METHODS:

Utah State University met with staff from Dinosaur National Monument (Tamara Naumann), the Northern Colorado Plateau Network (Margaret Beer, Aneth Wight), and the Southeast Utah Group (Ian Torrence) in April to agree on invasive and rare plant data to be collected, and to agree on fields used in the data dictionary.  Tamara Naumann provided a list of the targeted rare and invasive non-native plant species to be mapped, with existing information on species identification and location. One of the main goals of this planning session was to ensure collection of data in a format that would be compatible with the National Park Service’s nation-wide databases that are currently under development.  Several drafts of the data dictionary were proposed and field-tested in the first few weeks of surveying.  

In May, Dinosaur National Monument personnel provided the survey crew with training in geology, topography, and the identification of TES, and potential TES habitat.  Several of the sites to be surveyed were visited as part of this initial training.   Geology maps were provided by the Monument, as well as aerial photographs of survey areas.   The training allowed crews to better plan daily survey routes that would maximize chances of encountering the targeted species. Planned routes to locate non-native invasive plants included areas of high probability for weed seed introduction and other areas identified as know or potential source areas.  Routes to find rare, threatened, and endangered species (TES) targeted those habitat areas known to support such plants, with priority given to historical locations and records of known populations.  Other areas of high priority included known TES habitat sites most likely to be impacted by park development and visitor use activities.  Priority survey areas were identified by botanist, Tamara Naumann.

Field surveys began May 19 and ended September 25, 2002.  Invasive and rare plants were usually searched for simultaneously.  The survey area consisted of those portions of the Green River District considered most likely to contain invasive and/or rare plants.  Surveyed areas included regions of the Dinosaur Quarry and Split Mountain, the Cub Creek Drainage around the Morris Ranch, Jones Hole, Island Park, Rainbow Park, the “racetrack,” the Green River Campground, the Split Mountain Campground, Harper’s Corner Road, roads found near the Quarry, and the Green River corridor starting at the Utah state boundary.  In this first year of the survey, activities were generally limited to lands having a slope less than 35 degrees.  

Areas having historical records of early-flowering TES species were visited first.    The crew then expanded their efforts to include other areas of known TES plant habitat, and known or suspected invasive plant infestations.  Areas considered likely for introduction and/or establishment of invasive weeds (roads, trails, campgrounds, river/stream banks, and other disturbed sites) were searched even if not in sites suspected to support rare plant populations.  Each day’s route was planned by studying historical records, geology maps, and topographic maps.  

Field crews consisted of 2 to 4 people walking planned survey routes.  A majority of the surveys were conducted by hiking cross-country.  However, some surveys of roads were conducted from a slow-moving vehicle.  Surveying was also done by canoe and raft along those portions of the Green River which were inaccessible by foot.  

Each crew member was assigned to map a certain area each day, such as an individual drainage or canyon.   These areas were often adjacent to one another, or at least close enough so that all crew members could remain in radio contact.  Crew members would periodically communicate their location and progress to ensure that no overlapping occurred.  Some areas that could not be accessed safely on foot were inspected with binoculars, and obvious infestations or populations were recorded using the GPS offset technique described later.  At the end of each day, each surveyor’s route was marked and dated on a 7.5 minute topographic map.   

Areas around the Split Mountain boat ramp and the Quarry were surveyed in May.  This area was surveyed first due to the early flowering period of several rare species found there and the likely impact of park developments in that area.   Travel routes and highly disturbed areas were also searched, due to the higher likelihood of introduction and/or establishment of invasive weeds.  These included main roads, parking areas, campsites, hiking trails around the Quarry, and stream beds.  

Considerable time was spent in the Cub Creek drainage surveying for Russian knapweed.  The boundaries of each individual Russian knapweed infestation were walked and mapped as area features.  Nearby box canyons including Hog Canyon were also surveyed intensively.  Cattle trails leading to BLM lands also were walked and mapped.

Rainbow Park and Island Park were surveyed later in the summer to ensure good visibility of any invasive species present.  Islands and shores along the Green River were also surveyed, both on foot and by canoe.  Those portions of drainages extending beyond the Park boundary were not surveyed.   

The shoreline, flood plains, and islands of the Green River were also surveyed from the Utah/Colorado state line to Split Mountain.   Most of the mapping was done on foot when accessible.  Areas inaccessible by foot were mapped from a raft.  Hand mapping (writing on 7.5-minute topographic maps) was done in areas where a GPS unit could not obtain a satellite signal.   Considerable time was spent surveying in Whirlpool Canyon.

