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INTRODUCTION
Invasive, nonnative plants represent the greatest collective threat to the natural (and cultural resources) in parks throughout the National Park System. Throughout the Intermountain west, invasive plants distinctly jeopardize the integrity of natural ecosystems.  Threats to biological diversity through the displacement of native plant and wildlife species and subsequent changes to natural processes, such as alterations to fire frequency and intensity and natural hydrological conditions, are risking significant impairment to park resources.

The management and control of invasive non-native species has been identified as a high priority issue within the National Park Service (NPS) and is specifically identified under the Government Performance and Results Act of 1993, as an accountable goal for all national park units.  Executive Order 13112 signed on February 3, 1999, further strengthen the obligations of federal agencies to address the significant economic and biological threats posed by nonnative species. 

The NPS has additionally emphasized the importance of invasive species issues and their associated impacts by identifying nonnative species as one of three major areas of focus under the Natural Resource Challenge initiative (1999).  The Natural Resource Challenge specifically states that "Identifying, mapping and evaluating nonnative species are critical for effective management".  Similarly, the development of the Exotic Plant Management Team (EPMT) initiative has confirmed the dedication of the NPS to the management and control of invasive plant species.  However, the EPMT program has a primary funding focus on the actual treatment and control of weed infestations and has not been established as a funding source for the actual inventory and mapping of invasive weed populations.  Although the Natural Resources Challenge identifies the need for obtaining "accurate data about nonnative species distributions" as critical to meeting the goal of effective and efficient management, this type of information is startlingly limited within the IMR and a specific funding source to accomplish this goal remains absent.

In response to the need to develop an effective, efficient, and coordinated invasive plant management program, the Intermountain Region held an Invasive Plant Management Workshop in November 2000. This workshop brought together 58 knowledgeable invasive plant practitioners, researchers, weed managers, and educators.  The members of this group came from parks, regional offices, other agencies (federal, state, local), non-governmental organizations, and from academia.

Information developed from this workshop is being used to produce a "Weed Management Action Plan" for the Intermountain Region. This plan identifies several essential priority actions for the region. Yet, at the forefront is the basic fact that to achieve the goal of effective and efficient weed management within the Intermountain Region, we must first gain a more accurate picture and understanding of the distribution of priority weed species both within individual parks and across the larger landscape.

With several initiatives emerging related to the inventory and mapping of non-native plant species within the Intermountain west (e.g. Montana Noxious Weed Survey and Mapping System, Southwest Exotics Mapping Program, North American Weed Management Association mapping standards, individual park unit programs) a work group was developed and a meeting held on March 8-9, 2001 in Salt Lake City, Utah.  Participants included a mixture of park resource managers, I&M Network coordinators, CESU coordinators, intermountain support office natural resource staff, and representatives from other agencies and academia.  A complete listing of workgroup participants is located in Appendix 1.  Specifically this work group was charged with the challenge of:

(1) Identify core data/information required in all weed inventory and mapping efforts that will provide consistency and allow for effective communication at multiple levels throughout the IMR (e.g. ensure we are all defining an “acre of infestation” in the same way).

(2) Identify key data elements to be included in all park and regional weed databases.

This document represents the results of the efforts of the work group and will serve as a requisite guideline for performing invasive weed mapping and database development within the intermountain region.

A. What is an Invasive Plant?  

NPS-77 guidelines defines an exotic or “non-indigenous” species as – “A species occurring in a given place as a result of direct or indirect, deliberate or accidental, actions of humans”. This definition also encompasses native species that are found in areas outside of their traditional range.  While the number of exotic or  “non-indigenous” species present in the United States is seemingly alarming (>4,000 non-native species), it is important to remember that most exotic species are not considered invasive.  

Presidential Executive Order 13112 (2000) defines an invasive species as “a species that is (1) non-native (or alien) to the ecosystem under consideration and (2) whose introduction causes or is likely to cause economic or environmental harm or harm to human health”. Invasive plant species are of extreme concern to the NPS because of their aggressive nature and because of their ability to produce significant change in terms of composition, structure, and functions of native ecosystems.  Most notable are those species that have been identified as noxious weeds.

The U.S. Bureau of Land Management (BLM 2000) has calculated that invasive species typically increase their areas of infestation by 14% per year, equating to an exponential doubling of infested acres every 5 years. Invasive species have distinct characteristics that permit them to rapidly invade new areas and allow them to compete with native vegetation for light, water, and nutrients.  Some of these characteristics include:

· Early maturation

· Production of large quantities of seed  or reproduction by vegetative structures

· Long-term soil/seed bank viability
· Production of biological toxins that suppress growth of other plants

· Roots or rhizomes with large food reserves

· High photosynthetic rates

As noted earlier, the occurrence of invasive plants have very serious and often irreversible consequences to native ecosystems. These consequences include: (1) reduction or loss of T&E and rare species and their supporting habitats; (2) loss of native sources of food and shelter for indigenous insects, birds, and other wildlife; (3) disruption of native plant-animal associations; (4) alteration of soil chemistry; and (5) alteration of beneficial ecological processes such as plant succession, the frequency and intensity of natural fires, and natural hydrological regimes. 

B. Addressing the Invasive Plant Issue      

Although the presence of invasive species across the regional landscape seems overwhelming, not all is lost.  In fact, the vast majority of public lands within the intermountain west currently remain uninfested. This statement, however, does not dilute the fact that many park units within the IMR contain substantial infestations of noxious weeds nor does it lessen the urgency of addressing invasive species issues.  This is especially true for the park units of the NPS, since these units have specifically been set aside for their outstanding representations of various natural features, cultural resource values, and as important areas for preserving biological diversity, including many listed threatened and endangered species.

C. Why inventory and map?

Containing the onslaught of invasive plant species will be neither quick nor easy and will require a long-term commitment of resources. In order to be cost-effective and efficient in utilizing resources that are dedicated to a weed management program, you must first know which plants you have and the extent of their occurrences.  This is the premise behind the widely accepted “wildfire model” approach to weed management developed by Dr. Steven Dewey (1985), extension weed specialist at Utah State University.

