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Summary

The Sevilleta National Wildlife Refuge in central New Mexico is an important site for the
maintenance of biodiversity in the Southwest, and a center for the study of the effects of global
change on aridland ecosystems. To support management of these important biological resources,
and effective design and implementation of scientific research, a vegetation classification and
1:70,000 scale map of actual vegetation was developed (Version 1.0). The map is based on an
unsupervised classification of multi-temporal LANDSAT Thematic Mapper (TM) satellite imagery
using a Normalized Difference Vegetation Index (NDVI) computed from 12 TM images that
variously cover the April-to-October growing seasons from 1987 to 1993. Thirty-two spectral
classes were derived from unsupervised classification and grouped into 13 map units based on
similar vegetation composition and spatial relationships. A preliminary vegetation classification
following the US National Vegetation Classification system was developed from extensive ground
survey work (251 plots), and serves as a basis for defining map units. Eighty-seven plant
associations were recognized among 27 Cover Types (Alliances). The targets for the mapping
effort were 15 major Cover Types: Black Grama, Blue Grama, Galleta Grass, Indian Ricegrass,
Alkali Sacaton, Giant Sacaton, Fourwing Saltbush, Broom Dalea, Creosotebush, Honey Mesquite,
Oneseed Juniper, Pinyon Pine, Salt Cedar, and Rio Grande Cottonwood. Map units can reflect
single cover types, or transitions that combine two or more. An annotated map legend provides
details on species composition and structure along with known major inclusions of other types.

This is the highest resolution and most accurate map yet developed for the Sevilleta, and is
appropriate for use at 1:50,000 or greater scales. To meet future needs for even higher resolution
maps in management and research, new approaches will be needed that take advantage of new
technologies. For example, a technique is suggested that builds directly upon this map to increase
accuracy and precision in a cost-effective manner by combining the TM imagery with aerial
photography or high-resolution sensor data (the next generation -- Version 2.0). The Sevilleta
Vegetation Map (Version 1.0) and this report will be made available in digital form on the web
page of the Sevilleta Long Term Research Program at the University of New Mexico

' submitted in partial fulfillment of grants from the Mary Flagler Cary Charitable Trust and The Nature
Conservancy, New Mexico Chapter, Santa Fe, NM, and the Sevilleta National Wildlife Refuge, Socorro, NM to the
New Mexico Natural Heritage Program, University of New Mexico, Albuquerque, NM.

?Esteban Muldavin, Ecologist and Senior Research Scientist, New Mexico Natural Heritage Program (NMNHP); Greg
Shore, GIS Specialist Sevilleta Long Term Ecological Research Program (LTER); Kimberly Taugher, Biologist
(LTER); Bruce Milne, Ecologist and LTER Principal Investigator.
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Introduction

The Sevilleta National Wildlife Refuge, at over 400 square miles (92,619 ha; 228,770
acres), is one of the largest reserves in the Southwest US, and one that is recognized as having an
increasing importance in the maintenance of arid-land biodiversity in the region’. The US Fish
and Wildlife Service with the assistance of The Nature Conservancy has inherited the role of
stewardship for this globally important and diverse ecosystem. With that stewardship come
many questions about the composition and status of the biota, and how to manage it and other
natural resources of the refuge for long-term sustainability. In addition, and in keeping with the
original tenets set out for the refuge, the site has become increasingly important for education
and research on global change, culminating in the establishment of the Sevilleta Long Term
Ecological Research Program (LTER) and the building of the Sevilleta Research Station®. One
of the comerstones of LTER research takes advantage the diversity of the refuge by focusing on
the Sevilleta as a crossroads of four major biomes (Chihuahuan Desert, Great Basin, Rocky
Mountains and the Great Plains), and framing many of its research questions on global change in
the context of the nature and dynamics of these biomes and their boundaries.

In this setting there are a wide variety of management and research goals for the refuge,
but what is held in common among the various groups is a need to identify and describe
composition and map the pattern of the vegetation communities across the refuge. Thus, as a
joint project involving the US Fish and Wildlife Service (FWS), the LTER, the New Mexico
Natural Heritage Program (NMNHP) and the New Mexico Chapter of the Nature Conservancy
(TNC), a vegetation classification and map of the major dominance types (cover types or
alliances) was developed from satellite imagery and field sampling. The major objective for the
map was to provide support for: 1) the habitat analysis of wildlife species, and other biodiversity
inquiries on rare species and communities; 2) research on ecosystem structure and dynamics in
the context of global change; and 3) natural resources planning to sustain the biological and other
values of the refuge.

To meet this diversity of objectives required a vegetation map that was well defined and
sufficiently detailed to meet most needs, yet relatively inexpensive to produce. Therefore, the
map was developed using moderate resolution LANDSAT Thematic Mapper (TM) satellite
imagery because it is relatively inexpensive to obtain, and because it is digital and thus lends
itself to automated analysis and map production, further lowering costs. Yet with it comes
inherent limitations on spatial resolution (28.5 meters), and spectral definition (seven limited-
range bands of color), and hence a limit on the precision of any given map. But, even with these
constraints, TM was still seen as meeting the goals most efficiently, and sufficient to produce a
map of major dominance types at a 1:50,000 scale.

* Atthea joint workshop of the World Wildlife Fund, The Nature Conservancy, Pronotura, and Technologico de
Monterrey on Biodiversity Conservation Priorities for the Chihuahuan Desert Ecoregion Complex, held in
Monterrey, Mexico on Sept. 30, 1997, the Sevilleta National Wildlife Refuge was recognized as one of the most
important and biologically significant sites in the Chihuahuan Desert Ecoregion .

% The Sevilleta LTER is part of the Biology Department at the University of New Mexico, Albuquerque, NM and is
jointly funded by the National Science Foundation and the University of New Mexico.



Although the image analysis and initial map production from TM imagery is mostly
automated, a map still requires ground validation, or “truthing.” To define classes derived from
the imagery requires extensive ground sampling in the context of a well-characterized vegetation
classification. To this end, an extensive network of ground points was established with
quantitative data on species composition and abundance along with site characteristics. A
vegetation classification was developed to categorize and characterize the ground data and to
define map classes. The classification not only serves in the development of the vegetation map,
it also provides a structure for understanding the range of variability among vegetation
communities with respect to composition and environmental setting.

In this report we present the classification and map with details on the methods used in
their development, along with an assessment of the map’s accuracy, its strengths and limitations.
We also include in appendices dichotomous keys to aid in the identification of vegetation
communities of the refuge, plant species lists derived from the ground data, and technical
information on the image classification. This is the first iteration of the classification and map
i.e., Version 1.0, but the map represents the most detailed vegetation map yet developed for the
refuge.
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Study Area
Landscape Setting

The Sevilleta National Wildlife Refuge is located in central New Mexico between
Albuquerque and Socorro, and is part of a former Spanish land grant that spans the entire width
of the Rio Grande Basin (Figure 1). The elevations range from 1,387m (4,550 feet) at the Rio
Grande to 2,797m (8,953 feet) at Ladron Peak west of the river, and to 2,195m (7,201 feet) in the
Los Pinos Mountains east of the river. The eastern boundary includes virtually the entire Los
Pinos Mountain Range. This block-fault range is a southward extension of the Manzano
Mountains. The west-facing scarp, composed primarily of Precambrian granite, is in strong
contrast to the surrounding plains and hills. The overlying eastern slope is composed of
Pennsylvanian and Madera limestone formations. Westward along the base of the scarp are
many alluvial fans which overlie a more gently sloping bajada that extends to the Rio Grande.
This gently sloping bajada becomes increasingly dissected near the Rio Grande (see Kelly 1977,
Machette 1978).



West of the Rio Grande, the Ladron Mountains, providing both the highest elevation and
the western boundary of the study area, rise abruptly from the surrounding alluvial fans and
outwash plains. They exist as a discrete mountain range independent of nearby ranges. The
northern extent of the mountains ends abruptly with precipitous Precambrian granitic cliffs.
Steep pediments extend down to the surrounding plateau. The eastern side is a network of many
small canyons that end among the rolling foothills. The Rio Salado enters the Sevilleta from the
west side and joins the Rio Grande near the middle of Sevilleta. Its wide sandy river bottom is
the source of sand forming extensive dunes near the Rio Grande. The southwest quarter of the
Sevilleta has numerous low hills composed of basaltic and rhyolitic tuffs, aggraded valleys and
dissected lowlands of recent alluvium. Detailed geology and GIS maps of the entire area are
available from the LTER.

