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ABSTRACT

A vegetation classification and high resolution vegetation map was developed for Carlsbad
Caverns National Park, New Mexico to support natural resources management, particularly fire
management and rare species habitat analysis. The classification and map were based on 400
field plots collected between 1999 and 2002. The vegetation communities of Carlsbad Caverns
NP are diverse. They range from desert shrublands and semi-grasslands of the lowland basins
and foothills up through montane grasslands, shrublands, and woodlands of the highest
elevations. Using various multivariate statistical tools, we identified 85 plant associations for the
park, many of them unique in the Southwest. The vegetation map was developed using a
combination of automated digital processing (supervised classifications) and direct image
interpretation of high-resolution satellite imagery (Landsat Thematic Mapper and IKONOS).
The map is composed of 34 map units derived from the vegetation classification, and is designed
to facilitate ecologically based natural resources management at a 1:24,000 scale with 0.5 ha
minimum map unit size (NPS national standard). Along with an overview of the vegetation
ecology of the park in the context of the classification, descriptions of the composition and
distribution of each map unit are provided. The map was delivered both in hard copy and in
digital form as part of a geographic information system (GIS) compatible with that used in the
park. The GIS allows flexibility to update the map as new information becomes available or as
major vegetation changes occur in the park, such as fire or other impacts.

! Final report submitted in June, 2003 in partial fulfillment of Coop Agreement No. Ca-7170-99-004 between the
New Mexico Natural Heritage Program (Natural Heritage New Mexico) at the University of New of New Mexico
and Carlsbad Caverns National Park.
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INTRODUCTION

Carlsbad Caverns National Park not only harbors world-renowned caves, it also supports
on its surface one of the more complex and unique ecosystems in the arid Southwest. The same
unusual Permian limestone reefs that house the caverns give rise to diverse vegetation
communities that provide habitat and forage for a plethora of w wildlife. Accordingly, National
Park Service has sought to manage these surface resources with the same care and attention as
that given to those below ground. Along with comprehensive biological inventories and
monitoring, a key to effective management is the development of a high-resolution vegetation
map that can support such activities as flora and fauna habitat modeling, recreation planning, fire
management, and broad scale facilities planning.

To meet this objective, the New Mexico Natural Heritage Program (NMNHP), in
cooperation with the staff at Carlsbad Caverns National Park (CCNP), set out to develop a
vegetation map that meets or exceeds National Park Service standards® (1:24,000 scale and 0.5
ha minimum map unit size). The map was based on high-resolution satellite imagery and
extensive ground sampling. Beginning in the fall of 1999, we conducted surveys of the
vegetation communities throughout the park and developed a preliminary vegetation
classification for use in the vegetation mapping process (and that could be used in future long-
term ecological monitoring and biological surveys). Then, using the vegetation classification
and associated ground control points, we generated a vegetation map at the 1:12,000 scale using
a combination of automated image analysis and direct image interpretation of satellite imagery
(Landsat Thematic Mapper and IKONOS). Map units were designed to support ecologically
based natural resources management with an emphasis on uses in fire management and rare
species habitat analysis.

We provide here the details on how the map was constructed, an overview of the
classification and ecology of the vegetation communities of the park, and the vegetation map
itself with associated map unit descriptions. The map is presented in both paper form and
digitally as part of a geographic information system (GIS) compatible with that used in the park.
The GIS allows flexibility to update the map as new information becomes available or as major
vegetation changes that occur in the park as a result of fire or other impacts.
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STUDY AREA
Location and history

Carlsbad Caverns National Park (NP) is located in Eddy County in southeastern New
Mexico, about 20 Miles (32 km) southwest of Carlsbad, NM and 150 miles (241 km) east of El
Paso, Texas (Figure 1). The main park entrance near White’s city is accessible from U.S.
Highway 62-180.

President Calvin Coolidge established Carlsbad Caverns National Monument on October
15, 1923 (presidential proclamation No. 1679), under the provisions of the Antiquities Act (34
Stat. 225; June 8, 1906), to protect scenic Carlsbad Cave. Additional public lands were
withdrawn by executive order on April 2, (1924 (No. 3984) and May 3, 1928 (No. 4870) for
consideration for future national park status. On May 14, 1930, Congress established Carlsbad
Caverns National Park (46 Stat. 279). The park was enlarged by executive order on June 17,
1930 (No. 5370), 1933, and 1939. In 1963, boundary adjustments were authorized to acquire
Rattlesnake Springs (77 Stat. 818) and in 1978, Congress designated 71% of the park’s surface
area as Wilderness. Carlsbad Caverns NP was designated as a World Heritage Site in 1995, for
protection of “physical and biological formations and groups, which are of universal world-wide
value and interest.”

The park is currently 46,766 acres (19,926 ha), of which 33,125 acres (13,406 ha) are
wilderness backcountry with little water. Primarily Bureau of Land Management lands lie along
the boundary of the park except for US Forest Service land along the west side. There are also
smaller private and state properties adjacent to the park, particularly along the southern
boundary. Adjacent use is a mix of cattle ranching, oil and gas development, and irrigated
agriculture.

Climate

The climate of Carlsbad Caverns NP is semi-arid with an average rainfall of 14.91 in
(378.7 mm) and a mean annual temperature of 64.4°F (16.8°C). The majority of the
precipitation (71%) falls during the summer “monsoon” rainy season (May through September),
primarily derived from frontal storms off the Gulf of Mexico and to a limited degree the Gulf of
California (Table 1). The remainder of precipitation comes in the form of rain and snow from
storms out of the west (Figure 2). Seasonal temperature ranges can be extreme (Table 2), with
daily fluxes of 30°F (16.8°C) or more (Figure 3). This, in combination with low rainfall,
generates a semi-arid, continental climate throughout most of the park.

Landscape, Geology and Soils

The main physical feature of the park is the Guadalupe escarpment that extends from El
Capitan in Guadalupe Mountains NP, 30 miles to the west, eastward to just past the Carlsbad
Caverns NP entrance. The escarpment forms a face of the Guadalupe Mountains range that rises
out of the desert floor at about 3,595 ft (1,095 m) in the southeastern part of the park and climbs
gradually to a maximum elevation of 6,520 ft (1,987 m) along Guadalupe Ridge in the



northwestern corner. The mountains are cut by several deep canyon drainages that trend
radically east to west, or north to south. Elevations can drop as much as 1,500 ft (450 m) in one
half mile with a combination of cliffs and very steep slopes that commonly exceed >50%. This
rugged terrain is particularly prevalent in the central and western portions of the park
(Rattlesnake, Slaughter and Double Canyon drainages).

The geology of the park is dominated by the various limestone and dolomite formations
that were part of a Permian age reef complex that was later uplifted and tilted upward from east
to west to make the Guadalupe Mountains (Brand and Jacka 1979). The stratigraphy of the
formations has been described in detail by Hayes (1964) and has a significant effect on
vegetation patterns. In summary, the escarpment is primarily made up of the Capitan Limestone
(Pcm & Pcb), which also houses the caverns of the park’s fame (Figure 4). Moving away and
north from the escarpment, the Capitan grades to, or is overlain by, the Seven Rivers (Pse &
Psc), Yates (Pya), and Tansil (Pt) formations (Figure 5). The Tansil is prevalent in the south-
central and eastern portions of the park as a dolomitic “cap rock” over the Capitan Limestone
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Table 1. Seasonal temperature summary for Carlsbad Caverns National Park, NM from New Mexico from 1930 to 2000 at 4,441 ft (source: Western Regional
Climate Center web page http://www.wrcc.dri.edu/).

Max. Min. Mean High Date Low Date Hl\i/?:::t Year Ll\a\gaer?t Year 9?)=F 3<2=F 3<2=F 5 |=:
ddlyyyy ddlyyyy
F F F F or F or F - F - #Days #Days #Days
yyyymmdd yyyymmdd

Annual 74.4 504 624 110 19940628 -4 19620111 65.6 50 599 79 71.0 3.7 47.0 041
Winter 58.2 351 46.6 84 19890226 -4 19620111 52.1 50 411 79 0.0 3.3 348 041
Spring 75.2 49.6 624 106 20000525 10 19480311 67.3 67 57.8 87 7.5 0.2 6.4 0.0
Summer 90.2 654 77.8 110 19940628 41 19640624 819 94 746 79 55.4 0.0 0.0 0.0
Fall 742514 628 100 19480906 8 19761128 66.5 54 56.7 76 8.1 0.2 58 0.0

Table 2. Seasonal precipitation summary for Carlsbad Caverns National Park, NM from New Mexico from 1930 to 2000 at 4,441 ft (source: Western Regional
Climate Center web page http://www.wrcc.dri.edu/).