Specifically this model uses the elements of education and public awareness, prevention, early detection, suppression (control), and revegetation (restoration) as the fundamentals for effective weed management.  Much in the same manner that wildland firefighting tactics are currently employed, Dr. Dewey’s model stresses that weed management efforts should focus on containing significant weed infestations while vigorously eradicating newly established or “satellite” populations that have escaped the boundaries of a larger infestation.  These elements, along with the development of partnerships and strong collaborative efforts, have widely been accepted and are the backbone of the National Invasive Species Management Plan (2001) and the 1996 NPS publication “Preserving Our Natural Heritage: A Strategic Plan for Managing Invasive Nonnative Plants on National Park Systems Land”. 

For the majority of park units within the IMR, however, there is very limited information available on the distribution of most invasive plant species.  Without inventory and distribution information, park resource managers lack the critical tools required to develop a focused strategy for addressing weed management issues.  Specifically, weed inventory and mapping information can:

· Increase the ability of resource managers to analyze and prioritize weed management needs and to appropriately direct work efforts and resources, further enhancing the time and cost effectiveness of weed management actions.
· Serves as a critical baseline for long-term monitoring and evaluation of management activities.
· Be combined with other layers of information (e.g. soil types, depth to water table, elevations) which can assist in identifying appropriate herbicides for control as well as adding to the knowledge of ecological relationships associated with weed invasions.
· Serves as a critical tool for increasing public and political awareness and education on invasive weed issues.
What type of information/data should be collected while performing weed inventory and mapping activities?

A broad range of information is needed for effective management of invasive plants, including data on ranges of species, their abundance, habitat preference, rate of spread, impacts to wildlife and other species, use of natural control agents, and measurements of response to control actions.  Once accurate baseline data is obtained, maps in association with long-term monitoring become invaluable tools for addressing the broad range of information identified above and are required to effectively and efficiently address weed management issues. 

The careful and consistent recording of data in a standardized format is a critical step in ensuring proper data organization, especially for long-term monitoring efforts.  The standardized format also maximizes the analytical ability of the resource manager at multiple scales – the individual unit or park, network of parks, and at the regional level.  There is additionally an enhanced ability to exchange data with other external agencies and organizations that utilize similar data standards with minimal manipulation of the data.

Modern database and spreadsheet software are very powerful tools for organizing data.  The primary consideration in the development of a either a park-specific or regional database is deciding what data fields of information must be put into standard format in order to maximize both the information sharing and analytical abilities of resource managers.

The Intermountain Weed Mapping and Database Development Workgroup has identified five primary categories of weed related data that are considered critical for collecting information.  These categories include: (1) Agency Specific Metadata, (2) Location Data (for Survey Units and for individual weed populations), (3) Invasive Plant Species Data, (4) “Changes Over Time” Data, and (5) Site Environmental Information (Abiotic and Biotic).  Specific data elements were identified under each of these categories and were identified as either “required” or “optional” for collection.  Table 1 below provides an overview of the categories and their associated data elements.

The  “required” data elements will be considered as the “minimum mapping standards” for weed mapping or sightings information in the IMR and parallel those identified by the North American Weed Mapping Association (NAWMA) (Beard, et. al. 2001).  The decision to use the NAWMA mapping standards as requirements within the IMR was based on the following:

· The use of the standardized NAWMA standards will enhance region-wide analytical abilities related to invasive plants. This will, in turn, allow for an enhanced ability to identify and communicate regional weed management strategies and/or needs.

· The standards ensure a consistent definition of “acre of infestation” across all park units within the region.  The mapping standards allow for the reporting of infestations down to 1/100 of an acre.  Although this may represent a slight overestimation in reporting of a single weed plant or of a small infestation, it will still provide much more accurate data than our current reporting abilities.

· Other federal agencies, such as the U.S. Forest Service and Bureau of Land Management, have already formally adopted the NAWMA mapping standards.  These standards are also being considered for use by many of the states within the intermountain west.  This substantially increases our data/information sharing abilities across the greater landscape.

· Most existing formal weed mapping/reporting programs (e.g. Montana Weed Inventory and Mapping Program, Southwest Exotic Mapping Program) already collects or will be incorporating data that encompasses the NAWMA minimum mapping standards.  Similarly, most existing individual park weed mapping programs already include information related to the “required” data elements or can incorporate them with little or no difficulty.

Because the NPS has a strong preservation mandate, the workgroup further recognized the benefit of collecting additional information related to the ecological and environmental parameters associated with weed occurrences.  These data elements have been identified as “optional” within these guidelines, but are highly recommended for inclusion in any weed mapping effort.  These additional data elements are not meant to discourage the recording of casual observations by park staff or visitors, but could be collected separately by natural resource management staff during a follow-up visit to confirm a casual sighting.  Similarly, the required and optional data elements do not prohibit the parks from collecting any additional data that they feel are important to a park’s weed management program.

Table 1. Proposed Data Elements for a IMR Weed Mapping and Database  

              Development

CATEGORY
DATA   ELEMENTS
NPS/IMR
NAWMA

AGENCY METADATA
1.  Collection Date (yyyymmdd)
Required
Required


2.  Source of Data (contact of individual 

     who manages data)
Required
Required


3.  Scale of Data Source
Required (recommend 1:24000)
Required (recommend 1:24000)


4.  Datum of Original Data (N27/N83)
Required
N/A


5.  Surveyor Name
Optional
Optional


6.  Site ID (Name or Number)
Optional
Optional


7.  Quality Control Assessment (Yes/No)
Optional
N/A


8.  Methodology Used For Inventory

     (casual observation/formal survey/remote)
Optional
Optional

INVASIVE SPECIES INFORMATION
1.  Plant Scientific Name (Genus/species)

a. Intraspecific Name

b. Authority for Name
Required 

a. Optional

b. Optional (Recommend  

        Kartez)
Required 

a. Optional

b. Required (Kartez)