Variations in elevation, parent material and geomorphic setting have combined to
produce a variety of soils within the Sevilleta ranging from thin and rocky residual souls to deep
alluvium. Excluding the Rio Grande floodplain, there are 38 named series represented among
four soil orders (Aridisols, Entisols, Alfisols and Mollisols). In the floodplain are additional
Entisols and Vertisols (Johnson 1988). There is a wide range of variation in soil properties such
as texture, depth, presence of and depth to argillic and calcic horizons, A-horizon organic matter
content, temperature and moisture regimes and salinity. The variability attributed to topography,
geology, and soils over a number of scales contributes directly to the variety of gradients in the
Sevilleta.
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Figure 1. Location of the Sevilleta National Wildlife Refuge



Climate

The Sevilleta climate is characterized by a combination of abundant sunshine, low
humidity, and high variability in most meteorological factors. The site exists in the boundary
between several major air mass zones, which contributes to the dynamics of the local climate.
The annual temperature/precipitation cycle of the Sevilleta is characterized by the dry, cold,
winter months of December through February with a transition into the warmer, windy, but still
generally dry, spring period of March through May. Spring is followed by a hot, dry June and
then a hot but wetter summer “monsoon” period of July and August. This summer precipitation
occurs as intense thunderstorms often accounting for over half of the annual moisture.
Subsequent to the monsoons, fall is characterized by moderate temperatures with drying from
October through November. Importantly, El Nifio and La Nifia events strongly influence non-
monsoon precipitation. The weather of the Sevilleta National Wildlife Refuge is monitored by
eight meteorological stations which cover the latitudinal and elevational gradient of the refuge.
"Met Alley" located at the Sevilleta Research Station includes a sun photometer, an evaporation
dish, a precipitation collector, and a meteorological monitoring station. For the period 1989-
1998, mean annual precipitation using all stations was 255 mm (9.95 in) with an annual range of
144 mm (5.6 in) in 1995 to 326 mm (14.2) in 1991. A long-term record (80 years) from a station
at Socorro, NM, shows annual values ranging from <100 mm (<3.9 in) to >500 mm (>19.5 in)
with a mean of 244 mm (9.5 in). The highest-elevation meteorological site (1975 m) had an
annual average of 349 mm (13.6 in) while four lower elevation sites had annual averages ranging
from 205 to 255 mm (8.0 to 10.0 in). Temperatures for the eight stations range from mean
monthly lows of -4.90 C (23.2¢ F) and -5.0° C (41¢ F) during December and January respectively
to mean monthly highs of 32.60C (90.7°F) and 33.10 C (91.6¢ F) in June and July. Mean
monthly temperatures range from 2.5¢ C (36.5¢ F) to 25.1o C (77.2¢ F). For the 1989-1995
period the measured absolute maximum and minimum temperatures have been 43.00 C (109.4

F) and -21.80 C (-7.20 F ).

Vegetation

Brown and Pase (1980) in their 1:1,000,000 map of Biotic Communities of the Southwest
mapped five major “Biomes” for the Sevilleta as defined by Brown, Lowe and Pase (1979):

1. Plains and Great Basin Grassland (142.1) described as a mix of gramas (Bouteloua
spp.), principally blue grama (B. gracilis) along with alkali sacaton (Sporobolus
airoides), Indian ricegrass (Oryzopsis hymenoides).

2. Semidesert Grasslands (143.1), principally black grama (B. eriopoda).

3. Chihuahuan Desert Scrub (153.2) made up of a wide variety of desert shrubs, but
principally referring to creosotebush (Larrea trientata).

4. Great Basin Conifer Woodland (122.4) represented by pinyon (Pinus edulis) and
oneseed juniper (Juniperus monosperma).

5. Petran Montane Conifer Forest (122.3) represented by ponderosa pine (P. ponderosa)

With the exception of Petran Montane Conifer Forest, these biomes are well-represented on the
Sevilleta and served to help define many of the questions posed by the LTER (Figure 2).
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Materials and Methods

The development of the vegetation map from Thematic Mapper (TM) imagery involved a
series of steps beginning with the acquisition, processing and analysis of several TM images to
create an interim map, followed by a three-year field survey to characterize the vegetation of the
Sevilleta. With the completion of the field survey, the vegetation data was processed, databased,
and a provisional vegetation classification developed to classify ground points into specific
vegetation communities. The classified ground survey points were then used to define the
interim map spectral classes. Similar spectral classes were grouped together on the basis of their
vegetation composition into a reduced set of final map units. A final map was produced at both
1:250,000 and 1:70,000 scales with a detailed annotated map legend.

Image Analysis and Map Development
TM Imagery and Ancillary Map Coverages

A multi-temporal remote-sensing approach was utilized as the spatial basis for mapping
the vegetation on the Sevilleta NWR. After considering the size and diversity of the Sevilleta
NWR, the desired time frames, personnel and equipment limitations, necessary map detail and
flexibility, available data, and mapping strategies, it was decided to utilize LANDSAT Thematic
Mapper (TM) satellite imagery as the foundation for the mapping effort. TM imagery provides
complete coverage of the Sevilleta NWR at a cell resolution of 28.5 m square, comes in digital
form suitable for rapid automated processing and generation of derived digital products, and is
amenable to multi-temporal analysis. In addition, the Sevilleta Long Term Ecological Research
(LTER) Information Management System (SIMS) affords an extensive archive of TM imagery.

TM imagery was chosen over aerial photography for a variety of reasons. The cost per-
square-mile of satellite data is less than that of aerial photography, both in terms of direct costs
and in the ensuing map development. The satellite imagery, with its stable sensor platform, is
relatively easy to geometrically correct to known coordinates of a base map, thus avoiding the
complex geometry of orthorectifying and mosaicking hundreds of aerial photos. Further, the
height of the sensor above the earth (705 km. for Landsat) negates most parallax problems which
are associated with aerial photography (parallax is the apparent change in positions of stationary
objects affected by the viewing angle -- creating greater distortions at greater distances from the
center of an aerial photo). Also, satellite data do not have the radiometric problems of air photos,
such as hot spots, dark edges, or different contrasts for each photo due to sun-angle changes
during the overflight.

Landsat TM has the highest spectral discrimination, with six spectral bands and one
thermal band, among commercially available space-based sensors. Each band represents a
specific range of light wavelength. For vegetation mapping, bands 2, 3, 4, and 5 are particularly
useful. TM bands 3, 5 and 7 are useful for detecting variations in surface geology. Table 1
summarizes the function of each band.



TM integrates the spectral characteristics of each band over the Instantaneous Field of
View (IFOV) of an area of 28.5m x 28.5m,; this is the smallest area resolvable by the sensor and
is represented on the computer screen by individual "pixels" (picture elements). Individual
occurrences of plants are not resolved by the sensor; therefore, TM is particularly suited for
evaluating and quantitatively identifying more generalized vegetation "community” occurrence
patterns and their associated surface substrate characteristics.

There are constraints to using TM imagery. Some of the principal problems occur when
vegetation is not the major cover type and differential reflectances of various geologic substrates
dominate. As with aerial photography, topographic effects creating shadows within narrow
valleys and steep escarpments can also cause problems. A proper combination of field sampling
and image processing techniques helps to alleviate many problems. Furthermore, the sensor
cannot penetrate clouds or snow, but other TM images covering the same area free of clouds or
snow can be acquired to fill these "gaps" in coverage. Finally, because of edge effects among a
small number of spatially contiguous pixels, small occurrences of vegetation types are difficult to
reliably map. Hence the minimum mapping unit polygon size is normally 0.5 ha or larger.

Other ancillary GIS layers used in the sampling and evaluation process were: a surface
terrain model created by acquiring and stitching (mosaicking) together the 15 US Geological
Survey (USGS) 7.5 minute Digital Elevation Models (DEMs) that cover the study area. The
DEMs were further processed to create slope and aspect images. Digital Line Graphs (DLGs) of
road and drainage networks were compiled for the study area in Arc/Info (7.03) by the LTER.

Table 1. Landsat Thematic Mapper bands, their spectral ranges, and principal remote sensing
applications for earth research (derived from Lillesand and Kiefer 1987).

Band Wavelength Spectral location Principal applications
(microns)
1 0.45-0.52 Blue Designed for water body penetration, making it useful for coastal

water mapping. Also useful for soil/vegetation discrimination, forest
type mapping, and cultural feature identification.

2 0.52-0.60 Green Designed to measure green reflectance peak of vegetation for
vegetation discrimination and vigor assessment. Also useful for
cultural feature identification.

3 0.63-0.69 Red Designed to sense in a chlorophyll absorption region aiding in plant
species differentiation. Also useful for cultural feature
identification.

4 0.76-0.90 Near-infrared Useful for determining vegetation types, vigor, and biomass content,
for delineating water bodies, and for soil moisture discrimination.

R 1.55-1.75 Mid-infrared Indicative of vegetation moisture content and soil moisture. Also
useful for differentiation of snow from clouds.

6 10.4-12.5 Thermal infrared Useful in vegetation stress analysis, soil moisture discrimination,
and thermal mapping applications.

7 2.08-2.35 Mid-infrared Useful for discrimination of mineral and rock types. Also sensitive
to vegetation moisture content.




Multi-temporal Image Analysis

Due to the difficulty of separating closely allied taxa, such as grasses, from one another in
a single satellite image, it was decided to exploit the seasonal phenological behavior of
contrasting species (e.g., cool-season versus warm-season grasses) to improve the image
classification work. A multi-temporal stack of TM images provides the time component in the
analysis. A transformation of the TM images to Normalized Difference Vegetation Index
(NDVI) images provides the phenological "greenness" measure. In essence, image pixels that
exhibit similar "greenness" spectral behavior through time should cluster together during image
classification, and these clusters in turn should theoretically be associated with some definable
vegetation classes on the ground. Furthermore, a sufficiently long multi-temporal stack should
yield classes that reflect plant responses not only to seasonal but to climate fluctuations such as
El Nino as well. Finally, due to an initial lack of well-distributed field plots, an unsupervised
approach to image classification was employed in this project.

