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EXECUTIVE SUMMARY 

 
 The National Park Service (NPS) has identified the management and control of invasive, 
exotic plants, including state-listed noxious weeds, as a high priority resource management issue.  
In the Intermountain Region of the NPS, 19 national park units need information on the 
distribution of priority weed species before effective and efficient management can be 
implemented.  This project inventoried and mapped noxious weeds in 3 of the 19 park units of 
the Intermountain Region.  Specifically, at Capulin Volcano National Monument (CAVO) and 
Fort Union National Monument (FOUN) in New Mexico, exotic species determined highly 
disruptive were mapped.  Exotic species were subjected to the Exotic Species Ranking System to 
focus attention on highly disruptive species.  At Capulin Volcano National Monument (CAVO) 
the annual bromes, Japanese brome (Bromus japonicus) and downy brome (Bromus tectorum), 
were determined to be highly disruptive, and annual brome patches were mapped.  Common 
horehound (Marrubium vulgare) was identified as a plant of concern at CAVO.  However, this 
species was not mapped because of the small number of populations.  At Fort Union National 
Monument (FOUN), we determined field bindweed (Convolvulus arvensis) was the only exotic 
species of concern.  Areas of field bindweed infestation around buildings and near roads were 
mapped.  The utility of the Exotic Species Ranking System allowed us to narrow our focus 
without extensive fieldwork to determine which species to map.  The benefits of this ranking 
system are that resource managers can assess the exotic species of a park off-site.  Large format 
map products of Figures 1, 2, 3, and 6 are provided separately. 
 
 At Lake Meredith National Recreation Area (LMAR), our initial objectives were 
modified to focus on the extent and detectability of saltcedar.  While our initial objective was to 
map saltcedar in certain areas using remotely-sensed data, techniques for discriminating saltcedar 
from native shrubs and trees in mixed stands have not been well tested.  Thus, we decided to 
acquire hyperspectral data for 3 test areas within the park and to process it for saltcedar spectral 
signatures.  By building spectral profiles based on the ground control points (GCPs) it was 
possible to spectrally differentiate the vegetation into 3 categories including saltcedar, 
cottonwood, and other woody species. Ten spectral profiles for each of vegetation category were 
analyzed in the 16 bands of Airborne Imaging Spectroradiometer for Applications (AISA) 
hyperspectral imager.   Because our aim was to identify saltcedar, an analysis of its mean 
spectral plot determined that bands 10 (691.59 nm), 14 (715.53 nm), and 15 (763.41 nm) showed 
the maximum variability in their observed values for saltcedar.  Each flightline was classified 
into 25 clusters and the appropriate saltcedar cluster identified.  A stratified random sampling 
method was used to assess the accuracy of the classification, and the accuracy imagery for 
identifying the invasive species was 80%.  The immediate benefit of this research has been to 
test a technique to discriminate saltcedar in riparian areas of the park.  By showing that remotely-
sensed data can provide improved information on spatial extent and density of saltcedar, park 
managers can effectively map saltcedar in other areas of the park and implement management 
programs to control this invasive plant.   
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Chapter  1: Introduction 
 
 Throughout the Intermountain West, invasive plants jeopardize the integrity of natural 
ecosystems.  The National Park Service (NPS) has identified the management and control of 
invasive, exotic plants, including state-listed noxious weeds, as a high priority resource 
management issue.  In the Intermountain Region of the NPS, 19 national park units need 
information on the distribution of priority weed species before effective and efficient 
management can be implemented. 
 
 Our objective was to inventory and map noxious weeds within 3 of the 19 park units in 
the Intermountain Region.  Specifically, at Capulin Volcano National Monument (CAVO) and 
Fort Union National Monument (FOUN) in New Mexico, we proposed to map all noxious weeds 
over the entire area of each park.  For CAVO and FOUN, we defined noxious weeds as those 
plant species that are included on the New Mexico Noxious Weed List.  For Lake Meredith 
National Recreation Area (LAMR) in Texas, we proposed to map salt cedar, an aggressive 
invader, in about 2,469 ha of park lands adjacent to public water supplies and sensitive riparian 
habitats.   
 
 Our initial review of the plant species found at CAVO and FOUN and the extent and 
detectability of salt cedar at LAMR caused us to modify our objectives.  At CAVO, only one 
noxious weed was known from the park flora.  Similarly, at FOUN only one noxious weed was 
known.  However, at both parks additional exotic plants not classified as noxious weeds were 
present.  Instead of mapping all of the exotic plants in each park, we used a ranking system to 
first determine which plants were serious pests and then map those species.  Our results at 
CAVO and FOUN are presented in Chapter 2.  At LAMR, our initial objective was to map 
saltcedar in certain areas using remotely-sensed data.  However, techniques for discriminating 
saltcedar from native shrubs and trees in mixed stands have not been well tested.  Thus, we 
decided to acquire hyperspectral data from 3 test areas within the park and to process the data for 
a saltcedar spectral signature.  Our results at LAMR are presented in Chapter 3. 



 2 

Chapter  2: Exotic Species Ranking and Mapping at Capulin Volcano National 
Monument and Fort Union National Monument 

 

2.0  Introduction 
 
 The purpose of this study was to inventory and map noxious weeds occurring at CAVO 
and FOUN.  Following our initial assessment of the noxious weeds present at each park that was 
based on previous plant inventories, we determined only one noxious weed to be present, 
bindweed (Convolvulus arvensis).  Although only one noxious weed was known to occur at the 
parks, there is growing concern for many introduced or exotic species (e.g., common mullein 
[Verbascum thapsus]) that without proper management have the potential of becoming serious 
management concerns.  Therefore, we expanded our initial inventory and mapping of noxious 
weeds to include the ranking of all exotic species found at each park.  This method allowed us to 
focus on the exotic species of greatest concern. 
 

2.1 Methods 

2.1.1 Park Descriptions: Capulin Volcano National Monument 
 
Capulin Volcano National Monument (CAVO), located in northeast New Mexico, was 

established by Presidential Proclamation No. 1340 in 1916.  The park is about 321 ha (792.5 ac) 
in size, and consists of mixed grassland transitioning to pinyon-juniper woodlands (Figure 1).  
Periodic wildfires have occurred at CAVO, but in general, fires have been suppressed over the 
last century.  Grazing by livestock is common practice on land surrounding the park, but only 
grazing by small mammals and wild ungulates occurs within the park boundaries. 

2.1.2 Park Descriptions: Fort Union National Monument 
 
FOUN is located in north central New Mexico.  The park was established through Public 

Law 430 in 1954.  The park is about 291 ha (720 ac) in size and consists primarily of shortgrass 
prairie (Figure 2).  Grazing of domestic livestock was removed in 1954, and the prairie has been 
left idle except for foraging from small mammals and wild ungulates. 

2.1.3 Exotic Species Ranking System 
  

The Exotic Species Ranking System was developed as a decision-making tool in natural 
resource management.  The ranking system allows exotic species to be ranked based on the 
current level of impact, the innate ability to become a pest, and the feasibility of control or 
management.  An exotic species can be assessed based on whether it is a problem plant of 
concern and if it is expected to become a greater problem.  Resource managers can use the 
ranking system off-site to determine which plants may require immediate attention and to help 
prioritize management decisions.  Not all introduced plants require special management 
attention.  Therefore, this system helps to identify where efforts need to be focused. 
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Figure 1.  Vegetation distribution at Capulin Volcano National Monument.
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Figure 2.  Vegetation distribution at Fort Union National Monument. 
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  From the known flora at a park, resource managers can apply the ranking system to the 
introduced species.  Once the high-priority plants are identified, resource managers can narrow 
their focus and determine the management best suited for the high-ranking species based on plant 
biology/ecology and location within the park.  One advantage of the Exotic Species Ranking 
System is that it allows resource managers to rank the exotic species without prior extensive field 
visits.  Although field visits are necessary when making final decisions on high-priority species 
management, this important step in the decision-making process can be completed before 
mapping species or before management decisions are made. 