2.  ITIS Code (allows for link to   

                        NPSpecies)
Required
N/A


3.  Common Name
Optional
Optional


4.  Plant Code (Based on USDA

         “PLANTS” web Database)
Optional
Optional


5.  Species Status
a. State listed noxious weed

b. Species of concern to park
Optional
Optional


6.  Species On Priority List For Park 

      (Yes/No)
Optional
Optional

LOCATION DATA 

(For Survey Unit and Each Weed Population


1.  Country (USA/Canada/Mexico)
Required
Required


2.  State (2-Letter Code)
Required
Required


3.  County
Required
Required


4.  Site Location (Lat/Long/ UTM/legal)
Required (UTM preferred)
Required


5. USGS 7.5 Quad Name
Optional
Optional


6. USGS 7.5 Quad Number
Optional
Optional


7. Hydrologic Unit Code (HUC#) for 

    watershed
Required for aquatic invasives only
Required for aquatic invasives only


8.  NPS LOCATION DATA
a. Park Unit (4-letter code)

b. Park Subunit

c. Network Name

d. Region

e. Weed Management Area

f. Other
a. Required

b. Optional

c. Required

d. Required

e. Optional

f. Optional
N/A

Table 1. Proposed Data Elements for IMR Weed Mapping and Database 

              Development (con’t)

CATEGORY
DATA   ELEMENTS
NPS/IMR
NAWMA

CHANGES IN SPECIES POPULATION OVER TIME


1.  Infested Area

a.  Unit of Measure (Acre or Hectare)
Required

  a.  Required
Required 

  a.  Required


2.  Gross Area

        a. Unit of Measure (Acre or Hectare)
Optional

  a.  Optional
Optional

  a.  Optional


3.  Canopy Cover (% Aerial)

a. Type of Measurement

(actual/estimated/mid-pt of cover class)
Required

  a.  Required
Required

  a.  not used


4.  Distribution (light/moderate/heavy)
Optional
N/A


5.  Phenology (Vegetative/ flower/seed/       

                       senesced)
Optional
N/A


6.  Distance to Water (horizontal & 

         vertical
Optional
N/A


7.  Management Actions Taken
    (Manual/Chemical/BioControl/Domestic

     Livestock)

a. Date of Action

b. % of Population treated

       (1-25)(/26-50)(51-75)(76-100)
Optional

a. Optional

b. Optional
N/A


8.  Site Undergoing Active or Inactive 

     Management
Optional
N/A

SITE ENVIRONMENTAL INFORMATION


ABIOTIC DATA


1.  Elevation (Avg, max/min)

     - Unit of Measure (feet/meters)
Optional (highly recommended)
N/A



2.  Aspect
Optional (highly recommended)
N/A



3.  Percent Slope

     - Actual or estimated
Optional (highly recommended)
N/A



4.  Slope Position (top 1/3, mid 1/3, low 

      1/3, toe)
Optional (highly recommended)
N/A



5.  Soil Type
Optional (highly recommended)
N/A



6.  Landform
Optional (highly recommended)
N/A



7.  Geologic Substrate
Optional (highly recommended)
N/A



8.  Climate (Develop Link to Separate 

     Table with Avg. Temp & Precip.)
Optional (highly recommended)
N/A


BIOTIC DATA
1.  Life Form (Grass/Forb/Shrub/Tree)
Required
N/A



2. Ecological Status  *(Use 4 Categories from IPM Weed Manual – See Below)
Required
N/A



3.  Values At Risk 
Required
N/A



4.  Vegetation Classification
Optional (highly recommended)
N/A



5.  Dominant Associated Species
Optional (highly recommended)
N/A



6.  Cover Type
Optional (highly recommended)
N/A



7.  Habitat Type
Optional (highly recommended)
N/A



8.  Serel Stage
Optional (highly recommended)
N/A



9.  Disturbances *(See Below)
Optional (highly recommended)
N/A

Table 1. Proposed Data Elements for IMR Weed Mapping and Database 

                Development (con’t)

CATEGORY
DATA   ELEMENTS
NPS/IMR
NAWMA

SURVEY DATA


1.  Area Surveyed

     - Unit of Measure (Acre/Hectare)
Optional 
Optional


2.  Survey Type (single or multiple species)
Optional 
Optional


3.  Species Included

     - Observed

  - Not Observed
Optional 
Optional


4.  Event ID
Optional 
Optional


5.  Survey Methods
Optional 
Optional

Explanation of Data Elements

The required and optional data elements identified in Table 1 have been placed into “Weed Field Forms” located in Appendix 2.  Below are explanations of each of the data elements identified on the Weed Field Forms.


PARK WEED CONTACT (Name and Phone):   This is a required character field and contains the contact information for the individual responsible for managing the parks’ weed management program/database.

As the IMR begins to coordinate a regional weed management program, it will be especially important that each park identify an individual to serve as a primary contact for obtaining weed management data and for communicating weed management needs to regional personnel.

REGION:  This is a required 3-letter character field based on the appropriate 3-letter acronym as identified in the table below.

NER
Northeast Region

SER
Southeast Region

NCR
National Capital Region

MWR
Midwest Region

IMR
Intermountain Region

PWR
Pacific West Region

AAR
Alaska Area Region

I&M NETWORK:  This is a required 3-4 letter character field identifying the appropriate 3-letter acronym for one of the 9 I&M networks found within the Intermountain Region.

RMN
Rocky Mountain Network

GYN
Greater Yellowstone Network

GPN
Great Plains Network

NCPN
Northern Colorado Plateau Network

SCPN
Southern Colorado Plateau Network

SDN
Sonoran Desert Network

SPN
Southern Plains Network

CDN
Chihuahuan Desert Network 

SEN
Southeast Network

MDN
Mojave Desert Network

PARK UNIT:  This is a required 4-letter character field representing the appropriate park unit code.  Example: Organ Pipe Cactus National Monument – ORPI.

STATE:  This is a required 2-letter character field that identifies the state code in which the survey unit lies.  
CODE
STATE
CODE
STATE

AZ
Arizona
OK
Oklahoma

CO 
Colorado
TX 
Texas

MT
Montana
UT
Utah

NM
New Mexico
WY
Wyoming

COUNTY: This is a required 3-digit numeric field that identifies an assigned county code for each county in every state of the Intermountain west.  These codes can be obtained by accessing the NAWMA website (www.nawma.org) and printing out APPENDIX D under “Mapping Standards”.