Twelve of the available 21 TM scenes were selected out of the SIMS archive,
spanning the period 1987 - 1993, and including the following scene dates:

10 September 87, 28 September 88, 19 May 89, 10 October 89
06 May 90, 11 September 90, 23 April 91, 09 April 92
04 June 92, 02 October 92, 30 May 93, 19 September 93

Selections were made to include seasonal and annual variation, eliminate cloud cover, minimize
topographic shadow, and minimize satellite path edge data loss.

Image preparation consisted of geometric rectification to the UTM (NAD-27 datum)
coordinate system to less than 28.5 m RMS error, utilizing ground control points identifiable in
the imagery. Radiometric calibration and subsequent transformation to at-satellite reflectance
was performed by utilizing standard procedures published in Markham and Barker (1986), with
required parameters generated from various orbital and astronomical software packages such as
SatTrack, SkyMap, and Xephem. Finally, images were converted to NDVI representations using
the standard formula for TM data:

NDVI = (TMband4 - TMband3) / (TMband4 + TMband3)
and then composited into a single 12-layer image file.

In order to train the computer to recognize the spectral characteristics of the diverse plant
communities represented in the satellite imagery, an unsupervised training algorithm (ERDAS
Imagine ISODATA) was run on the 12-layer image to generate 32 spectral clusters and
corresponding signatures. This number represented a three-fold increase over the final expected
number of classes, which provides for a finer partitioning of the imagery and subsequent
regrouping into major classes. Evaluation of signatures utilizing a Jeffries-Matusita Signature
Separability Analysis indicated good separation among the clusters. These 32 signatures were
then used along with a Maximum Likelihood Classifier to produce a classified image containing
32 image classes. A follow-up Chi-square threshold test of potential pixel misclassification



indicated good classification results for most classes of substantial area. One notable exception
to the above procedure occurred in the northwest corner (Ladron Peak) and far east (Los Pinos)
border of the Sevilleta NWR where satellite data are occasionally missing due to variations in the
orbits of the Landsat satellites. As mentioned above, scene selection attempted to minimize
these regions of data loss, but in the worst case, only 7 of the 12 scenes had overlapping coverage
for some pixels. In those regions, each pixel was evaluated for exact satellite coverage and
assigned an image class based on its closest (Euclidean) spectral distance to a respective class
signature (subsetted to eliminate appropriate signature axes or dimensions).

An interim map based on the 32 image classes was developed as foundation for the
development of the final map. Final map development was a two-fold process of characterizing
and developing a classification of the vegetation communities based on ground survey data, and
then relating specific vegetation communities to the image classes of the interim map to form
final map units.

Field Surveys

Field surveys were conducted over a three-year period during the growing seasons of
1994 through 1996 to gather data on the vegetation composition of the 32 spectral classes and to
develop a provisional vegetation classification for the Sevilleta. Two sampling strategies were
used: a directed sampling network based on the distribution of TM class patches in the
preliminary vegetation map to ensure adequate evaluation of all spectral classes of the map, and a
reconnaissance sampling network based on vegetation pattern discerned on the ground to ensure
adequate coverage of the range of variability among vegetation communities.

Directed Sampling Network

This was an extensive sampling network developed primarily to ensure the vegetation
variation was sampled among all spectral mapping units developed from the unsupervised
classification of the TM imagery. A stratified random sampling design was adopted for this
purpose, with an equal number of plots randomly chosen from each image class. The network
was designed to maximize acquisition of as many ground points as possible among all spectral
units. To improve field efficiency, Arc/Info GRID tools were used to restrict sample selection to
sample buffer corridors paralleling existing roads. Eligible polygons were required to be at least
4 x 4 contiguous pixels in size (approximately 120 m x 120 m) to accommodate image
rectification and GPS (Global Positioning Systems) navigation errors. Working field maps
containing target plot coordinates were provided to field crews, along with GPS units, for
locating and installing plots. Field crews were directed to points on the ground representing the
polygons using GPS (global positioning systems). Sampling points were established as close to
the center of the delineation as possible, with obvious minor inclusions avoided (if the
delineation appears to be mostly grassland, then a shrubland inclusion was avoided).

Sample plots were 400 sq. meters in size, and circular with a radius of 11.3 meters. A list
of all vascular plant species within the plot, stratified by lifeform (shrub, grass and forb layers), was
compiled and cover estimated for each species using a modified Krajina Scale. Because we are



working in arid and semi-arid environments, the Krajina scale is optimal because it has finer
gradation at lower levels of cover than other scales such as the Braun-Blanquet scale, but not so
highly refined that estimates cannot be made quickly. Along with abundance estimate, the
average height of the species was estimated. Site attributes evaluated include: percent slope,
shape and aspect, surface soil texture and color, ground cover (percent rock, gravel, bare soil and
litter), parent material and erosion type. Plant vouchers specimens were collected as necessary and
confirmed at the University of New Mexico Herbarium. Species names follow Kartesz (1994) and
a species list derived from the plot data is provided in Appendix A.

Environmental information to be collected is also constrained by time factors and
available expertise. Soil surface horizon (epipedon) color and texture, including coarse fraction
on site are proposed, or alternatively, collecting a sufficient sample in a bag and/or box for later
analysis (color, texture, structure, pH, OM etc.). Landform identification into relatively straight
forward categories following Gile, Hawely and Grossman (1981) is also included, along with
rock type. Other information will include slope, elevation and aspect.

A total of 119 plots were collected in this way in the Fall of 1995 and 1996 by LTER
field teams. Locations for each plot were determined using GPS with differential post-
processing to +/- 5 meters precision. Each plot was staked with rebar covered with PVC and
tagged. The distribution of sample points is shown in Figure 3.

Due to procedural errors (e.g., entering wrong target coordinates, or improper
configuration of GPS unit before entering coordinates) and GPS navigation errors (e.g., due to
poor GPS conditions or activation of DOD Selective Availability), plots were occasionally
installed in incorrect locations, the result being possible shifts in image class and/or polygon
sampling, leading to possible violations of plot suitability criteria. As a consequence, all field
plots (including reconnaissance type plots) were subjected to a final plot suitability analysis.
Plots were deemed suitable for use in image class labeling if they satisfied the following criteria:
1) fell outside a 50-meter road exclusion buffer, 2) fell within a polygon of minimum 3 x 3 pixel
core region, 3) occurred in a region with complete 12-scene satellite data, and 4) did not fall in an
image class outlier pixel as determined by the above mentioned Chi-square threshold test (95%
C.L.) of Mahalanobis Distances, by signature.

Reconnaissance Sampling Network

To characterize as fully as possible the characteristics and range of variation among
vegetation communities, a network of more intensively sampled reconnaissance vegetation plots
was established that was independent of the above directed sampling. Based on extensive field
reconnaissance, plots were established in replicate stands of homogeneous vegetation
representing the major dominance types (alliances) of the refuge. The same basic data was
collected on these plots, but with added information on soils (full soil profile description with
sampling for physical/chemical analysis by soil horizon), and species lists that recorded not only
species within the plot, but also in the surrounding stand.
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A total of 132 plots were collected in this manner in the Fall of 1994 and 1995 by field
teams composed of NMNHP, LTER and US Fish and Wildlife Service personnel (Figure 3). Of
these plots, 47 have full soil profile descriptions with analyses performed at New Mexico Tech
University. All plots were also located with GPS and monumented with rebar and PVC.
Although these plot were not part of the stratified random design above, they were tested for
suitability for defining image classes in the same manner of the directed sample. Those that met
the requirements were also used to define image classes. All plots, both directed and
reconnaissance, were used for developing the vegetation classification.

Provisional Vegetation Classification Development

All plot data was processed following quality control procedures of the LTER and
NMNHP. Species names were confirmed, and a database constructed containing all floristic and
site information for each plot. Agglomerative cluster analyses using the floristic data were used
to group plots into vegetation associations based on overall floristic similarity. These
associations were named based on the overstory dominant species (Alliance species) and a co-
dominant or associated indicator species. Plant associations were organized into a hierarchical
vegetation classification following the structure and guidelines of the United States National
Vegetation Classification (Federal Geographic Data Committee 1996). The definitions for each
level of this hierarchy are presented in Table 3.

Based on these guidelines, a hierarchical dichotomous decision key to the alliances of the
Sevilleta was developed which outlines the specific rules for defining particular vegetation types
(Appendix B). The efficacy of the decision rules was tested using canonical discriminant
analysis within and among the major formations. The plant associations were also compared
with associations for the Southwest that have previously been identified in the NMNHP
communities list of the Biological and Conservation Database (BCD).

Final Map Unit Development and Map Production
Final Map Units

All field plots were evaluated and assigned to a plant association according to the
vegetation classification. However, only suitable replicate field plots were utilized to describe
each image class, and the classification was used only down to the Alliance level for map units.
These labeled image classes were then aggregated into higher level vegetation groups, typically
at the Alliance Group/Regional Biome levels. In an attempt to clean up obvious disparities in the
map resulting from cross-classifications and excessive class variability, a final visual inspection
was conducted utilizing 1:6000 scale aerial photos, and expert knowledge from various Sevilleta
NWR-familiar personnel, to split, resort, and regroup some image classes based primarily on a
spatial context.

