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Abstract:

Leafy spurge is a troublesome, exotic weed in the northern Great Plains of
the United States. Leafy spurge produces showy yellow bracts during June
that give this weed a conspicuous appearance. A study was conducted to
determine the feasibility of using remote sensing techniques to detect leafy
spurge in this phenological stage. Study sites were located in North Da-
kota and Montana. Plant canopy reflectance measurements showed that
leafy spurge had higher visible (0.63- to 0.69-um) reflectance than several
associated plant species. The conspicuous yellow bracts of leafy spurge
gave it distinct yellow-green and pink images on conventional color and
color-infrared aerial photographs, respectively. Leafy spurge also could be
distinguished on conventional color video imagery where it had a golden
yellow image response. Quantitative data obtained from digitized video
images showed that leafy spurge had statistically different digital values
from those of associated vegetation and soil. Computer analyses of video
images showed that light reflected from leafy spurge populations could be
quantified from associated vegetation. This technique permits area esti-
mates of leafy spurge populations. Large format conventional color photo-
graphs of Theodore Roosevelt National Park near Medora, ND were
digitized and integrated with a geographic information system to produce
a map of leafy spurge populations within the park that can be useful to
monitor the spread or decline of leafy spurge.

Nomenclature:
Leafy spurge, Euphorbia esula L., # EPHES

' Received for publication Jan. 3, 1995 and in revised form June 5, 1995.
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Additional index words:

Color-infrared photography, conventional color photography, conven-
tional color video imagery, geographic information system, global posi-
tioning system, light reflectance.

Introduction

Leafy spurge is a deep rooted, perennial weed with erect stems 40 to 80 cm tall (37),
which reproduces by both vegetative regrowth and by producing large quantities of seeds.
Leafy spurge, a native of Eurasia, was first reported in the United States in Massachusetts
in 1827 (28). This weed is now most abundant in the Northern Great Plains of the United
States and the Prairie Provinces of Canada (31). It often forms dense stands on range-
lands and pastures, displacing useful forage plants and restricting cattle grazing.

Various control methods have been employed on leafy spurge. Chemical control has
been used extensively on the weed (21, 24). However, long term control with chemicals
has generally proven ineffective and therefore expensive particularly because of the ex-
tensive acreage infested by this troublesome pest (1). Sheep grazing has been used to re-
duce the density and limit the spread of leafy spurge, but it will not eradicate the weed
(18, 23). Other biological control methods with pathogens (30) and insects (4, 31) are
also being used on leafy spurge, but these methods will not eradicate this weed. Good
control has been obtained on small areas near release sites of the Chinese leaf beetle
(Aphthona nigriscutis Foudras); however, this research will take time to assess.

Determining the extent of weed populations on rangelands is difficult because of the
generally great expanse and inaccessibility of these areas. The value of remote sensing
techniques for rangeland assessment is well established (40). Remote sensing techniques
offer the advantage of rapid acquisition of data with generally short turnaround time and
a procedure that is considerably less costly than ground surveys (9, 40).

Plant canopy light reflectance measurements have been used to characterize the spec-
tral characteristics of plant species and aerial photography and videography have proven
useful for detecting plant species on rangelands (9, 12, 15, 19). Many rangeland plant
species are distinguishable on aerial imagery when in specific phenological stages (10,
17). Leafy spurge produces showy yellow bracts in late May or early June giving the
plant a conspicuous appearance (22). It is surmised that leafy spurge might be distin-
guishable on aerial imagery in this phenological stage.

Myhre (26), in a preliminary study, indicated that aerial photography might be a use-
ful tool to detect and map leafy spurge infestations. However, no conclusive findings
were reported from this research. Elliston and Miller (8) used aerial videography to detect

? Letters following this symbol are WSSA-approved computer codes from Composite List of Weeds, Revised 1989.
Available from WSSA, 1508 West University Ave., Champaign, IL 61820-3133.
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leafy spurge infestations on Wyoming rangelands. Videographic images were subjected
to image processing techniques to show locations of heavy, light, and no infestation of
leafy spurge with a high degree of accuracy.