SURVEY UNIT or PARK SUBUNIT NAME:  This is a required character field that allows the park to specify a specific survey unit or park subunit name.  This field refers to the entire land area surveyed for weeds, whether weeds were found or not.  Example:  Yellowtail Wildlife Unit.

OWNERSHIP: This is a required 3-4 letter character field that identifies the ownership of the land where the infestation is located.  The table below identifies a listing of ownership acronyms.

ALOT
Native American Allotments

ARS
Agricultural Research Station

BIA
Bureau of Indian Affairs

BLM
Bureau of Land Management

BOR
Bureau of Reclamation

CGOV
County Government Ownership

DOD
Department of Defense

EPA
Environmental Protection Agency

FHW
Federal Highways

FSR
USDA Forest Service/Research Station

NOAA
National Oceanic and Atmosphere Association

NPS
National Park Service

NRCS
Natural Resources Conservation Services

PRV
Private Land Ownership 

SGOV
State Government Ownership (includes state DOT/parks)

RECORDERS NAME(S): This is a required character field that should identify the name(s) of the individual(s) that are actually performing the field work/survey or that is reporting a casual sighting.  The name(s) identified may or may not be the same as the park weed contact.  This data element provides a contact(s) for the collected data in case any questions arise.

SURVEY DATES:  This is a required numeric field  that should identify the “start” and “completion” dates for a survey activity.  Dates should be reported as YYYYMMDD.  Example:  A survey start date of May 25, 2002 would be recorded as 20020525.

This data element tells you when the inventory was conducted and provides information on the time of year that weed species were noted.  Additionally, this data field tells you how old the information is and can consequently provide insight into the reliability of the information.

TYPE OF SURVEY:  This is a required character field that identifies the nature or method of a survey or weed population documentation.  There are three types of surveys that can be identified:

(1) Observed (casual sighting) – this type of survey would typically be marked if there were a report made by non-resource management staff (e.g. other park employees or park visitors).  If a weed occurrence is based on a casual sighting, this sighting needs to be confirmed and documented by the appropriate resource management staff.

(2) Observed (mapped) – this type of survey would be marked if either hand or GPS mapping has formally documented the weed occurrence.

(3) Remote Sensing – this type of survey would be marked if a weed occurrence has been documented through the use of aerial photography or by other remote sensing techniques (e.g. satellite imagery).

The type of survey should also identify if a survey was conducted for a single or multiple weed species.

UNIT OF MEASURE FOR SURVEY:  This is a required character field that simply identifies if survey information is being provided in acres or in hectares.

TOTAL NUMBER OF ACRES/HECTARES IN THE SURVEY UNIT:  This is a required numeric field that provides a total measurement (infested and uninfested land area) of the size of the complete area surveyed, whether weeds were found or not.



QUAD NUMBER:  This is an optional numeric field that contains the identification number (which appears on the corner of the quad map).  USGS 7.5 quad maps are often available at the 1:24,000 scale and are most often used to reference weed survey or management activities.

QUAD NAME:  This is an optional character field that contains the name of the specific USGS 7.5 quad map in which the survey unit lies.

SURVEY LOCATION:  This is an optional field that will describe the site location through one (or more if desired) of the following methods:  (1) Section , Township, and Range, (2) Latitude/Longitude, or (3) UTM’s.  Location information is essential to identify where the survey has occurred.  It allows the survey unit to be located on a map, be plotted across landscapes and allows users to relocate the survey unit.


QUAD NUMBER:  This is an optional numeric field that contains the identification number (which appears on the corner of the quad map).  USGS 7.5 quad maps are often available at the 1:24,000 scale and are most often used to reference weed survey or management activities.

QUAD NAME:  This is an optional character field that contains the name of the specific USGS 7.5 quad map in which the survey unit lies.

SURVEY LOCATION:  This is an optional field that will describe the site location through one (or more if desired) of the following methods:  (1) Section , Township, and Range, (2) Latitude/Longitude, or (3) UTM’s.  Location information is essential to identify where the survey has occurred.  It allows the survey unit to be located on a map, be plotted across landscapes, and allows users to relocate the survey unit.

HYDROLOGICAL UNIT CODE (HUC#): This is a required  2-8 digit numeric field for aquatic species only (those found in streams and rivers).  It is an optional field for all terrestrial weed infestations and for aquatic infestations found in lakes, ponds, or wetland habitats.  The HUC number is a unique number assigned to over 2,000 major watersheds in the United States.

The United States Geological Survey (USGS) has divided all the water systems in the U.S. into successively smaller hydrologic units which are classified into four levels: regions, sub-regions, accounting units, and cataloging units.  For more information on Hydrologic Unit Maps see http://water.usgs.gov/GIS/huc.html.


SITE NUMBER: This is an optional numeric field and can be used by park units to assign specific numbers to survey units or weed populations.  Site numbers may be important to identify, especially for areas that are or have undergone weed management actions.  This will assist in providing continuity of information/records should an individual leave and a new individual come into a park unit.

GENUS/SPECIES:  These are required character fields that contain the scientific (Latin) name of the weed species identified.  The use of Latin names provides a distinct advantage over common names, since common names can vary from region to region and over time. 

INTRASPECIFIC NAME:  This is an optional character field that contains the scientific (Latin) name for species that are further classified into subspecies or varieties.

AUTHORITY:  This is a required character field that identifies what source was used to obtain the scientific name.  For the IMR Kartez will serve as the formal authority for placing species names into the database.

COMMON NAME:  This is an optional character field that contains the name of a weed species as it is usually identified in casual conversation.  Although the database will always require the use of scientific names, common names can be beneficial.  These names are easy to pronounce and to remember and are typically preferred for use by non-resource management staff or visitors.  

