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Rationale
Across the Klamath Region, non-native plant species are of universal concern for park management.  Many exotic plants are ecologically harmful, altering natural and/or historic scenes and impairing the natural function of many native plant communities.  In low elevation parks, such as Redwood and Whiskeytown, exotic species comprise over 25% of the flora, and many of the non-native species are highly invasive.  The relative level of concern for each non-native plant species varies from park to park and habitat to habitat, with varied implications for native biodiversity.  Most parks in the network, however, are very concerned about the present distribution and potential spread of these species and the potential threats to native ecosystems. 

Disturbance is likely to enhance the probability of non-native plant establishment in native plant communities (Rejmanek 1989, Hobbs 1991), especially when exotic plant propagules are present (Crawley 1987).  Therefore, non-native plants are most likely to establish in areas that have both a source of exotic seeds and which undergo repeated disturbance.  Human disturbed areas in parks, such as corrals, hiking and pack trails, pastures, and road corridors are typically areas most susceptible to establishment of exotic plant species.

Among natural systems, certain ecosystem types, such as river corridors, appear to be especially vulnerable (Baker 1984, Macdonald et. al. 1989; DeFerrari and Naiman 1994, Stohlgren et al. 1998, and others).  Since these ecosystems are subject to regular flood disturbance, the agent of disturbance also serves as a vector for propagule transport (Pyšek and Prach, 1994).  Riparian zones may also act as havens, corridors, and sources of exotic plant invasions into adjacent habitats (Stohlgren et al. 1998).  Spread of exotic plant species also occurs in other aquatic habitats, such as lakes, lagoons, and ponds.  Thirteen species of non-indigenous aquatic plants have been identified through the USGS non-indigenous aquatic species list as potentially present in our parks (http://nas.er.usgs.gov/).  Five of the species (Cotula coronopifolia, Egeria densa, Myriophyllum spicatum, Potamogeton crispus, and Spirodela punctata) have been identified from three of the parks (LAVO, REDW, and WHIS).  These same three parks have public recreational boating, the most common method for the dispersal of non-indigenous aquatic species (Bratager 1996).
Areas recently burned by uncontrolled wildfire are also vulnerable to exotic invasion, because competition from established plants may be reduced after fire (Tyler and D’Antonio 1995).  Fire can dramatically increase the amount of bare ground available for germination and establishment (Boyd et al. 1993).  Fire suppression activities may promote spread of exotic species by transporting propagules as well as disturbing the soil surface.  

Objectives
The primary objective of the inventory is to develop a complete checklist of exotic plant species in target habitats, and to predict the distribution and abundance of species within the park, especially in areas where disturbance regimes have been altered (e.g. roads, trails).
Our second objective is to collect information to 
conduct ecological and biological threat assessments for exotic plants confirmed in parks.  These assessments will be based on field data from inventories and other vegetation sampling efforts in the parks, review of the literature, and local botanical knowledge.  A checklist of threat characteristics will be developed for each park to aid in the assessment.
Our third objective is to establish baseline information for future monitoring of exotic plant distribution and abundance.