 
The ranking system was developed to assess the level of impact an exotic species has and 

its ability to become a pest.  This information combined with knowledge on the perceived 
feasibility or ease of control can assist resource managers in making sound decisions regarding 
exotic species management.  The ranking system is designed to separate the innocuous species 
from the disruptive species, and place higher priorities on disruptive species.  Exotic species that 
currently are not a threat, but have the capabilities of becoming a threat, are identified to assist 
with future management.  Considerations are given to the cost of delaying management of exotic 
species.  The ranking system assesses invasion potential of the plant, but also recognizes the 
ecological and economical consequences of delayed action (Appendix I). 
 
2.1.4  Species Ranking and Mapping 

 

To determine our strategy for mapping and inventorying exotic species at CAVO and 
FOUN, we first visited the parks in March 2003.  Species lists compiled by the New Mexico 
Natural Heritage Program and NPS were used as a starting point for determining the exotic 
species present at each park.  We visited each park to become familiar with the plant 
communities and consulted with NPS staff about specific exotic species concerns. 

We returned to CAVO and FOUN in August 2003 to rank the exotic species and 
determine which species to map.  Following a thorough field inventory of the plant communities 
at the parks and reviewing the plant lists compiled by the New Mexico Natural Heritage Program 
and the NPS, we decided to rank the exotic species found at each park.  Two researchers from 
the University of Nebraska-Lincoln and the CAVO Resource Manager ranked each plant and 
determined the urgency ranking.  We mapped only the highest-ranking exotic species because 
there were not large populations of noxious species or high densities of several exotic species 
that required mapping.  Using a Global Positioning System (GPS), we mapped Japanese brome 
(Bromus japonicus) and downy brome (Bromus tectorum) at CAVO and field bindweed 
(Convolvulus arvensis) at FOUN.  The annual brome species at CAVO were mapped within the 
same polygons because both species occurred together and it was not feasible to map the species 
separately.  The GPS points collected were then used to construct maps with areas of plant 
occurrence delineated at both parks. 
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2.2 Results and Discussion 

2.2.1 CAVO 
 
We determined Japanese brome and downy brome to be the species of primary concern at 

CAVO (Table 1).  These two annual bromes are very similar in their biology, ecology, 
distribution, and control (Appendix II), and at CAVO, both species occurred at the same sites 
and are suspected of interbreeding.  We did not distinguish between areas of Japanese brome and 
downy brome stands, instead we mapped the areas of annual brome to include both Japanese and 
downy brome.  The area occupied by annual brome was determined to be 18.1 ha (44.8 ac) 
(Figure 2).  A biplot of the relationship between the significance of impact and the feasibility of 
control shows that three species (Japanese brome, downy brome, and smooth brome [Bromus 
inermis]) fall within the serious threat and difficult to control quadrant (Figure 3).  Although 
smooth brome is within this quadrant, it does not pose a direct serious threat to the resources at 
CAVO.  Smooth brome ranked high, but the small size and number of populations within the 
park did not warrant mapping of the species.  Common horehound (Marrubium vulgare) was 
determined a species of medium urgency because of its invasive potential.  However, it was not 
mapped because of low occurrence and small populations.
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Table 1.  Ranking of the exotic plant species found at Capulin Volcano National Monument  
 

 

 Significance of Impact   

Species 
Current 

level 
of impact 

Innate ability to 

become a pest 
Total 

Feasibility 

of control 
Urgency 

 
Agropyron cristatum 

 
3 

 
27 

 
30 

 
41 

 
Low 

Bromus inermis 23 36 59 36 Low 

Bromus japonicus 26 25 51 44 Medium 
Bromus tectorum 26 27 53 44 Medium 

Chenopodium album -6 26 20 56 Low 

Cichorium intybus -8 32 24 65 Low 

Convolvulus arvensis 4 43 47 31 Low 

Cynoglossum officinale 7 23 30 50 Low 

Descurainia sophia  3 26 29 41 Low 

Echinochloa crus-galli -8 26 18 60  Low 

Euphorbia davidii -8 30 22 40 Low 

Kochia scoparia 10 34 44 70 Low 

Marrubium vulgare 13 32 45 37 Medium 

Melilotus officinalis 11 27 38 36 Low 

Polygonum convolvulus -8 21 13 50 Low 

Salsola tragus 4 23 27 61 Low 

Setaria pumila 10 24 34 44 Low 

Setaria viridis 10 24 34 44 Low 

Tragopogon dubius 5 32 37 40 Low 

Tragopogon pratensis 5 25 30 65 Low 

Verbascum thapsus 17 16 33 26 Low 
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Figure 3.  Map of the annual brome (Bromus japonicus and Bromus tectorum) populations at 
Capulin Volcano National Monument.  Photographs of selected populatons are shown in 
Appendix IV. 
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Figure 4. The relationship of the significance of impact and the feasibility of control for the exotic 
species found at Capulin Volcano National Monument.  The species in the serious threat and difficult to 
control quadrant include smooth brome (Bromus inermis), Japanese brome (Bromus japonicus), and 
downy brome (Bromus tectorum). 
 
2.2.2 FOUN 
 
 By using the species list compiled by the New Mexico Natural Heritage Program and a 
visual survey of the park, we ranked 22 exotic species (Table 2).  The only species that ranked 
high enough to map was field bindweed.  Field bindweed was also the only species that was 
found in the serious threat and difficult to control quadrant of the biplot illustrating the 
relationship between the significance of impact and feasibility of control (Figure 5).  Many of the 
exotic species present at the park were restricted to a low, wet area adjacent to Coyote Creek.  
These plants are of little threat to the park because of their reliance on water.  Field bindweed 
occupied 1.3 ha (3.3 ac) and was restricted to the residence area and along the roadside near the 
front gate (Figure 6).  Highly disturbed areas are ideal for field bindweed to establish and persist 
over time. 
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Table 2. Ranking of the exotic plant species found at For t Union National Monument. 
 
 Significance of Impact   

Species 

Current 

level 

of impact 

Innate ability to 

become a pest 
Total 

Feasibility 

of control 
Urgency 

Agrostis gigantea  
3 

 
32 

 
35 

 
23 

 
Low 

Bromus cartharticus 3 27 30 57 Low 

Bromus japonicus 18 25 43 38 Low 

Bromus tectorum 22 27 49 28 Low 

Convolvulus arvensis 21 43 64 24 Medium 

Cynodon dactylon 21 26 47 48 Low 

Erodium cicutarium 3 25 28 33 Low 

Kochia scoparia 12 34 46 62 Low 

Lactuca serriola 5 21 26 42 Low 

Marrubium vulgare 10 32 42 33 Low 

Melilotus lupulina 3 29 32 38 Low 

Medicago officinalis  17 27 44 23 Low 

Medicago sativa 3 22 25 33 Low 

Plantago lanceolata 3 25 28 37 Low 

Plantago major 3 26 29 28 Low 

Salsola tragus 10 23 33 52 Low 

Sonchus asper 3 23 26 47 Low 

Taraxacum officinale 4 32 36 18 Low 

Tragopogon dubius 3 32 35 37 Low 

Tragopogon pratensis 3 25 28 62 Low 

Ulmus pumila 6 36 42 47 Low 

Verbascum thapsus 6 16 22 33 Low 
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Figure 5.  The relationship of the significance of impact and the feasibility of control for the exotic 
species found at Fort Union National Monument.  The species occurring in the serious threat and difficult 
to control quadrant is field bindweed (Convolvulus arvensis). 
 