PLANT CODE:  This is a required 4-5 space combined character and numeric field that follows the coding system used by the NRCS PLANTS database.  This database can be found at http://plants.usda.gov/plants/index.html.  Plant codes are useful tools for recording plant names in the field and for use in databases.  Since there are several types of plant codes, those identified in the PLANTS database will be used to standardize the entry of codes region-wide.  Appendix 3 identifies noxious weeds by state and their associated PLANTS database code.

An appropriate code as identified by the Integrated Taxonomic Information System (ITIS) can also be created as an optional 5-6 digit numeric field.  The  ITIS code is also linkable to the NPspecies database.  

INFESTED AREA:  This is a required data element that refers to the actual or estimated area of land (acres or hectares) occupied by a single weed species.  An infested area is defined by drawing a line around the actual perimeter of the canopy cover of the weed plants, excluding areas that are not infested or through an estimation of an individual species occupancy within a gross area (see below).  This data element is divided into two data fields.  The first field is a numeric value reflecting a conversion of the percent canopy cover into infested area (see canopy cover definition below) and the second field is a character field that identifies the unit of measure used (e.g. acres or hectares).  Infested area can be reported as low as 0.01 acre or 0.004 hectares. 

A value for infested area is required regardless of whether the perimeter of an infestation for a species is an actual measurement or an estimated value from the gross area.  Areas of land containing only occasional weed plants do not equal an acre of infestation.   By measuring or more closely estimating the actual area infested by a weed species, individual parks, networks, and the IMR will become much better equipped to define a truer picture of “acres of infestation” by weeds. This will greatly enhance the efficacy of setting weed management priorities and in communicating appropriate resource needs.  Examples 1 and 2 below the explanation of “canopy cover” help to illustrate the use of Infested area, gross area, and canopy cover.

This is the data element that will be used to sum and report weed acres occurring within parks in the IMR.  Figures 1 and 2 depict situations that display “infested area” based on actual measurements.

GROSS AREA:  This is an optional data element that is intended to reflect general location and weed population information.  Similar to “infested area”, the gross area reflects an area of land occupied by a weed species.  Unlike “infested area”, however, the gross area is defined by drawing a line around the general perimeter of the infestation (an estimate) and is not based on an actual measurement of canopy cover.  Gross areas may also contain significant parcels of land that are not occupied by weeds.      

Gross area should be used whenever actual measurements of “infested area” cannot be made.  Although gross area is not an actual measurement, it can be used to calculate an estimated value for “infested area” for each weed species.   Situations in which use of gross area will prove beneficial include: (1) areas of large infestations that contain multiple weed species (especially if they are intermixed) and (2) areas with large discontinuous infestations.  Figures 3 and 4 depict situations where gross area may be most beneficial for use.


CANOPY COVER:  This is a required 1-3 digit numeric field that is defined as the percent of the ground covered by foliage of a specified weed species within the perimeter of the area identified for measurement.  Canopy cover can be an actual measurement  (e.g. recorded foliage perimeter with a GPS unit) or can be an estimated value (e.g. actual ocular estimate of cover or an identified cover class) in situations where an actual measurement is not feasible.  Actual measurements are preferred (e.g. GPS perimeter of weed population), however, in cases where a park may already be using cover classes to estimate cover by a weed species, then either the mid-point of the chosen cover class should be entered into this data field or an actual ocular estimate.  Examples of three separate cover class systems are presented in Appendix 3.  A second character data field that identifies whether the data value entered is either actual or estimated should be established with this data element.


LIFE FORM:  This is an optional character field that simply identifies the weed species as a tree, shrub, grass, or forb.

SPECIES STATUS:  This is an optional character field that identifies if a weed species is a state listed noxious weed or if it is an unlisted weed, but of special concern to an individual park.  (e.g. Yellow and White Sweet Clovers are not typically listed as noxious weeds by most states, but they are species of great concern to many NPS park units.)

PRIORITY SPECIES FOR MANAGEMENT:  This is an optional character field that allows the investigator to document if a weed species is a priority species for management.  This data field will additionally assist the networks of parks and the region in gaining a better perspective of which weed species are priority management issues across the larger landscape.

ECOLOGICAL STATUS OF SITE/SURVEY UNIT:  This is a required character field that provides a qualitative description of the level of infestation by weed species and that identifies the ability to recover an area to a natural state once the weeds have been removed.

WEED DISTRIBUTION THROUGHOUT SURVEY UNIT:  This is an optional character field that provides a qualitative assessment of the total level of weed infestation by species throughout the entire unit included in a survey.

WEED PHENOLOGY:  This is an optional character field that identifies the phenological state of a weed species at the time that the survey/inventory was conducted. 

MANAGEMENT ACTION(S) TAKEN:  This is an optional character field that will allow the investigator to identify if any management action(s) were taken either at the time of the survey or as part of a longer-term management strategy.  If this data element is used, then the park should also create two additional data fields: one that identifies the dates of any management actions and the % of the weed population that has been treated. 

ACTIVE or INACTIVE MANAGEMENT:  This is an optional character field that defines if the weed population is undergoing active or inactive management.

DISTANCE OF WEED POPULATION TO WATER:  This is an optional data element that is recommended for use whenever a weed population is located within close proximity to water.  This element consists of two numeric data fields that define the distance, both horizontally and vertically, of a weed population to a water source.

VALUES AT RISK:  This is a required 3-4 letter character field that identifies specific resource values that are threatened by the presence of a weed population(s) within the survey unit.

T&E
Threatened or Endangered Species
SCS
Rare or Special Concern Species

PNH
Prime or Unique Natural Habitat
WILD
Wilderness

WRH
Wetland or Riparian Habitat
RNA
Research Natural Area

WLH
Wildlife Habitat
ACEC
Area of Critical Environmental Concern

DRS
Developed Recreation Site
ADM
Administrative

CRCL
Cultural Resources/Landscape
OTH
Other (Specify)

NOTES/COMMENTS:  This is an optional multi-character field that allows the investigator to document any additional information not covered by the forms for a specific weed population.


BIOTIC
VEGETATION CLASSIFICATION:  This is an optional character field that identifies the appropriate class of plant community as defined by the USGS Vegetation Mapping Program.