Using only the suitable plots, the vegetation composition of each of the 32 spectral
classes was defined in terms of the vegetation classification. Similar spectral classes were then
grouped based on vegetation similarity and spatial relationships into final Map Units (MU)
representing the major vegetation types of Sevilleta. Descriptions for each MU were developed
which provide brief summaries of the vegetation composition of each unit along with the list of
the subset of spectral classes that are included in each unit.
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Final Map Production

To create the final map, a filtering process was applied to create a minimum mapping unit
size of 0.5 hectares. The procedure first eliminates spatially solitary mapping units which have
less than six contiguous pixels. The eliminated areas are then filled in by the majority of
surrounding pixels using a 3 pixel x 3 pixel majority filter (a majority filter replaces the middle
pixel of a 3 x 3 kemel with the class which is the majority within that kernel). The filtered file
was substituted into the map wherever there were clusters of pixels of a particular class which
covered less than 0.5 hectares. In addition, based on informal accuracy assessment using aerial
photos, a small number of obvious errors were detected and addressed through a direct editing
process.

Hardcopy map production was accomplished within the ArcView environment, with
colors selected to enhance contrast between contiguous vegetation classes. Hard copies of the
final map were then plotted at 1:250,000 for the report, and as a 1:70,000 scale wall map. The
digital map products are being documented and readied for archival within the Sevilleta
Information Management System SIMS for easy access via the WWW.

Map Validation

No formal validation of the map units has been performed at this time. A systematic
random sampling along roads would be most efficient and cost effective, but was beyond the
resources of this project. Informally, the map was accuracy "checked" using aerial photos and
other available ground data.

Results

Vegetation Classification

A provisional, hierarchical vegetation classification for the Sevilleta National Wildlife
Refuge is presented in Table 2. There were 87 Plant Associations (PA’s) recognized among 27
Alliances (cover types). Of the 87 PA’s, 40 are considered established types with at least five
plots from New Mexico, or well documented in the literature. The remaining 47 are provisional
and need further confirmation, but were still used to define mapping units.

The alliances, because they were the fundamental target of the mapping, are the focus
here. As a whole, the range of variability among alliances reflects the high diversity of the
Sevilleta, from the Pinyon (Pinus edulis) and Oneseed Juniper (Juniperus monosperma)
woodland Alliances of the highest elevations in the Los Pinos and Sierra Ladrones, to the
lowland and swale grasslands of the Alkali Sacaton (Sporobolus airoides) and Giant Sacaton
(Sporobolus wrightii) Alliances. At low elevations are also found the desert shrublands: the
Creosotebush (Larrea tridentata), Honey Mesquite (Prosopis glandulosa) and Broom Dalea
(Psorothamnus scoparius) Alliances of Chihuahuan Desert affinity from the south, and the
Fourwing Saltbush (4triplex canescens), and Shadscale (Atriplex confertifolia) Alliances
extending southward form the cold desert of the Great Basin in Utah.
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Table 2. Provisional Vegetation Classification for the Sevilleta National Wildlife Refuge.

Hierarchy follows the US National Vegetation Classification system (Federal Geographic Data
Committee, 1996). Hierarchical levels are as follows: I= Class, [I=Subclass, III= Group,
IV=Formation, V. Regional Biome Type, VI= Alliance with implied level VII Plant Associations
(PA’s). Regional Biome Type is not a formal part of the National Classification, but is a part of
the New Mexico GAP classification and map (Thompson et al. 1986).

I. Woodland
II. Evergreen woodland
III. Temperate or subpolar needle-leaved evergreen woodland
IV. Rounded-crown temperate or subpolar needle-leaved evergreen woodland
V. Rocky Mountain Lower Montane Conifer Woodland
V1. Ponderosa Pine (Pinus ponderosa) Woodland Alliance

V. Rocky Mountain/Great Basin Conifer Woodland
VI Pinus edulis (Pinyon Pine) Woodland Alliance
Pinus edulis/Bouteloua gracilis PA
Pinus edulis/Stipa comata PA
Pinus edulis-Quercus turbinella PA
Pinus edulis/Muhlenbergia montana PA
Pinus edulis/Yucca baccata PA

V1. Oneseed Juniper (Juniperus monosperma) Woodland Alliance
Juniperus monosperma/Bouteloua eriopoda PA
Juniperus monosperma/Bouteloua gracilis PA
Juniperus monosperma/Quercus turbinella PA
Juniperus monosperma/Stipa neomexicana PA
Juniperus monosperma/Muhlenbergia montana PA
Juniperus monosperma/Bouteloua hirsuta PA

II. Deciduous Woodland
III. Cold-deciduous woodland
IV. Seasonally/temporarily flooded cold-deciduous woodland
V. Lowland Broad-leaved Deciduous Forested Wetland
VI. Rio Grande or Plains Cottonwood (Populus deltoides) Woodland Alliance
Populus deltoides/Distichlis spicata PA

Shrubland
II. Deciduous shrubland (scrub)
111, Cold-deciduous shrubland
IV. Temperate cold-deciduous shrubland
V. Rocky Mountain Montane Scrub
VI. Mountain Mahogany (Cercocarpus montanus) Shrubland Alliance

Cercocarpus montanus/Bouteloua curtipendula PA
Cercocarpus montanus/Bouteloua gracilis PA
Cercocarpus montanus/Stipa neomexicana PA

IV. Seasonally/temporarily flooded cold-deciduous shrubland
V. Lowland Broad-leaved Deciduous Scrub-shrub Wetland
V1. Salt Cedar (Tamarix ramosissima) Shrubland Alliance
Tamarix ramosissima/Sporobolus airoides PA
Tamarix ramosissima/Sparse PA
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Table 2. Provisional Vegetation Classification -- Sevilleta National Wildlife Refuge (Cont.).

1II. Extremely xeromorphic deciduous shrubland (subdesert)
IV. Extremely xeromorphic deciduous shrubland with succulents
V. Chihuahuan Deciduous Desert Scrub
V1. Broom Dalea (Psorothamnus scoparius) Shrubland Alliance
Psorothamnus scoparius/Oryzopsis hymenoides PA
Psorothamnus scoparius/Sporobolus flexuosus PA

VI. Ocotillo (Fouquieria splendens) Shrubland Alliance
Fouquieria splendens/Sparse PA

VI. Honey Mesquite (Prosopis glandulosa) Shrubland Alliance
Prosopis glandulosa-Atriplex canescens Sparse PA
Prosopis glandulosa/Bouteloua eriopoda PA
Prosopis glandulosa/Sporobolus flexuosus PA
Prosopis glandulosa-Gutierrezia sarothrae PA

II. Evergreen Shrubland
III. Temperate broad-leaved evergreen shrubland
IV. Sclerophyllous temperate broad-leaved evergreen shrubland
V. Interior Chaparral
VI1.Shrub Live Oak (Quercus turbinella) Shrubland Alliance
Quercus turbinella/Bouteloua curtipendula PA

III. Microphyllous evergreen shrubland
IV. Undefined microphyllous evergreen shrubland)
V. Plains-Mesa Microphyllous Sand Scrub
V1.Sandsage (Artemisia filifolia) Shrubland Alliance
Artemisia filifolia/Sporobolus flexuosus PA

III. Extremely xeromorphic (subdesert)
IV. Facultatively deciduous extremely xeromorphic subdesert shrubland
V. Great Basin Desert Scrub
VI. Fourwing Saltbush (Atriplex canescens) Shrubland Alliance
Atriplex canescens/Sporobolus airoides PA
Atriplex canescens/Sporobolus wrightii PA
Atriplex canescens/Sparse PA
Atriplex canescens/Muhlenbergia porteri PA
Atriplex canescens/Scleropogon brevifolius PA

V1. Shadscale (Atriplex confertifolia) Shrubland Alliance
Atriplex confertifolia/Sparse PA

IV. Broad-leaved and Microphyllous-leaved evergreen extremely xeromorphic subdesert shrubland
V. Chihuahuan Evergreen Desert Scrub
V1. Creosotebush (Larrea tridentata) Shrubland Alliance

Larrea tridentata/Bouteloua eriopoda PA
Larrea tridentata/Erioneuron pulchellum PA
Larrea tridentata/Muhlenbergia porteri PA
Larrea tridentata/Sparse PA
Larrea tridentata/Hilaria jamesii PA
Larrea tridentata/Sporobolus airoides PA
Larrea tridentata-Gutierrezia sarothrae PA
Larrea tridentata/Scleropogon brevifolius PA
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Table 2. Provisional Vegetation Classification -- Sevilleta National Wildlife Refuge (Cont.).