Precipitation Total Snowfall
Mean High Year Low Year 1 Day Max. 0.0>1=in. 0.1>0=in. O.5>O=in. 1.0>0=in. Mean High Year Mean
ddlyyyy
in. in. - in. - in. or # Days # Days # Days # Days in. in. -
yyyymmdd
Annual 14.91 43.23 41 447 51 8.41 19860624 55 30 9 3 54 253 87
Winter 1.43 450 32 0.08 67 1.20 19680121 9 1 0 42 260 88
Spring 2.45 16.28 41 0.17 100 4.55 19540425 11 6 1 0 08 95 69
Summer 6.18 19.61 86 1.36 51 8.41 19860624 20 12 4 1 0.0 0.0 48
Fall 485 1552 41025 56 5.63 19800926 15 3 1 05120 76
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Figure 2. Monthly average precipitation at Carlsbad Caverns National Park over the period of record (station
291480). Source: Western Regional Climate Center at http://www.wrcc.dri.edu/.
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Figure 3. Daily mean temperatures at Carlsbad Caverns National Park over the period of record (station
291480). Source: Western Regional Climate Center at http://www.wrcc.dri.edu/.



and Yates formation. The nearly horizontal contact between the Tansil and the Yates is
particularly recognizable because of the development of conspicuous horizontal banding of more
mesic vegetation along canyon slopes driven the accumulation of moisture and occasional
springs along the contact. In addition to dolomite, the Yates contains significant amounts of
siltstone and sandstone beds that weather to slopes between the dolomitic cliffs and ledges. The
Seven Rivers lies below Yates and becomes the dominant exposed formation to the north and
west, both along slopes and on ridges (it too grades to Capitan Limestone towards the southern
escarpment). The Queen formation underlies the Seven Rivers in the extreme northwestern
corner of the park (Putman Canyon). To the south, the Guadalupe escarpment drops to the floor
of the Delaware Basin where sediments have accumulated throughout the Quaternary to generate
alluvial fan piedmonts (bajadas) and basin fill (Qal). Significant Recent alluvial gravel deposits
also occur within in the drainages (Qg).

Vegetation

The park straddles a northern boundary of the Chihuahuan Desert region as defined by
Johnston (1979) and Henrickson and Johnston (1997), but contains several elements of Sierra
Madrean, Rocky Mountain and Great Plains affinity. Hence, following the biome definitions of
Brown et al. (1979) and Brown et al. (1998), vegetation ranges from Chihuahuan Desert Scrub
and Semi-Desert Grassland of the desert basin up through Interior Chaparral, Madrean Evergreen
Woodland, and Rocky Mountain Montane Conifer Forest and Woodland at the higher elevations.
Similarly, Dick-Peddie (1993) refers to these elements as Chihuahuan Desert Scrub, Desert
Grassland, Montane Scrub, Mixed Woodland, and Lower Montane Forest, respectively.

Gehlbach (1967 & 1979) outlined the composition of five similar formations or
“hypothetical biomes” for the Guadalupe Mountains (encompassing both Carlsbad Caverns NP
and Guadalupe Mountains NP). Briefly, they are: 1) a Shrub Desert Formation dominated by
creosotebush (Larrea tridentata), tarbush (Flourensia cernua), and viscid acacia (4Acacia
neovernicosa); 2) Succulent Desert characterized by lechuguilla (Agave lechuguilla) along with
Pinchot juniper (Juniperus pinchotii) and goldeneye (Viguiera stenoloba); 3) Evergreen
Woodland dominated by gray oak (Quercus grisea), alligator juniper (Juniperus deppeana),
Texas madrone (Arbutus xalapensis), and pinyon pine (Pinus edulis); 4) Coniferous Forest
characterized by ponderosa pine (Pinus ponderosa), and 5) a Deciduous Woodland dominated by
riparian and semi-riparian species such as little walnut (Juglans microcarpa) and bigtooth maple
(Acer grandidentatum). An anonymous generalized vegetation map was produced for the park
with eight broad vegetation classes that more or less reflect those described by Gehlbach (1967
& 1979). Northington and Burgess (1979) also provided a review of the basic composition of
vegetation in the Guadalupe Mountains that reiterates these patterns, but in addition, they noted
that rock outcrops supported a unique set of taxa warranting attention.

Bunting (1978) conducted a detailed analysis of vegetation and soils of the Guadalupe
Mountains, primarily in Guadalupe Mountains National Park (10 of his 195 plots were located in
CCNP). He grouped 65 plant communities into eight broad “associations”: Bolson, Gypsum,
Quartz Sand, Creosotebush, Grassland, Mountain Shrub, Forest, and Canyon Terrace (see Table
7 for details).



Figure 4. The geology of Carlsbad Caverns National Park as delineated by Hayes (1957 & 1958). The formations within the park are Capitan
(Pcm, Pcb), Tansil (Pt), Yates (Pya), Seven Rivers (Pse, Psc), Queen (Pq), Alluvium (Qal), and Gravel (Qg).
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Figure 5. Example of the generalized vertical stratigraphy from north to south in the eastern portion of the park (source: Hayes 1957).



The park also potentially contains an estimated 27 sensitive plants* of which three are of
particular interest: shining coral root (Hexalectris nitida) (State Endangered; NMNHP Rank
G3S1), Sneed pincushion cactus (Escobaria sneedii var. sneedii ) (State Endangered; NMNHP
G2S2), and Lee pincushion cactus (E. sneedii var. leei) (State Endangered; NMNHP G2S2).

Cultural Heritage

Paleo Indian occupation is estimated to have begun around 12,000 B.C. Archaic hunters
and gathers followed from about 6000 B.C. to 800 A.D. Pictographs left by the latter are found
in several park caves. The period from 800 A.D. and 1541 was one of adaptation. Pottery shards
and metates, found at several of the park's 125 archaeological sites, indicate that Indians living
within the Guadalupe Mountains region were influenced by other cultures such as the Jornada
Mogollon to the west’. The Mescalero Apache arrived in the area around 1400 and remained
there until the Spanish conquest (beginning in 1536) and Anglo-European settlement (up until
around 1880) drove them on to reservations to the north.

The Spanish and Anglo-Europeans extensively grazed the area with sheep, cattle and
horses. In addition, commercial mining of gold and bat guano for fertilizer led to the
development of an extensive trail and road system leading out of the main cavern area at the east
end of the park. At establishment in 1923, the park was fenced and closed to grazing and other
uses including guano extraction (grazing continued intermittently for approximately another
decade).

MATERIALS AND METHODS
Sampling Strategy

Over the course of three field seasons, 400 vegetation plots were collected to serve the
purposes of vegetation classification and map building (a list of plots and locations is provided in
Appendix A). Plots were distributed in such a way as to maximize the coverage of as many
habitats as possible but within the logistical constraints of the park’s rugged terrain and
wilderness areas (Figure 1). Using available aerial photography and satellite imagery, sampling
zones representing typical vegetation patterns of a given area were identified that were
reasonably accessible by roads and trails and within a day’s hike of water. Since geology plays a
key role in the pattern of vegetation communities, samplings were distributed among as many
geologic units as possible to ensure broad coverage of different landscape types (see Figure 4).
Plots were most commonly located in “landscape clusters” whereby plots would be optimally
distributed in such a way as to represent the local vegetation pattern and geomorphic
configuration. For example, within a watershed patches of homogenous vegetation on north
versus south slopes might be sampled along with that in the drainages or the ridgelines.

Initially, a brief reconnaissance survey was conducted in September 1999 to provide a
starting point for the development of a preliminary vegetation classification, and to guide map
development and future sampling. The 1999 survey focused on Walnut Canyon and the eastern
portion of the park with forays into Slaughter Canyon and along Guadalupe Ridge in the west
(logistical constraints limited sampling to 16 vegetation plots total). In 2000, 175 full vegetation

* Personal communication Diane Dobos-Budno, CCNP botanist.
> information from Carlsbad Caverns National Park web page at http://www.nps.gov/cave/
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plots (see below) were collected with extensive sampling in the wilderness area of the western
portion of the park (Guadalupe Ridge, in Slaughter Canyon, Rattlesnake Canyon, Yucca Canyon
and mesa, and in the southwestern corner in Double Canyon and surroundings), as well as
throughout the eastern portion, and along the main escarpment and at the Rattlesnake Springs
unit. These plots formed the core data set for the development of vegetation classification and a
provisional vegetation map. The 2001 field season focused on gathering in additional ground
control for the mapping process and for map validation and resulted in the collection of 208
mapping plots. Additional informal reconnaissance surveys were conducted in 2002 to further
ground truth the map.

Field Techniques

Of the 400 plots, 192 were standard NMNHP plots that were usually 400 m” and square,
with other sizes occasionally used to fit the structure of a community, especially along drainages
where vegetation stands conform to the channel shape. Plots were established in the center of large
homogeneous stands or patches (at least 2,500 square meters). A list of all vascular plant species,
stratified by lifeform (tree, shrub, subshrub, grass and forb layers) was compiled for each plot and
aerial cover determined for each species using a modified Domin-Krajina Scale (Table 3). In
addition, several site attributes were recorded including slope percent, aspect, slope shape, surface
rock type, and ground cover (percent rock, gravel, bare soil and litter), along with detailed narratives
on species composition and site conditions. The 208 mapping control and validation plots were
also approximately 400 m”, but only the dominant species were recorded with their cover
estimates, and a limited set of environmental characteristics is described. All plot locations were
established with handheld Garmin GPS units and determined from a raw running average over one
minute or more. Accuracy is estimated to be + /- 10 m or less (see Data Addendum for examples
of sampling forms and detailed survey methods).

A total of 651 plant voucher specimens for 244 species were collected to confirm field
identifications and were deposited at the University of New Mexico Herbarium. Specimens were
identified to lowest level possible given the material at hand (typically to the species and lower) and
with nomenclature following the PLANTS database (USDA-NRCS 2002). An additional 191
common species were not vouchered. A species list derived from the plot data is provided in
Appendix B.

All plots have at least one reference photograph, barring exposure problems. The compass
direction and focal length of each shot was logged for future reference. Most photographs were
taken on Ektachrome 200 slide film, but some landscape panorama shoots were shot with
Kodachrome 200 print film. A subset of slides were scanned and placed on a separate data CD
along with a selection of landscape and other shots of interest.