Remotely sensed data have been integrated with geographic information system
(GIS)3 technology for a variety of natural resource applications (3, 7, 20, 27, 33), includ-
ing mapping the distribution of noxious weeds (2, 6, 14, 29). The merging of remote
sensing and GIS technologies can be useful to assess the extent of infestations, develop
management strategies, and evaluate the effects of control measures on noxious plant
populations.

The objectives of this study were: (a) to establish the plant canopy light reflectance
characteristics of leafy spurge; (b) to evaluate the use of aerial photography and video-
graphy for distinguishing leafy spurge infestations on North Dakota and Montana range-
lands; and (c¢) to demonstrate the integration of remotely sensed data in a GIS for
mapping leafy spurge populations.

Materials and methods

This study was conducted in rangeland areas of North Dakota and Montana. The
principal study site was the 18,680 ha south unit of the Theodore Roosevelt National
Park, near Medora, ND, in the southwestern part of the state. Additional study sites were
located near Lewistown, in central Montana, and near Bozeman in south-central Mon-
tana. These sites were selected as study areas because leafy spurge is a major weed at
these locations. The Lewistown study site was located within a 16 by 16-km rangeland
area and was part of a USDA-ARS research project on biological control of leafy spurge.
The Bozeman site was a 2 by 2-km rangeland area.

Multiple study sites were selected to determine if remote sensing techniques could be
used to distinguish leafy spurge populations at widely separated locations. Plant canopy
and soil reflectance measurements, aerial photographs, and video imagery, along with
ground truth observations were made in this study. Reflectance measurements were made
to establish the spectral characteristics of leafy spurge, associated plant species, and soil,
and to help interpret the imagery. Ground observations were made to verify the aerial im-

agery.
Plant and soil reflectance measurements were made near Medora and Bozeman on
June 17 and 19, 1993, respectively. Measurements were made on 10 randomly selected

plant canopies of each species or species mixture and soil surfaces on each date with a
portable hand-held radiometer” (39).

Reflectance measurements were made at two sites: Medora and Bozeman. Both visi-
ble red (0.63- to 0.69-um) and near-infrared (NIR)* (0.76- to 0.90-um) reflectance meas-
urements were made using a sensor with a 15° field of-view. Reflectance measurements

3 Abbreviations: CIR, color-infrared; GIS, geographic information system; GPS, global positioning system; NIR, near-
infrared.

* NASAGSFCMARK-II radiometer, NASAGoddard, Greenbelt, MD 20770.
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conducted at the Medora site were made on leafy spurge, yellow sweetclover [Melilotus
officinalis (L.) Lam. # MEUOF], pinnate tansymustard [Descurainia pinnata (Walt.)
Britt. # DESPI], smooth brome (Bromus inermis Leyss. # BROIN), crested wheatgrass
[Agropyron desertorum (Tisch. ex Link) Shult.], western snowberry (Symphoricarpos
occidentalis Hook. # SYPOC), silver sagebrush (4rtemisia cana Pursh.), creeping juniper
(Juniperus horizontalis Moench), Rocky Mountain juniper (Juniperus scopulorum Sarg.),
mixed herbaceous species, bare soil, and clay rock. The predominant mixed herbaceous
species were purple coneflower (Echinacea angustifolia DC.), tumbling mustard (Sisym-
brium altissimum L. # SSAYL), hedge bindweed (Calystegia sepium (L.) R. Br. #
CAGSE), pinnate tansymustard, smooth brome, and crested wheatgrass.

Reflectance measurements at the Bozeman site were made on leafy spurge, yellow
sweetclover, western wild rose (Rosa woodsii Lindl.), big sagebrush (Artemisia tridentata
Nutt. # ARTTR), mixed herbaceous species, and bare soil/rocks. The dominant mixed
herbaceous species included white sweetclover (Melilotus alba Medicus # MEUAL),
Canada wild-rye (Elymus canadensis L.), and crested wheatgrass. Yellow sweetclover
and pinnate tansymustard were in light and heavy flowering, respectively, at Medora;
whereas, yellow sweetclover was in moderate to heavy flowering at Bozeman. Reflec-
tance measurements were made between 1100 and 1500 hours mountain standard time.
Radiometric measurements were corrected to reflectance at a common solar irradiance
reference condition (32).