I. Herbaceous vegetation
II. Perennial graminoid (grasslands)
III. Temperate or subpolar grassland (without a significant tree or shrub layer)
IV. Tail bunch temperate grassland
V. Lowland/Swale Tall Desert Grassland
V1. Giant Sacaton (Sporobolus wrightii) Herbaceous Alliance
Sporobolus wrightii-Panicum obtusum PA
Sporobolus wrightii/Monotypic PA

IV. Medium-tall bunch temperate grassland
V. Rocky Mountain Subalpine-Montane Grassland
V1. Mountain Muhly (Muhlenbergia montana) Herbaceous Alliance
Muhlenbergia montana/Yucca baccata PA

V. Plains-Mesa-Foothill Mid-grass Grassland
VI. New Mexico Needlegrass (Stipa neomexicana) Herbaceous Alliance
Stipa neomexicana-Bouteloua eriopoda PA

VI. Sand Dropseed (Sporobolus cryptandrus) Herbaceous Alliance
Sporobolus cryptandrus/Aristida purpurea PA

V. Lowland/Swale Medium-tall Desert Grassland
V1. Alkali Sacaton (Sporobolus airoides) Herbaceous Alliance
Sporobolus airoides Monotype

IV. Short sod temperate or subpolar grasslands (including sod or mixed sod and bunch graminoids)
V. Plains-Mesa-Foothill Short-grass Grassland
VL. Purple Threeawn (Aristida purpurea) Herbaceous Alliance
Aristida purpurea/Thymophila acerosa PA
Aristida purpurea-Aristida adscensiones PA
Aristida purpurea/Gutierrezia sarothrae PA

VI. Blue Grama (Bouteloua gracilis) Herbaceous Alliance
Bouteloua gracilis-Lycurus phleoides PA
Bouteloua gracilis-Muhlenbergia torreyi PA
Bouteloua gracilis/Opuntia clavata PA
Bouteloua gracilis/Opuntia phaeacantha PA
Bouteloua gracilis-Tridens muticus PA
Bouteloua gracilis/Yucca glauca PA
Bouteloua gracilis/fMonotypic PA
Bouteloua gracilis-Scleropogon brevifolius PA
Bouteloua gracilis/Yucca baccata PA

V1. Hairy Grama (Bouteloua hirsuta) Herbaceous Alliance
Bouteloua hirsuta-Aristida purpurea PA
Bouteloua hirsuta-Bouteloua gracilis PA
Bouteloua hirsuta/Dalea formosa PA
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Table 2. Provisional Vegetation Classification -- Sevilleta National Wildlife Refuge (Cont.).

V. Great Basin Short-grass Grassland
V1. Galleta (Hilaria jamesii) Herbaceous Alliance
Hilaria jamesii-Bouteloua eriopoda PA
Hilaria jamesii-Oryzopsis hymenoides PA
Hilaria jamesii-Scleropogon brevifolius PA
Hilaria jamesii-Sporobolus contractus PA
Hilaria jamesii-Bouteloua gracilis PA

IV. Short bunch temperate or subpolar grassland
V. Lowland/Swale Short-grass Desert Grassland
VI. Scleropogon brevifolius Alliance
Scleropogon brevifolius-Sporobolus contractus PA
Scleropogon brevifolius/Monotypic PA
Scleropogon brevifolius/Sparse PA

V1. Gyp Dropseed (Sporobolus nealleyi) Shrub Herbaceous Alliance
Sporobolus nealleyi/Selinocarpus lanceolatus PA

II1. Temperate or subpolar grassland with a shrub layer (generally 10-25%)
IV. Medium-tall sod temperate or subpolar grasslands (including sod or mixed sod and bunch graminoids)
with sparse, broad-leaved evergreen or semi-evergreen shrubs
V. Plains-Mesa-Foothill Shrub/Medium-tall Grassland
VI. Sideoats Grama (Bouteloua curtipendula) Shrub Herbaceous Alliance
Bouteloua curtipendula/Nolina microcarpa PA

IV. Short sod temperate or subpolar grasslands (including sod or mixed sod and bunch graminoids)
with sparse, broad-leaved evergreen or semi-evergreen shrubs
V. Plains-Mesa-Foothill Shrub/Short-grass Grassland
VI. Blue Grama (Bouteloua gracilis) Shrub Herbaceous Alliance
Bouteloua gracilis/Krascheninnikovia lanata PA

IV. Short temperate or subpolar grasslands with sparse xeromorphic (evergreen or deciduous) shrubs
V. Foothill-Piedmont Desert Shrub-Grassland
V1. Black Grama (Bouteloua eriopoda) Shrub Herbaceous Alliance
Bouteloua eriopoda-Bouteloua curtipendula PA
Bouteloua eriopoda-Bouteloua gracilis PA
Bouteloua eriopoda/Thymophylla acerosa PA
Bouteloua eriopoda-Sporobolus flexuosus PA
Bouteloua eriopoda-Tiquilia canescens PA
Bouteloua eriopoda/Yucca glauca PA
Bouteloua eriopoda/Artemisia bigelovii PA
Bouteloua eriopoda/Ephedra torreyana PA
Bouteloua eriopoda/Parthenium incanum PA
Bouteloua eriopoda-Aristida purpurea PA
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Between the woodlands and desert shrublands lie the extensive grasslands of the mid-elevations
of the Sevilleta. Among the desert grasslands, the most important is the Black Grama
(Bouteloua eriopoday) Alliance representing the Chihuahuan Desert Grassland group, and the
Galleta (Hilaria jamesii) and Indian Ricegrass (Oryzopsis hymenoides) Alliances from the Great
Basin group. On more mesic sites, Plains grasslands become more prominent and represented
by the Blue Grama (Bouteloua gracilis) and Hairy Grama (B. hirsuta) Alliances. Plains-Mesa
Sandscrub represented by the Sandsage (4rtemisia filifolia) Alliance is found occasionally on
sandier sites in the grasslands. Chaparral and montane shrublands represented Shrub Live-oak
(Quercus turbinella) and Mountain Mahogany (Cercocarpus montanus) Alliances, respectively,
grade up from the grasslands along the lower mountain slopes up in amongst the juniper and
pinyon woodlands.

The alliances separate out well from one another floristically with only limited amounts
of overlap. A canonical discriminant analysis (CDA) of the major grassland versus shrubland
alliances indicated they could be significantly separated from one another based on the key
species dominants (Figures 4 and 5). Creosotebush (LATR2) was isolated on CDA axis 2 from
the grassland alliances. The Galleta (HIJA) Alliance was separated out on the negative side of
CDA axis 1. Similarly, Saltbush (ATCA2) was fairly well discriminated on CDA 4, and Black
Grama (BOER4) and Blue Grama (BOGR20) on axis 3.

In a separate analysis, the higher elevation woodlands are also well-separated from the
mid-elevation grasslands (Figure 6). Furthermore, the Oneseed Juniper (JUMO) Alliance
representing lower elevation woodland savannas was well isolated on CDA axis 2 from the
Pinyon (PIED) Alliance of the higher mountain tops of CDA axis 1.

Sevilleta Major Grassland Vs. Shrub Types
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Figure 4. Canonical Discriminant Analysis (CDA) of grassland versus shrub alliances. Functions 1 and 2
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Figure 5. Canonical Discriminant Analysis (CDA) of grassland versus shrub alliances. Functions 3 and 4
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Figure 6. Canonical Discriminant Analysis (CDA) of woodland versus grassland alliances. Functions 1 and 2.
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Sevilleta National Wildlife Refuge Vegetation Map

Version 1.0 of the Sevilleta Vegetation Map is presented in Figure 7 at approximately
1:250,000 scale. Figure 7 is primarily for illustration purposes; a full size version at working
scale of 1:70,000 has also been produced separately that is approximately three by four feet. The
map is available in a digital format and can be reproduced at any scale, but 1:70,000 has
historically been the most commonly used scale in the project area for day to day uses.

The final vegetation map is composed of 13 major map units that represent the grouping
of the original 32 TM spectral image classes of the unsupervised classification (Table 3). The
definition of each major map unit is based on four to ten field plots, and there is sometimes a
wide variation within a unit with respect to Alliances (reflected in the labels of the image classes
of Table 3). As a result of this wide variation, the map units sometimes reflect somewhat broad
classes from a vegetation perspective, but the overall pattern of biome differences and transitions
is readily apparent upon inspection. Montane woodland and savanna units (11 & 12) dominate
the mountainous areas of the Los Pinos and Ladrones. At lower elevations along foothills and
piedmont plains (bajadas) grassland units prevail. The higher elevation grasslands are Plains
Grasslands (7) that intermix further downslope with Chihuahuan Desert Grasslands dominated
by black grama (5 & 6). Map unit 4 represents a transition from Chihuahuan Desert to Great
Basin Grasslands dominated by Indian ricegrass and galleta. Great Basin influences increase
going north-westward across the Rio Grande as indicated by the distribution of Great Basin
Grasslands (3) strongly dominated by Indian ricegrass and galleta (particularly at lower
elevations). The desert grassland units are inter-fingered with desert shrublands dominated by
saltbush & broom dalea (10) and creosote (9). In lowland basins and swales are dominated by
sacaton and burrograss (Scleropogon brevifolius) grasslands (8) along with sparsely vegetated
alluvial flats and badlands (2). Finally, along the washes and in the Rio Grande corridor are
Riparian Woodlands (13) composed of cottonwood (Populus deltoides var. wislizeni) and salt
cedar (Tamarix ramosissima).
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Table 3. Annotated legend for the Sevilleta National Wildlife Refuge Vegetation Map.