DOMINANT ASSOCIATED VEGETATION:  This is an optional character field that allows the investigator to identify additional native or non-native vascular species associated with a given weed population.  Associated vegetation should be entered by their appropriate plant code as identified in the NRCS PLANTS Database.

HABITAT TYPE:  This is an optional 2-3 letter character field that allows the investigator to provide information on the general habitat type in which a weed population is located.

DS
Desert Grassland
HR
Herbaceous Riparian

TG
Tall Grassland
SW
Savanna/Sparse Woodland

MG
Mixed Grassland
DF
Deciduous Forest

SG
Short Grassland
EF
Evergreen Forest

AG
Alpine/Sub-alpine Grassland
MED
Mixed Evergreen – Deciduous Forest

ESH
Evergreen Shrubland
WM
Wet Meadow/Grassland

DSH
Deciduous Shrubland
TF
Tall Forb Dominated

ASH
Alpine/sub-alpine Shrubland
LF
Low Forb Dominated

SDS
Sparse (Desert) Shrubland
SV
Sparsely Vegetated/Non-vascular

WR
Wooded Riparian
BG
Bare Ground (sand, rock)

SEREL STAGE:  This is an optional character field that allows the investigator to identify the general successional stage of the plant community containing the weed infestation.  

ES
Early - Succession

MS
Mid - Succession

LS
Late - Succession

CL
Climax

DISTURBANCE (HISTORIC & CURRENT):  This is an optional 4-7 letter character field that allows the investigator to identify up to 5 primary causes of historic and/or current disturbance factors that may be affecting the current vegetation composition of a site.  

AG/GRAZ
Agriculture/Livestock Grazing
IRRGAT
Irrigation/Ditching

CON/DEV
Construction/Development
MINING
Mining/Quarries

OIL/GAS
Oil/Gas Development/Production
WLDFIRE
Wildfire

FLOOD
Flooding
FIRESUP
Fire Suppression

REC/VIS
Recreation/Visitor Use
WIND
Wind Disturbance/Erosion

GEOTHRM
Geothermal
RGHTWAY
Right-of-Way

ANMLDIS
Animal Disturbance
UTILITY
Utility Corridor

HABPROJ
Habitat Improvement Project
RD/ORV
Unmaintained road/ORV use

ABIOTIC
ELEVATION:  This is an optional numeric field that identifies the average elevation for an identified weed population.  If specific elevation data is not known then this value can be estimated as a single value or as the minimum or maximum elevation for the population.  This data element contains a second character field that identifies the unit of measure used to record elevation (e.g. feet or meters).

ASPECT:  This is an optional character field that allows the investigator to identify the direction of a slope or land area in which a weed population is located.

N
North
SW
Southwest

NW
Northwest
SE
Southeast

NE
Northeast
E
East

S
South
W
West

SLOPE POSITION of WEED POPULATION:  This is an optional character field that identifies the general position of a weed population on a sloped area.   If no slope exist then the position is reported as “flat”.

PERCENT SLOPE:  This is an optional numeric data field that identifies either the estimated or actual percent of slope occurring within a given weed population.

SOIL TYPE:  This is an optional combination letter and numeric data field that allows an investigator to enter the mapping symbol as identified by the appropriate NRCS Soil Survey for the soil type in which a weed population is located. 

Examples:  Yahola fine sandy loam  MAP SYMBOL = Ya
                    Quinlan soils, severely eroded  MAP SYMBOL = Qu3

LANDFORM:  This is an optional character field that identifies the general landform in which a weed population occurs.

STEP
Steep Talus
RIPA
Riparian/Bottomland

BRSL
Broken Slope
WTLD
Wetland

BNCH
Bench
SAND
Sand Dune

ALBN
Alluvial Bench
UPLD
Upland

TERR
Terrace
GSLP
Gentle/Rolling Slope

MESA
Mesa
LVEL
Level/Flatland

CANY
Canyon
DIST
Disturbed/Developed

GEOLOGIC SUBSTRATE:  This is an optional data element that consists of two character data fields.  The first data field allows the investigator to enter the general classification of the geologic substrate as identified in the table below.  The second data field allows the investigator to specify a specific rock type if this information is known (e.g. granite, basalt, lava). 

Abbreviation
General Geologic Substrate
Examples of Specific Rock Types

SED
Sedimentary
Limestone, halite, gypsum, sandstone

IGN
Igneous
Granite, lava, basalt, quartz, obsidian

MET
Metamorphic
Gneiss, micaschist, quartzite, marble

CLIMATE:  This is an optional data element that consists of three numeric data fields: 

(1) Average Summer Temperature (oF), (2) Average Winter Temperature (oF), and (3) Average Annual Precipitation (inches).  Climate data is most beneficial when collected as close to the weed population being documented as possible.  However, if data is only available from a single park source, these values should be used.  If a park does not collect climate data,  then the closest external source of data can be used.

Ten Guiding Principles for Weed Inventory, Mapping, and Monitoring

1. Set clear goals and objectives.  Weed inventory and/or monitoring protocols will vary depending on numerous variables (e.g. park specific management objectives, resource values, habitat type, terrain, land use).  Park management objectives need to ensure that the selected inventory/mapping and monitoring protocols provides the data necessary to efficiently manage and evaluate the resource values of the park.

2. Integrate weed inventory and monitoring efforts with other vegetation I&M activities whenever possible.  Integrating weed inventory and monitoring efforts with other vegetation management activities (e.g. rare plant inventory & monitoring, fire effects monitoring) will assist in making best use of limited people and dollar resources.

3. Base the scale of the inventory on the level of accuracy needed.  Accuracy requirements will change with scale.  Units of a park with significant resources at risk should be inventoried and mapped at a higher level of accuracy than units with less significant resource value(s).  Consider how much time and effort you can devote and who will be responsible for collecting the data – these factors will also help in defining the scale of the inventory and mapping process.
4. Develop a list of known and potential weeds for your park prior to mapping.  Determine which species are essential to be inventoried and mapped and which are not likely to cause significant resource damage.  Noxious and highly invasive weeds should always be mapped.
5. Make areas of the park with the highest natural/cultural resource value a high priority for inventory and mapping.