Conventional color (0.40- to 0.70-um) and color-infrared(CIR)® (0.50- to 0.90-pum)
films® were used for aerial photographs. Conventional color film has visible light sensi-
tivity, but CIR film has both visible (0.50- to 0.75-um) and NIR (0.76- to 0.90-um) light
sensitivity. Photographs were taken with a large format camera® (23 by 23-cm) and small
format twin cameras’ (5.7 by 5.7-cm). Only conventional color film was used in the large
format camera. It had a 305-mm lens. The aperture setting was f11 at 1/250 s. The large
format camera was used to obtain imagery of all study sites near Lewistown and Medora
because of its wide ground coverage. Several sites known to be infested with leafy spurge
were photographed near Lewistown on June 18, 1993 at a scale of 1:4000 (0.12 m resolu-
tion). The entire south unit of Theodore Roosevelt National Park near Medora was pho-
tographed on June 19, 1993 at a scale of 1:10,000 (0.3 m resolution). When the twin
cameras were used, one was loaded with conventional color film and the other with CIR
film. The twin cameras were used to compare the two types of film for detecting leafy
spurge. The camera containing CIR film was equipped with an orange (minus blue) filter.
The cameras had an aperture setting of {8 at 1/500 s. Both cameras were equipped with
80-mm. lenses. The twin cameras were used to obtain photographs of eight locations
known to be infested with leafy spurge at the Lewistown study area on June 18, 1993 at a
scale of 1:15,000 (0.5 m resolution).

5 Kodak Aerochrome types 2448 (conventional color) and 2443 (color-infrared), Eastman Kodak Co., Rochester, NY
14601. Mention of a company name or trademark is for the readers’ benefit and does not constitute endorsement of a
particular product by the U.S. Dep. Agric. Over others that may be commercially available.

® Fairchild type K-37, Fairchild Camera and Instrument Corp., Jamaica, NY 11431.
7 Hasselflad Model 500 camera, Victor Hasselblad, Inc., Fairfield, NJ 07006.
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Aerial video imagery was obtained of leafy spurge to determine its potential for de-
tecting this weed. Video imagery was taken with a conventional color single-unit video
camera®. The camera had a charge-coupled device sensor (0.40- to 0.70-um) that was
sensitive in the visible blue (0.40- to 0.50-um), green (0.50- to 0.60-um) and red (0.60- to
0.70-um) spectral wavebands. Imagery was recorded on a super-VHS portable video re-
corder’ (2.5-cm format). The camera lens was set at 15-mm focal length.

Video recordings were obtained of eight known populations of leafy spurge at the
Lewistown study area on June 18, 1993 and of six known populations of leafy spurge
along the Little Missouri River within Theodore Roosevelt National Park (Medora) on
June 19, 1993. The Medora imagery was acquired at altitudes of 2600 and 3000 m above
ground level, with width of ground coverages of 1.5 and 1.7 m, and horizontal ground
pixel sizes of 2.8 and 3.2 m, respectively. Imagery taken at Lewistown was obtained at
1200 m above ground level (0.7 km width of ground coverage) and had a horizontal
ground pixel size of 1.3 m. All imagery was obtained with a fixed-wing aircraft between
930 and 1500 hours mountain standard time.

A global positioning system'® (GPS)’ was integrated with the video system to demon-
strate the use of the two technologies. The GPS continuously calculates and displays the
flight direction (bearing), altitude, time, ground speed, and latitude/longitude coordinates
of the aircraft location above sea level. An interphaser'' was, used to transfer and record
the GPS information on the last two lines of the video images. The accuracy of the GPS
latitude/longitude data was approximately + 100 m from the center coordinates of each
video image.

Video images of leafy spurge obtained near Medora and Lewistown were digitized
with a 486 PC-clone computer having a 512 by 512 pixel image digitizing board and im-
age processing software'”. Two images from each location were used in the study. Im-
ages were entered into the computer using a super-VHS cassette recorder player. Leafy
spurge classifications were conducted on one image from each location using the “color
segment” routine'>. This technique separated objects or features from the background
based on color attributes.