There are 13 major map units indicated by number, name, and size in hectares and acres. A brief
biological and physical description is given along with the Thematic Mapper (TM) spectral
classes included in each map unit. The TM classes are indicated by their class number and are
labeled according to the major component cover types (Alliances) they represent (see Table 1).
Inclusions representing less than 10% of the class are also indicated. Elevations are derived from
the map and represent a modal range (95% of the entire range).

1. Water or Wet Ground [514 ha; 1,270 acres]

Water and wet ground of river, streams channels or tanks, with inclusions of barren or very sparsely vegetated
ground. This unit is mostly associated with drainage bottoms of the Rio Salado, Rio Puerco and Rio Grande (1,400
— 1,500 m; 4,600-4,900 ft.). It may include some sparsely vegetated dunelands north of the Rio Salado confluence
and some alluvial flats.

TM-  Water and barren, probably wet disturbed ground

2. Barren or Sparsely Vegetated [5,258; 12,985 acres]

Open alluvial flats of basin bottoms (1,430 - 1,550 m; 4,700-5,090 ft) that are either barren or sparsely vegetated
with alkali sacaton (Sporobolus airoides) and burrograss (Scleropogon brevifolius), or are barren hills (badlands).

TM-3. Sparse Grassland (Alkali Sacaton); barren disturbed ground
TM-2. Sparse Grassland (Black Grama or Galleta); barren disturbed ground

3. Great Basin Grasslands (Galleta and Indian Ricegrass Grasslands) [18,134 ha; 44,790 acres]

Sparse grasslands most often associated with lowland sandy soils predominantly on the west side of the Sevilleta
(1,450-1,750 m; 4,750-5,750 ft). The Grasslands are usually dominated by species with Great Basin affinities such
as galleta (Hilaria Jamesiil), Indian ricegrass (Oryzopsis hymenoides) and sand dropseed (Sporobolus cryptandrus).
Where the unit extends up hillslopes, black grama (Bouteloua eriopoda) grasslands may occur. Shrubs or dwarf
shrubs are often abundant in these grassland stands, and there are inclusions of fourwing saltbush (Atriplex
canescens), broom dalea (Psorothamnus scoparius) and shadscale (Atriplex confertifolia) shrublands.

TM-4. Galleta or Black Grama Grasslands; Inclusion: Shadscale Shrubland
TM-8. Galleta or Sand Dropseed Grasslands

TM-12. Galleta or Burrograss Grasslands; Inclusion: Fourwing Saltbush Shrubland
TM-11. Indian Ricegrass or Black Grama Grasslands, or Broom Dalea Shrubland

4. Transition Chihuahuan and Great Basin Grasslands (Black Grama Grasslands with Galleta)
[13,326 ha; 32,915 acres]

Grasslands associated with sandy to coarse loamy soils of the east side of the Sevilleta along the lower piedmont
that extends out westward from the base of the Los Pinos Mountains, and in the foothills of Ladrones Mountains
(1,450-1,700m; 4,750-5,575 ft). They are typically dominated by black grama (Bouteloua eriopoda), a species with
the center of its distribution in the southwest U.S. and northern Mexico. Galleta (Hilaria jamesii), a Great Basin
Grassland indicator is an important associate, sometimes dominating stands along with mesa dropseed (Sporobolus
flexuosus). Blue grama (B. gracilis) is also an important component of many stands, particularly along the upper
elevation'margins. On deeper sands, Plains-Mesa Microphyllous Sand Scrub dominated by sand sagebrush (Arzemisia
filifolia) may occur as a minor inclusion.

TM-9, 10 & 17. Black Grama Grassland; Inclusion: Galleta Grassland
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Table 3. Annotated legend for the Sevilleta National Wildlife Refuge Vegetation Map (cont.

5. Chihuahuan Desert Grasslands (Black Grama Grasslands) [8,641 ha; 21,343 acres]

Grasslands dominated by black grama (Bouteloua eriopoda) and associated with alluvial piedmonts (bajadas) and
foothills from low to mid-elevations (1,500-1,800m; 4,925-5,900 ft). Soils are typically loamy (sometimes sandy)
and underlain by thick caliche layers (calcium carbonate accumulations). Purple threeawn (Aristida purpurea)
grasslands can occur as a minor inclusion on more disturbed sites. Other common associates are blue grama (B.
gracilis), featherplume (Dalea formosa), Torrey’s jointfir (Ephedra torreyana), soapweed yucca (Yucca glauca) and
woody crinklemat (Tequila canescens).

TM-5. Black Grama Grassland
TM-14. Black Grama Grassland; Inclusion: Purple Threeawn

6. Transition Chihuahuan and Plains Grassland (Black Gram Grasslands with Blue Grama)
(8,937 ha; 22,074 acres]

Grasslands dominated by both black grama (Bouteloua eriopoda) and blue grama (B. gracilis), indicator species for
Chihuahuan Desert Grasslands and Great Plains Grasslands, respectively. They occur primarily on alluvial
piedmonts (bajadas) of the west side of the Sevilleta, but also to a limited degree in the foothills on both sides
(1,500-1,800m; 4,925-5,900 ft). Soils are commonly sandy on the surface, but loamy with depth and underlain by
caliche layers (calcium carbonate accumulations). Creosotebush (Larrea tridentata) shrublands can occur as a
minor inclusion. Other common associates include the shrubs Torrey’s jointfir (Ephedra torreyana), soapweed
yucca (Yucca glauca) and broom snakeweed (Gutierrezia sarothrae); the grasses sand dropseed (Sporobolus
crytandrus), burrograss (Scleropogon brevifolius) and purple threeawn (Aristida purpurea); and forbs such as mock
vervain (Glandularia wrightii), desert marigold (Baileya multiradicata) and zinnia (Zinnia grandiflora).

TM-15. Black Grama Grassland; Inclusion Creosotebush Shrubland
TM-18. Black Grama or Blue Grama Grasslands
TM-19. Black Grama or Blue Grama Grasslands

7. Plains Grasslands (Blue Grama and Hairy Grama Grasslands) [3,645 ha; 9,003 acres]

Grasslands dominated by blue grama (Bouteloua gracilis) with hairy grama as a common co-dominant (B. hirsuta),
both common short-grass species of the Great Plains. They occur along upper piedmont slopes (bajadas), foothills
and in mountain valleys (1,500-1,950m; 4,825-6,400 ft). Soils are often moderately well-developed with loamy to
clayey textures and underlain by caliche layers (calcium carbonate accumulations). Giant Sacaton Grasslands occur
as an inclusion in some valleys. Common associates include the shrubs winterfat (Krascheninnikovia lanata),
fourwing saltbush (Atriplex canescens); the grasses black grama (B. eriopoda), sideoats grama (B. curtipendula) and
dropseeds (Sporobolus contractus & S. cryptandrus); and forbs such as lacy tansyaster (Machaeranthera
pinnatifida) and Douglas’ groundsel (Senecio flacicidus var. douglasii).

TM-25. Blue Grama or Giant Sacaton Grasslands
TM-24. Blue Grama; Inclusions: Black Grama Grassland, Galleta Grassland or Sand Sage Shrubland
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Table 3. Annotated legend for the Sevilleta National Wildlife Refuge Vegetation Map (cont.).

8. Chihuahuan or Great Basin Lowland/Swale Grasslands (Alkali or Giant Sacaton Grasslands)
[1,708 ha; 4,219 acres]

Grasslands dominated by either the hummock-forming alkali sacaton (Sporobolus airoides) of Great Basin affinity,
or the taller giant sacaton (S. wrightii) of Chihuahuan Desert affinity. ~Alkali sacaton grasslands often occur as
large, monotypic stands of moderate cover on heavy clay soils in swales or aliuvial flats of lowland valleys and
basins (1,450-1,700m; 4,750-5,575 ft). Burrograss (Scleropogon brevifolius) can occur as a co-dominant along with
scattered fourwing saltbush (Atriplex canescens). In contrast, giant sacaton forms tall and dense stands along
lower-elevation drainageways of ephemeral streams (arroyos). Shrubs are uncommon or absent.  Stands of
Fourwing Saltbush Shrublands with understories dominated by alkali sacaton can occur as significant inclusions
intermixed among the grasslands.

TM-29. Giant Sacaton Grassland
TM-20. Alkali Sacaton Grassland or Fourwing Saltbush Shrubland

9. Chihuahuan Desert Shrublands (Creosotebush) [10,742 ha; 26,532 acres]

Shrublands dominated by the evergreen creosote bush (Larrea tridentata), a widespread and characteristic
evergreen shrub of the Chihuahuan Desert. Ground cover is sparse to well-represented by grasses such as black
grama (Bouteloua eriopoda) or fluff grass (Erioneuron pulchellum). The shrublands occur on lower piedmonts
(bajadas), foothills and alluvial flats (1,450-1,750m; 4,750-5,750 ft). Soils are relatively shallow and underlain by
dense caliche layers (calcium carbonate accumulations that are sometimes exposed at the surface). They are
commonly interspersed with Black Grama, Galleta (Hilaria jamesii) or Indian Ricegrass (Oryzopsis hymenoides)
Grasslands. There are minor inclusions of Shadscale Shrubland and barrens areas, and, at upper elevations,
Oneseed Juniper Woodlands.  Other common associates include pricklyleaf dogweed (Thymophylla acerosa),
Fendler’s bladderpod (Lesquerella fendleri), and broom snakeweed (Gutierrezia sarothrae).