 
Figure 6. Map of the field bindweed (Convolvulus arvensis) populations at Fort Union National 
Monument. 
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2.2.3 Assessment of the Ranking System 
 
 We determined that the Exotic Species Ranking System was a useful decision-making 
tool at CAVO and FOUN.  By first ranking species and then making site visits, we were able to 
effectively identify species of concern and best utilize our time at the parks.  However, a unique 
situation exists at both CAVO and FOUN in that exotic species are not a severe management 
problem as compared to other parks.  For example, 92 exotic species were inventoried at 
Pipestone National Monument in Minnesota, whereas 111 exotic species have been found at 
George Washington Carver National Monument in Missouri.  The plant community at CAVO is 
more diverse and has more exotic species than FOUN, but widespread infestations were not 
found.  There are several species of concern (e.g., common horehound, common mullein) that 
need to be monitored to determine if populations are increasing so that proactive management 
can be implemented.  Several species such as Russian thistle (Salsola tragus) and kochia (Kochia 
scoparia) are annuals that can exploit a newly disturbed area and have population explosions.  
However, high populations may occur one year with low populations the next.  These areas 
require seasonal management to reduce populations and seed bank potential.  Climate also has a 
direct effect on plant response, and climate needs to be considered when management practices 
are implemented. 
 
 The only species of concern that we mapped at FOUN was field bindweed.  This plant 
was restricted to disturbed areas near the residences and along the roadside.  The plant 
community at FOUN is considered a stable shortgrass prairie community, without any current 
serious threats from exotic species.  The areas of potential concern at FOUN are the wet areas 
near Coyote Creek and areas of disturbance around the residential buildings and roads.  As exotic 
species become established, management could be directed toward control to avoid spread 
through the park.  However, the dry climate of FOUN will most likely limit exotic species 
occurrence to areas with supplemental water. 
 
 The remaining exotic species found at CAVO and FOUN occur in small, scattered 
populations and are not a current threat to the park resources.  However, most of these species 
have the capacity to become more of problem if provided an invasion pathway.  A biplot of the 
relationship between the significance of impact and feasibility of control for CAVO (Figure 4) 
and FOUN (Figure 5) shows that the remaining species fall within the lesser threat quadrants.  A 
majority of these species are found in disturbed areas, either from human or natural disturbance, 
but the dry climate of both parks is most likely limiting the expansion of many species.  
Management practices implemented at CAVO need to consider the plant communities that will 
be affected and plant response, both native and exotic, to the management practice. 
 
 Control of the remaining exotic species at CAVO and FOUN could be attained with spot-
applications of herbicides or mechanical treatments (i.e., hand pulling, mowing, or cutting).  
Possible difficulties would be encountered at CAVO because of the terrain and difficult access to 
certain areas with machinery.  In these areas, spot spraying with herbicide or hand pulling may 
be the most effective control measure.  Landscape-level management (i.e., prescribed burning) 
would need to consider the overall community response in addition to specific plant responses. 
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 We were able to use the Exotic Species Ranking System at CAVO and FOUN to narrow 
our focus to the specific exotic species of concern to resource managers.  However, we did not 
have any species with an urgency ranking of high at either CAVO or FOUN.  This reiterates the 
finding that neither park has a severe problem with exotic species.  In addition to providing the 
resource managers of the parks with the results of our exotic species ranking, we also were able 
to provide maps of the annual brome populations at CAVO and field bindweed populations at 
FOUN. 
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Chapter  3: Interpretation of Saltcedar (Tamarix sp.) from Airborne Hyperspectral 
Imagery 

3.0 Introduction 

 One of the most well-known vegetative invasive species in the U.S. that occurs along 
rivers, lakes, and other drainage ways is the saltcedar (Tamarix sp.).  Saltcedar is a woody 
phreatophyte (a deep-rooted plant obtaining its moisture from the water table or layer of soil just 
above the groundwater) that can consume large quantities of water daily (Hoddenbach, 1987).   It 
has been classified as one of the ten worst noxious weeds in the U.S. as it competes with native 
grasses, forbs, shrubs, and trees consuming the water resources in an area (Fraiser and Johnsen, 
1991).  Saltcedar species are spreading shrubs or small trees, 5-20 feet tall, with numerous 
slender branches and small, alternate, scale-like leaves (Figure 7a and b).  The pale, pink to white 
flowers are small and arranged in spike-like racemes. Leaves turn bright yellow or orange in the 
fall and remain on the plants after most native shrubs and trees have dropped their leaves. 
 

Figure 7 a and b.  Photographs of a saltcedar trees. 
 
 
 Prior research using remotely-sensed data has been successful in mapping saltcedar 
infestation in other areas of Texas.  However these techniques have not been tested in the unique 
plant communities of LAMR.  The objective of this project was to test the utility of high 
resolution remote sensing data to map the distribution of saltcedar in specific portions of the 
LAMR.  Once the technique has been tested, the NPS can prioritize other areas for mapping to 
facilitate ongoing weed and fire management (hazard fuels mapping) activities and to assist with 
National Environmental Policy Act (NEPA) compliance needs. 
 
 
 

a b
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3.1 Study Area 
 
 Lake Meredith lies on the dry and windswept High Plains of the Texas Panhandle (Figure 
8).  It was established in 1972 and is located 50 kms north of Amarillo, near Fritch, Texas.  In 
1990, Congress renamed Lake Meredith Recreation Area as a National Recreation Area, “ to 
provide for public outdoor recreation use and enjoyment of the lands and waters associated with 
Lake Meredith in the State of Texas, and to protect the scenic, scientific, cultural, and other 
values contributing to the public enjoyment of such lands and waters.”   It receives over 1.7 
million visitors per year.  The lake was created by the Sanford Dam on the Canadian River and 
covers more than 4,000 ha, filling many breaks whose walls are crowned with white limestone, 
scenic buttes, and wind-eroded caves.  The area is noted for its natural beauty and vegetation 
including mesquite, prickly pear, yucca, and grasses of semi-arid plains.  Up the sheltered creek 
beds stand cottonwoods, soapberry, and sandbar willows.  Wright and Meador (1979) reported 
406 species of plants at the LAMR. 
 
  

 
Figure 8.  Location of Lake Meredith National Recreation Area (LAMR) (Source: National Park Service, 
2003). 
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3.2 Methodology 
  
3.2.1 Initial In Situ Investigation 
 
 Before our field investigation of saltcedar at LAMR, we preformed a preliminary 
evaluation of possible areas of infestation using satellite remotely sensed images (LANDSAT 
Thematic Mapper) as well as airborne digital images (Digital Orthophotos).  The LANDSAT 
scenes utilized were as follows: 
 
 Landsat 5  -  20 August 1984    
 Landsat 5  -  31 July 1994      
            Landsat 7  -  14 August 2002    
 
 During the field survey in March 2003, GPS coordinates and digital photos of various 
locations within the park with dense saltcedar cover were acquired.  We determined that 
numerous locations of saltcedar at LAMR were less than 900 m2.  Thus, the LANDSAT imagery 
would not yield the most accurate assessment of saltcedar location as well as percentage of cover 
because its spatial resolution is 30 m.  Consequently, alternative methods were sought to enable 
the mapping of saltcedar distribution at LAMR. 
 
 The Center for Advanced Land Management Information Technologies (CALMIT) at the 
University of Nebraska – Lincoln (UNL) in cooperation with the UNL Department of Electrical 
Engineering and the University of Nebraska – Omaha (UNO) Aviation Institute, have developed 
an aerial remote sensing platform for both aerial photography and multi-spectral data collection.  
The platform consists of a Piper Saratoga, which has undergone extensive modifications.  The 
instrument array includes an ASD FieldSpec-FR (V-MIR) boresighted with a Sony Camcorder 
with RedHen GPS logging package, a Kodak 420 Digital Visible to Near Infrared (VNIR), and 
an Airborne Imaging Spectroradiometer for Applications (AISA) hyperspectral Imager (VNIR).  
  