Collecting Data

When a rare plant species or invasive weed infestation was found, its location was recorded as a point, line, or area, using a Trimble GeoExplorer3 GPS unit.  The area surrounding the species was then thoroughly searched.

Points:

Populations of rare plants or weed infestations less than 5 acres in size were usually recorded as single points.  Patches 50 meters or more apart were considered separate populations.  Patches less than 50 meters from each other were regarded as a single weed infestation or rare plant patch.  In addition to location coordinates, other information (from options programmed into the GPS data dictionary) was also gathered for every point.  The information for TES plants included rare plant species, population size (1 to few plants, 0.1, 0.25, 0.5, 1, 2.5, or 5 acres), density (1-10, 11-50, 51-100, 101-1000, or >1000 plants), phenology, woody growth, physiognomic class, dominant species, hydrology, geologic substrate, record number, and notes (optional).  Information regarding invasive non-natives included weed species, infestation size (1 to few plants, 01, 0.25, 0.5, 1, 2.5, or 5 acres), density (trace = <1%, low = 1-5%, moderate = 6-25%, high = 26-50%, or majority = 51-100%), phenology, woody growth, physiognomic class, dominant species, hydrology, record number, and notes (optional).  

Location:

The surveyor stood in the center of the patch to record its GPS coordinates.  A minimum of 10 positions were collected and averaged to determine the location of each point.   All point locations were determined in UTM coordinates using the 1927 Western U.S. Datum (see data dictionary in appendix).

Size:

To determine the size of a circular or oval point infestation or patch, surveyors determined the average radius (in yards) by taking a visual estimate, pacing, or using a laser range finder.  If using the laser range finder, one reading was taken to the most distant edge of the patch, and one reading targeted the closest edge.  Then the average of the two readings was used to determine the average radius.  The closest size category was selected by using the values in column 5 of the infestation/population dimensions table (Table 1).  A copy of the table was laminated on the back of each rangefinder for ease of access and viewing.

Example:   An oblong weed infestation is discovered.  Surveyor estimates its average radius to be 25 yards (greatest radius = 30 yards, and shortest radius = 20 yards).  Looking at the 5th column on the above table the surveyor notes that a 25-yard radius falls between the midpoint values of 24 and 34 yards, which bracket the size category of 0.5 acres.  The surveyor then selects 0.5 acres as the size for this infestation.

To determine the size of a square or rectangular infestation, the surveyor determined its average length and width (in yards), and calculated the square yardage by using a small hand-held calculator.  The closest size category was selected by referring to column 3 in Table 1.  

Table 1.  Dimensions of weed infestation or rare plant patch size categories

	Acres
	Sq Feet
	Sq Yards
	Radius (ft)
	Radius (yds)
	Diameter (ft)
	Diameter

(yds)

	0.1
	4,356
	484
	37.25
	12
	74.5
	25

	(midpoint)*
	7,623
	847
	49.27
	16
	98.5
	33

	0.25
	10,890
	1,210
	58.89
	20
	117.8
	39

	(midpoint)
	16,335
	1,815
	72.13
	24
	144.3
	48

	0.5
	21,780
	2,420
	83.28
	28
	166.6
	56

	(midpoint)
	32,670
	3,630
	102
	34
	204
	68

	1
	43,560
	4,840
	117.78
	39
	235.6
	79

	(midpoint)
	76,230
	8,470
	155.81
	52
	311.6
	104

	2.5
	108,900
	12,100
	189.23
	62
	372.5
	124

	(midpoint)
	163,350
	18,150
	228.08
	76
	456.2
	152

	5
	217,800
	24,200
	263.37
	88
	526.7
	176

	5.5
	239,580
	26,620
	276.22
	92
	552.4
	184


* Midpoint represents the value half-way between two acreage choices.  Infestations/patches with actual values less than the midpoint were placed in the lower acreage category, and those with values greater than the midpoint were placed in the higher acreage category.  

Density:  (surface cover / canopy cover):

Surveyors visually estimated the percentage within each weed infestation or TES patch that was actually occupied by the species( in terms of surface cover or ground cover).  They then selected the closest density category from the GPS menu.  

Example:  The oblong infestation noted above is fairly dense, with the targeted weed’s canopy representing approximately 45 percent of the surface area within the actual perimeter of the infestation.  Therefore, the best GPS menu choice for weed density would be “high” (26 to 50%).

If there was a dramatic difference in density of a targeted plant from one edge to the other, a large infestation/patch was recorded as a cluster of two or more adjacent smaller points, and a separate density value was entered for each.