TM-13. Creosotebush Shrubland and Black Grama Grassland

TM-6. Creosote Shrubland, and Galleta or Indian Ricegrass Grasslands
Inclusion: Shadscale Shrubland or Barren Ground

TM-21. Creosotebush Shrubland (in part see No. 11).

10. Great Basin Shrublands (Fourwing Saltbush or Broom Dalea) [7,130 ha; 17,611 acres]

Shrublands dominated by fourwing saltbush (Atriplex canescens), a widespread species with the center of their
distribution in the Great Basin. They occur primarily on the west side on sandy deposits, alluvial flats of lowland
valleys and, occasionally, on recent alluvial fan deposits (1,430-1,700m; 4,700-5,575 ft). Broom dalea (Psorothamnus
scoparius), a Chihuahuan element may also be abundant and mixed in with the saltbush. Where the sands are
particularly deep, coppice dunes can form around stems of the broom dalea. Understories are either barren or
dominated by grasses. On alluvial flats alkali sacaton (S. airoides) is the common dominant. Sandier sites are
characterized by scattered grasses and forbs such as dropseeds (Sporobolus flexulosus, S. cryptandrus, S. contractus and
S. gigantea), desert marigold (Baileya multiradicata), and spectaclepod (Dimorphocarpa wislizeni). There are
occasional inclusions of disturbed sites dominated by threeawn grasses (Aristida spp.).

TM-7. Broom Dalea Shrubland

TM-16. Fourwing Saltbush or Honey Mesquite or Broom Dalea Shrubland
TM-22. Fourwing Saltbush Shrubland; Inclusion: Threeawn Grassland
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Table 3. Annotated legend for the Sevilleta National Wildlife Refuge Vegetation Map (cont.).

11. Rocky Mountain Conifer Savanna (Oneseed Juniper Woodlands) [10,235 ha; 25,280 acres]

Very open woodlands of lower elevation foothills, escarpments, and piedmonts (bajadas) and alluvial fans (1,550-
2,100m; 5,100-6,900 ft). Stands are characterized by scattered, low-statured oneseed juniper (Juniperus
monosperma) trees with the grassy inter-tree spaces dominated by grama grasses (Bouteloua gracilis, B. hirsuta, B.
eriopoda, and B. curtipendula). Pinyon pines (Pinus edulis) are sub-dominant or absent. Stands are often
intermixed at the lower elevations with patches of Blue or Black Grama Grasslands, and Shrub Live Oak
Shrublands at higher elevations. Shrub live oak stands are particularly prominent on escarpment slopes of the Los
Pinos Mountains. Diversity can be moderately high, and common associates are the shrubs banana yucca (Yucca
bacata), broom snakeweed (Gutierrezia sarothrae), tree cholla (Opuntia imbricata), and tulip pricklypear (O.
phaeacantha); the grasses New Mexico needlegrass (Stipa neomexicana), galleta (Hilaria jamesii) and purple
threeawn (Aristida purpurea); and a wide variety of forbs such as plains blackfoot (Melapodium leucanthum) and
zinnia (Zinnia grandiflora).

TM-23. Oneseed Juniper Woodland Savanna; Inclusion: Blue Grama Grassland

TM-26. Oneseed Juniper Woodland, or Shrub Live Oak Shrubland, or Black Grama or
Blue Grama Grasslands

TM-28. Oneseed Juniper Woodland, or Shrub Live Oak Shrubland

TM-21. Oneseed Juniper Woodland (in part, see No.9)

12. Rocky Mountain Conifer Woodlands (Pinyon Woodlands) [3,173 ha; 7,837]

Open to moderately closed woodlands dominated by low-statured pinyon pine (Pinus edulis) with oneseed juniper
(Juniperus monosperma) as sub-dominant associate. These woodlands are associated with moderate to steep slopes
of the highest elevations of the Los Pinos and Ladrones Mountains (1,850-2,300; 6,050-7,550 ft). Understories are
a mixture of shrubs and scattered grasses and forbs. Shrub live oak (Quercus turbinella), mountain mahogany
(Cercocarpus montanus), banana yucca (Yucca bacata) and sacuahista (Nolinia microcarpa) are often well
represented to abundant. Sideoats grama (Bouteloua curtipendula), blue grama (B. gracilis), and wolfstail (Lycurus
phleoides) are the most common grasses. Forb diversity can be moderate to high; ragleaf bahia (Bahia dissecta),
false pennyroyal (Hedeoma nana) and Fendler’s sandmat (Chamaesyce fendleri) are common. Inclusions of
mountain mahogany stands occur on rugged escarpment slopes and commonly on sites that have been burned. Near
the summit of the Ladrones there are small inclusions of Ponderosa Pine (Pinis ponderosa var. scopulorum)
Woodland.

Pinyon or Oneseed Juniper Woodlands; Inclusions of Mountain Mahogany
Shrubland and Sideoats Grama Grassland
Pinyon Woodland

13. Rio Grande Riparian Woodlands (Rio Grande Cottonwood and Salt Cedar Riparian
Woodland) [886 ha; 2,188 acres]

These are riparian woodlands or forested wetlands that occur along river bars and terraces of the Rio Grande, Rio

Puerco and Rio Salado drainages (1,430-1,550m; 4,700-5,100 ft). They range from open canopied woodlands of

the native Rio Grande Cottonwood (Populus deltoides var. wislizeni) with grassy understories of alkali sacaton

(Sporobolus airoides), inland saltgrass (Distichlis spicata) or vine mesquite grass (Panicum obtusum), to dense,

shrub-like stands of the introduced salt cedar (Tamarix ramosissima) with little or no understory.

TM-30. Salt Cedar Woodland or Fourwing Sajtbush Shrubland
TM-32. Salt Cedar or Rio Grande Cottonwood Woodland
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Figure 8. An example of a sparsely vegetated hillslope or “badlands” site found in Map Unit 2 near Arroyo Milagro.

Figure 9. A contrasting site at Arroyo Milagro dominated by giant sacaton, major component of Map Unit 8, Desert
Lowland/Swale Grasslands.




Figurel0. Creosotebush shrublands like these in the foothills of the Ladrones near Red Tank are major component of Map
Unit 9.

Figure Pinyon pine dominated stands such as these on Cerro Montosa are typical of Map unit 7. 2it
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Discussion

This version of the Sevilleta Vegetation Map represents the most detailed map yet
produced for the project area. Previous maps have been at much coarser scales, providing
minimal information for natural resources management and research design. With version 1.0
we have made a significant step towards meeting the needs of the variety of users of the refuge,
particularly for refuge-wide planning processes. However, maps developed from TM imagery
have inherent spatial and spectral limitations that limit their resolution. This map is most
appropriately used at a 1:50,000 and higher scale, and should not be applied to site level planning
and design.

The evaluation of smaller areas (tens of square kilometers rather than 100’s) requires
maps made from higher resolution imagery and with different image analysis techniques. But,
with the improvements of technology that have already occurred since the inception this project,
such higher resolution maps are possible within the same financial framework (better is getting
cheaper). As a next step, we would recommend the development of digital maps at 1:12,000 to
1:24,000 scale based on a combination of satellite imagery and high resolution ortho-rectified
aerial photography. It has been shown that using this combination of imagery along with both
spectral and textural analysis can yield highly accurate, high resolution maps that can be used
effectively for site-level planning and research design (Muldavin, Harper and Neville, 1996).

At this time, the accuracy of the map over a wide area remains to be tested. We would
recommend a formal accuracy assessment by gathering an independent ground validation data set
based on objective sampling criteria. Validation based on high-resolution photography or
videography is also possible. The validation data sets can also serve to support small revisions
of this map and provide the foundation for the later development of the next generation of higher
resolution maps.

With respect to the provisional vegetation classification, several new plant associations
were tentatively identified for the Sevilleta that have not been recorded elsewhere in New
Mexico and need further documentation. This, along with additional intensive botanical surveys
(both inside and outside the refuge) are needed to support the concept of the Sevilleta not only as
being unique from an ecological perspective, but also as a critical site for the maintenance of
biodiversity in the Southwest.
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Appendix B. Vegetation of the Sevilleta National Wildlife Refuge

Key to Major Vegetation Classes and Alliances

Dichotomous key the all known Alliances (Cover Types) of the Sevilleta National Wildlife Refuge based on
Table 2 of the text along with some additional types that are potentially present, but have not yet been
documented for the refuge e.g., tarbush, beebrush, mariola and littleleaf sumac.

1 Upland terrestrial COMMUITIES. .........oouiuuerriiiecinessenisi sttt
1 Riparian communities in the floodplains of perennial or ephemeral streams or rivers, and in or adjacent to
waterbodies and dominated by obligate wetland species ..........ccccoeeicnceeiininienes RIPARIAN/WETLANDS

Total tree cover greater than 25%, or if less than 25%, then trees clearly dominant over, or co-dominant
with, shrubs, sub-shrubs or herbs (includes woodland savanna) .........c.cccceurenee. FORESTS/WOODLANDS
Tree cover less than 25% and clearly subordinate to shrubs, sub-shrubs, or herbs .........ccccoeeniiminnnniinnes

3. Tall shrubs (>0.5 m) greater than 25% total cover, or if less than 25%, then shrubs clearly dominant, or co-
dominant with sub-shrubs and grasses (herbs generally sparse and of less cover, or absent). SHRUBLANDS
3. Tall shrub cover less than 25% and clearly subordinate to sub-shrubs or herbaceous COVer ...........ccceuvnenne.