6. Plan a systematic survey to include as much of the land area as is possible.  There are pros and cons to both random sample surveys and delineated surveys.  Sample surveys are time repeatable and cost effective, but are less efficient at locating rarer species (e.g. new/small infestations).  Delineated mapping is more intensive and is usually more costly in terms of time and dollars, but result in higher levels of accuracy and provides an increased ability for early detection of new infestations.  Remember the type of inventory and/or monitoring protocol used will be driven by your specific management objectives for a given unit and/or for the values at risk.  Both survey categories, random sample and delineated, can be applied in a systematic fashion to increase efficiencies in locating potential weed “hot spots”.
7. Inventory and mapping activities should be conducted when the target species are in flower (most recognizable).  You may need to search the same survey unit several times during a growing season to accommodate different weed flowering times.
8. Land areas that are 1000 acres or less in size should be inventoried with a high level of accuracy.

9. Larger land areas (>1000 acres) can be inventoried less intensively, but intensive efforts should be used along areas that can serve as weed vector/migration corridors [e.g. trails (human and animal), roadways, ditches, streams] and in areas with significant resource value(s) (e.g. T&E species, high quality natural areas).
10. Focus on new invaders and/or species that will be the most difficult to control if not managed early.  Use of a weed ranking system (such as that created by Hiebert & Stubbendieck, 1999) will greatly assist in identifying priority species for mapping, monitoring, and management.  
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APPENDIX 2.   Weed Inventory Field Form: Required and Optional

 Data Elements

Weed Inventory Field Forms 

General Information  (Required)                
Park Weed Contact (Name and Phone)  _______________________________​​​​____________​​​​​

​​

Region ______     I&M Network _______________________________     Park Unit ________       

Recorder(s) Name ____________________________________________________________

State ________    County_________________     Ownership(s)________________________
Survey Unit Name or Park Sub Unit Name  ________________________________________

Survey Dates:      Begin (YYYMMDDY) ______________    Completion Date _____________

__

Type Of Survey:    ____ Observed (casual sighting)*      ____ Observed (mapped) 

                                ____ Remote Sensing

*If weed occurrence is based on a casual sighting has the sighting been confirmed by appropriate 

  resource management  staff?        YES______    NO ______

*Was survey conducted for single or multiple species? ______________

Unit Of Measure:  Acres___   Hectares ___     Total Acres in Survey Unit ________________

Location Information – Survey Unit (Optional, but Highly Recommended)

Quad Number __ __ __ __ __ __ __ __ __   Quad Name _______________________ 

(USGS 7.5 Quad)

Describe the site location through one or more of the following methods.  Users with GIS capabilities may link the location directly with that information.

  Section _ _ _ _  ¼ ¼ ¼ ¼   Sec. _ _  ¼ ¼ ¼  Sec. _ _  ¼ ¼  Sec.  _ _   ¼ Sec. _ _ 

  Township _ _ _ ._ _ , _ N   Range _ _ _ ._ _ , _     Meridian __________________

Latitude/Longitude




DATUM _______________________

                                                                                                        (N27 or N83)

Latitude:
Degrees_ _ _._       Minutes_ _ 
 Seconds_ _ _ _._ _    Direction: ___N

Longitude:
Degrees_ _ _._
      Minutes_ _ 
 Seconds_ _ _ _._ _    Direction: ___W

UTM:


UTM Datum Zone __ __

UTM Year __ __ __ __ 

UTM Easting __ __ __ __ __ __ __ __ 
    UTM Northing __ __ __ __ __ __ __ __

Location Information – Weed Population(s) (Required)

Quad Number __ __ __ __ __ __ __ __ __ __  Quad Name ____________________________ 

(USGS 7.5 Quad)

Scale of Data Source: Recommend 1:24000; if different, please specify ___________________

Describe the site location through one or more of the following methods.  Users with GIS capabilities may link the location directly with that information.

Section _ _ _ _  ¼ ¼ ¼ ¼   Sec. _ _  ¼ ¼ ¼  Sec. _ _  ¼ ¼  Sec.  _ _   ¼ Sec. _ _ 

Township _ _ _ ._ _ , _ N   Range _ _ _ ._ _ , _     Meridian __________________

Latitude/Longitude

    
                       DATUM _______________________

                                                                                                                  (N27 or N83)

Latitude:            Degrees_ _ _._        Minutes_ _ 
 Seconds_ _ _ _._ _        Direction: ___N

Longitude:        Degrees_ _ _._         Minutes_ _ 
 Seconds_ _ _ _._ _        Direction: ___W

UTM:
UTM Datum Zone __ __

UTM Year __ __ __ __ 

UTM Easting __ __ __ __ __ __ __ __ 
    UTM Northing __ __ __ __ __ __ __ __

Hydrologic Unit Code (HUC#) for Watershed _____________________ (required for aquatic invasive species only)

PLANT INFORMATION (Required unless noted as optional)

Site Number (optional) ______________________

GENUS _______________________________  SPECIES ____________________________________

Intraspecific Name(s)(optional)  ________________________________________________________

Authority __________________________     Plant CODE __ __ __ __ ____  (ITIS Code) ___ __ __ __ 

Common Name (optional)_____________________________________________________________

Infested Area (required) * __ __ __ __ __ __ __ __                 Unit of Measure   __ __ __ __ __ __ __ __(Can be reported down to nearest 0.01 acre/hectare)                                       (acre or hectare)

Gross Area (optional) __ __ __ __ __ __ __                        Unit of Measure   __ __ __ __ __ __ __ __

                                                                                                                                   (acre or hectare)

% Canopy Cover (required) __ __ __  (Type of Measurement: ___Ocular Estimate   

                                                                 ___Actual or ___Mid point of a Cover Class)     

Life Form (optional): Tree___   Shrub ___  Grass ___  Forb ___     

Species Status (optional):  State Listed Noxious ___  Species of Concern to Park ___