The quantification of leafy spurge was conducted with the “area of interest” histo-
gram function '* which estimated the percentage of total pixels that represented the weed
in the images. Digital color values were obtained from the red, green, and blue bands
from all four video scenes using the “point analysis” function'?. Ten random one-pixel
data points were extracted from leafy spurge and two to three associated land cover types
in each scene.

A photo interpretive procedure was used on photographic transparencies of the same
two video images (Medora and Lewistown) subjected to the computer classification tech-

§ Cohu Model 1815, cohu Inc., San Diego, CA 92123.

° Panasonic model AG-7400 Super-VHS Recorder, Panasonic Industrial Co., Secaucus NJ 07094

' Trimble Transpak II Global Positioning System, Trimble Navigation Ltd., Sunnyvalle, CA 94086.
u Compix Model LP-701, Compix Inc., Tualatin, OR 97062.

"2 Image-Pro Plus, Media Cybernetics, Silver Springs, MD 20910.
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nique to compare differences in percent quantification between techniques. The transpar-
encies were obtained by photographing each video image from a TV monitor. A “mask”
was made of each transparency by tracing areas thought to be occupied by leafy spurge
onto a transparent paper overlay of the transparency (11). These areas were coded black
and the remainder of the mask was left white. The masked tracings were scanned using a
line scanner'® and subjected to the “area of interest” histogram function '* to quantify the
total area of leafy spurge in each respective tracing.

The large format aerial photography was used to map the distribution of leafy spurge
within Theodore Roosevelt National Park. The mapping process included several steps.
First, all aerial photographs were examined to determine whether leafy spurge was visible
within the scene. Photographs containing leafy spurge were covered with a clear vellum
to protect the original print and the perimeters of the leafy spurge populations were drawn
on the overlay.

Tie points that georeferenced features on the photograph with coordinates from
USGS 7.5-min base maps were also identified and marked on each photograph. Terrain
features such as butte tops, clay outcroppings, and stream intersections were used as tie
points because each photograph contained few identifiable standard map features. The
USGS 7.5-min orthophoto quadrangle maps that were available for the park enabled this
procedure. Coordinates for the tie points were obtained from the orthophoto maps by
digitizing each position and recording it in a GIS. The corresponding tie points on the
photographs and the perimeter of each leafy spurge population also were digitized and
recorded in the GIS.

The registration procedure used the common tie points on the photographs and ortho-
photo quadrangle maps to register the leafy spurge polygons to a standard North Ameri-
can Datum (NAD), 1983, Universal Transverse Mercator (UTM), Zone 13, coordinate
system. A minimum of 10 tie points, scattered across the image, were selected on each
aerial photograph. Standard map features such as roads, trails, hydrography, and the park
boundary were digitized from a USGS, 1:24,000 scale topographic map converted to a
NAD-1983 coordinate base and combined with the leafy spurge polygons in a raster GIS.

Ground truth surveys were made at the majority of sites where imagery was obtained.
The sites were not chosen randomly, but rather were visited to confirm the presence or
absence of leafy spurge after viewing the imagery. No quantitative analysis was per-
formed on the ground truth. Observational data recorded were plant species, density, and
cover. Ground reconnaissance was made on all sites where the small format film and
video imagery was acquired. Leafy spurge sites selected from the large format photogra-
phy of the entire south unit of Theodore Roosevelt National Park were plotted on a park
map to facilitate ground surveys. Aerial conventional color photographic prints were also
used in the ground surveys to assist in locating leafy spurge populations. Several sites
were inaccessible because of the rugged terrain and had to be viewed from low altitude
aircraft. Ground level photographs were taken to help interpret aerial photographs and
video images. Overhead photographs were taken of plant canopies and soil surfaces
measured with the radiometer to help interpret reflectance data.

13 Umax Model VC630, Image-In, Inc., Minneapolis, MN 55420.
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Visible and NIR reflectance data and digital color value data obtained from the video
images were analyzed using analysis of variance techniques. Duncan’s multiple range test
was used to test significance among means at the 0.05 probability level (36).