 Published scientific research (Underwood et al., 2003) had concluded that the best 
possible method of mapping saltcedar would be to acquire high resolution multispectral or 
hyperspectral imagery of the areas of interest in late fall, when the leaf colors change.  Since the 
AISA would fit these parameters, we decided to select specific areas of saltcedar dominance and 
acquire AISA imagery for those areas.  Utilizing the ground data gathered in the initial survey, 3 
areas at LAMR were determined that would best test this method.  During the week of 27 
October 2003, these areas were flown and images acquired using the AISA hyperspectral imager 
in 16 spectral bands.   
 
3.2.2 Image Preprocessing 
 
 The AISA was used to acquire hyperspectral data over selected areas of LAMR (Figure 
9).  AISA is a solid-state, push-broom instrument that was mounted on the CALMIT single-
engine Piper Saratoga aircraft.  The instrument has the flexibility to acquire data at various 
spatial and spectral resolutions (Table 3).  It is capable of collecting data within a spectral range 
of 430 to 900 nm in up to 286 bands.   The full spectral mode is useful for acquiring spectral 
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signatures of specific targets in a continuum so that the data can be used to generate pure 
endmembers and/or be used for band selection purposes.  However, the large quantities of data 
generated would make it difficult to perform a reasonable analysis on the data, therefore, images 
are often acquired in 10 to 70 spectral bands depending on the aircraft speed, altitude, and 
mission goals.  The sensor has an Inertial Navigation System (INS) and Differential GPS 
(DGPS) in order to provide spatially accurate data.  Pitch, roll, and yaw are encoded with the 
DGPS information to provide accurate locations of areas of interest on the ground.  The 
placement of the spectral bands may be configured by the user and the selected bandwidths can 
range from ~2nm to ~10 nm. 

 

Figure 9.  Areal coverage of Airborne Imaging Spectroradiometer for Applications (AISA) 
overflights 



 18 

 

Table 3. Spectral and spatial resolutions for  AISA at var ious flying heights. 
 

Altitude Spatial Resolution # of Spectral Bands 

1000 m (3280 ft) 1 m 20 

1500 m (4920 ft) 1.5 m 26 

2000 m (6560 ft) 2 m 34 

2500 m (8200 ft) 2.5 m 55 

3000 m (9840 ft) 3 m 58 

4000 m (13120 ft) 4 m 70 
 

 
 
 The AISA pre-processing software (CaliGeo) provides for the automatic geometric 
correction, rectification, mosaicking, and calculation of radiance or apparent at-platform 
reflectance (FODIS ratio).  The program uses the DGPS and attitude information from the INS to 
perform the geometric, georeferencing and mosaicking operations.  Automated batch processing 
provides for rapid turnaround times for data delivery. 
 
 Before the processing and classification of AISA imagery began, another field survey 
was performed throughout LAMR on 20 November 2003 using GPS equipment. The GPS 
equipment utilized in the field survey was a Trimble Pro XRS receiver.  In addition to GPS 
points, digital photos were also collected.  The survey was performed in order to obtain accurate 
locational point data for the creation of training sites and for spectral signature generation.   A 
total of 13 different GPS points and areas of saltcedar were collected within the 3 sample sites 
(flightline boundaries). 
 
 
3.2.3 Extraction of Saltcedar Information 
 
 The first step for extracting saltcedar information from the imagery was to build spectral 
profiles based on the ground control points (GCPs) of known areas where the different 
vegetation types can be identified.  It was possible to spectrally differentiate the vegetation into 3 
categories including saltcedar, cottonwood, and other woody species. Ten spectral profiles for 
each of these vegetation categories were derived and analyzed in the 16 bands of AISA 
hyperspectral imager (Figure 10 a, b, and c). 
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Spectral Variability of Homogenous Salt Cedar Patches in the Study Area 
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Spectral Variability of Cottonwood in the Study Area 

0

500

1000

1500

2000

2500

3000

3500

4000

400 450 500 550 600 650 700 750 800 850

Wavelength (nm)

D
N

 V
al

u
e 

(A
IS

A
)

 
 

Spectral Variability of Woody Species in the Study Area 
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Figure 10.  Hyperspectral profiles for (a) saltcedar, (b) cottonwood, and (c) other woody species. 
 
 

a. 

b.

c. 
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 The mean spectral values for each vegetation category were computed and plotted 
separately (Figure 11).  The variability within the 10 spectral profiles of each category showed 
similar trends (i.e., the spectral variability was more in green (500-600 nm) and NIR (>700 nm) 
compared to blue (400-500 nm), red (600-700 nm), and at the red edge (675-720 nm)).  Blue and 
red bands are dominated by absorption of plant pigments such as chlorophyll and carotenoids 
(for blue only), whereas green and NIR bands are dominated by scattering by plant color (green) 
and cell structure (NIR).  Even a small amount of chlorophyll present in the plant can cause 
saturation in reflectance for the blue and red bands because of high absorption, which results less 
spectral variability of these bands.  Conversely, scattering does not experience saturation and 
shows high variability in green and NIR because of the variable plant color and cell structure.   
 

Spectral Variability Between Different Species in the Study Area
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Figure 11.  Mean spectral plot for each vegetation category, derived from 10 spectral profiles, 
respectively. 
 
   
 Because our aim was to identify saltcedar, its mean spectral plot was analyzed in order to 
identify the spectral bands where it had maximum contrast in the brightness values (BVs).   It 
was determined that bands 10 (691.59 nm), 14 (715.53 nm), and 15 (763.41 nm) showed the 
maximum variability in their observed BVs values for saltcedar.  These three bands were 
selected for further analysis for each flight line and the statistics were recalculated by ignoring 
‘0’  values from each band.  The spectrally subset images of different flight lines showed 
significant contrast between different species present within the study area, and saltcedar areas 
were identified by their unique brown color (Figure 12).   
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Figure 12.  An example of the unique color of saltcedar observed by the spectral subset of AISA bands 
10, 14, and 15.  
 
 
 
 

Saltcedar areas 
as depicted in 
AISA bands 15, 
14, 10 = RGB 
respectively 
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 Using the band subsets for each flight line, the Iterative Self-Organizing Data Algorithm 
(ISODATA) was used to classify the images into 25 clusters.  The convergence threshold was 
kept at 0.950 (i.e., if 95% of the pixels remain within their cluster, the algorithm would cease 
iterating). The cluster means were initialized along the diagonal axis and the standard deviation 
of the scaling range was set to 1.00.  All the flight lines were clustered in this way and were 
subsequently examined to identify the specific cluster which belongs to saltcedar (Figure 13).  
The original images and ground-truth data were used as an aid in this process.  For flight lines 
LMA and LMB, saltcedar was identified in clusters 15, and for flight lines LM1 the areas were 
identified by cluster #18.  The areas of these classes were calculated in hectares and the total area 
occupied by saltcedar for each composited area (i.e., LM1, LMA, and LMB) was calculated 
(Table 4; Figures 14 a, b, c). 
 

 
Figure 13.  Example of classified image showing saltcedar occurrences in flight line 5 of LMB.  Note the 
saltcedar within the ground truth areas (in green). 
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Table 4.  Area of saltcedar  as interpreted from the AISA imagery for  the composite flight lines 
 

Composite flight line Saltcedar area (ha) Total area (ha) Area occupied by saltcedar (%)

LM1 29.33 912.80 3.21

LMA 22.23 553.01 4.02

LMB 36.61 1206.19 3.03  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 14.  Composite flight lines showing the distribution of saltcedar for areas (a) LM1, (b) LMA, and 
(c) LMB. 

a. 

b. c. 
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UTM Easting (m) UTM Northing (m) Ground Truth Classified