Species on priority list for management by park?(optional)  YES___   NO ___

PLANT Information (con’t) (Required unless noted as optional)

Ecological Status of Site/Survey Unit (Required):   

  1. No Weeds _____  

  2. New or Small Infestation _____

  3. Large Scale infestation, but with good potential for native recovery _____

  4. Large Scale Infestation, but with few or no desirable natives remaining  ​​​​_____ 

Weed Distribution within survey unit (optional):   ___ Trace  ___Light  ___Moderate  ___Heavy 

Weed Phenology (optional):  ____Vegetative   ____Flower   ____Seed   ____Senesced

Management Action(s)Taken (optional):  ____Manual Removal    ____Chemical Treatment

                                   ____Use of Biologic Control Agents  ____Use of Domestic Livestock 

· Date of Management Action(s) ________________________________________

· % of Population Treated:  1-25%___    26-50%___    51-75%___    76-100%___

Site undergoing Active or Inactive Management (optional):  ____ ACTIVE    ____INACTIVE

Distance of Weed Population to Water (optional): _______ Horizontal    _______Vertical 

Values At Risk (Required)

___ Threatened or Endangered Species       ___ Rare or Special Concern Species

___ Prime or Unique Natural Habitat             ___ Wilderness

___ Wetland or Riparian Habitat                    ___ Research Natural Area

___ Wildlife Habitat                                         ___ Area of Critical Environmental Concern

___ Developed Recreation Site                      ___ Administrative

___ Cultural Resources/                                 ___ Other (Specify_______________)

        Cultural Landscape

Additional NOTES/COMMENTS

Site Environmental Data (Optional, but Highly Recommended)

BIOTIC
Vegetation Classification of Site (optional): _______________________________________

Dominant Associated Species (optional): _________________________________________

Habitat Type (optional): _______________________________________________________

Serel Stage (optional): ________________________________________________________

Disturbance Current & Historic (Optional): 

__ Agriculture/Livestock Grazing  % of Survey Area ____      __ Irrigation/Ditches      % of Survey Area ____

__ Construction/Development        % of Survey Area ____      __ Mining and Quarries % of Survey Area ____

__ Oil/Gas Production                     % of Survey Area ____      __ Wildfire                       % of Survey Area ____

__ Flooding                                       % of Survey Area ____      __ Fire Suppression      % of Survey Area ____                   

__ Recreation/Visitor Use                % of Survey Area ____     __ Wind                            % of Survey Area ____

__ Geothermal                                  % of Survey Area ____     __ Right-of-Way               % of Survey Area ____

__ Animal Disturbance                    % of Survey Area ____     __ Utility                            % of Survey Area ____

__ Habitat Improvement Project     % of Survey Area ____     __ Trail/ORV/Outfitter      % of Survey Area ____

ABIOTIC
Elevation (optional):  Average ________   or   MAX_________   MIN _________

                                                            (feet or meters)                 (feet or meters)        (feet or meters)

Aspect (optional):____________________ 

Percent Slope (optional): _______________ (Actual or Estimated – circle one)

Slope Position of Weed Population:  ___Top 1/3   ___Mid 1/3   ___Bottom 1/3   ___Toe

(optional)

Soil Type (optional): ________________________ (as identified in NRCS County Soil Survey)

Landform (optional): _____________________________

Geologic Substrate (optional): _____________________

Climate (optional): (1) Average Temps  _____o__ Summer  ______o__ Winter

                                 (2) Average Annual Precipitation ________ (inches)

APPENDIX 3.   EXAMPLES OF COVER CLASSES

Black Locust (Robinia pseudoacacia) is an example of a species that is native to the southeastern U.S., but non-indigenous and problematic to many parks within the IMR.





There are ~xxxx species of vascular plants found within the 83 NPS units within the Intermountain Region, of which xx% are exotic or non-indigenous to the region





GENERAL INFORMATION








LOCATION INFORMATION – SURVEY UNIT








LOCATION INFORMATION – WEED POPULATION(S)








Example of use of Gross Area:  A LARGE, BUT DISCONTINUOUS INFESTATION OF SPOTTED KNAPWEED OCCUPIES A DRAINAGE.  After walking the drainage (survey unit) and using the assistance of aerial photographs, it is approximated that the “gross area” of infestation is 600 acres.  However, there are significant portions of this gross area (600 acres) that are not infested and it is further estimated that only ~60% of the total area is actually occupied by the knapweed.  Thus, the estimated value that would be entered into the required “Infested Area” field would be 360 acres or 60% of the 600 acre gross area.

















PLANT INFORMATION








SITE ENVIRONMENTAL DATA (Optional)





EXAMPLE 1:  The actual perimeter of a population of yellow sweetclover was mapped using a GPS unit and equaled 1.5 acres in size.  Several uninfested patches of vegetation occur within the measured 1.5 acres with the canopy cover of yellow sweetclover only equaling 75% of the total measured area.  The total infested acreage for yellow sweetclover in this example would be 75% of the 1.5 acres, or 1.125 acres.  1.12 acres would be the value to be entered into the “Infested Area” data field.





EXAMPLE 2:  A 50 acre riparian unit of Black Canyon National Recreation Area is occupied by multiple weed species including,Tamarisk, Russian Olive, and Russian Knapweed.  Because these species are so heavily intermixed it is extremely difficult to obtain actual measurements for each species.  In this case, the park uses the 50 acre unit as a gross area and then approximates the area of canopy cover for each species as follows: Tamarisk 45% canopy cover; Russian Olive 35% canopy cover; Russian Knapweed 38% canopy cover. [NOTE: Total canopy cover by all three species can be more than 100% if there is overlap in the area of ground covered by the foliage of more than one species] 





The estimated area of infestation within the 50 acre gross area is then calculated and entered into the “Infested Area” data field as a separate entry for each species: Tamarisk = 45% of 50 acres or 22.5 acres of infestation; Russian Olive = 35% of 50 acres or 17.5 acres infestation; Russian Knapweed = 38% of 50 acres or 19 acres of infestation.    
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