Results and discussion

Reflectance measurements. Leafy spurge at Medora had lower visible reflectance
than bare soil and clay rock and higher visible reflectance than nine other associated plant
species and mixtures of species (Table 1). The distinct visible reflectance of leafy spurge
was attributed to its bright yellow-green bracts. The upper canopy of leafy spurge, which
included a mass of bracts, absorbed less visible red light than the other species and mix-
tures which were primarily green foliage (17). Although yellow sweetclover and pinnate
tansymustard were in light and heavy flowering, respectively, their light yellow flowers
apparently did not contribute greatly to their visible reflectance. Pinnate tansymustard
flowers are small and do not form a mass, thus its visible reflectance is primarily influ-
enced by the leaves and stems. The NIR reflectance of leafy spurge did not differ from
that, of pinnate tansymustard and western snowberry. Near-infrared reflectance in vegeta-
tion is highly correlated with plant density (13, 38).

An overhead view of the plant species and mixtures showed that leafy spurge, pinnate
tansymustard, and western snowberry had similar vegetative densities and that their
canopies had greater vegetative densities and less gaps (sun flecks) than the other associ-
ated species and mixtures. The higher visible and low to moderate NIR reflectance of the
soils agrees with other research findings (5,9,35).

Table 1. Mean canopy reflectance of leafy spurge, associated plant species and mixtures of species,
and soil for the visible (red) and near-infrared bands at two study sites. Reflectance measurements
were made near Medora, ND on June 17, 1993, and Bozeman, MT on June 19, 1993.

Canopy reflectance Values®

Site Plant species, mixture, or soil Visible (red) Near-infrared
0.63-0.69 um  0.76-0.90 um
Medora, ND Bare soil 124 a 16.9 de
Clay rock 10.3b 17.4 de
Leafy spurge 3.7¢ 40.3 ab
Silver sagebrush 2.4d 19.0d
Yellow sweetclover-light flowering 1.7d 249c¢
Rocky Mountain juniper 1.6d 18.3 de
Mixed herbaceous species 1.5d 20.5d
Smooth brome 1.3d 15.0¢
Crested wheatgrass 1.3d 18.4 de
Creeping juniper 1.1d 17.2 de
Pinnate tansymustard-heavy flowering 1.1d 434 a
Western snowberry 1.0d 394b
Bozeman, MT Bare soil/rocks 83a 12.7d
Leafy spurge 3.8b 41.6 a
Yellow sweetclover-moderate to heavy flowering 2.4 ¢ 41.2a
Big sagebrush 1.9 cd 14.4d
Western wild rose 1.4d 3590
Mixed herbaceous species 1.3d 29.6 ¢

*Values within a column at each site/date followed by the same letter do not differ significantly at the 0.05 probability
level according to Duncan’s multiple range test.
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Reflectance measurements of leafy spurge, associated plant species, and soil at the
Bozeman site followed the same general pattern as was shown at Medora (Table 1).
Leafy spurge had lower visible reflectance than bare soil/rocks and higher visible reflec-
tance than yellow sweetclover, big sagebrush, western wild rose, and mixed herbaceous
species.

Yellow sweetclover was in moderate to heavy flowering, but its yellow flowers had
lower visible reflectance than the yellow-green bracts of leafy spurge (Table 1). At the
NIR wavelength, the reflectance of leafy spurge did not differ from that of yellow sweet-
clover. Overhead views of their canopies showed that both species had similar vegetative
densities. These findings indicate that the bright yellow-green bracts of leafy spurge give
it distinct visible reflectance.

Figure 1. Conventional color
(A) and color-infrared (B)
photographs of a leafy
spurge infestation near Lew-
istown, MT The photos were
obtained on June 18, 1993.
Both prints are 6x enlarge-
ments of portions of 70-mm
photographs taken at an
original scale of 1:15 000.
Arrows on the prints point to
the yellow-green and pink
image responses of leafy
spurge on each respective
film type.