Survey Design & Methods
Non-native plant species are of long-term concern to all the parks in the network, but comprehensive park-wide inventories would far exceed the funding available in the Network inventory budget.  With this in mind, we initially intend to inventory the most likely habitats where invasive species can be found in each park, with the aim of developing more extensive park-wide distribution maps for invasive exotic plants in the future.  Based on recent research of the fundamental patterns of most non-native species invasions, an effective control strategy depends upon, at a minimum, evaluation and inventory of the most likely areas of invasion.  In most parks these will be: 
(1) areas of past or ongoing human disturbance, such as road right of ways, settlement or camping areas, and areas of livestock use or traffic;
(2) riparian and wetland areas; 
(3) areas altered by uncontrolled wildfire and suppression efforts. 
We will target our inventories toward these locations and habitats to maximize our understanding of the extent of invasion in each park.  Since some of these special habitats, such as streams and roadways, they are likely to fall through the cracks of a grid-based park-wide sampling system.  We will use basic GIS layers of hydrography and transportation networks in each park to identify sites for field sampling.  Potential sampling sites will be stratified by climate zone, elevation, parent material type, or other factors.
We will sample vegetation using a 4 ha quantitative reconnaissance plot composed of 4 parallel 25 m X 400 m belts arranged perpendicular to a roughly linear feature, such as a road, trail, or stream (Figure 1).  Within each belt, crews will conduct a purposive search for 45 minutes, recording presence and abundance of all non-native plant species.  At one hundred, two hundred, and three hundred meters into the belt, crews will perform point characterizations of canopy cover, slope, and evidence of ground disturbance within a 12.5 m radius.  Ancillary data (vegetation type, UTM Coordinates, slope curvature, etc.) will be collected at the mid-point (200 m) of each belt.  Data will be summarized to determine presence and abundance of non-native species at various locations in the park, and to determine the relative penetration of each species into native vegetation from a likely source area (i.e., the road or trail).
In addition to sampling of the linear road and stream networks, all developed areas, such as park compounds and campgrounds and administrative pastures, in each park will be inventoried with a complete directed survey.  Since these heavily trafficked areas have the highest potential for establishment of new exotic species, a complete assessment of exotic species is warranted.  



Within the target habitats outlined above, we will use a stratified random approach to allow inference to similar habitats throughout the park.  Since we expect that non-native species will decrease in abundance and number with distance from disturbance areas, and invasive potential will vary by species, we will conduct threat assessments for a number of exotic species in each park.  These assessments will be based both on sampling data and review of the literature for each species discovered.  A checklist of threat characteristics will be developed for each park that may include the following characteristics:

· Is the species invasive elsewhere

· Does the reproductive biology of the species favor invasiveness (small seeds, reproduces rapidly, animal dispersed, capable of sexual and vegetative reproduction)

· Is the climate in the native range of the exotic species similar to the climate in the park

· Does the species have a large distributional range in its native habitat

· Is the species closely related to native species found elsewhere in the park

· Does the exotic species exist in large populations in the park

· What is the quality of the habitat adjacent to where exotic species found

· poor (conditions exist for spread of exotic species, natural processes mostly absent)
· moderate (both disturbance and natural processes dominate landscape equally)
· excellent (natural processes mostly intact)
These assessments may provide insight into the extent to which different non-native species are invading natural habitats.  Many species will occur outside the sampling domain for this initial non-native species inventory, but we believe this approach will allow us to develop a better understanding of which species are the most likely invaders in more undisturbed habitats.
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Figure 1. Planform view of quantitative belt plot used in non-native plant sampling.  Belts A-D are arrayed parallel to a road, trail or other linear landscape feature at increasing distances into the native vegetation. Each belt is 400 m long and 25 m wide and comprises one hectare, for a total of 4 hectares per aggregate sample.
In LAVO in 2003, the sampling will be aimed at augmenting ongoing efforts within the park to map invasive exotic species.  Non-native species mapping is already underway for burned areas of the park and along the main road bisecting the park.  These areas will be excluded from sampling by the I&M crew.  The I&M crew will primarily sample using the quantitative belt plots described above, targeting roads and trails.


Schedule
This project will commence in mid May 2003 and continue through approximately September 2004. The first field visit to LAVO will occur in July to to early August 2003 and last two to three weeks.  Field crews may revisit the park later in the year to look for additional species.  Field sampling will also occur in summer 2004 as needed.


Coordination
Prior to the first field season, The Klamath Network Ecologist will meet with botanists and natural resource chiefs in each park to discuss ongoing exotic plant inventories in the parks, as well as possible sources of additional funding.  
The Network Ecologist will work with the park to facilitate logistics for the implementation of the inventories, including use of park lodging opportunities, and where appropriate, use of NPS equipment.  A pre-field season orientation will be conducted to familiarize all field crew leader and technicians with the general goals and approaches of the Klamath Network Biological Inventory Strategy, including proper protocols, safety and compliance issues, etc.

Partnerships
We expect to work closely with other investigators at universities, conservation organizations, and adjacent National Forest lands to develop a broader perspective of non-native plant species effects and control in areas surrounding the parks.
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