4. Sub-shrubs (<0.5 m) greater than 25% total cover, or if less than 25%, then sub-shrubs clearly dominant, or
co-dominant with other shrubs and herbaceous COVeT.........ccocovinrernnnnienscnnenens DWARF-SHRUBLANDS

4. Sub shrub cover less than 25% and clearly subordinate to herbaceous COVET.....c...covvrmiinniininiiniiiesianinens

5. Grasses common to luxuriant (usually > 25% cover); shrubs and trees low in cover or absent, clearly

SUDOTAINALE . c.vveevviviiiieeireetreeieee e ereestesoresasesseeerr e e sob e st e bes b e s be e s aesab s aa e s e s ae s e e o peaeneeestsnssessbnsesnesanes GRASSLANDS
5. Other miscellaneous communities, usually on disturbed sites where natural vegetation is highly altered or
E) 1T 0L AT OO OO OO U ORISR PP PO MISCELLANEOUS

Key to the Forest/Woodland Alliances (Cover Types)

1. Conifers (pines and junipers) dominate the OVEIStOTY CANOPY  .ccocovvvriiiirirmsmsusrnininsnnianinnana
1. Deciduous or evergreen oaks dominate the canopy as shrubs and sometimes as small trees
(see Shrublands)

2. Pinus ponderosa (ponderosa pine) dominant, very open-canopied forest with a grassy understory...................
................................................................................................................................ Ponderosa Pine Alliance

3. Pinyon pine (Pinus edulis) dominant overstory tree; oneseed juniper (Juniperus monosperma) usually
subdominant (occassionally co-dominant but not > 50% of €anopy) .........ccccreeereecues Pinyon Pine Alliance
3. Oneseed juniper (Juniperus monosperma) dominant; pinyon pine sub-dominant or absent ..........cccoocvvvvniens
e eeteebeeetecesetsreesessteessesseceereesaseesetartesneiateiaia e et et R e R e e e e st e e Rt st s et e e bt a s s Oneseed Juniper Alliance

Key to the Shrubland and Dwarf-Shrubland Alliances (Cover Types)

Shrublands dominated by mesic shrubs — Gambel’s oak, Shrub live oak, or mountain mahogany ..........c..c......
........................................................................................................................ Temperate (Montane) Shrublands
Shrublands dominated by desert shrubs -- ......cocooivevirnrnrnncnnnne Desert (Extremely Xeromorphic) Shrublands



Temperate (Montane) Shrublands

1. Gambel’s oak (Quercus gambelii) well represented as dominant tree or shrub Gambel’s Oak Alliance
1. Gambel’s oak poorly represented or @bSEnt........cccvciiiiciiiiiiisiicirrerner et 2

2. Shrub live oak (Quercus turbinella) common to well represented as dominant or co-dominant shrub...............

............................................................................................................................... Shrub Live Oak Alliance
2. Shrub live oak poorly represented or absent, Mountain mahogany (Cercocarpus montanus) common to well
represented as dominant or co-dominant shrub.........ccoeieiriiiieicnieiens Mountain Mahogany Alliance

Desert (Extremely Xeromorphic) Shrublands
Creosotebush (Larrea tridentata) common to well represented as dominant or co-dominant shrub...................

.................................................................................................................................... Creosotebush Alliance

2. Tarbush (Flourensia cernua) common to well represented as the dominant or co-dominant shrub...................
............................................................................................................................................ Tarbush Alliance

3. ittleleaf sumac (Rhus microphylla) common to well represented as dominant or co-dominant shrub..............
............................................................................................................................... Littleleaf Sumac Alliance

4. Ocotillo (Fouquieria splendens) dominant shrub, with other shrubs usually scarce. Ocotillo Alliance
4, Ocotillo uncomMmON OF @DSENL.........cccccviririeiriiiiiisinrir et 5

5. Broom dalea (Psorothamnus scoparius) common to well represented as dominant or co-dominant shrub........

.................................................................................................................................... Broom Dalea Alliance

Sand sagebrush (4rtemesia filifolia) well represented as dominant shrub Sand Sagebrush Alliance
.. Sand sagebrush poorly represented to absent or not dominant shrub.......

oo

~

. Honey mesquite (Prosopis glandulosa) common to well represented as dominant or co-dominant shrub..........
............................................................................................................................... Honey Mesquite Alliance
. Honey mesquite poorly represented to absent, or not dominant or co-dominant Shrub ...........cccoeeeinrnireiiinnnn. 8

~)

8. Fourwing saltbush (4triplex canescens) common to well represented as dominant or co-dominant shrub.........
........................................................................................................................... Fourwing Saltbush Alliance

8. Fourwing saltbush poorly represented to absent, or not dominant or co-dominant shrub..........cc.ccococnninnns 9

9. Shadscale (4triplex confertifolia) common to well represented as dominant or co-dominant shrub....................
.................................................................................................................................................. Shadscale Alliance

10. Beebrush (4loysia wrightii) common to well represented as dominant or co-dominant shrub............cceeceecece.
................................................................................................................................................... Beebrush Alliance
10. Beebrush (4loysia wrightii) poorly represented to absent, mariola (Parthenium incanum) common to well

represented as dominant or co-dominant S hrub ... Mariola Alliance



Key to the Grassland Alliances (Cover Types)

1. Gyp dropseed (Sporobolous nealleyi) common to well represented as dominant or co-dominant grass,

generally on gYPSIC SOIIS.....cc.oviiirrieireeccrr ettt Gyp Dropseed Alliance
1. Gyp dropseed poorly represented t0 @DSESIL ......ccccceerecreererreireesnrerersssscscnsrneesessssssenencisseesseeeessiossossessssesasessenns 2
2. Galleta (Hilaria jamesii) well represented as dominant grass Galleta Alliance
2. Galleta poorly represented to absent or not dominant grass.. L. 3
3. Indian ricegrass (Oryzopsis hymenoides) well represented as dominant grass. Indian Ricegrass Alliance
3 Indian ricegrass poorly represented to absent or not dominant grass .........ccce. i 5

4. New Mexico needlegrass (Stipa neomexicana) common to well represented as dominant or co-dominant
BIASS ..ccueeuteereeeeeaneeeeesreerteesteeseesaet e st st earesseesee e e e e e e e e e e et s be s bas et s ras New Mexico Needlegrass Alliance

5. Hairy grama (Bouteloua hirsuta) common to well represented as dominant or co-dominant grass.............c......
........................................................................................................................................ Hairy Grama Alliance

6. Black grama (Bouteloua eriopoda) common to well represented as dominant or co-dominant grass;

occasionally sub-dominant to sideoats Srama.........c..ccccecereererninisiesinniisniinie s enenne Black Grama Alliance
6. Black grama poorly represented to absent or not domiInant ........c.evceceisresnscniesienenriniiniiisienee e 7
7. Blue grama (Bouteloua gracilis) common to well represented dominant Blue Grama Alliance
7. Blue grama poorly represented to absent or not dominant .........ccoceecevceee e 8

8. Sideoats grama (Bouteloua curtipendula) common to well represented as dominant or co-dominant grass .......
................................................................................................................................... Sideoats Grama Alliance

8. Sideoats grama poorly represented to absent or not domNANt ........cccovvevmnnireninininriii e 9
9. Giant Sacaton (Sporobolous wrightii) well represented as dominant grass. Giant Sacaton Alliance
9. Giant Sacaton poorly represented O @bSEnt ..........cccvvvimvivniiiiiniiiiiiiniiees e 10

10. Alkali sacaton (Sporobolous airoides) common to well represented as dominant or co-dominant grass .........

...................................................................................................................................... Alkali Sacaton Alliance
10. Alkali sacaton poorly represented Or abSEnt.........ccceircrirnciriercensernesninniinessensseeiesi sttt aseraens 11
11. Burrograss (Scleropogon brevifolius) well represented as dominant grass Burrograss Alliance
11. Burrograss poorly represented to absent or not dominant .........cccevvcvvcceces e, 12

12. Mountain muhly (Muhlenbergia montana) well represented as dominant grass...Mountain Muhly Alliance
12. Mountain muhly poorly represented to absent or not dominant...............ocuiieneinenineieieseieceesneesenes 13

13. sand, mesa, spike or giant dropseed (Sporobolus cryptandrus, S. flexuosus, S contractus or S. giganteus)
common to well represented as dominant or co-dominant grasses; communities of sandy soilsDropseed Alliance

13. Purple threeawn (Aristida purpurea) or other threeawn species dominant Purple Threeawn Alliance
RIPARIAN/WETLANDS

10. Rio Grande cottonwood (Populus fremontii) the dominant tree forming open canopies on river bars .............
..................................................................................................... Plains or Rio Grande Cottonwood Alliance

10. Salt cedar (Tamarix ramossisima) the dominant canopy species, often forming dense shrublands. Rio Grande
cottonwood poorly-represented Or abSEnt, ........c.coeviieenrciiiiiniiiiee e Salt Cedar Alliance
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