Aerial photography. Leafy spurge has a conspicuous yellow-green image response
in the conventional color photograph that can be easily distinguished from the dark gray-
green image of mixed brush, light gray-green tone of mixed herbaceous species, light
gray response of sparsely vegetated areas, and whitish response of bare soil and rocks
(Figure 1A). The denser stands of leafy spurge have a bright yellow-green color, whereas
the sparse stands have a dull yellow-green response. Leafy spurge in the CIR photograph
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has a pink image response that can be readily separated from the various red, dark ma-
genta, and reddish-brown image responses of mixed brush, dull magenta to magenta re-
sponse of mixed herbaceous species, light tan tone of sparsely vegetated areas, and
whitish response of bare soil and rocks (Figure 1 B).

Leafy spurge had a similar image response in additional conventional color and CIR
photographs acquired at seven other locations near Lewistown on the same date and
could be easily distinguished in all photos. Leafy spurge also had a similar yellow-green
image in additional large format conventional color photographs obtained near Medora,
ND, on June 19, 1993 that could be differentiated from associated vegetation and soil.
The distinct image response of leafy spurge in both conventional color and CIR photo-
graphs was primarily attributed to its higher visible light reflectance than that of the other
plant species (Table 1). However, the high NIR light reflectance of leafy spurge contrib-
uted to its image response in the CIR photography, as CIR film has both visible and NIR
light sensitivity.

A qualitative assessment of the conventional color and CIR photography obtained
near Lewistown showed that both types of film did a good job in distinguishing leafy
spurge. This was confirmed by intense ground surveys of the study sites. Thus, both films
were judged equal for detecting leafy spurge infestations.

Aerial videography. Conventional color video images of leafy spurge infestations
near Medora and Lewistown are shown in Figures 2A and 2B, respectively. Leafy spurge
has a distinct golden yellow color in both images that can be easily distinguished from
the various green to gray-green image tones of other associated vegetation and whitish
tones of sparsely vegetated areas, bare soil, and water (Figure 2A only).

Leafy spurge had a similar image tone to that shown in Figures 2A and 2B at five
other locations near Medora and seven sites near Lewistown and could be easily distin-
guished from other associated ecological ground variables. Differences in the yellow to-
nal responses of leafy spurge between the conventional color photographs and
conventional color video images were attributed to the film emulsion layers versus video
electronic coding. This has been demonstrated in previous research where conventional
color photography and videography were compared for distinguishing common golden-
weed [Isocoma coronopifolia (Gray) Greene # IOCCO] infestations on Texas rangelands

9).

The GPS data at the bottom of the two video images (Figures 2A and 2B) of leafy
spurge includes the bearing (direction), ground speed, altitude above sea level, date, north
latitude, west longitude and time. The integration of the latitude-longitude coordinates

with the video images is useful to the range manager or natural resource consultant to lo-
cate leafy spurge infestations over often remote rangeland areas.

Geo-referenced data can be readily entered into a GIS to map leafy spurge infesta-
tions over a region (14); however the video/GPS data obtained in this study were not in-
tegrated with a GIS. The video imagery also can serve as a permanent geographically
located image database for each site. The accuracy of the GPS used in this study was ap-
proximately = 100 m from the center coordinates of each video scene. A differential GPS
can provide much better accuracy, but these systems are costly.
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Figures 2C and 2D show the computer classifications of leafy spurge, shown as white
areas, from the conventional color video images in Figures 2A and 2B, respectively.
Comparisons of both classifications to the respective video images showed that the com-
puter identified most areas where leafy spurge was detectable. The computer classified
12% of both images as leafy spurge. Likewise, the computer estimated that the photo in-
terpreter’s overlay maps of Figures 2A and 2B had 12% and 13% leafy spurge, respec-
tively.

To further compare the two classification techniques, the photo interpreter’s overlay
map for each location was superimposed over the computer classification map for each
location. Although the percentages were essentially identical or very similar, there were
some slight discrepancies in areas identified as leafy spurge in each map. Most of the dif-
ferences were attributed to the photo interpreter’s map where subjective boundary lines
were drawn due to grading between leafy spurge and other plant species or soil. This was
apparent in the photo interpreter’s map where the outer perimeters of some leafy spurge
populations did not agree with those of the computer classification. Other differences can
be attributed to the computer classification technique that is based on discrete spectral
classes, wherein a decision is made concerning each pixel (16).

