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Abstract: 
Invasive plants impact National Park lands throughout the country.  These invaders compete with native plants for space, light, water, and nutrients. They impact the structure and function of native plant communities, frequently resulting in reduced habitat quality. Impacts from non-native plant species include the displacement of native plant species, loss of forage and habitat for native animal species, changes in hydrological regimes, and changes in fire regimes.  NPS land managers are tasked with the mission to preserve unimpaired the natural and cultural resources and values of the national park system for the enjoyment, education, and inspiration of this and future generations. The presence of non-native plants on NPS lands is considered a violation of that mandate and therefore the National Park Service has made the management and control of non-native plant species a priority. 

The National Park Service Inventory and Monitoring programs (describe I & M) are developing methods by which they can track the infestation and spread of exotic invasive plants in the National Parks. They have proposed the following guidelines for the development of monitoring programs for exotic invasive plants. 

1.
Determine the distribution and abundance of known plant species within parks and their surroundings.  Assess which plants are present and which have a high potential to be invasive.

2.
Prevent, detect and eradicate new alien plant invasions.

3.
Evaluate the effects of management actions on targeted plant species and the ecosystems that they have invaded and determine whether strategic goals have been accomplished.

4.
Determine the status and trends of plant invasions over time and space and develop predictive capabilities to better guide future monitoring and management efforts. (NPS_I&M_InvasivePlantsGuidelines.doc)

Inventorying and monitoring each acre of a park for the purposes of preventing and detecting new invasive plant populations is costly and time consuming. A method is therefore needed that could assist managers in locating and prioritizing areas for monitoring to detect new invasions, thus making successful control efficient and feasible. Some such tools already exist for prioritizing species for treatment once populations have been located and assessed. An example of this is the Alien Plant Ranking System (Cite APRS). Unfortunately, much labor and expense is required in order to locate and map plant populations before they can be entered into the APRS. An additional tool that would be strategically important in assisting park managers in locating, monitoring and controlling the spread of non-native invasive plants would provide capabilities that would guide managers to the highest risk locations for the introduction and spread of new species. Currently, control and eradication of invasives is conducted by staff within individual park units and by Exotic Plant Management Teams (EPMTs) that work over a network of park units within a region. 17 EPMTs work within the 391 units and 84 million acres of the National Park system tasked with the job of controlling the spread of non-native plants within the parks. In order to best utilize the limited resources available to the parks it is necessary that park managers work with the EPMTs to locate and prioritize areas for monitoring and treatment. Without determining such management priorities, park resources might be misspent and successful management and control programs will remain elusive. The Inventory and Monitoring program works with individual park managers and the Exotic Plant Management Teams in order to assist parks in the design and implementation of exotic control efforts. Therefore, a tool for early detection would assist both the Inventory and Monitoring program in prioritizing its efforts as well as providing supporting information to the parks. A tool for early detection must be able to detect species under each of the three following conditions; species that currently occur within park boundaries and have the potential to expand their distribution, species known to currently occur in the region but have not yet entered the park boundaries, and species that are new to both the region and the park unit.   

Geographic Information Systems provide a suite of tools for processing and analyzing spatial data. Remotely sensed imagery, in conjunction with GIS has been applied in efforts to answer questions involving the habitat, dispersal, and spread of invasive exotic plants. Modeling techniques applying a variety of statistical methods have been utilized both independently and inside of the GIS for the purpose of defining predictor variables that contribute to the habitat, dispersal and spread of invasive plants. Attempts have been made to utilize GIS for the purpose of constructing predictive models for invasive species occurrences in the Colorado Plateau Network (CPN) of the National Parks through modeling the invasive plant populations at four units within the CPN region; Bandelier National Park, Zion National Park, Wupatki National Monument and Walnut Canyon National Monument. Klinger et al (In review) found that pooled species models that utilized a combination of environmental and invasion theory variables were not able to sufficiently predict the spatial extent of areas to monitor for the occurrence of invasive exotic plant species within the GIS. Applying data available through the USGS’s Vegetation Community Maps, the models failed to identify areas sufficient to meet the goals of detection for early invasion due to the fact that model fit was too general or too specific to be of use. Although analysis proved inconclusive, Klinger et al identified predictor variables for the modeling of invasive exotic plant species in the region. This data might be applied to inform further models to which additional parameters could improve model predictive powers. 

Given that models must be able to predict exotic plant invasions under the three conditions presented above; species that currently occur within park boundaries and have the potential to expand their distribution, species known to currently occur in the region but have not yet entered the park boundaries, and species that are new to both the region and the park unit; models must be general enough to be capable of detecting species that may or may not have information available pertaining to predictor variables that indicate habitat preferences. It is well recognized that disturbance both natural (fires, drought induced mortality of dominant plant species as a result of climate change) and anthropogenic (construction of roads, trails and buildings, improving range for grazing livestock) contributes to the spread of invasive exotic plant species. Travel along corridors (roads, trails) through disturbed areas presents increased propagule pressure and provides a vector by which new species may be introduced. While the park service generally prohibits the grazing of domestic livestock and minimizes or prevents the introduction of vectors of anthropogenic disturbance within park units (expansion of road and trail systems), the same cannot be said of lands lying adjacent to their boundaries. Considering this, the boundary between areas that are closely related in space but that apply divergent management techniques could serve as a high risk zone for plant invasions. As a result, models for early detection of exotic plant invasions could be improved by 1. Locating anthropogenic and natural disturbance and assessing differences in intensity and scale of these disturbances within and adjacent to park boundaries 2. Establishing a metric by which proximity to management boundaries may be included as a high risk criteria.

In the fall of 2008, Walnut Canyon National Monument conducted surveys of 106 vegetation plots in order to inventory the extent of invasive plant populations within the monument. This inventory will become the basis for deriving distribution maps of non-native plant species occurrence and population density across the monument. In addition to these inventory data, NPS staff also conducted non-native plant inventories along road corridors and within developed areas in the monument. The objective of the proposed work is to utilize these datasets to create probabilistic models of invasive plant occurrence in Walnut Canyon and vicinity, generate disturbance histories of lands for the same area and include them in weighted models with other variables, and to compare occupied (modeled) and potential (disturbed areas) habitat to assess the utility of applying disturbance history and management boundary proximity as model variables for the early detection of  invasion and prioritization for monitoring. 

Field observations indicated that proximity of sample sites to the monument boundary appeared to influence the probability that previously undocumented non-native species were detected.  Additionally, management practices on lands adjacent to the park boundary appeared to have an impact on the likelihood of encountering previously undocumented non-native species. Importantly, prior modeling efforts have not considered proximity to the boundary as a variable for analyzing the distribution of new introductions of non-native plant species. Management activities that result in site disturbance and contribute to the increased presence of non-native plants adjacent to the park boundary could provide a likely source for propagules entering the park.  Additionally, management activities at the monument boundary could augment the effect of naturally occurring disturbances such as drought or fire.  
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