Lines:

Lines were used primarily to record non-weed features such as roads or trails.  Occasionally, lines were used to record weed infestations that followed streambeds or roads continually for long distances, but most linear weed infestations (5 acres or less in size) were recorded as a point or series of points (to save time and allow easier notation of changes in patch width and density).  If the surveyor found a linear infestation and recorded it as a point, the following procedure was followed:

Location:

The surveyor stood in the center of the patch to record its GPS coordinates.  A minimum of 10 postions were collected and averaged to determine the location of each point.   All point locations were determined in UTM coordinates using the 1927 Western U.S. Datum (see data dictionary in appendix).

Size:

The surveyor estimated the “linear” point infestation by envisioning it as an elongated narrow rectangle, estimating the average width and approximate length of the infestation, determining area by multiplying length by width, and then selecting the closest size category from the infestation/patch dimensions table.

Example:  A dense weed infestation is growing along one side of a stream bank for approximately 400 feet.  The average width of the infestation is estimated to be 20 feet.  The calculated size of this infested area would be 8000 square [400 x 20].  The surveyor notes in column 2 of the above table that 8000 square feet is between the values for 0.1 and 0.25 acres, and is slightly greater than the midpoint value of 7,623 square feet.  The surveyor therefore chooses 0.25 acres as the infestation size.  

Normally, if the size of a linear infestation was greater than 0.25 acre, and the surveyor wished to record it as a point rather than a line feature, the infestation would be visually divided into a series of contiguous smaller points of ¼ acre size or less each.  

Example:  A weed is found growing abundantly along a roadside for several miles.  It is estimated that the average infestation width is about 8 feet.  A quarter-acre is equal to 10,890 square feet.  A quarter-acre rectangle that is 8 feet wide would be 1361 feet long [10,890 / 8 = 1361], or approximately 0.25 miles long [1361 / 5280 = 0.258 miles].  To record this infestation as point features the surveyor would enter a new point about every quarter mile while traveling down the infested length of road.  Weed density would be estimated within each 8 x 1361 foot area.

Density:

The surveyor estimated the percentage of the area within the envisioned rectangle that was actually occupied by the weed (in terms of surface cover or ground cover).  The surveyor then selected the closest density category from the GPS menu.  As mentioned above, weed density would be estimated separately for each point in any linear series of contiguous points.

Areas:

Infested Areas:

The perimeter of any weed infestation covering more than 5 acres could be walked and GPS-recorded as an area feature (see NAWMA Mapping Standards defining an “infested area”).  Smaller weed infestations were walked and GPS-recorded as area features in the Cub Creek drainage to provide highly detailed information regarding Russian knapweed.  

Density:

The surveyor estimated the percentage of the area that was actually occupied by the weed (in terms of surface cover or ground cover).  The surveyor then selected the closest density category from the GPS menu.  If the density changed within an area, then the average coverage was selected, or smaller areas reflecting the different densities were mapped.

Gross Areas:

If a landscape covered with many large and/or discontinuous infestations was impractical to map as numerous point, line, and/or area features, a “gross-area” option was useful in providing a general description of the weed situation.   Gross areas were used in mapping burdock and Canada thistle in Jones Hole.

A gross area is designated by drawing a line on a map around the general perimeter of an infested landscape.  The gross area will usually contain significant parcels of land that are not occupied by weeds.  Therefore, the surveyor must estimate the amount (percentage) of the gross area that is actually infested.  This value is used to calculate the “infested” acreage within the gross area.  The average density (based on canopy cover) of the infested portions of the gross area is also estimated as a separate value.  (see NAWMA Mapping Standards defining a “gross area”).      

Example:  An entire drainage covering more than 400 acres is observed to be heavily infested with saltcedar.  It is determined that conventional mapping methods using point, line, and area features are not practical in this case.  So, the infested drainage is defined on the surveyor’s field map by drawing a line around the entire perimeter, and a note (name or record number) is made on the map to identify this specific gross area.  Then, the surveyor estimates what proportion of the gross area is actually made up of patches or “infestations” of the targeted species.  In this example, we will say that the estimate was 35 percent infested (in other words, approximately 65 percent of the gross area was considered free of saltcedar).  Next, the surveyor estimates the average density of the individual saltcedar infestations, selecting a value from the GPS menu.  In our example, we will say that the surveyor estimates the average density within the infested patches to be 45 percent.  Choosing from the GPS menu option for density (trace = <1%, low = 1-5%, moderate = 6-25%, high = 26-50%, and majority = 51-100% cover), the density would be recorded as “high”.  (It is important to note that this density value applies to the infested portions of the gross area, and not to the overall gross area).  Upon returning to the office the gross area perimeter from the field map is re-drawn in the computer on a GIS map, allowing the surveyor to determine its exact acreage (478 acres, in this example).  The estimated number of acres of saltcedar within the gross area is calculated by multiplying the gross area acreage (478 acres) by the percentage that was considered infested (35 %), for a total of 167.3 estimated acres of saltcedar.