All vegetation and site data were entered into a Microsoft Access 2000 database and
quality controlled through error checking computer routines and manual read-backs. The
complete records for all plots are provided in the Data Addendum. Each record contains the
comprehensive documentation of the plot location, dimensions, vegetation composition, tree
stand structure, site characteristics, vegetation classification, and photo points. In addition, the
computerized ASCII dataset and database are provided on a separate data CD.
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Table 3. Modified Domin-Krajina Vegetation Cover Scale from Mueller-Dombois and Ellenberg (1974). Cover
Class is the scalar value assigned in the field; Percent Canopy Cover is the range of cover the class represents; m2/
400 m? is the actual area represented by the cover class within the 400 m’ plot; and Midpoint % Cover is the
midpoint canopy cover value used in data analysis.

Cover Percent Canopy m?/ 400 m> Midpoint %

Class Cover Cover

+0 [Undefined] [Outside plot] [0.001]

+ <.05 <0.04 m 0.01

1 <0.1 >004 & < 05 0.05

2 <1 > 05 &< 4 0.5

3 1-4 > 5 & <20 2.5

4 5-10 > 20 & <40 7.5

5 10-25 > 40 & <100 17.5

6 25-33 >100 & <132 29.0

7 33-50 41.5
>132 & <200

8 50-75 5200 & <300 62.5

9 > 175 N 87.5

Vegetation Analysis

To develop a preliminary vegetation classification, the plot data was subjected to
multivariate cluster analysis (Ludwig and Reynolds 1988), and standard tabular comparison
techniques (Mueller-Dombois and Ellenberg 1974). The cluster analysis was performed using
PCORD (McCune and Mefford. 1997) cluster analysis and Twinspan (Hill 1979) routines. The
cluster analysis used a flexible-beta strategy with the beta coefficient set at —0.25. Tree, shrubs
and grasses were included in the analysis, but forbs were excluded due to memory constraints of
PCORD. Abundance scalar values were converted to percent cover mid-point values.
Twinspan, which uses a combination of reciprocal averaging and divisive clustering techniques,
was computed with the top 75 species and three divisions. The resulting classification
dendrograms and two-way tables are provided in the Data Addendum. The dendrograms
provided the foundation for the vegetation classification that was then refined by tabular
comparison where plots were initially grouped into vegetation units following the hierarchy and
protocols of the International Classification of Ecological Communities and U.S. National
Vegetation Classification System (Grossman et al. 1998), which is the U.S. geographic data
standard. In general, each plot was classified into an Alliance based on dominant or indicator
species, and then to a particular Plant Association (PA) based on codominance and/or other
groups of differential species. Phases of associations were assigned as necessary to further
define the character of the plant community.

Since the National Vegetation Classification (NVC) is intended to be part of a universal

international system, it, by design, lacks regional categories such as "Chihuahuan Desert Scrub"
or "Rocky Mountain Pinyon-Juniper Woodland," which are part of regional and state
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classifications such as Brown et al. (1998), Dick-Peddie (1993) or the U.S. Fish and Wildlife
Gap Analysis Project classification for New Mexico (Thompson et al. 1996). These regional
"biomes" or "zones" are essentially floristically based and can be very useful for general analysis
and planning. They conceptually reflect regional knowledge of broad vegetation types and serve
as effective categories for communication among scientists, managers and the public in the
Southwest. Recently, a new national classification of “ecological systems” has been developed
by NatureServe to help addresses these regional entities (NatureServe 2003). Accordingly, the
NMNHP has also attempted to incorporate the regional concepts of vegetation in the
development of a comprehensive state classification (Table 4). The state system keeps the
alliance and association levels of the national classification but attempts to integrate regional
formation and biome concepts from the above authors plus the NMNHP wetland classification of
Muldavin et al. (2000). It is this classification that is presented here with a crosswalk to the
national classification.

The plant associations are the fundamental unit of the classification. Ecologists use the

concept of plant association to help describe and recognize patterns in the way vegetation occurs
in the landscape. By grouping land areas based on the ability to support similar associations,
general management observations and recommendations can be made for each grouping. In the
past 30 years, resource managers have found that the classification of vegetation into plant
associations has provided insight and the ability to predict vegetation changes in response to
various disturbance processes. In addition, plant associations are used to define map unit
components in the mapping process—providing the information linkage between vegetation
spatial distribution and its ecology.

Table 4. NMNHP state vegetation classification hierarchy.

Level Definition Example
I Formation type: growth form and structure of Woodland
vegetation
I Primarily climate zones Warm Temperate Woodland
11 Biomes, biotic communities, ecological systems (in Madrean Evergreen Woodland
part)
v Regional floristically and environmentally related Madrean Oak Woodland
Alliances
v Alliance (series): a group of plant associations Gray Oak (Quercus grisea) Woodland Alliance
characterized by a common dominant(s) and/or a
diagnostic species
IVv. Plant Association: fundamental unit of vegetation Gray Oak/Texas Mountain Laurel Woodland

characterized by a set of dominant and/or diagnostic
species from any stratum.

(Quercus grisea/Sophora secundiflora PA)
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Vegetation plant associations were also ranked with respect to rarity on a state and global
basis. The network of natural heritage programs under NatureServe evaluates status of
biological elements, either species or natural communities, using a ranking system that considers
rarity, vulnerability and imperilment (Grossman et al. 1998). The ranking system is used by all
network data centers including the New Mexico Natural Heritage Program (NMNHP), as well as
by various government agencies and other organizations to support the planning of conservation
strategies. Global ranks are based on factors such as quality, condition and viability, size, and
identifiable threats that face the community. Each element is assigned a single global (G) rank to
indicate its relative degree of imperilment on a five-point scale (e.g., 1 = critically imperiled
because of extreme rarity, 5 = demonstrably secure). The primary criteria for ranking
community elements is the number of occurrences (the number of known distinct localities) and
extant acreage. Also of importance are the size of the geographic range, trends in distribution,
and the number of already protected occurrences. However, the emphasis remains on the
number of occurrences, such that ranks are, in effect, an index of known biological rarity. State
ranks are similar, but the evaluation is based on ranges and distributions within New Mexico.

Map Development
Spatial Data Acquisition and Processing

The vegetation map was developed using a strategy that combined and automated digital
image classification of satellite imagery with direct analog image interpretation. Two sets of
satellite imagery were used for mapping: Spacelmaging®’s IKONOS and Landsat Enhanced
Thematic Mapper' (ETM"). IKONOS was the primary imagery used because of its high-
resolution 1 m panchromatic (Pan— a black and white panchromatic band) and 4 m Multi-
Spectral (MS—three visible and one infrared band) data (Figure 6 and Table 5). Variations in
plant reflection and absorption due to biochemical composition will vary within and among
bands and generate distinct spectral “signatures” for various elements of interest (Lillesand and
Kiefer, 1987). In this case, the signature of each picture element (pixel) in the image provides a
quantitative measure of reflectance at specific wavelengths that can then be statistically analyzed
to generate a vegetation map of spectrally similar vegetation communities. In addition, the high
resolution of both the Pan and MS imagery enabled the visual differentiation of trees and shrubs
from one another along with various physical features that allow the enhancement of the
statistically generated map during the interpretation phase (Figure 7).

There were some unforeseen complications in using the IKONOS imagery. Contrary to
expectations, two separate IKONOS images were acquired by Spacelmaging® to cover the park
(the original order had been for one uniform image). One image covered the eastern half of the
park and was acquired on August 27, 2000; the other was acquired on September 29, 2000 and
covered the western half. Although the two images were only a month apart, the differences in
viewing geometries, solar illumination geometries, and vegetative phenologies were sufficient
such that, for classification purposes, they had to be analyzed separately, leading to the
development of two maps rather than one (Table 6). In addition, the eastern image had cloud
and shadow coverage, which was well within the 20% or less cloud coverage guaranteed by
Spacelmaging®, but it still obscured a north-central portion of the park (see Appendix C for
details).
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Table 5. IKONOS and LANDSAT satellite spectral bands, spatial resolution and spectral ranges (from
http://www.spaceimaging.com/ and http://landsat7.usgs.gov/).

Band Spatial Wavelength Spectral Location
Resolution (microns)
IKONOS
Pan Im (3 ft) 0.45-0.52 Visible/Near-Infrared
MS1 4m (13 ft) 0.51-0.60 Visible Blue
MS2 4m (13 ft) 0.51-0.60 Visible Green
MS3 4m (13 ft) 0.63-0.70 Visible Red
MS4 4m (13 ft) 0.76-0.85 Near-Infrared
LANDSAT
ETM'1 30m (98 ft) 0.45-0.52 Visible Blue
ETM"2 30m (98 ft) 0.52-0.60 Visible Green
ETM"3 30m (98 ft) 0.63-0.69 Visible Red
ETM'4 30m (98 ft) 0.76-0.90 Near-infrared
ETM'S 30m (98 ft) 1.55-1.75 Mid-infrared
ETM'6 60m (197 ft) 10.4-12.5 Thermal Infrared
ETM'7 30m (98 ft) 2.08-2.35 Mid-infrared

Table 6. Differences in viewing and solar geometry for two different dates IKONOS imagery were acquired.

August 27,2000 | September 29, 2000
Viewing Geometry
Azimuth 36° 0°
Elevation 86° 83°
Solar Geometry
Azimuth 132° 150°
Elevation 86° S1°

To address the problems of temporal differences and cloud cover, ETM" satellite imagery
was used to provide data continuity over the two separate images and to infill clouded areas.
While ETM" covers more of the spectrum than the IKONOS data with seven bands stretching
from blue to far-infrared, it is coarser at a resolution of 30 m versus 4 m and 1 m. The first four
bands of ETM" data are almost identical to the MS data (see Table 5), but the last three cover
spectral and emissive responses in the mid-infrared and thermal infrared wavelengths. The mid-
infrared bands are useful for detecting variations in surface geology and soil discrimination
which are important in developing mapping units of the vegetation communities in sparsely
vegetated areas that occur within the study area. The thermal infrared response is recorded at the
coarsest spatial resolution, but these wavelengths directly measure surface temperature and
indirectly the moisture content, which can be important for discriminating between different
plant and soil types (Elachi 1987).

