Heartland Network/Prairie Cluster Prototype

Invasive Exotic Plant Inventory Methods

Scope and Rationale

Exotic species represent one of the most significant threats to park resources.  Invasive exotic species are of primary concern given their ability to quickly expand into new areas, to crowd out native species, to alter ecosystem processes across multiple scales, and to detract from the interpretive value of park resources.  Hobbs and Humphries (1995) identified a significant time lag between the initial establishment of an invasive exotic and its rapid expansion toward local carrying capacity.  Exotic species which are identified early and eradicated during this lag phase will likely require a much lower overall expenditure of control resources than species identified after becoming well established (Hobbs and Humphries 1995).  Therefore, identifying the phase and extent of establishment for invasive species provides critical information for allocating control resources. 

Because a large number of parks ranked exotic species inventory as a high priority, a unified sampling strategy is needed to coordinate exotic species inventories across multiple parks.  This strategy will attempt to gather objective information about the distribution and abundance of targeted exotic taxa.  The primary aim is to provide resource managers with the information needed to allocate control efforts most efficiently, whether to curb the expansion of an established species or to eradicate a species with spotty occurrences.

Target Species Selection
Target species were identified using a variety of sources, including management priorities, an exotic plant species assessment from 1994, state noxious weed lists and regional lists of invasive exotics species (USDA, NRCS 1999; Westbrooks 1998; PCA Alien Plant Working Group 1999).

Parks which have had no recent or authoritative exotic species surveys will have an initial reconnaissance effort prior to contracting.  Heartland Network personnel will conduct this reconnaissance in coordination with knowledgeable representatives from state Natural Resources Conservation Service and/or state Natural Heritage programs.  These efforts will be aimed at identifying target species and relative abundances within park lands (ARPO, CUVA, GWCA, HOSP, PERI, and LIBO).

Inventory Design

Blocked grid design.
Surveys for invasive exotic species will be stratified across the reference frame using a blocked grid design.  Each block will be comprised of nine grid cells (Figure 5).  The shape and extent of the reference frame, as well as the size of the grid cells, will be determined on a case-by-case basis, and will depend on the level of funding and the amount of area to be inventoried.  In some cases, management units of special concern or of limited spatial extent will be gridded at a smaller scale (i.e., with smaller grid cell size) than the remainder of the reference frame.  This will allow for representative sampling and fine-scale mapping of exotic species establishment.

Figure 5.  Example of a blocked grid with 2 cells per block selected for survey work.
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Survey methods.  Within randomly selected grid cells, a survey quadrat of predetermined area will be established at the centroid of the grid cell.  Coordinates will be selected in advance of field work and loaded into a GPS unit so that sampling sites can be located quickly and efficiently in the field.  Depending on tree density, quadrats can be either circular (fixed-radius) or square in shape; however, only one shape should be used for a given park.  Given low tree density, circular quadrats are preferred because they minimize the effect of plot shape and edge by maximizing the ratio of plot area to boundary length.  Circular quadrats can be easily established using a fixed central stake and a rope of known length to guide the marking of plot boundaries.  Square quadrats are easier to establish where tree density is high, but have the disadvantage of a lower ratio of plot area to boundary length.  Quadrat size will vary from park to park depending on budgetary constraints and minimal sampling requirements, but should be sufficiently large to sample a minimum of 1% of the reference frame. 

Once a quadrat is established, the contract surveyor(s) will thoroughly search for the target species and record presence/absence and percent cover in the following predefined cover classes:

	Cover class
	Percent cover

	0
	not present

	1
	trace – 1%

	2
	1 – 5%

	3
	5 – 25%

	4
	25 – 50%

	5
	50 – 75%

	6
	75 – 95%

	7
	95-100%


Determining Target Species and Inventory Intensity

The inventory design outlined here is necessarily flexible to accommodate the wide range of exotic species abundances.  For example, exotic species in the early phase of establishment will require inventory aimed at detecting infrequent, small-grain occurrence.  Such an inventory might employ adaptive sampling whereby species presence within a sample plot triggers additional sampling within a small neighborhood adjacent to the sampled plot.  However, this adaptive approach would waste sampling effort in the case of a more established, frequently-occurring exotic species.  For a common exotic, a preliminary coarse-scale survey might be used to identify dense, established populations, which could be excluded from further survey work.

In order to ensure that inventory intensity is suited to the estimated frequency of the species, a decision support system will be used to determine which inventory method to apply.  We developed a decision support system based on the stage of establishment, phrased in terms of the appropriate level of management (Table 13).  In keeping with the concept that a species is most easily controlled early in its establishment, the level of inventory for species with infrequent, spotty occurrences will be highest in order to identify as many occurrences as possible.  The stage of establishment will be determined for each species by interviewing resource managers and other knowledgeable persons on a park-by-park basis. 

For parks for which there are no knowledgeable persons available for interview, Heartland Network staff will conduct a preliminary reconnaissance to identify target species and rank their stage of establishment.  Ranking can be done regardless of whether management is ongoing for a particular species.

Description of inventory categories.  Category 1 – This inventory level uses blockwise adaptive sampling (Thompson 1992; Salehi and Seber 1997) to increase sampling intensity in areas surrounding species occurrences.  Two grid cells for each block will be selected at random for sampling.  If the species occurs in the quadrat for a randomly-selected cell, all directly adjacent cells in the same block will be sampled (rook’s moves only, not diagonally adjacent cells).  If one or more of the directly adjacent cells is found in an adjoining block, they are excluded from adaptive sampling.  The adaptive sampling continues in an iterative manner, either until no more presences are recorded, or until no more cells are adjacent to a cell, for which the species was present (Figure 6).  This technique is best suited to rare or infrequent species with clumped distribution patterns (i.e., those classified in either the “Eternal Vigilance” or “Search and Destroy” establishment stages).