Between-Feature Positions:

Between-feature positions were recorded automatically every 500 feet so that areas where no weeds were found would still be documented as having been searched.  In some cases, when the crew had difficulty getting satellite readings, the distance between these points may have exceeded 500 feet. 

Special Situations:

Unable to stand in center of infestation to record a point feature:

Surveyors collected half (5) of the minimum required satellite positions on one edge of the infestation, paused the GPS, walked to the opposite side of the infestation, then resumed the GPS to take the remaining (5) required positions.  The GPS unit averages these 2 clusters of positions and places the location of the point feature halfway between the 2 clusters.  

Couldn’t reach a weed infestation that is clearly visible from your present location:

If in terrain where reaching a visible weed infestation was extremely difficult or unsafe, it was still possible to accurately record it’s location as a point feature using the “offset” command in the Geo 3.   While standing in one’s present position, GPS coordinate points were collected and recorded for the feature as if the surveyor were standing in the middle of the targeted infestation.  Before closing the feature the surveyor pressed the OPTIONS key, and the word OFFSET appeared. The three items of additional information required to perform the offset procedure (bearing, horizontal distance, and vertical distance) were then entered.  

Bearing: A compass was used to determine the bearing to the center of the targeted weed infestation.  (GPS was configured to request magnetic north rather than true north- or compass would have to be adjusted for declination.)  


Horizontal Distance: A laser rangefinder was used to determine the exact line-of-sight distance from the surveyor’s location to the center of the targeted infestation.   If the infestation was much higher or lower in elevation than the surveyor’s present infestation, the distance determined by the rangefinder would be somewhat greater than the true horizontal distance required for the offset calculations.   Therefore, if the elevation difference was significant (slope angle greater than 5 degrees) the surveyor would determine the actual line-of-sight distance to the targeted weed infestation and the vertical angle, then calculate the true horizontal distance using the following equation:



(Cosine of vertical angle) x (laser distance to patch) = true horizontal distance
The vertical angle was determined by one of two methods.  A clinometer feature on the compass dial was used to measure the vertical angle by tipping the compass on its side with the gravitational arrow pointing to zero.  By aiming the side of the compass frame at the targeted infestation and noting the gravitational arrow’s position on the clinometers scale, the vertical angle was easily determined.  The other method used by our crew involved a modified protractor (0 to 90 degrees in both directions).  A string with a small pendulum weight was attached at the center point of the protractor.  The surveyor aimed the top edge of the protractor at the center of the patch/ infestation, allowed the pendulum string to stabilize, and then noted the point where the string crossed the protractor scale. 

Vertical Distance:  The surveyor determined the difference in vertical distance between her/his location and the targeted infestation by using the following equation:

(Sine of vertical angle) x (laser distance to patch) = vertical distance
The value was changed to the appropriate + or – in the GPS field before entering the vertical distance number.

Estimating the size of a remote infestation:
To estimate the size of a remote infestation the surveyors used a slight variation of the “vertical distance” calculation method described above.  Width (in degrees) of the infestation was determined using the compass, and height (in degrees) of the infestation was determined using the clinometer.  Degree measurements were converted to length units using the equation noted above for vertical distance.  Then, the patch size category was determined using these values as length and width, or radius, and referring to the table above.

Example 1:  The horizontal distance is 355 yards from the surveyor to a sold leafy spurge patch on a steep hillside across a deep gorge.   Using a compass, the patch is determined to be 4 degrees wide.  Using a clinometer the patch appears to extend 6 degrees vertically.   From the formula above, the surveyor determines the patch to be approximately 25 yards wide (sine of 4 deg x 355 yards) and 37 yards long (sine of 6 deg x 355 yards).  If the patch was more rectangular than spherical, the computation of acreage would be simply to multiply length times width (25 x 37 = 925 square yards).   This value falls between the midpoint values of 847 and 1815 square yards from Table 1, and so the patch would be recorded as covering 0.25 acre.  If the patch was more spherical than rectangular, an average radius would be calculated from the width and length estimates as follows:  least radius = 12.5 yards (25 / 2), greatest radius = 18.5 yards (37 / 2), and average radius = 15.5 yards ((12.5 + 18.5) / 2).  This value falls below the midpoint value of 16 yards, and so the patch would be recorded as covering 0.1 acre.