254606.57 3941493.68 Salt Cedar Salt Cedar
254972.05 3941630.92 Salt Cedar Salt Cedar
254992.93 3941636.87 Salt Cedar Salt Cedar
254995.38 3941632.32 Salt Cedar No
254994.57 3941611.09 Salt Cedar Salt Cedar
254995.96 3941607.59 Salt Cedar No
254995.85 3941604.2 Salt Cedar No
254995.5 3941605.14 Salt Cedar Salt Cedar
254994.68 3941607.94 Salt Cedar Salt Cedar
254995.73 3941606.77 Salt Cedar Salt Cedar
249703.42 3934685.42 Salt Cedar No
249610.5 3935358.81 Salt Cedar Salt Cedar
249610.19 3935392.43 Salt Cedar Salt Cedar
249610.19 3935373.75 Salt Cedar Salt Cedar
249605.21 3935368.77 Salt Cedar Salt Cedar
249611.12 3935385.58 Salt Cedar No
249611.12 3935375.93 Salt Cedar Salt Cedar
249602.56 3935345.27 Salt Cedar Salt Cedar
249610.5 3935367.37 Salt Cedar Salt Cedar
249604.43 3935346.83 Salt Cedar Salt Cedar
249610.81 3935360.52 Salt Cedar Salt Cedar
249590.11 3935347.3 Salt Cedar Salt Cedar
249585.29 3935367.99 Salt Cedar No
249589.96 3935407.99 Salt Cedar Salt Cedar
249584.98 3935357.88 Salt Cedar No
249589.8 3935390.72 Salt Cedar Salt Cedar
249586.22 3935389 Salt Cedar Salt Cedar
249584.98 3935396.01 Salt Cedar Salt Cedar
249584.2 3935364.41 Salt Cedar Salt Cedar
249589.18 3935351.19 Salt Cedar Salt Cedar
249642.29 3935401.91 Salt Cedar Salt Cedar
249790.25 3935436.53 Salt Cedar Salt Cedar
249612.2 3935434.84 No Salt Cedar
249805.46 3935448.36 Salt Cedar Salt Cedar
249819.54 3935510.9 Salt Cedar Salt Cedar

249828 3935617.95 Salt Cedar Salt Cedar
255328.28 3941437.75 Salt Cedar Salt Cedar
255348.19 3941474.28 Salt Cedar Salt Cedar

255236 3941561.52 Salt Cedar No
255272.58 3941521.56 Salt Cedar No
255283.63 3941521.56 Salt Cedar No
254583.83 3941572.95 Salt Cedar Salt Cedar
254593.98 3941557.74 Salt Cedar Salt Cedar
254650.61 3941578.41 Salt Cedar Salt Cedar
254624.44 3941585.42 Salt Cedar Salt Cedar
254631.47 3941591.27 Salt Cedar Salt Cedar
254505.34 3941579.96 Salt Cedar Salt Cedar
254598.67 3941579.18 Salt Cedar No
254665.33 3941704 Salt Cedar Salt Cedar
254666.99 3941643.51 Salt Cedar Salt Cedar
254614.29 3941577.63 Salt Cedar Salt Cedar
254226.27 3940998.15 No Salt Cedar
253752.52 3941153.63 No Salt Cedar
253801.65 3941349.29 No Salt Cedar
254629.67 3941675.81 Salt Cedar Salt Cedar
254643.07 394675.34 Salt Cedar Salt Cedar
254770.57 3941594.65 Salt Cedar Salt Cedar
254712.49 3941576.64 Salt Cedar Salt Cedar
254547.2 3941582.91 Salt Cedar Salt Cedar

25667 3943009.96 Salt Cedar Salt Cedar
256769.5 3943009.96 Salt Cedar Salt Cedar
256713.49 3943008.5 Salt Cedar Salt Cedar
256771.17 3943008.39 Salt Cedar Salt Cedar
256777.03 3942967.11 Salt Cedar Salt Cedar
256769.66 3942968.85 Salt Cedar Salt Cedar
256761.7 3942969.82 Salt Cedar Salt Cedar
256792.52 3942999.23 Salt Cedar Salt Cedar
256793.42 3942999.23 Salt Cedar Salt Cedar

Accuracy: 79.71%

  
 Once the saltcedar areas were interpreted for all 3 composite flight lines, a stratified 
random sampling method was used to assess the accuracy of the classification.  This procedure 
randomly identified pixels within the ground truth areas and confirmed whether they were 
saltcedar or not.  The accuracy of the ISODATA classification technique to interpret the invasive 
species was 80% (Table 5).   
 

Table 5.  Accuracy assessment of saltcedar  distr ibution. 
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3.3 Discussion 
  
 The method for extracting saltcedar information as described in this report was applied to 
only a portion of the LAMR, as is evidenced by Figure 9.  Using a spectral profile build on 3 
bands, we were able to map saltcedar with an accuracy of 80%.  A major factor to consider in 
further application of this research is the temporal facet of the image acquisition.  Underwood et 
al. (2003) emphasized the appropriate time for the flight would be when saltcedar leaves had 
turned orange in late fall.  Ground observations of leaf conditions at the time of the AISA image 
acquisition indicated that saltcedar leaves had not completely turned color and foliage was still 
present on other native woody vegetation.  Delaying acquisition by a couple of weeks would 
have improved spectral separation because most of the native vegetation (e.g., cottonwood) 
would have lost their foliage.  Another improvement that could be implemented would be the 
increased spatial resolution of the imagery (e.g., to 1 x 1 m).  However, this would need to be 
balanced with the cost of covering a large area such as LAMR.  The immediate benefit of this 
research has been to test a technique to discriminate saltcedar in the riparian areas of LAMR.  By 
showing that remotely-sensed data can provide improved information on spatial extent and 
density of saltcedar, park managers can effectively map saltcedar in other areas of the park and 
implement management programs to control this invasive plant.
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 Appendix I :  Exotic Species Ranking System 

I. SIGNIFICANCE OF IMPACT 

a. Current level of Impact 

i. Distribution relative to disturbance regime 

1. found only within sites disturbed within the last  
three years or sites regularly disturbed    -10 

2. found in sites disturbed within the last 10 years       1 
3. found in mid-successional sites disturbed 

11 to 50 years BP           2 
4. found in late-successional sites disturbed 51 to 

100 years BP           5 
5. found in high quality natural areas with no known 

major disturbance for 100 years       10 

ii. Abundance 

1. number of populations (stands) 
a. few; scattered (<5)         1 
b. intermediate number; patchy (6-10)       3 
c. several; widespread and dense (>10)       5 

2. areal extent of populations 
a. <5 ha           1 
b. 5-10 ha           2 
c. 11-50 ha           3 
d. >50 ha           5 

iii. Effect on natural processes and character 

1. plant species having little or no effect        0 
2. delays establishment of native species in 

disturbed sites up to 10 years         3 
3. long-term (more than 10 years) modification 

or retardation of succession         7 
4. invades and modifies existing native communities    10 
5. invades and replaces native communities      15 
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iv. Significance of threat to park resources 

1. threat to secondary resources negligible        0 
2. threat to areas’  secondary (successional) resources      2 
3. endangerment to areas’  secondary (successional) 

resources            4 
4. threat to areas’  primary resources         8 
5. endangerment to areas’  primary resources      10 

v. Level of visual impact to an ecologist 

1. little or no visual impact on landscape        0 
2. minor visual impact on natural landscape        2 
3. significant visual impact on natural landscape       4 
4. major visual impact on natural landscape        5 

TOTAL POSSIBLE = 50 

 
b. Innate Ability of Species to Become a Pest 

i. Ability to complete reproductive life cycle in area of concern 

1. not observed to complete life cycle        0 
2. observed to complete reproductive cycle        5 

ii. Mode of reproduction 
1. reproduces almost entirely by vegetative means       1 
2. reproduces only by seeds          3 
3. reproduces vegetatively and by seed        5 

iii. Vegetative reproduction 

1. no vegetative reproduction         0 
2. vegetative reproduction rate maintains population      1 
3. vegetative reproduction rate results in moderate 

increase in population size         3 
4. vegetative reproduction rate results in rapid 

increase in population size         5 

iv. Frequency of sexual reproduction for mature plant 

1. almost never reproduces sexually in area        0 
2. once every five or more years         1 
3. every other year           3 
4. one or more times a year          5 
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v. Number of seeds per plant 