BRG 278 C5-155 ALT 12979 0671993 |
M&. S57.210° ._M103°31.071° _30:17-20

Figure 2 Conventional color video images of leafy spurge infestations near Medora, ND (A) and Lewistown, MT
(B). The Medora image was obtained on June 19, 1993 at an altitude above ground level of 3000 m (1.7 km width
of ground coverage) and has a horizontal ground pixel size of 3.2 m. The Lewistown image was acquired on June
18, 1993 at an altitude above ground level of 1200 m (0.7 km width of ground coverage) and has a horizontal
ground pixel size of 1.3 m. Arrows on both prints point to the distinct golden-yellow image response of leafy
spurge. The global positioning system data are shown at the bottom of each scene. Computer classifications of
each video image are shown in prints C and D. Areas classified as leafy spurge have a white code in each print.
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Ground surveys of the two areas indicated that the computer classification generally
identified where most leafy spurge populations occurred. However, the Lewistown image
(Figure 2B) and computer classification (Figure 2D) corresponded better to known loca-
tions of leafy spurge than the Medora image (Figure 2A) and classification (Figure 2C).
The Lewistown image was acquired at 1200 m above ground level and had a horizontal
ground pixel size of 1.3 m, whereas the Medora image was taken at an altitude of 3000 m
and had a ground pixel size of 3.2 m. Thus, the coarser resolution of the higher altitude
Medora image limited its ability to detect smaller stands or clumps of leafy spurge. None-
theless, the Medora image and computer classification delineated the major stands and
distribution of leafy spurge. Ground reconnaissance of the additional study sites at the
two locations agreed with these findings. The computer classification results reported
here are in agreement with those of other studies (12, 25) using similar procedures to dis-
criminate weeds from other rangeland vegetation and agronomic crops in aerial photo-
graphic and videographic imagery.

Digital color value data. For site 1 (Medora), the digital color values of leafy spurge
in the red and green bands were different from those of bare soil, mixed herbaceous spe-
cies and mixed woody species (Table 2). However, the color value of leafy spurge in the

Table 2. Mean digital color values® for leafy spurge and associated vegetation and soil for
the red, green, and blue bands from conventional color video imagery obtained from four
sites in North Dakota and Montana.

Plant species, Band®
Site mixture, or soil Red Green Blue
Color values
Medora, ND Bare soil 133 a 182 a 214 a
(Site 1) Leafy spurge 74 b 104 b 66 c
Mixed herbaceous species S54c¢ 84 c 90Db
Mixed woody species® 52¢ 79 ¢ 69 c
Medora, ND Bare soil 156 a 187 a 209 a
(Site 2) Leafy spurge 73 b 100 b 70b
Mixed herbaceous species S56¢ 80 ¢ 66 b
Lewistown, MT Bare soil 149 a 185a 175a
(Site 1) Mixed herbaceous species/ 99} 136 b 139b
sparsely vegetated
Leafy spurge 82 ¢ 113 ¢ 56¢
Mixed woody species* 59d 79 d 46d
Lewistown, MT Mixed herbaceous species/
(Site 2) sparsley vegetated %Ba 1342 127a
Leafy spurge 82b 112b 57b
Mixed woody species® 53¢ 79 ¢ 35¢

*Mean digital values represent the mean of ten 1 by 1 pixel subsamples, from images obtained on June 19, 1993 at
Medora, ND, and June 18, 1993 at Lewistown, MT.

®Values within a column at each site/date followed by the same letter do not differ significantly at the 0.05 probability
level according to Duncan’s multiple range test.

“Mixed woody species included Rocky Mountain juniper, western snowberry, silver sagebrush, and American elm
(Ulmus americana L.).

Mixed woody species included Rocky Mountain juniper, western snowberry, Eastern cottonwood (Populus deltoides
Marsh.), and Ponderosa pine (Pinus ponderosa Dougl.).
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blue band did not differ from that of mixed woody species. At Medora (site 2) leafy
spurge color values in the red and green bands could be separated from those of bare soil
and mixed herbaceous species, but in the blue band did not differ from that of mixed her-
baceous species.