Example 2:  The horizontal distance is 210 yard from the surveyor to the middle of a dense rectangular perennial pepperweed patch on the opposite bank of the Green River.  The compass bearing to the left edge of the patch is 91 degrees, and the bearing to the right edge is 112 degrees (21 degree width, representing patch length).   Because the  patch is on a flat flood plain at nearly the same elevation as the surveyor, estimation of patch width using a clinometer to measure vertical degrees would not be recommended.  Instead, the surveyor visually estimates the patch width (distance from shoreline to back edge).  In this example we will say it is approximately one third of the patch length.  Using the formula above, the surveyor determines the patch to be approximately 75 yards wide (sine of 21 x 210).  If we estimated the patch width to be about 1/3 of the length, then the corresponding width would be 25 yards.  Total area of the patch would be calculated as 1875 square yards.  This value falls between the midpoint values of 1815 and 3630 square yards from Table 1, placing the patch in the 0.5 acre size category.

Data Dictionary:

As a general rule, information (such as roads, waterways, soil types, precipitation, vegetation cover classes, etc.) that could be obtained from another source such as a GIS layer was not included in the data dictionary to save the surveyor time.  The surveyor recorded information for species, size, density, phenology, woody growth, physiognomic class, and hydrology.  Date, time, horizontal precision, maximum PDOP, feature type, and standard deviation were recorded automatically by the GPS when a feature was recorded.  

In addition to providing survey information about invasive weeds and rare plants, this study is also a development and field testing project for inventory, mapping, and data management methods and equipment that may be useful for future invasive plant projects.  Due to this research aspect of the project, several data dictionaries were tested at the beginning of the field season.  This led to some inconsistencies in some data reporting categories, most notably in the size category.

Configurations:

PDOP:

In this survey, PDOP was set at 6, unless surveyors were in an area where satellite configuration or signal reception was poor.  Values of 6 or less are generally preferred for weed surveys, but that does not mean that data obtained at higher PDOP values is worthless, or that the PDOP mask must be set at 6.  When it was not possible to consistently obtain GPS locations at PDOP 6, the value was sometimes raised to 8 (or even higher).  This did not change the PDOP of most readings, but allowed collection of additional points that otherwise might be impossible.   The GPS unit will collect data at the best possible PDOP value obtainable at or below the set PDOP mask.  For example, if the PDOP is set at 8, and the satellite configuration and signal strength could allow collection of data at a PDOP of 6 or lower, it is the lowest PDOP level at which the data will be collected.   Furthermore, the difference in horizontal accuracy between data obtained at PDOP 8 and PDOP 6 is generally less than 1 or 2 meters.  (This can be seen using the “Position Properties” window in Pathfinder.  For most weed surveys (when the primary objective is simply to relocate an infestation), a difference of 2 meters is generally not considered significant.   

Another reason for elevating the PDOP mask is to improve the collection of between-feature points.  Between-feature points (described below) were used to trace the search route of each surveyor, including areas where no weeds or rare plants were found.  Normally the surveyor would prefer to carry the GPS unit in a belt pouch or pocket in order to have their hands free when hiking between features.  Even if placed in the open pouch so that the internal antenna is oriented upward and away from the body, conditions for obtaining adequate satellite configurations may be hampered without an external antenna. This means that the GPS unit may have difficulty in obtaining points at a PDOP of 6.  By setting the PDOP mask higher, surveyors were able to obtain usable between-feature points (which don’t need to be as accurate as feature points) while the GPS unit is being carried in its pouch.  Then, when the GPS is removed from the pouch and oriented correctly toward the sky it will obtain a much lower PDOP for recording actual weed and rare plant feature locations.   

Photo Records and Voucher Specimens:

Survey crews did not collect voucher specimens for any plant taxa encountered in the Green River District during the 2002 field season.  However, in 2003 they will collect specimens of those species for which vouchers are requested by the Monument’s botanist.  These specimens will be placed in herbaria at Dinosaur National Monument and Utah State University.  

Photos of plants and landscapes taken during 2002 are presented in this report.  Those corresponding to an exact UTM location were given a record number, and included in the species data tables. 