1. few (0-10)            1 
2. moderate (11-1000)          3 
3. many-seeded           5 

vi. Dispersal ability 

1. little potential for long distance dispersal        0 
2. great potential for long distance dispersal       5 

vii. Germination requirements 

1. requires open soil and disturbance to germinate       0 
2. can germinate in vegetated areas but in a  

narrow range or in special conditions        3 
3. can germinate in existing vegetation in a wide 

range of conditions          5 

viii. Competitive ability 

1. poor competitor for limiting factors        0 
2. moderately competitive for limiting factors       3 
3. highly competitive for limiting factors        5 

ix. Known level of impact in natural areas 

1. not known to cause impacts in any other natural area      0 
2. known to cause impacts in natural areas, but in other 

habitats and different climate zones        1 
3. known to cause low impact in natural areas in similar 

habitats and climate zones         3 
4. known to cause moderate impact in natural areas in 

similar habitats and climate zones        5 
5. known to cause high impact in natural areas in 

similar habitats and climate zones       10 
 

TOTAL POSSIBLE = 50 
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II. FEASIBILITY OF CONTROL 

a. Abundance Within Park 

i. Number of populations (stands) 

1. several; widespread and dense         1 
2. intermediate number; patchy         3 
3. few; scattered           5 

ii. Areal extent of populations 

1. >50 ha            1 
2. 11-50 ha            2 
3. 5-10 ha            3 
4. <5 ha            5 

b. Ease of Control 

i. Seed banks 

1. seeds remain viable in the soil for at least 
three years            0 

2. seeds remain viable in the soil for  
two to three years           5 

3. seeds viable in the soil for one year or less     15 

ii. Vegetative regeneration 

1. any plant part is a viable propagules        0 
2. sprouts from roots or stumps         5 
3. no re-sprouting following removal of  

aboveground growth        10 

iii. Level of effort required 

1. repeated chemical or mechanical control 
measures required           1 

2. one or two chemical or mechanical  
treatments required          5 

3. can be controlled with one chemical treatment     10 
4. effective control can be achieved with mechanical 

treatment          15 
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iv. Abundance and proximity of propagules near park 

1. many sources of propagules near park        0 
2. few sources of propagules near park, 

but these are readily dispersed         5 
3. few sources of propagules near park, 

but these are not readily dispersed      10 
4. no sources of propagules are in close proximity     15 

c. Side Effects of Chemical/Mechanical Control Measures 

i. control measures will cause major impacts to community      0 
ii. control measures will cause moderate impacts  

to community            5 
iii. control measures will have little or no impact 

on community          15 

d. Effectiveness of Community Management 

i. the following options are not effective         0 
ii. cultural techniques (burning, flooding) can be used 

to control target species           5 
iii. routine management of community and/or 

restoration or preservation practices 
(e.g., prescribed burning, flooding, controlled 
disturbance) effectively controls target species      10 

e. Biological Control 

i. biological control not feasible (not practical, 
possible, or probable)           0 

ii. potential may exist for biological control         5 
iii. biological control feasible         10 

 

TOTAL POSSIBLE = 100 
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URGENCY 
 

1. Delay in action will result in a large increase in effort 
required for successful control       High 

2. Delay in action will result in moderate increase in effort 
Required for successful control             Medium 

3. Delay in action will result in little increase in effort 
Required for successful control        Low 
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Appendix I I : Species Abstracts of Highly Disruptive Exotic Species at Capulin 
Volcano National Monument and Fort Union National Monument 

 

Park:      Capulin Volcano National Monument (CAVO) 

Species:    Bromus japonicus Thunb. Ex Murr. 

Common Name:   Japanese brome, Japanese chess, spreading brome 

Urgency Ranking:   Medium 

Overall Ranking:   1 

Significance of Impact:  51 

Current Impact:   26 

Ability to be a Pest:   25 

Feasibility of Control:  44 

 

Taxonomic Descr iption: 

 Japanese brome is a winter annual grass 20 to 90 cm tall, with long, slender stems.  The 
roots are fine and fibrous.  Leaf blades (2-20 cm long and 1-5 mm wide) are flat and usually 
pubescent.  Sheaths are densely pilose and ligules are 0.5-2 mm long.  Auricles are absent.  The 
inflorescence has an open panicle (8-20 cm long) with slender, drooping branches.  Spikelets are 
6 to 11 flowered (15-22 mm long and 4-7 mm wide) and hairless.  Glumes are awnless and 
unequal.  The first glume is 4-6 mm long and 3- to 5-nerved, and the second glume is 5-8 mm 
long and 5- to 9-nerved.  Lemmas are oblanceolate to slightly rhombic, and the margins are not 
strongly rolled.  Awns on the lemmas  (8-13 mm long) are bent and twisted at maturity.  Paleas 
are shorter than the lemmas.  Japanese brome and downy brome are similar in description, 
ecology, and response to management.  These two species can be difficult to separate and have 
been known to interbreed. 

Japanese brome is similar to downy brome in its biology, ecology, distribution, and 
control.  These two species interbreed and much of the discussion on downy brome applies to 
Japanese brome.  Refer the species abstract for downy brome. 
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Park:      Capulin Volcano National Monument (CAVO) 

Species:    Bromus tectorum L. 

Common Name:   Downy brome, downy chess, early chess, drooping 

brome, cheatgrass wild oats, military grass 

Urgency Ranking:   Medium 

Overall Ranking:   1 

Significance of Impact:  53 

Current Impact:   26 

Ability to be a Pest:   27 

Feasibility of Control:  44 

 

Taxonomic Descr iption: 

Downy brome is a winter annual grass.  It forms small tufts (20-60 cm tall) from a fine, 
fibrous root system.  Stems and erect and slender.  Leaf blades are flat (1-19 cm long and 1-5 
mm wide) and pubescent.  Ligules are membranous, truncate, and lacerate (0.9-3.5 mm long).  
Lower sheaths are pubescent, and upper sheaths are glabrous.  The inflorescence is a dense, 
drooping panicle (4-21 cm long) and is a pale green to purplish.  Panicle branches are thin, 
flexuous, and pubescent.  Spikelets are pubescent or villous and are 4-7 flowered (11-24 mm 
long and 3-6 mm wide).  Glumes are unequal.  The first glume is 4.5-7.5 mm long and 1-nerved.  
The second glume is 7-11 mm long and 3-nerved.  Lemmas are bifid, lanceolate (9-12 mm long), 
pubescent and awned.  Awn are slender (7-17 mm long) and straight.  Paleas are shorter than the 
lemmas. 
 

Biology and Ecology: 

 Downy brome is native to Eurasia and the Mediterranean region.  It has spread to Europe, 
southern Russia, west central Asia, North America, Japan South Africa, Australia, New Zealand, 
Iceland, and Greenland.  It was first identified in the United States in 1861 in New York and 
Pennsylvania.  By 1928, downy brome had reached its present range.  It occurs throughout most 
of the United States.  Downy brome is found on rangelands, pastures, cultivated fields, roadsides, 
and disturbed areas.  It is most abundant in the Great Basin and Columbia Basin of the western 
United States. 
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 Downy brome has a wide climatic range, although, it is found mostly in the 150-560 mm 
precipitation zone.  Japanese brome can become more abundant than downy brome as soil 
moisture increases.  Downy brome will tolerate nearly type of soil, but is most often found on 
coarse textured soils and does not grow well on heavy, dry, and/or saline soils.  Soil temperature 
limits growth of downy brome.  Growth starts at 2-3.5 °C and stops when soil temperatures 
exceed 15 °C.  The accumulation of litter promotes germination and establishment of seedlings. 
 