The ETM" scene used for the project was acquired over the area on April 16, 2000, by
the Landsat 7 platform, and was of good quality with no clouds, cirrus or scan line defects. A
spring scene was purposely chosen to help further differentiate among vegetation communities
by detecting seasonal differences between evergreen and deciduous plant species.
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Figure 6. Examples of IKONOS imagery from over the park headquarters. North is down.
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a) Individual trees are readily discernable in this IKONOS Pan closeup over Yucca
Canyon mesa.

b) An NDVI level-slice IKONOS MS data helps isolate trees spectrally for analysis
over the same area.

Figure 7. Examples of the uses of IKONOS imagery at 1>12,000 scale over Yucca Canyon mesa.
North is down.
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In addition to the above image data sources, several other data sets were created to aid in
map development. Road and land status coverages were created from the 2000 US Geological
Survey (USGS) TIGER dataset and the BLM 1:100,000 series ownership maps respectively - both
available from the New Mexico RGIS website (http://rgis/). Raster data sets such as the USGS
1:24,000 Digital Raster Graphics (DRG) datasets — scanned topographic map sheets — and the
National Elevation Dataset (NED) Digital Elevation Model (DEM) with a spatial resolution of 30 m
(96 ft) was also clipped to the area and used for this study. In addition, the park provided Digital
Ortho-photo Quads (DOQs) at 1 m spatial resolution; these were mosaicked together and used as a
geographic reference for the satellite images. The DOQs were in a Universal Transverse Mercator
projection, Zone 13, 1983 North American Datum, 1980 Geodetic Reference System.

ERDAS Imagine, Version 8.5, was the principal software used in a PC environment
throughout the mapping process (ERDAS 1997). All digital imagery and GIS coverages were
processed, manipulated, and used as overlays for analysis within the Imagine environment.
Arc/Info 8.0 and ArcView 3.2 were used to create, import, and manipulate vector coverages.
Microsoft Excel 9.0 was used to store and manipulate all field data.

The satellite imagery was processed in various ways to enhance spatial and spectral
characteristics (see Appendix C for technical details). Initially, the images were geometrically
corrected to within one meter using the USGS DOQ’s as the reference. Then, to conform all images
spatially for subsequent analysis, they were resampled to 1 m resolution of the IKONOS Pan image.
A normalized difference vegetation index (NDVI) was computed using the red and infrared bands
to enhance the vegetation response, and a texture filter developed from the Pan to help detect trees
and shrubs. The NDVI was also used in a level-slice algorithm to generate images to help portray
the density of trees or shrubs (Figure 7).

Image Classification

The indices, along with the raw spectral bands, were used in a supervised image
classification strategy that was based on the ground data gathered during the vegetation survey. In
this approach vegetation plots with known vegetation characteristics and locations are used to
develop classification “seeds” whereby the spectral characteristics of an image pixel at a given plot
location is gathered along with similar contiguous pixels to create a statistically valid model that can
subsequently be used to classify the other pixels in the image. Seed shapes and locations were
checked against field notes and maps, and by direct interpretation of the seeds in the imagery in
conjunction with the terrain models. Each seed therefore represents a particular plant association on
the ground, and the intent is to generate as many seeds as possible to represent the spectral range of
a given plant association in the imagery. Not all plots will generate valid seeds because of local
idiosyncrasies in the imagery, while others are redundant spectrally for same vegetation association
and thus not used. Each initially valid seed is saved in a signature file with its field plot number,
mean values for each image band, variance, number of pixels that were used to create the seed, and
minimum and maximum values.

Statistics gathered for each seed are then used to perform a supervised classification of the
other pixels in the image using a Bayesian maximum likelihood decision rule. Each pixel is
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assigned to a seed class representing a particular plant association based on spectral distance (as the
minimum distance decision rule) and the variance of each of the signature models. The variance is
important when comparing a pixel to a signature representing, for example, a shrubland community
which might be fairly heterogeneous, to a grassland class, which is more homogeneous. Informal
accuracy checking based on field data, air photos, personal knowledge of a site and other ancillary
data was used to detect distribution problems. If a problem with a seed was detected, the seed was
rechecked to insure it was properly modeling the vegetation type and landscape. If not, it was
discarded or replaced and the classification repeated. Through this iterative process an optimized
solution was reached and a preliminary map developed with as many map classes as seeds used to
develop it.

Final Map Units and Fine-scale Image Interpretation

Once the image was classified, the seed classes representing the various plant associations of
the park were grouped into operational map units based on two criteria. Either they were grouped
ecologically into map units that were appropriate for land management at the target scale of
1:24,000, or they were grouped because they were spatially or spectrally so similar that they were
not differentiable with confidence at the target scale. Hence, most map units were represented by
sets of plant associations that are separated into primary components (dominant plant associations
comprising the majority of a map unit), secondary components (other plant associations with
significant coverage), and potential inclusions (plant associations estimated to have less than 10%
coverage within the unit). Map unit descriptions were then developed describing the composition
and distribution of each unit.

Mapping in areas of high relief and with a complex vegetation mosaic such as that at CCNP
can pose significant mapping problems, particularly in areas of deep shadows and narrow linear
features (narrow bands of vegetation and rock are a common occurrence on CCNP). In addition,
while the supervised approach was suitable for analyzing large homogeneous patches of relatively
uniform spectral response, the one-meter resolution of the imagery often led to small patches and a
rather heterogeneous classification pattern driven by small differences in spectral response, e.g.,
individual trees or shrubs might be classified as one thing while the intervening grassland matrix
might be classified as another. Therefore, using the supervised classification as a foundation, the
map was refined using direct image interpretation of the Pan and MS imagery supported by the
special analysis layers (NDVI and level slicing) and ancillary information such as ground-based
mapping and photos. The final map and associated image and shape files were incorporated into an
ArcGIS project file for delivery to the park

With respect to accuracy, the initial target was at least 80% overall accuracy at a target user
scale of 1:24,000 and a minimum map unit delineation size of 0.5 ha. Given the high resolution of
imagery, the actual minimum delineation often approached 0.25 ha or finer at an operational scale
of 1:12,000 (Figure 8). An independent validation dataset was developed from the CCNP fire
monitoring plots and used to determine the accuracy of those map units represented in the dataset.
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b) Final vegetation map.

Figure 8. An example at approximately 1:12,000 scale of the vegetation map pattern that results from a combination of
automated supervised classification and direct image interpretation (See map for map unit definitions). North is down.



RESULTS AND DISCUSSION
Vegetation Communities of Carlsbad Caverns National Park

The vegetation communities of Carlsbad Caverns NP are diverse and in several cases
unique. We identified 85 plant associations ranging from desert shrublands and semi-grasslands
of the lowland basins and foothills up through montane grasslands, shrublands and woodlands of
the highest elevations (Table 7). Of these, 20 were considered well established associations
described elsewhere in the Southwest; 37 were considered provisional types with more limited
documentation (3-4 plots), and the remaining 28 are new associations represented by one or two
plots and that had not been previously described elsewhere. We have indicated in Table 7 those
plant communities described by Bunting (1978) that are similar to ours. In the following, we
summarize the information on composition, structure, and environments of these communities
within their respective formation types and regional biomes. Floristic summary tables for each
association are provided in the Data Addendum.

Forest and Woodland

Upland forests and woodlands are found at the highest elevations and include
associations of both Madrean and Rocky Mountain affinity, i.e., communities that are
characterized by floristic elements with the center of their distribution in either the Sierra Madre
of northern Mexico or the southern Rocky Mountains, respectively. Hence, we have grouped
woodland plant associations into four biome types: cold temperate Madrean Montane Forest,
Rocky Mountain Conifer Woodland, Rocky Mountain Deciduous Woodland, and warm
temperate Madrean Evergreen Woodlands (Evergreen Woodlands and Deciduous Woodlands of
Gehlbach (1967 &1979).

Madrean Montane Forests are
represented by the Ponderosa Pine (Pinus
ponderosa) Madrean Forest Alliance
(Figure 9). They occur in small patches
predominantly on ridge tops and north
facing slopes at elevations above 5,000 ft
(1,525 m), or in protected sites of canyon
bottoms. They are represented here by
two provisional associations (Table 7).
The Ponderosa Pine/ Sandpaper Oak/New
Mexico Muhly Plant Association (PA) is

characterized by an open to moderate T Al e b | s A N,
canopy of ponderosa pine with a matrix of pigyre 9. An example of the Ponderosa Pine/Chinkapin
shrubby sandpaper oak (Quercus Oak/Pinyon Ricegrass PA at Able Seep in canyon off of
pungens) patches and grasses Guadalupe Ridge.

(Muhlenbergia pauciflora, Piptochaetium

fimbriatum, and Bouteloua curtipendula) in the undergrowth. It is typically found on the wide
flat summits of ridges or upper slopes above 6,000 ft (1,830 m) and is usually associated with
Tansil or Yates Formation cap rocks. The Ponderosa Pine/Chinkapin Oak/Pinyon Ricegrass PA
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Table 7. Carlsbad Caverns National Park Vegetation Classification, 2003. Vegetation units follow the New Mexico
Natural Heritage Program New Mexico vegetation classification system (see Table 4). Status refers to classification

confidence at the plant association level: 1 = established type, well documented (5 or more plots); 2= provisional

type, limited documentation (3-4 plots); 3 = new type with minimal documentation (1-2 plots). Associations similar
to those described by Bunting (1978) are marked with an “* ““. S-Rank is the rarity ranks assigned for the state and
G-Rank is the global rarity rank. A “?” after the rank is used for new and occasionally for provisional associations

where ranking data is limited (see Methods).