Data Processing:
Each night, all rover files from each GPS unit were downloaded onto the project computer’s hard drive and backed up on zip disks.  Edits were made to the data after it was downloaded and any additional information or data not recorded with a GPS unit were added at this time.  Four sub-folders were created within the main project folder on the hard drive.  These were for: 1) raw GPS rover files, 2) edited GPS rover files, 3) differentially corrected edited GPS rover files, and 4)  GIS shapefiles created from the differentially corrected rover files (for export and use in ArcView).   Separate zip disks were used for raw, edited, differentially corrected, and shapefiles.  All GPS rover files were downloaded using the Pathfinder Office GIS software program.  

Raw Data consists of the rover files directly transferred from the GPS units.  They are named by using a 6-digit code (month-day-hour) preceded by a single letter (corresponding to the first letter in the surveyor’s last name), and ending in “.ssf”.  For example, “A051913.ssf” would be the file name for raw GPS data collected by Kim Andersen beginning in the thirteenth hour (24-hr local time) on May 19, 2002.   No changes were made to this data after it was downloaded onto the computer.          

Edited Data are created from raw files that have been viewed in Pathfinder Office and checked for accuracy.  Features were added or deleted in the process of editing to eliminate any duplicate reporting (two surveyors finding the same infestation), and to add locations drawn on field maps (as for when satellite signals could not be obtained).  Notes were sometimes expanded.  Gross area features were added during this process.  File names were changed after editing to avoid confusion with the raw files.  Edited files were named as a 3-letter month and 2-digit day abbreviation, followed by a dash and the first letter of the surveyor’s last name.  If the surveyor collected more than 1 file for that day, a number would follow the surveyor identification letter.  

Example:   May19-A2.ssf

Differentially Corrected data consists of edited GPS rover files that have been differentially corrected.  Features that were added or deleted in the editing process were not differentially corrected; nor were points for which corresponding base station data were not available.  Generally, the closest base station to the survey area was used.  However, if use of a more distant base station resulted in the successful correction of a higher percentage of points, it was used in preference to a closer station.   Base stations used for this survey include Mesa County GPS/Surveying in Fruita, Colorado; Mesa County GPS/Surveying in Grand Junction Colorado; and CORS in Myton, Utah.  Corrected files retain the same name as their edited counterparts, but have a “.cor” instead of “.ssf” ending.    Example:  May19-A2.cor

Shapefiles are exported data (.shp) created by sending the corrected files from the Pathfinder Office program into ArcView.  ArcView created shapefiles from the various categories in the data dictionary such as point-weed shapefile, line-weed shapefile, and area-weed shapefile.  Three kinds of files are created from each “.cor” file.  These are “.shp”, “.shx”, and “.dbf”.  All three files must be present for use in ArcView.    Example:  pt-weed.shp, pt-weed.shx, 

pt-weed.dbf

Maps:

Maps were created for each weed, rare plant species, and point of interest using ArcView (version 3.2) GIS computer software.  A map of between-feature points was also created to show the total area surveyed.  

Determining Size of Survey Areas, and Estimating Detection Confidence:

It is estimated that this survey covered 13,947 acres, which represents approximately 26.4 percent of the total 52,750-acre Green River District.  This portion of the District is believed to contain the vast majority of the rare plant and weed-infested acres.   However, it is difficult to estimate the actual number of acres surveyed, since this depends largely upon the area or “swath width” that can be effectively searched by a person walking in various terrains.  For some weeds, such as saltcedar, it was possible to detect infestations from as far as several hundred yards away.  With other species, such as pre-bloom hoary cress or small rare species, it was difficult to detect plants more than 50 feet away.  However, we conservatively estimate that surveying crews were consistently able to detect (with at least a 90 to 95 percent degree of probability) any targeted species growing with 50 feet on either side of their course of travel (100-foot survey swath width).   If considering just invasive species, and with a goal of 90 percent detection confidence, the average effective search swath width is estimated to be approximately 100 yards. 

Areas effectively surveyed were determined from maps of between-feature positions, which had been recorded automatically as surveyors walked through targeted areas.  Boundaries of surveyed areas were drawn approximately 100 feet outside of the outer-most between-feature points in each area.   The resulting polygons were assigned a detection confidence rating based on the surveyor’s estimation of probability that all targeted species had been found and mapped in that area.  This rating was based on the terrain, the time of year, species observed or expected, and the time spent by surveyors in each area (see map entitled “Areas Surveyed”).  The confidence rating was low (0–50%), medium (51-75%), or high (76-100%).    

PAGE  
2