 Downy and Japanese brome are winter annuals that germinate in the fall, overwinter as a 
seedling, and flowers in the spring.  With limiting fall precipitation and adequate spring 
precipitation, seeds will germinate in the spring and plants will flower later that growing season.  
Plants typically flower from mid-April through June.  Florets are dispersed within a week of 
maturity my wind, attachment to animal fur, or small rodents.  Seeds move as contaminants in 
hay, grain, and machinery.  A high seed producer, downy brome has been reported as having the 
production potential in excess of 300 seeds per plant.  Under optimal conditions, it may produce 
450 kg seed/ha with about 330,000 seeds/kg.  Seed production per plant is dependent on plant 
density.  Plants as small as 2.5 cm in height may produce seed. 
 
 Seeds will maintain a high viability in dry storage, lasting in excess of 11 years.  In the 
field under buried conditions, seeds will loose their viability in 2 to 5 years.  The primary 
limitation to germination is adequate moisture.  Seeds can withstand extremely high soil 
temperatures, and seeds have the greatest germination in the dark or diffuse light.  Contact with 
bare soil is not a requirement for germination, but litter cover will generally increase 
germination.  However, seeds will germinate more quickly when covered by soil.  Seedlings 
rapidly emerge from the top 2.5 cm of soil, and a few plants can emerge from a depth of 8 cm.  
No emergence occurs from seeds buried 10 cm below the soil surface. 
 
 Downy brome has an extensive root system that grows throughout the spring.  It will 
produce roots to depths of 18-20 cm before sending out lateral roots.  These lateral roots are one 
of the keys to survival for this plant.  One study showed that downy brome has the capability to 
reduce soil moisture to the permanent wilting point to a depth of 70 cm, reducing competition 
from other species.  Downy brome grows rapidly and can produce dry matter at a rate of 
2.9g/m2/day. 
 
Distr ibution: 
 
 Downy and Japanese brome are found throughout CAVO, but they are most prevalent at 
the lower elevations and in disturbed areas totaling 18.1 ha (44.84 ac) (Fig. 1).  Both the annual 
bromes have the potential to invade and modify existing native communities and pose a threat to 
the primary resources of the area. 
 
Control: 
 
 A number of control options exist for downy and Japanese brome.  An important 
consideration in controlling these species is that the seeds have the potential to remain viable in 
the seed bank for 2 to 5 years.  New sources of propagules surround CAVO.  If desirable 



 36 

vegetation is absent or in too low of numbers, the control method may be of little value unless 
the area is reseeded. 
 
 Fire, mowing, grazing, tilling, and interseeding of competitive native species have shown 
to reduce population of annual bromes.  The results of wildfires on this species have been 
considered to be a catastrophic stand renewal process.  This is because wildfires often occur at 
the worst time for perennial plants, enabling the annual bromes to exploit open ground and soil 
moisture.  Based on the fact that the annul bromes are cool-season, it could be assumed that 
prescribed fire in late spring could be a valuable tool in controlling these species.  The prescribed 
fire would need to occur when plants are mature so that the fire destroys the seed crop and 
consumes litter that may contain previous year’s seeds.  Consecutive annual burns will help in 
reducing density and standing crop of these annual bromes. 
 
 Herbicides may be a more desirable method instead of prescribed burning because of the 
rugged terrain.  A fire may not burn an area adequately and following a burn the area would be 
highly susceptible to erosion and/or reinvasion.  Much of the herbicide research involving annual 
bromes has been targeted at infestation in agricultural crops.  However, several herbicides such 
as glyphosate (Roundup), imazapic (Plateau), or sulfometuron methyl (Oust) have proven 
successful in reduction of annual bromes in rangeland. 
 
 Research on biological control of annual bromes is limited.  Rabbits and mice will feed 
extensively on these species as to grasshoppers.  Downy brome is often infected with head smut 
(Ustilago bulleta Berk.).  However, the smut rarely affects the plants except when it reaches 
epidemic proportions and reduces seed yield.  Some research has been conducted on pink snow 
mold (Fusarium nivale) as a biological control agent.  In addition to these smuts and molds, over 
20 diseases of downy brome have been reported. 
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Park:      Capulin Volcano National Monument (CAVO) 

Species:    Marrubium vulgare L. 

Common Name:   Common horehound, white horehound 

Urgency Ranking:   Medium 

Overall Ranking:   3 

Significance of Impact:  45 

Current Impact:   13 

Ability to be a Pest:   32 

Feasibility of Control:  37 

 

Taxonomic Descr iption: 
 
 Common horehound is an aromatic, perennial forb 30-120 cm tall.  The ovate leaves are 
3-5 cm long with long, rugose, white hairs.  Lower leaves are on petioles 1-2 cm long, and the 
upper leaves are 2-5.5 cm long, 1-4 cm wide, oval to round, and pubescent above.  Inflorescence 
is spikelike, and flowers are 6 mm long and densely crowded in the upper axils.  The calyx is 
tubular and 5-10 toothed, with the calyx teeth subulate and 2-3 cm long.  The white corolla is 
strongly 2-lipped with the upper lip ascending, oblong, nearly straight, and slightly bifid at the 
tip.  The lower lip is decurved and 3-lobed with the lateral lobes short and rounded and the lower 
lobe larger than the lateral lobes.  Four stamens are included in the corolla tube, with the lower 
pair slightly longer than the upper pair.  There are 4 nutlets (2 mm long) are rounded at the top. 
 
Biology and Ecology: 
 
 Common horehound is a perennial native the Mediterranean, and is now found in 
temperate North America, Hawaii, Australia, New Zealand, and southern Africa.  Horehound 
was originally introduced into areas for its use as a medicinal herb.  In Australia, it was also 
introduced to help in dune revegetation.  Common horehound is found in open, disturbed areas 
along roads and found in pastures.  It is drought tolerant and can survive in areas with that 
receive a minimum of 200 mm annual precipitation.  Common horehound can produce seed one 
or more times per year, and will resprout from the roots or cut stems.  It produces more than 
1,000 seeds per plant, with seeds remaining viable in the seed bank for more than 5 years. 
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Distr ibution: 
 
 There are small, scattered populations of common horehound found throughout CAVO.  
Most plants are located at sites of recent disturbance.  This plant has the potential to invade 
disturbed sites and has been known to cause moderate impacts in natural areas.  It has moderate 
visual impacts on the landscape.  Common horehound is not considered a noxious weed in New 
Mexico. 
 
Control: 
 
 Most of the research on controlling common horehound has been conducted in Australia 
where this plant is currently causing more ecological and economic loss than in the United 
States.  Common horehound will resprout following top removal, so follow up treatments would 
be necessary if using mechanical control methods.  In Australia, herbicides such as 2,4-D have 
been successful in controlling common horehound, but repeated applications most likely would 
be required.  As with all herbicides, make sure the herbicide is labeled for its intended use, and 
always read and follow label directions.  Biological control agents (horehound plume moth and 
horehound skipper) have been used in Australia, but the application in the United States has yet 
to be determined.  The response to fire in the United States is not known, but because this species 
resprouts, it would be expected that fire would not control common horehound. 
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Park:      Fort Union National Monument (FOUN) 
 
Species:    Convolvulus arvensis L. 
 
Common Name:   Field bindweed 
 
Urgency Ranking:   Medium 
 
Overall Ranking:   1 
 
Significance of Impact:  64 

 
Current Impact:   21 
 
Ability to be a Pest:   43 

 
Feasibility of Control:  24 
 
Taxonomic Descr iption: 
 
 Field bindweed is a perennial vine.  The stems are branched, decumbent or twining that 
are 1.5 m or longer.  It has wide spreading roots and rhizomes (0.5-2.6 m long, up to 6.6 m long) 
that penetrate deeply into the soil.  Leaves are variable, but often ovate to elliptic and are 1-10 
cm long and 0.3-6 cm wide and glabrous or inconspicuously puberulent.  The leaves are often 
entire or somewhat undulate, and the lobes are obtuse or acute, entire, or with 2 or 3 teeth.  
Leaves are basally cordate to subtruncate, hastate or sagittate.  Flowers are characterized as 
cymes of 2 or 3 or solitary on peduncles 1-9 cm long.  The bracts of the flowers are elliptic, 
linear, or obovate (2-9 cm long).  Corollas (1.2-2.5 mm long) are campanulate and are white or 
with some pink.  Anthers are 2-3.5 mm long and the ovary is ovoid and glabrous with the style 7-
10 mm long.  Fruits are glabrous and capsular, subglobose to ovoid in shape and 5-7 mm in 
diameter.  Seeds are black to dark brown, glabrous and 1-4 mm long. 
 