Vegetation Unit

Status S-Rank G-Rank

I. Forest
II. Cold Temperate Forest
III. Madrean Montane Forest
IV. Madrean Pine-Oak Forest
Ponderosa Pine (Pinus ponderosa) Forest Alliance

Ponderosa Pine-Chinkapin Oak/Pinyon Ricegrass Forest
(Pinus ponderosa-Quercus muehlenbergii/Piptochaetium fimbriatum PA)

Ponderosa Pine/Sandpaper Oak/New Mexico Muhly Forest*
(Pinus ponderosa/Quercus pungens/Muhlenbergia pauciflora PA)

I. Woodland
II. Cold Temperate Woodland
III. Rocky Mountain Conifer Woodland
IV. Rocky Mountain Pinyon-Juniper Woodland
Pinyon Pine (Pinus edulis) Woodland Alliance
Pinyon Pine-Sandpaper Oak Woodland*
(Pinus edulis-Quercus pungens PA)

III. Rocky Mountain Deciduous Woodland
IV. Rocky Mountain Broad-leaved Deciduous Woodland
Bigtooth Maple (Acer grandidentatum) Woodland Alliance
Bigtooth Maple/New Mexico Muhly Woodland
(Acer grandidentatum/Muhlenbergia pauciflora PA)
Bigtooth Maple-Chinkapin Oak Woodland
(Acer grandidentatum-Quercus muehlenbergii PA)

II. Warm Temperate Woodland
III. Madrean Evergreen Woodland
IV. Madrean Oak Woodland
Gray Oak (Quercus grisea) Woodland Alliance
Gray Oak/Texas Mountain Laurel Woodland
(Quercus grisea/Sophora secundiflora PA)
Gray Oak-Bigtooth Maple Woodland
(Quercus grisea-Acer grandidentatum PA)
Gray Oak-Texas Madrone Woodland*
(Quercus grisea-Arbutus xalapensis PA)

IV. Madrean Juniper Savanna Woodland
Alligator Juniper (Juniperus deppeana) Woodland Alliance
Alligator Juniper/Sideoats Grama Woodland
(Juniperus deppeana/Bouteloua curtipendula PA)
Alligator Juniper/Sandpaper Oak/Pine Muhly Woodland*
(Juniperus deppeana/Quercus pungens/Muhlenbergia dubia PA)
Alligator Juniper/Sandpaper Oak/Bullgrass Woodland
(Juniperus deppeana/Quercus pungens/Muhlenbergia emersleyi PA)
Alligator Juniper/Canyon Grape Woodland

S1?

S354

S?

S?

S1S2

S2

S2

S2

S4

S?

S4

S?

G2?

G4?

G?

G?

G3

G3

G2?

G2?

G5

G?

G5

G?
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(Juniperus deppeana/Vitis arizonica PA)

Table 7. Carlsbad Caverns National Park Vegetation Classification, 2003 (continued).

Vegetation Unit

Status S-Rank G-Rank

I. Mesophytic Shrubland
II. Cold Temperate Shrubland
III. Madrean Montane Scrub
IV. Broadleaved Deciduous Madrean Montane Scrub

Shaggy Mountain Mahogany (Cercocarpus montanus var. paucidentatus) Shrubland Alliance

Shaggy Mountain Mahogany/Little Awn Needlegrass Shrubland

(Cercocarpus montanus var. paucidentatus/Achnatherum lobatum PA)

Shaggy Mountain Mahogany/Bullgrass Shrubland

(Cercocarpus montanus var. paucidentatus/Muhlenbergia emersleyi PA)

Shaggy Mountain Mahogany/New Mexico Muhly Shrubland*

(Cercocarpus montanus var. paucidentatus/Muhlenbergia pauciflora PA)

Shaggy Mountain Mahogany/Curlyleaf Muhly Shrubland*

(Cercocarpus montanus var. paucidentatus/Muhlenbergia setifolia PA)

II. Warm Temperate Shrubland
III. Chihuahuan Interior Chaparral
IV. Broadleaved Chihuahuan Interior Chaparral
Sandpaper Oak (Quercus pungens) Shrubland Alliance

Sandpaper Oak/Littleawn Needlegrass Shrubland
(Quercus pungens/Achnatherum lobatum PA)

Sandpaper Oak/Sideoats Grama Shrubland
(Quercus pungens/Bouteloua curtipendula PA)

Sandpaper Oak/Shaggy Mountain Mahogany Shrubland*
(Quercus pungens/Cercocarpus montanus var. paucidentatus PA)

Sandpaper Oak/New Mexico Muhly Shrubland*
(Quercus pungens/Muhlenbergia pauciflora PA)

Sandpaper Oak/Curlyleaf Muhly Shrubland
(Quercus pungens/Muhlenbergia setifolia PA)

IV. Needle-leaved Chihuahuan Interior Chaparral
Pinchot Juniper (Juniperus pinchotii) Shrubland Alliance

Pinchot Juniper/Sandpaper Oak/Sideoats Grama Shrubland
(Juniperus pinchotii/Quercus pungens/Bouteloua curtipendula PA)

Pinchot Juniper/Sandpaper Oak/Hairy Grama Shrubland*
(Juniperus pinchotii/Quercus pungens/Bouteloua hirsuta PA)

Pinchot Juniper/Skeletonleaf Goldeneye Shrubland
(Juniperus pinchotii/Viguiera stenoloba PA)

Pinchot Juniper/Sideoats Grama Shrubland
(Juniperus pinchotii/Bouteloua curtipendula PA)

Pinchot Juniper/Black Grama Shrubland
(Juniperus pinchotii/Bouteloua eriopoda PA)

Pinchot Juniper/Curlyleaf Muhly Shrubland*
(Juniperus pinchotii/Muhlenbergia setifolia PA)

3

1

1

S3

S4

S5

S4

S3

S3

S3

S3

S3

S?

S?

S?

S2

S2

S2

G4

S4

G5

G4

G4G5

G4G5

G4GS5

G4GS5

G4G5

G?

G?

G?

G4

G3G4
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Table 7. Carlsbad Caverns National Park Vegetation Classification, 2003 (continued).

Vegetation Unit Status S-Rank G-Rank

I. Xerophytic Shrubland
II. Warm Temperate Desert Shrubland
III. Chihuahuan Desert Scrub
IV. Chihuahuan Foothill-Piedmont Desert Scrub
Viscid Acacia (Acacia neovernicosa) Shrubland Alliance

Viscid Acacia/Black Grama Shrubland* 1S4 G4
(Acacia neovernicosa/Bouteloua eriopoda PA)

Viscid Acacia/Blue Grama Shrubland 2 S4 G4
(Acacia neovernicosa/Bouteloua gracilis PA)

Viscid Acacia-Lechuguilla Shrubland 2 G5 G5
(Acacia neovernicosa-Agave lechuguilla PA)

Viscid Acacia-Mariola Shrubland 1 G5 G5
(Acacia neovernicosa-Parthenium incanum PA)

Viscid Acacia-Pricklyleaf Dogweed Shrubland 3 @? G?

(Acacia neovernicosa-Thymophylla acerosa PA)

Ocotillo (Fouquieria splendens) Shrubland Alliance

Ocotillo-Lechuguilla Shrubland 2 S3 G5
(Fougquieria splendens-Agave lechuguilla PA)
Ocotillo-Mariola Shrubland* 1 S5 G5

(Fougquieria splendens-Parthenium incanum PA)
Catclaw Mimosa (Mimosa aculeaticarpa) Shrubland Alliance
Catclaw Mimosa/Sideoats Grama Shrubland* 2 4 G4

(Mimosa aculeaticarpa/Bouteloua curtipendula PA)

Mariola (Parthenium incanum) Dwarf Shrubland Alliance

Mariola-Lechuguilla Desert Shrubland 3 S4? G5?
(Parthenium incanum-Agave lechuguilla PA)
Mariola-Skeletonleaf Goldeneye Desert Shrubland 2 S4 G5

(Parthenium incanum-Viguiera stenoloba PA)

IV. Chihuahuan Succulent Desert Scrub
Cactus Apple (Opuntia engelmannii) Shrubland Alliance

Cactus Apple-Lechuguilla Shrubland 2 4 G5
(Opuntia engelmannii-Agave lechuguilla PA)

Cactus Apple-Wright Beebrush Shrubland 2 4 G5
(Opuntia engelmannii-Aloysia wrightii PA)

Cactus Apple-Ocotillo Shrubland 2 S4 G5

(Opuntia engelmannii-Fouquieria splendens PA)

IV. Chihuahuan Creosotebush Desert Scrub
Creosotebush (Larrea tridentata) Shrubland Alliance

Creosotebush/Sparse Undergrowth Desert Shrubland* I S5 G5
(Larrea tridentata/Sparse PA)

Creosotebush-Viscid Acacia/Black Grama Desert Shrubland 3 8? G?
(Larrea tridentata-Acacia neovernicosa/Bouteloua eriopoda PA)

Creosotebush/Viscid Acacia/Sparse Desert Shrubland 2 S5 G5
(Larrea tridentata-Acacia neovernicosa/Sparse PA)

Creosotebush-Mariola Shrubland 1 S5 G5

(Larrea tridentata-Parthenium incanum PA)



Table 7. Carlsbad Caverns National Park Vegetation Classification, 2003 (continued).