Leafy spurge digital color values at Lewistown (site 1) for all three bands were differ-
ent from those of bare soil, mixed herbaceous species/sparsely vegetated areas, and
mixed woody species (Table 2). Similarly, leafy spurge at Lewistown (site 2) in all three
bands was separated from mixed herbaceous species/sparsely vegetated areas and mixed
woody species.

These results suggest that all three spectral bands contribute to distinguishing leafy
spurge in conventional color video imagery, but the red and green bands are probably
most important. The separation of leafy spurge in the red band agrees with the ground
reflectance measurements where leafy spurge could also be separated from associated
plant species and soil in the visible red spectral wavelength (Table 1)

GIS leafy spurge map. Analysis of the digital park data derived from the 1:24,000
scale map indicated that the south unit of Theodore Roosevelt National Park covered ap-
proximately 18,676 ha of the North Dakota Badlands. This estimate compares favorably
with the official park survey of 18,680 ha for the south unit.

Leafy spurge area estimates, derived from the aerial photography, accounted for 550
ha (or 3%) of the park (Figure 3). Most of the infestation was restricted to drainage chan-
nels, creek bottoms, and river bottoms. Ground truth surveys of over 100 sites within the
park selected from conventional color photographs resulted in correct identification of
leafy spurge at all sites. Despite the fine spatial resolution (0.3 m) of the film, ground
surveys showed that several sparse stands or clumps of leafy spurge with less than 25%
canopy cover and single plants, some less than 30 cm in diameter, were generally not de-
tectable in the photographs. In-canopy shadowing and shadows cast from other vegeta-
tion, as well as highly reflective soil background, contributed greatly to the inability to
distinguish these plants (34). Other plants growing in mixtures of associated herbaceous
species and under brush and trees could not be detected. Also, a few plants had limited
bract formation, which prevented their detection in the photographs.

The GIS was a good base for incorporating the polygons of leafy spurge identified on
aerial photographs. Distortions in the photography that were removed by using the GIS to
register the data to the USGS orthophoto maps aided in accurately estimating the size of
the spurge infestations. The joint use of GIS and remote sensing technology proved to be
a powerful combination of tools, which provided previously unavailable information
about the extent and spatial dynamics of leafy spurge within the park.

Our findings indicate that remote sensing techniques can be used successfully to dis-
tinguish leafy spurge populations on rangeland and other wildland areas when this weed
produces distinct yellow-green bracts in early summer. Leafy spurge infestations could be
delineated on both conventional color and color-infrared photographs (1:10,000 to
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Figure 3. Map of leafy spurge infestations, shown in yellow, within Theodore Roosevelt Na-
tional Park (orange area).

1:15,000 scales). Neither film type was superior to the other. Several sparse stands or
clumps of leafy spurge with less than 25% canopy cover and single plants were generally
not distinguishable in the photographs

Leafy spurge could also be distinguished on conventional color video imagery. How-
ever, the coarser resolution of video than that of photography limited its use for detecting
small stands or clumps of leafy spurge. For example, in this study aerial video imagery
obtained at an altitude above ground level of 3000 m had a resolution of 3.2 m; whereas,
aerial photography acquired at the same altitude had a resolution of 0.3 m. Improved
ground resolution can be obtained with video when the imagery is acquired at lower alti-
tudes, but the ground area in each scene would be small and require more flying time.

The digitization and computer analyses of video images allowed for the quantification
of leafy spurge. This technique can permit area estimates of leafy spurge populations.
The video imagery was integrated with a GPS allowing for placement of latitude-
longitude coordinates on each image. Conventional color photographs of Theodore Roo-
sevelt National Park were digitized and integrated with a GIS to produce a map of leafy
spurge populations within the park.

The joint use of remote sensing and GIS technologies can provide important informa-
tion about the extent and spatial dynamics of leafy spurge over large areas. These data
should be useful to natural resource managers who are interested in detecting, mapping,
and monitoring the spread of noxious weeds over extensive and often inaccessible areas.
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