaper articles were printed locally concerning the aerial project and the accompanying citizen engagement.  One article was picked up by Associated Press (AP), which was printed in at least 46 papers across United States.  Through this project, Natural Biodiversity has been able to capture citizens’ attention concerning invasive species and even get many of them directly involved in control and conservation projects, through a coordinated effort that exploited the human interest in advancements and technology as a means to an end: the “hyperspectral hook”.  Citizen volunteers were extremely excited about being part of the verification of this sophisticated technology and therefore were enthusiastic about their work.      

Natural Biodiversity developed and distributed 50,000 newspaper inserts within Kiski-Conemaugh newspapers prior to the “Weed Watcher” trainings and the hyperspectral flight.  Not only did the insert inform the public on how they could get involved in the project, but it also informed them of other conservation volunteer opportunities within the Kiski-Conemaugh River Basin.  

As part of Natural Biodiversity’s media campaign, a website was developed, complete with information on the hyperspectral project and involved partners.  Go to www.naturalbiodiversity.org to review its contents. See Appendix D - Media for examples of our prepared press releases, newspaper articles, and the recruitment flyer.   

Citizen Engagement
On May 15th and 22nd, 2004, the fruits of Natural Biodiversity’s media labors ripened when personnel trained 28 volunteer Weed Watchers to identify invasive plant species and survey areas of the watershed for them.  Each volunteer was given a training manual, which included an Identification Guide for Common Invasive Plants in the Kiski-Conemaugh River Basin, developed by Natural Biodiversity, as well as other vegetation identification guides and information.  The manual also included proper techniques to be used for data and specimen collection.  Other general information regarding permission to access land and field safety procedures were also reviewed during the training and provided in the manual.  Natural Biodiversity provided the Weed Watchers with multiple copies of the data sheets to record their information gathered at the site of their choice and self-addressed, stamped envelopes.  Each Weed Watcher was also given a field kit including: a canvas bag to carry equipment into the field, compass, hand lens, USDA APHIS giant hogweed brochure, and tree and wildflower identification keys.  All equipment and materials necessary to complete the site surveys were provided by Natural Biodiversity at no charge to the volunteers.  

Of the 28 Weed Watchers that were trained, eight completed and returned vegetation surveys as of November, 2004.  Those eight volunteers contributed 46.5 hours of their time to completing the data sheets and informing Natural Biodiversity of the locations of known invasive plant species at their individual sites.  Eighteen different invasive species were identified at the eight locations.  Japanese knotweed, garlic mustard (Alliaria petiolata), and multiflora rose (Rosa multiflora) were the most prevalent.  

Weed Whackers were trained on-site to properly identify and mechanically cut Japanese and giant knotweed (Polygonum cuspidatum & P. sachalinense) at four demonstration control sites in July, 2004.  Crown vetch (Coronilla varia) was also mechanically pulled at one demonstration control site in July as well.  Twenty-six Weed Whackers, contributing 78 total hours of their time, participated in Natural Biodiversity’s first year of utilizing control methods other than exclusive herbicide usage.   

All volunteer Weed Watchers and Weed Whackers were asked to participate in an online survey to tell Natural Biodiversity how they felt about their experience as a volunteer with the organization.  Twenty-five percent (25%) rate the program as excellent, while a substantial 67% rated the program as good (25%).  Only 1 volunteer (8%) rated it as fair and no responding volunteers rated it as poor.  See Appendix E - Citizen Engagement for “Survey Results: Natural Biodiversity Volunteers 04”.  Most of the volunteers liked “learning about invasive species” and “doing something about the problem”.  Eight of the twelve volunteers who completed the survey rated Natural Biodiversity staff’s ability to communicate the importance of the work as good or excellent.  When asked how effectively staff showed appreciation of the volunteers’ donated time, 100% said good or excellent.  The majority of the volunteers felt that they received enough personalized attention and 100% said they would consider volunteering with Natural Biodiversity again.  Suggestions for future improvements supplied by the volunteers include: marking clear boundaries at weed whacking sites with survey tape, make clear goals and keep a better schedule at trainings, have weed watchers work in groups to boost confidence and provide a more enjoyable experience, and use better promotion and recruiting strategies.  Although 50,000 newspaper inserts went into area markets, Natural Biodiversity recognizes a need to “step up” the recruitment and retention components by implementing all aspects of the recently developed strategies (see last paragraph of this section).   

Both the Weed Watchers and Weed Whackers programs have played a crucial role in the advancement of Natural Biodiversity projects and ideas.  Weed Watchers serve as “eyes” to monitor the watershed for existing and encroaching invasive plant species.  Data collected by Watchers will aid in the ground verification of aerial hyperspectral data.  Combined, this information will enable Natural Biodiversity to prioritize future control efforts and apply an ‘early detection/rapid response’ protocol for activities of the organization.  Data collected by Watchers has also enabled Natural Biodiversity to partner with West Virginia University to develop a watershed model, which can predict future occurrences and dispersal of invasive weeds throughout the Kiski-Conemaugh.  

Past control at demonstration invasive plant control sites consisted solely of applying a glyphosate-based herbicide, AccordTM, to the leaves of the plants twice a year in the spring and fall.  Weed Whackers have made it possible to control knotweed and crown vetch using a form of control other than bi-annual herbicide application.  By holding Weed Whacking events at demonstration control sites in the summer and then spraying the re-growth in the fall, volunteers essentially reduce the amount of herbicide used at mechanically controlled sites to half of the original amount used each year.  Weed Whackers will allow Natural Biodiversity to demonstrate cost effectiveness and environmentally sound forms of control for invasive plants.  

All in all, these two volunteer programs have been beneficial to all of those involved.  Volunteers seem to have had an enjoyable experience and wish to participate again in future years.  Natural Biodiversity has expanded watch over the basin for invasive plants and is now capable of experimenting with different control methods to reduce the amount of herbicide put into the environment and the amount of money used to control invasive plants.  

See Table A and “Volunteer Sites” map within Appendix B - Maps and Photographs for 2004 results.  Note that on Table A there is a rough comparison between a volunteer’s results and the hyperspectral for the same area.  Even though the exact study areas differ in size and location slightly and species are missing from hyperspectral analysis, the two sources of data matched 4 out of 6 species, with a matching percentage of 67%.  Further analysis and closer matching of study areas will give Natural Biodiversity an even better indication of the accuracy of volunteers’ and hyperspectral data.
Natural Biodiversity also collaborated with the Kiski-Conemaugh Stream Team to develop long-term volunteer recruitment and retention strategies.  Implementing these strategies and changes suggested by volunteers will together ensure the continuous viability of the citizen engagement aspect.

See Appendix E - Citizen Engagement for the volunteer recruitment and retention strategies, Weed Watcher data collection sheets, results from the 2004 volunteer survey and a program for the volunteer appreciation picnic.   

See also Appendix F - Glossary of Terms
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� The estimate assumes that the fieldwork would require both personnel to collect data on one side of the stream on one day and then both to collect data on a full other day on the other side of the waterway.  Therefore, 235 river miles was multiplied by 2 equaling 470 total field days required.
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