Table 13.  Decision support system for exotic species inventory intensity.

	Management strategy
	Stage of establishment
	Inventory objective
	Inventory design

	Eternal Vigilance

   (ET)
	Species is known to occur regionally or on adjacent lands, but has not yet been confirmed within the park.  If present at all, distribution is limited in extent (a rare event) and may vary from sparse individuals to dense patches.
	Detecting infrequent occurrences
	Category 1 inventory - Blocked grid design with intensified sampling adjacent to known or suspected invasion corridors; random grid cells within each block are selected for presence-absence survey.  In addition, all opportunistically encountered populations of the target species shall be recorded using a GPS unit.

	Search and Destroy

   (SD)
	Species has been found in the park in small, localized patches.  Finding and controlling patches might prevent large-scale establishment.  Distribution is limited in extent (a rare event) and may vary in intensity from sparse individuals to dense patches.
	Detecting establishment and identifying locally abundant patches 
	Category 1 inventory - Blocked grid design with random grid cells in each block selected for survey; adaptive sampling enabled for each block to detect variation in abundance in space.  Adaptive sampling can be reduced to every other block in cases of moderately frequent occurrence (category 2 inventory).

	Man the 

Trenches

  (MT)
	Species is partially established and abundant in some areas.  Targeted control aims at protecting sensitive areas, preventing further invasion, and reducing the rate of spread along invasion fronts.  In some areas, it is no longer feasible to locate and control individual patches.
	Identifying areas for targeted management, mapping the invasion front
	Category 3 inventory - Preliminary survey of approximately 25 random plots selected from a blocked grid to determine large-scale abundance patterns; subsequent survey plots selected only in areas of heterogeneous density or uniformly low density.  No adaptive sampling.

	Retreat

   (R)
	Species occurs extensively and at high abundance through much of the area; large-scale management such as prescribed fire or broadcast spraying may reduce extent or abundance, but elimination of the species is no longer attempted.
	Detecting variation in abundance within special habitats or areas of management concern
	Inventory confined to special areas; level of inventory will be determined based on species frequency in an initial sample of randomly placed plots.

	Surrender

   (S)
	Species persistence is not controllable.  Management at any scale is no longer feasible.
	No inventory effort recommended
	


Figure 6.  An example of adaptive sampling within a 3 x 3 block of grid cells.  Shaded cells are those in which the species is present.  Presence in the sample quadrat of a randomly-selected cell (denoted by X) triggers adaptive sampling in adjacent cells within the same block.  Cells sampled adaptively are represented by an A#, where # is the sample order.
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Category 2 – This level of inventory intensity is similar to category 1, except that only 50% of blocks are selected for adaptive sampling.  Blocks will alternate in checkerboard fashion from adaptive to standard sampling (Figure 7).  When sampling in a non-adaptive block, species presence in a randomly-selected quadrat will not trigger adaptive sampling.  This approach 

reduces sampling effort for moderately infrequent species, while still providing data on how abundance varies across the reference frame.  To qualify for this inventory category, the species must pass certain frequency criteria in a preliminary survey (see the following section, “Uncertain or contested abundance ranks”).

Figure 7.  An example of adaptive sampling in alternating blocks.  Hatched cells represent blocks in which adaptive sampling is disabled.
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Category 3 – This inventory level will first employ a preliminary survey intended to assess frequency and abundance across the unit or reference area.  Approximately 24 coordinates will be selected using the blocked grid (Figure 8).  The contractor will then survey these coordinates using a quadrat of predetermined size, as described in the survey methods section.  Data from this preliminary survey will be used to identify areas of uniformly high abundance, which will be excluded from further inventory work.  Abundance can be interpolated from the initial set of data using abundance isobars, kriging methods, or triangulated irregular network methods.  Within the remaining areas of low or heterogeneous abundance, systematic surveys based on the blocked grid design will be used to more closely map the region where species abundance changes.  This level of inventory will not use adaptive sampling.  It is best suited for frequently occurring species, such as those fitting either the “Man the Trenches” or “Retreat” stages of establishment.

Uncertain or contested abundance ranks.  If the stage of establishment and corresponding level of inventory for a species is contested, contractors have the option of challenging the assigned abundance rank by performing a cursory survey of the contested unit.  Coordinates for this preliminary survey will be selected at random by Heartland Network personnel.  Approximately 24 coordinates will be selected using the blocked grid.  The contractor will then survey these coordinates using a quadrat of predetermined size, as described in the survey methods section.  The frequency of the target species will determine the level of subsequent inventory work.  If the frequency of the target species is less than 12.5% (present in fewer than 3 of 24 quadrats), a category 1 (most intensive) survey will be performed.  If the frequency of the target species is between 12.5% and 25% (present in 3 - 6 of 24 quadrats), a category 2 inventory will be performed.  If the frequency is greater than 25%, a category 3 inventory will be performed.

Figure 8.  Schematic of sampling for a moderately frequent species.  The species is found in dense stands of varying size, which are clustered toward one end of the reference frame.  Individual stems may also be encountered across the reference area.  An initial 24 survey coordinates (denoted as “X”) are sampled.  Interpolation of the abundance data from these plots would identify the lower left third of the reference area as uniformly high abundance.  Blockwise systematic sampling would resume only for the remaining two-thirds of the reference area, as a means of mapping the invasion front and identifying target areas for control efforts.
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