Biology and Ecology: 
 
 Field bindweed is native of Eurasia and was first reported in North America in 1806.  It 
was first used and sold commercially for medicinal purposes and as an ornamental plant.  It is 
found in both cultivated and uncultivated fields, and it is most common in small grain fields and 
other highly disturbed areas such as waste places, gardens, and roadsides.  Field bindweed is 
considered a pest throughout the United States except for the southeastern states, and it has been 
determined a noxious weed in many states including New Mexico. 
 

It is successful in many climates such as temperate, tropical, and Mediterranean zones.  
Field bindweed usually grows from late spring until the first frost.  It has been reported that 
growth begins when daytime temperatures reach 20 °C and nighttime temperatures are at least 
14°C. 
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 Field bindweed flowers persist for only one day and are pollinated by insects.  It spreads 
by both seeds and rhizomes.  The long roots and rhizomes of field bindweed help it to spread 
vegetatively and resprout when aboveground growth is removed.  Seed production is variable 
and best in dry, sunny conditions.  Field bindweed can produce 25-300 seeds per plant, with 
seeds being persistent in the seed bank for over 50 years.  Seeds are transported by water and 
avian dispersal.  The overall germination rate for field bindweed is low, and its seed coat must 
absorb water to germinate.  Optimal conditions for germination are between 20-35°C, but seeds 
can germinate at temperatures as low as 10°C or as high as 40°C. 
 
Distr ibution: 
 

Field bindweed is found in disturbed areas at FOUN, primarily around the residences and 
the front gate.  The total area of field bindweed is 1.3 ha (3.3 ac) Fig. 4.  Invasion potential 
would increase with increased disturbance.  But the more arid climate of FOUN may restrict 
field bindweed to those areas receiving supplemental water (i.e., residential lawns) or runoff (i.e., 
roadsides).  Field bindweed has a high visual impact and is a potential threat to the primary 
resources of FOUN. 

 
Control: 
 
 Field bindweed is a persistent perennial that requires several years of repeated 
management to reduce the population.  Its extensive root system and seed longevity make field 
bindweed a difficult species to control.  Tilling can be a successful method of control where the 
sites are cultivated or very highly disturbed.  But in areas where tilling or disking is not an option 
and infestations are small, hand pulling can be effective.  Most research involving field bindweed 
is limited to agricultural crops (i.e., row crops and small grains). 
 

Herbicides such as 2,4-D, dicamba (Banvel), glyphosate (Roundup), or picloram 
(Tordon) can control field bindweed populations, but repeated applications are required.  To 
control field bindweed using herbicide, the plant needs to be actively growing.  However, the use 
of herbicides may also damage desirable plants, because often repeated applications at 
moderately high rates are necessary to attain control of field bindweed.  For example in non-
cropland of North Dakota, picloram at 2.3 to 4.7 l/ha plus 2,4-D at 1.2 to 2.3 l/ha controlled field 
bindweed and did not injure most established grasses.  Also, dicamba at a rate of 9.3 to 18.7 l/ha 
was found to control field bindweed in its more northern range.  As with all herbicides, make 
sure the herbicide is labeled for its intended use, and always read and follow label directions. 

 
Prescribed burning is not an effective control method for field bindweed unless used in 

combination with herbicide, pulling, or other control methods.  Field bindweed is primarily a 
problem in farming areas and its occurrence on rangelands as a pest is limited to disturbed sites 
near human activities (i.e., buildings, roads) or cropland.  Many insects are under investigation 
for biological control, but none have been approved for use. 
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Appendix I I I :  Metadata for CAVO, FOUN, and LAMR  
 
 

Date of Data Collection 8/19/03 & 8/21/03
Name of Person Collecting Data Jared Burkholder
Address 113 Nebraska Hall, Lincoln, NE, 68588
Phone No. 402-472-4647
Fax No. 402-472-4608
Weeds Surveyed Brome
Method used to map weed infestations GPS
Accuracy Level 95% within 1 meter
Hand mapping procedure
GPS manufacturer and model receiver Trimble Pro XRS
Differentially corrected GPS files? Yes
Location of GPS Base Station Satellite based differential correction - Omnistar
Number of GPS files
Name of GPS files
Describe cleanup/editing to GPS files
Name of person doing cleanup/editing of GPS files
Computer mapping program and version ArcView 8.2
Computer mapping file format Shapefile
Computer mapping; number of files 1
Computer mapping; name of files Capulin_Weed_Boundaries.shp
Name of person digitizing/editing
Phone No.
Background map file name DOQQ - folsw36103g103g84.sid
Background map scale 1:24000
Techniques used to digitize

Metadata for Capulin Volcano National Monument
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Fort Union National Historical Park 

    
Date of Data Collection 8/20/2003 
Name of Person Collecting Data Jared Burkholder 
Address 113 Nebraska Hall, Lincoln, NE, 68588 
Phone No. 402-472-4647 
Fax No. 402-472-4608 
Weeds Surveyed Field Bind Weed 
Method used to map weed infestations GPS 
Accuracy Level 95% within 1 meter 
Hand mapping procedure   
GPS manufacturer and model receiver Trimble Pro XRS 
Differentially corrected GPS files? Yes 
Location of GPS Base Station Satellite based differential correction - Omnistar 
Number of GPS files   
Name of GPS files   
Describe cleanup/editing to GPS files   
Name of person doing cleanup/editing of GPS files   
Computer mapping program and version ArcView 8.2 
Computer mapping file format Shapefile 
Computer mapping; number of files 1 
Computer mapping; name of files Fort_Union_Weeds.shp 
Name of person digitizing/editing   
Phone No.   
Background map file name DOQQ - fuse35105h13.sid 
Background map scale 1:24000 
Techniques used to digitize   
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Date of Data Collection 11/20/2004
Name of Person Collecting Data Jared Burkholder
Address 113 Nebraska Hall, Lincoln, NE, 68588
Phone No. 402-472-4647
Fax No. 402-472-4608
Weeds Surveyed Salt Cedar
Method used to map weed infestations GPS
Accuracy Level 95% within 1 meter
Hand mapping procedure
GPS manufacturer and model receiver Trimble Pro XRS
Differentially corrected GPS files? Yes
Location of GPS Base Station Satellite based differential correction - Omnistar
Number of GPS files
Name of GPS files
Describe cleanup/editing to GPS files
Name of person doing cleanup/editing of GPS files Jared Burkholder
Computer mapping program and version ArcView 8.2
Computer mapping file format Shapefile
Computer mapping; number of files .
Computer mapping; name of files
Name of person digitizing/editing Jared Burkholder
Phone No. 402-472-4647
Background map file name DOQQ-numerous
Background map scale 1:24000
Techniques used to digitize

Lake Meredith National Recreation Area
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Appendix IV:  Photographs acquired for CAVO, FOUN, and LAMR 
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Capulin Volcano National Monument 
Photographs of annual brome populations taken in August 2003.  
Photo numbers correspond to polygon ID indicated on Figure 3. 
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For t Union National 
Monument 
Photographs of vegetation around 
the visitor center (1 & 2), and in 
the detached area (3) where the 
original fort is located.   

1 2

3 
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Photos 7-9 

Photos 1-6 

Lake Meredith National 
Recreation Area 
Photographs of Saltcedar areas 
acquired on November 2003.  
Photo numbers correspond to the 
respective ground control points 
(GCPs) used for accuracy 
assessment. 

Photos 10-14 
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