Vegetation Unit

Status S-Rank G-Rank

IV. Chihuahuan Basin Desert Scrub
Tarbush (Flourensia cernua) Shrubland Alliance
Tarbush/Black Grama Shrubland
(Flourensia cernua/Bouteloua eriopoda PA)
Tarbush/Tobosagrass Desert Shrubland
(Flourensia cernua/Hilaria mutica PA)

Littleleaf Sumac (Rhus microphylla) Shrubland Alliance
Littleleaf Sumac/Sideoats Grama Shrubland*
(Rhus microphylla/Bouteloua curtipendula PA)
Littleleaf Sumac/Blue Grama Shrubland
(Rhus microphylla/Bouteloua gracilis PA)
Littleleaf Sumac-Texas Mountain Laurel Shrubland
(Rhus microphylla-Sophora secundiflora PA)

IV. Chihuahuan Mesquite Desert Scrub
Prosopis glandulosa Shrubland Alliance
Honey Mesquite/Tobosagrass Shrubland*
(Prosopis glandulosa/Hilaria mutica PA)
I. Grassland
II. Cold Temperate Grassland
III. Madrean Plains-Mesa-Foothill Grassland
IV. Madrean Foothill Grassland

Texas Sacahuista (Nolina texana) Shrub Herbaceous Alliance

Bullgrass/Texas Sacahuista Grassland
(Muhlenbergia emersleyi/Nolina texana PA)

Curlyleaf Muhly-Sideoats Grama/Texas Sacahuista Grassland
(Muhlenbergia setifolia-Bouteloua curtipendula/Nolina texana PA)

Sideoats Grama/Texas Sacahuista Grassland*
(Bouteloua curtipendula/Nolina texana PA)

II. Warm Temperate Grassland
III. Chihuahuan Semidesert Grassland
IV. Chihuahuan Foothill-Piedmont Desert Grassland

Lechuguilla-Green Sotol (Agave lechuguilla-Dasylirion leiophyllum) Shrub Herbaceous Alliance

Black Grama/Lechuguilla-Green Sotol Grassland

(Bouteloua eriopoda/Agave lechuguilla-Dasylirion leiophyllum PA)

Curlyleaf Muhly/Lechuguilla Grassland
(Muhlenbergia setifolia/Agave lechuguilla PA)
Curlyleaf Muhly/Lechuguilla-Green Sotol Grassland

(Muhlenbergia setifolia/Agave lechuguilla-Dasylirion leiophyllum PA)

Curlyleaf Muhly/Green Sotol Grassland
(Muhlenbergia setifolia/Dasylirion leiophyllum PA)
Sideoats Grama/Lechuguilla-Green Sotol Grassland

(Bouteloua curtipendula/Agave lechuguilla-Dasylirion leiophyllum PA)

Sideoats Grama/Green Sotol Grassland

(Bouteloua curtipendula/Dasylirion leiophyllum PA)

Sideoats Grama-Tanglehead/Green Sotol Grassland

3

2

1

2

2

2

2

(Bouteloua curtipendula-Heteropogon contortus/Dasylirion leiophyllum PA)

Slim Tridens/Lechuguilla Grassland
(Tridens muticus/Agave lechuguilla PA)

S4

S5

S5

S?

S?

S5

S?

S?

S?

S?

S152

S152

S1S2

5283

S3

S3

S?

G4

G5

G5
G?

G?

G5

G?
G?

G?

G?
G3
G3
G3
G3G4
G3G4
G3G4

G?
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Table 7. Carlsbad Caverns National Park Vegetation Classification, 2003 (continued).

Vegetation Unit

Status S-Rank G-Rank

IV. Chihuahuan Foothill-Piedmont Desert Grassland (continued)
Blue Grama (Bouteloua gracilis) Shrub Herbaceous Alliance
Blue Grama/Skeletonleaf Goldeneye Grassland
(Bouteloua gracilis/Viguiera stenoloba PA)
Blue Grama-Tobosagrass/Catclaw Mimosa Grassland
(Bouteloua gracilis-Hilaria mutica/Mimosa aculeaticarpa PA)

Black Grama (Bouteloua eriopoda) Herbaceous Alliance
Black Grama-Blue Grama Grassland*
(Bouteloua eriopoda-Bouteloua gracilis PA)
Black Grama-Sideoats Grama Grassland
(Bouteloua eriopoda-Bouteloua curtipendula PA)

Curlyleaf Muhly (Muhlenbergia setifolia) Herbaceous Alliance
Curlyleaf Muhly-Sideoats Grama Grassland
(Muhlenbergia setifolia-Bouteloua curtipendula PA)
Curlyleaf Muhly-Hairy Tridens Grassland
(Muhlenbergia setifolia-Erioneuron pilosum PA)
Curlyleaf Muhly/Skeletonleaf Goldeneye Grassland
(Muhlenbergia setifolia/Viguiera stenoloba PA)

Panicgrass (Panicum hallii) Herbaceous Alliance
Hall’s Panicgrass-Hairy Tridens Grassland
(Panicum hallii-Erioneuron pilosum PA)

IV. Chihuahuan Lowland/Swale Semidesert Grassland
Tobosagrass (Hilaria mutica) Herbaceous Alliance
Tobosagrass-Burrograss Grassland
(Hilaria mutica-Scleropogon brevifolius PA)

Riparian/Wetland
I. Forested Riparian/Wetland
II. Broadleaved Deciduous Riparian/Wetland Forest and Woodland

3 8?
3 §?
1 S2
1 S2
1 S1S2
3 S?
3 8?
2 8?
1 S5

III. Lowland Interior Southwest Broad-leaved Deciduous Riparian Forest and Woodland

IV. Southwest Arroyo Riparian Woodland (intermittently flooded)

Netleaf Hackberry (Celtis laevigata var. reticulata) Arroyo Woodland Alliance

Netleaf Hackberry-Little Walnut Arroyo Woodland
(Celtis laevigata var. reticulata-Juglans microcarpa PA)
Netleaf Hackberry-Littleleaf Sumac Arroyo Woodland
(Celtis laevigata var. reticulata-Rhus microphylla PA)

Little Walnut (Juglans microcarpa) Arroyo Woodland Alliance
Little Walnut/Sideoats Grama Arroyo Woodland
(Juglans microcarpa/Bouteloua curtipendula PA)

IV. Southwest Lowland Riparian Forest and Woodland (Temporarily Flooded)
Rio Grande Cottonwood (Populus fremontii) Riparian Forest Alliance
Rio Grande Cottonwood-Goodding Willow Riparian Forest
(Populus deltoides var. wislizenii -Salix gooddingii PA)

Rio Grande Cottonwood-Netleaf Hackberry-Goodding Willow Riparian Forest

3 S?
3 8?
2 S283
1 S2
3 8?

(Populus deltoides var. wislizenii -Celtis laevigata var. reticulata- Salix gooddingii PA)

Rio Grande Cottonwood-Russian Olive Riparian Forest
(Populus deltoides var. wislizenii -Elaeagnus angustifolia PA)

1 SM

G?

G?

G2

G2

G3

G?

G?

G?

G5

G?

G?

G2G3

G2
G?

GM
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Table 7. Carlsbad Caverns National Park Vegetation Classification, 2003 (continued).

Vegetation Unit Status S-Rank G-Rank

I. Shrub Riparian/Wetland
II. Broadleaved Deciduous Riparian/Wetland Shrubland
III. Lowland Interior Southwest Riparian/Wetland Shrubland
IV. Southwest Arroyo Riparian Shrubland (intermittently flooded)
Apache Plume (Fallugia paradoxa) Shrubland Alliance

Apache Plume/Wash Arroyo Shrubland 3 S283?
(Fallugia paradoxa/Arroyo PA)
Apache Plume/Mexican Buckeye Arroyo Shrubland 3 S283?

(Fallugia paradoxa/Ungnadia speciosa PA)

Texas Mountain Laurel (Sophora secundiflora) Shrubland Alliance
Texas Mountain Laurel-Roemer Catclaw Arroyo Shrubland 3 S283?
(Sophora secundiflora-Acacia roemeriana PA)

Green Sotol (Dasylirion leiophyllum) Shrubland Alliance
Green Sotol/Catclaw Mimosa Arroyo Shrubland 3 S?
(Dasylirion leiophyllum/Mimosa aculeaticarpa PA)

Desert Willow (Chilopsis linearis) Shrubland Alliance 3 S3?
Desert Willow-Texas Mountain Laurel Shrubland
(Chilopsis linearis-Sophora secundiflora PA)

Catclaw Acacia (Acacia greggii) Shrubland Alliance
Catclaw Acacia/Bullgrass Shrubland 3 S4?
(Acacia greggii/Muhlenbergia emersleyi PA)

Littleleaf Sumac (Rhus microphylla) Shrubland Alliance
Littleleaf Sumac-Texas Mountain Laurel Shrubland 3 S?
(Rhus microphylla-Sophora secundiflora PA)

I. Emergent Herbaceous Wetland
II. Persistent Emergent Herbaceous Wetland
III. Lowland Western Persistent Emergent Herbaceous Wetland
IV. Semipermanently Flooded Western Lowland Herbaceous Wetland
Western Umbrella (Fuirena simplex) Herbaceous Alliance
Western Umbrella-sedge-Sand Spikerush Herbaceous Wetland 3 S?
(Fuirena simplex/Eleocharis montevidensis PA)
Baltic Rush (Juncus balticus) Herbaceous Alliance
Baltic Rush-Threesquare Bulrush 2 S4?
(Juncus balticus-Schoenoplectus pungens PA)

G?

G?

G?

G?

G3?

G4?

G?

G?

G5?
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also has an open canopy of ponderosa pine along with a subcanopy of chinkapin oak (Q.
muehlenbergii) and occasionally big-tooth maple (4Acer grandidentatum). The understory is
diverse but characterized by abundant pinyon ricegrass (Piptochaetium fimbriatum) and other
Madrean grasses (Muhlenbergia pauciflora, Muhlenbergia dubia, and Muhlenbergia emersleyi).
It is commonly found on slopes or in canyon bottoms.

The most common woodland associations in the park are Madrean Juniper Savanna
Woodlands belonging to the Alligator Juniper (Juniperus deppeana) Woodland Alliance.
Alligator bark juniper has the center of its distribution in the southwestern U.S. extending
southward into the Sierra Madre Occidental and Oriental of Mexico. It is the largest of the
southwestern junipers and commonly grows to between 20 to 40 feet (6.1 to 12.2 m). Gray oak
(Q. grisea) 1s an occasional canopy codominant associate. Three of the four associations
identified from this alliance are open savanna woodland types (typically 10% to 25 % canopy
cover) that primarily occur on the flat ridge summits and upper slopes above 5,900 ft (1,800 m).
The Alligator Juniper/Sideoats Grama PA lacks significant shrub undergrowth, and, while
Madrean grasses are present, the association is actually dominated by grasses with Great Plains
affinity (sideoats grama, plains lovegrass or Eragrostis intermedia, and purple threeawn or
Aristida purpurea). In contrast, the Alligator Juniper/Sandpaper Oak/Pine Muhly and Alligator
Juniper/Sandpaper Oak/Bullgrass PAs are dominated by Madrean grasses such as pine muhly
(Muhlenbergia dubia), bullgrass (Muhlenbergia emersleyi) New Mexico Muhly (Muhlenbergia
pauciflora) and pinyon ricegrass (Piptochaetium fimbriatum) while scrub oaks (Q. pungens and
Quercus x pauciloba) are usually well represented.

The Alligator Juniper/Canyon Grape PA is an association of canyon bottoms and is know
from around 5,600 ft (1,700 m) and probably extends through the drainages to lower elevations.
It is commonly associated with seeps and areas where enough moisture accumulates to support
mesic species such as canyon grape (Vitis arizonica), tapered rosette grass (Dichanthelium
acuminatum var. acuminatum), and if standing water is present, facultative and obligate riparian
species such as Torrey rush (Juncus torreyi), inland rush (J. interior), and cardinal flower
(Lobelia cardinalis).

The Two-needle Pinyon Pine
(Pinus edulis) Woodland Alliance is
represented by the Two-needle Pinyon
Pine-Sandpaper Oak (Pinus edulis-
Quercus pungens) PA (Figure 10).
Two-needle pinyon (also known as
Rocky Mountain or Colorado pinyon) is
at the southern edge of its distribution in
the Guadalupe Mountains, and hence is
why the association is considered part of
the Rocky Mountain Conifer woodland [ :
biome. In CCNP, stands are relatively i

uncommon and small, and are = , — =

. cq - . Figure 10. A small two-needle pinyon stand on Yucca
associated with ridge summits abov? Canyon mesa that is representative of Rocky Mountain
5,800 ft (1,770 m). The understory is Conifer Woodland at CCNP. (Photo: S. Yanoff)
dominated by scrub oaks and mountain

mahogany (Cercocarpus montanus) and grass cover is low.

-
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There are also Rocky Mountain Deciduous Woodlands represented by the Bigtooth
Maple (Acer grandidentatum) Woodland Alliance that occur along the drainages and slope
ravines in the western portion of the park at elevations ranging from 5,750 to 6,200 ft (1,735 to
1,890 m). We have identified two associations: a Bigtooth Maple/New Mexico Muhly (A4cer
grandidentatum/Muhlenbergia pauciflora) PA and a Bigtooth Maple-Chinkapin Oak (4Acer
grandidentatum-Quercus muehlenbergii) PA. The former is characterized by scattered shrubs
and the dominance of New Mexico muhly and bullgrass grasses. The latter association is co-
dominated by chinkapin oak, a widespread oak in the eastern U.S., but near the western edge of
its distribution in the Guadalupe Mountains. The canopy can be diverse and include Texas
madrone (4Arbutus xalapensis), along with scattered alligator juniper, Rocky Mountain juniper,
two-needled pinyon and ponderosa pine. Because canopy cover can approach 80%, the
undergrowth can be sparse, but still diverse with 67 species recorded for the association. This is
a rather unique association of Trans-Pecos Texas and southern New Mexico and has been
tentatively ranked as globally “imperiled” (NMNHP Rank G27?).

At lower elevations, the deciduous woodlands give way to Madrean Evergreen
Woodlands of the Gray Oak (Quercus grisea) Woodland Alliance. The Gray Oak-Bigtooth
Maple (Quercus grisea-Acer grandidentatum) PA and Gray Oak-Texas Madrone (Quercus
grisea-Arbutus xalapensis) PA are known from elevations below 4,200 ft (1,280 m). They are
typically found in horizontal bands associated with the contact between the Tansil and Yates
geological formations. At this contact, water accumulates, often creating seeps and springs, and
more mesic conditions for the development of woodlands. The stands are particularly prevalent
in the headslope “coves” of drainages (hence we refer to them as “band-cove woodlands”). The
canopies can reach 85% or more cover and can include Mohr shin oak (Quercus mohriana) and
netleaf hackberry (Celtis laevigata var. reticulata) as canopy associates. The shrub layers are
diverse and include mesic species such as Texas mulberry (Morus microphylla), Texas Mountain
Laurel (Sophora secundiflora), evergreen sumac (Rhus virens var. choriophylla), and
Southwestern chokecherry (Prunus serotina var. virens). Although grass and forb cover are low,
these band-cove woodlands are important wildlife corridors that provide cover and browse at
lower elevations where they are imbedded in a matrix of semi-desert grasslands and desert
grasslands. As with the upper elevation bigtooth maple communities, these associations are
uncommon in the Trans-Pecos region and hence and have been tentatively ranked as globally
“imperiled” (G27?).

The Gray Oak/Texas Mountain Laurel Woodland (Quercus grisea/Sophora secundiflora)
PA is more of an arroyo-riparian type found along canyon drainages at lower elevations.
Accordingly, arroyo riparian species such as Mexican buckeye (Ungnadia speciosa) and little
walnut (Juglans microcarpa) are common. Arroyo riparian communities in the Southwest that
have not been impacted by grazing are rare. Accordingly, this association has been ranked at G3
and is considered vulnerable throughout its range.

Fire, or the lack of it, has likely played a significant role in the distribution and
maintenance of forest and woodland communities in CCNP (Ahlstrand 1979, 1981, & 1982).
While these woodlands are at their natural lower elevation limits (and hence prone to
regeneration problems), the extent of woodlands was probably significantly larger in the past
than it is currently, due to the impacts of 20" century fires. Large landscape-scale fires have
swept through these areas during the past 50 years and likely eliminated or fragmented the larger
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stands leaving behind the very open and small stands we see today. This is likely a function, in
part, of fire suppression policies of the earlier part of the 20" century that typically dramatically
altered fire regimes of southwestern pine forests (Grissino-Mayer 1995; Swetnam and Baisan
1996). There has been a shift from frequent, mostly low-intensity, often small, surface fires and
only occasional large landscape-scale crown fires to regimes where large, high-intensity crown
fires have become the dominant mode. This, in combination of a lack of favorable years for
germination and survival of conifer seedlings in these marginal habitats, has likely limited
succession back to woodlands, and favored the establishment and maintenance of semi-
permanent montane shrublands dominated by scrub oaks and mountain mahogany. Additional
research is still needed on the fire history of the park’s woodlands in the context of climate and
the autecology of the conifer and shrub species in order to determine effective management
strategies.

Mesophytic Shrubland

Mesophytic shrublands of Madrean
Montane Scrub and Chihuahuan Interior
Chaparral dominate the vegetation of the
park from mid to upper elevations (3,800 to
6,300 ft; 1,160 to 1,920 m) (Figure 11).
Associations of the Shaggy Mountain
Mahogany (Cercocarpus montanus var.
paucidentatus) Shrubland Alliance are
found at the highest elevations and represent
cool-temperate Madrean montane deciduous
scrub communities. Shaggy mountain
mahogany (also known as hairy mountain $ 8 T g g
mahogany) is a southwestern and northern Figure 11. Madrean Montane Shrublands and Chihuahuan
Mexico variation of a species that is found Interior Chaparral dominate the landscape over much of the
throughout much of the western U.S. (hence  western portion of the park. This a view of Guadalupe
the Madrean classification). The leaves are Ridge near Hayhurst. the the Alligator Juniper Savanna

. . Woodland that dots the ridge tops. (Photo: A. Browder)
smaller and there is some suggestion, based
on the habitats it occupies, that it may be a
more drought-tolerant variation than the species as a whole. The four associations found within
the park are typified by a shrub layer dominated by patches of shaggy mountain mahogany
ranging in cover from 10 to 50% in a mosaic with various grasses (Table 7). Sandpaper oak
(Quercus pungens), wavyleaf oak (Q. x pauciloba), Texas sacahuista (Nolina texana), and green
sotol (Dasylirion leiophyllum) are common shrub associates, but never dominate. Three of the
associations are well-established types known elsewhere in the southern New Mexico and are
dominated respectively by bullgrass (Muhlenbergia emersleyi), New Mexico muhly
(Muhlenbergia pauciflora), and curlyleaf muhly (Muhlenbergia setifolia). The Shaggy
Mountain Mahogany/Little Awn Needlegrass Shrubland (Cercocarpus montanus var.
paucidentatus/Achnatherum lobatum PA) has not been described elsewhere but is probably
closely related to Shaggy Mountain Mahogany/Scribner Needlegrass Shrubland (Cercocarpus
montanus /Achnatherum scribneri PA known from south-central New Mexico. All the grass
species are indicators of different habitats, but these are definite shrublands where grass cover
seldom exceeds 15%.
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Associations of the Sandpaper Oak (Quercus pungens) Shrubland Alliance overlap the
range of mountain mahogany communities but extend to lower elevations (4,200 to 6,200 ft;
1,280 to 1,890 m). Sandpaper oak and wavyleaf oak® (Quercus x pauciloba) are evergreen (more
or less) scrub oaks that form a broadleaved variant of Chihuahuan Interior Chaparral in
combination with an array of other shrubs such as desert Ceanothus (Ceanothus greggii), Texas
sacahuista, Pinchot juniper (Juniperus pinchotii), banana yucca (Yucca baccata), lechuguilla
(Agave lechuguilla), green sotol, damiantia (Chrysactinia mexicana), skunkbush sumac (Rhus
trilobata), and others (a total of 44 shrub and subshrub species). Together they form extensive
brush fields on the slopes and ridge top summits in the western portion of the park, and represent
the largest vegetation type within the park. We have identified five provisional associations,
which, with the exception of the Sandpaper Oak/Shaggy Mountain Mahogany Shrubland, are
differentiated by various grass indicators (sideoats grama, New Mexico Muhly, curlyleaf muhly
and little awn needlegrass). Grasses are found primarily found in the inter-shrub spaces and
cover can range from 5% to 60%, depending on the degree of shrub cover. Only the Sandpaper
Oak/Shaggy Mountain Mahogany Shrubland PA has been described elsewhere in the Southwest,
the other four are currently known only from CCNP (Table 7).

The Pinchot Juniper (Juniperus pinchotii) Shrubland Alliance forms the needle-
leaved component of the Chihuahuan Interior Chaparral and is generally found at lower
elevations of the montane zone (3,800 to 6,000 ft; 1,160 to 1,830 m). In New Mexico, Pinchot
juniper’s main distribution is in the Guadalupe Mountains where it grows on shallow limestone
upland soils or in lowland arroyo channels as a low branching shrub the seldom exceeds 2 m in
height. Accordingly, Dick-Peddie (1993) considered Pinchot juniper to be part of montane
shrublands and chaparral in New Mexico rather than a significant element of woodlands or plains
grasslands in New Mexico. This is in keeping with its primary habitat in the Plains country of
west Texas of rocky limestone breaks, foothills and drainages (Ellis and Schuster 1968). It is
only comparatively recently that Pinchot juniper is thought to have invaded plains grasslands of
finer textured soils—primarily as a function of intensive grazing and the lack of fire (Ellis and
Schuster 1968; Wright and Bailey 1982; McPherson et al. 1988).

We have identified six associations from the alliance, two of which are co-dominated by
sandpaper oak (Table 7). Juniper cover ranges from around 10% to as much as 40%, but overall
cover of the main chaparral elements is always greater than grass cover. As with oak-dominated
chaparral, shrub diversity is high (60 species) in Pinchot juniper communities, but because of the
generally lower elevations, they tend to have more grassland and desert associated shrub species
such as skeletonleaf goldeneye (Viguiera stenoloba), green sotol, tulip pricklypear (Opuntia
phaeacantha), Torrey yucca (Yucca torreyi), algerita (Mahonia trifoliata), lechuguilla, catclaw
mimosa (Mimosa aculeaticarpa var. biuncifera), and Wright beebrush (Aloysia wrightii). Grass
cover seldom exceeds 15%, and along with curlyleaf muhly and sideoats grama, lower-elevation
species are more prevalent, e.g. black grama (Bouteloua eriopoda), hairy grama (B. hirsuta),
plains lovegrass (Eragrostis intermedia), and purple threeawn (Aristida purpurea).

® Q. x pauciloba is a broadly defined hybrid complex that can include hybrids between Q. pungens, Q. grisea, Q.

gambelii, and Q. muehlenbergii. There are a variety of forms present at CCNP that need further study to sort out.
For the purposes of the vegetation classification, however, Q. x pauciloba has been lumped with Q. pungens, but

remains a separate entity in the database.
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As with woodlands, fire plays an important role in the establishment and maintenance of
montane shrublands and chaparral. The oaks, mountain mahogany, and Pinchot juniper can be
vigorous resprouters following fire and hence are integral to the dynamics of these fire adapted
ecosystems (Correll and Johnston 1970; Pase and Brown 1982; Ahlstrand 1982; Wright and
Bailey 1982; Bryant et al. 1983; Steuter and Britton 1983; McPherson 1992). While fire records
are incomplete for CCNP, the extensive areas covered by chaparral in the western portion of the
park suggest that large fires have swept through the areas repeatedly, possibly reducing
woodlands and favoring the development of shrublands. Yet, this does not mean that all
montane shrublands are successional types to woodlands following fire—shallow soils and steep
slopes often preclude the development of woodlands and, hence, chaparral and montane
shrublands are likely the “potential” natural vegetation for much of the rugged canyon country
within the park.

Site conditions aside, the dynamics of fire within chaparral are still complex. In southern
California, it has been suggested that the even-aged and large size of modern chaparral patches
are a function of 20™ century fire suppression feedbacks whereby intensive suppression has led
to large fuel buildups over large areas of landscape leading to large stand-replacement fires of
ever increasing size (Minnich 1983; 2001). Others contend that the large patch patterns are
within that natural range of variability, and that they are driven more by climate trends,
prevailing weather patterns, increased human ignition frequencies with increased population
density, changes in land use, and landscape characteristics rather than suppression (Keely and
Fotheringham 2001a & b; Moritz 2003). The pattern of chaparral distribution in CCNP suggests
that the latter scenario might be the case here. Because of the rugged country, effective
suppression has been minimal, particularly in the western portion of the park’. Hence, the large
patches of chaparral may be representative of a more or less natural fire regime, but one possibly
modified by increased human caused fires and fire suppression on neighboring forested lands.
Early 20" century fire suppression in forests on USFS lands to the west of the park may have led
to greater numbers of high intensity fires as a function of increased human starts (as use
increased) and with more effective lightning ignitions in the now heavily wooded ponderosa pine
forests. These more frequent, intense fires subsequently spread into the park more often, leading
to the decline of the grassy woodland savannas on the ridge top summits and a favoring of
shrublands (possibly enhanced by increased fine fuels with the cessation of livestock grazing).
In this type of fire regime, Keely and Fotheringham (2001b) and Moritz (2003) contend that
prescribed burning may be useless or even harmful and that fire suppression, at least in the short
term, may be more appropriate for maintaining an ecosystem near its natural state. Minnich
(2001) would likely argue the opposite saying it is fire suppression that generates the large patch
pattern and that prescribed fire is needed to restore a small patch mosaic with imbedded natural
fuel firebreaks. Detailed fire history studies that focus on chaparral patch age structure in a
landscape context would be useful (and perhaps necessary) to help resolve these conflicting
viewpoints and generate management options that are tailored to the montane shrublands and
upper chaparral of CCNP.

At the other end of the elevation spectrum, repeated burning of chaparral, particularly
Pinchot juniper, has been suggested as a way to increase grass cover in shrubland communities
within CCNP (Ahlstrand 1982). Most of our understanding of how to manage of Pinchot juniper
comes from the high Plains of Texas where it is seen as an invader of fine textured plains

7 Personal communication D. Roemer, CCNP biologist
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grasslands soils, and where management has focused on control and eradication to increase
livestock forage. Research from the high plains indicates that the effectiveness of fire in
controlling Pinchot juniper is a function of fire intensity, climatic conditions and position of the
bud zone above or below the soil (Stueter and Britton 1983). Fire was particularly effective in
inducing mortality in young plants with exposed buds on rocky sites, but this dropped off
significantly with older plants. In addition, increased grass cover (grama grasses) can inhibit
reproduction (Smith et al. 1975). As Ahlstrand (1982) has shown, fires can lead to at least short-
term increases in grass cover, but because Pinchot juniper can recover 50% or more of its
original cover within six or seven years of a burn, repeated prescribed fires at 10- to 15-year
intervals would be needed to sustain a grassland type.

Whether this is an appropriate management perspective in the park, or for juniper
woodlands in general, is open to debate (Belsky 1996). Clearly Pinchot juniper is an important
element within the chaparral and upland desert grasslands of the park (see below), but is this a
relatively recent phenomenon driven by historical land use, i.e., overgrazing and lack of fire, or
one predicated by longer term climatic trends and soil conditions? Pinchot juniper seems to be
most prevalent in soils of the Tansil Formation, particularly among its lower members and at the
contact with the Yates Formations where moisture conditions favor shrub establishment (rocky
sites with deep accumulations of available water). Both up and down in elevation from this
contact, juniper abundance declines (although it still is present over a wide environmental range).
These strong edaphic correlations with abundance in the park correspond more or less to the
rocky limestone breaks and rough land associated with shrubby Pinchot juniper throughout its
range (Ellis and Schuster 1968; Powell 1988). While fire at the lower ends of its distribution
may help limit some establishment at the seedling stage, it may not have much effect in the heart
of its distribution over the long term. There is also some evidence that increased grass cover can
limit juniper establishment (Smith et al. 1975), and that there is a degree of density dependence
with respect to seedling establishment under dense canopies of Pinchot juniper (Ellis and
Schuster 1968). Hence, the removal of livestock from the park and the consequent increase in
grass cover alone has probably helped limit the expansion of Pinchot juniper, particularly into
desert grasslands. This is not to say fire is unimportant in these systems, it most certainly is, but
rather the use of fire as a tool to “control” juniper may not be the best approach to management
of the ecosystems as a whole. Rather, how fire is to be used should be driven by a site-specific
understanding of the ecological dynamics of desert grasslands and montane shrublands in the
park landscape.

Overall, caution needs to be exercised when extrapolating fire regimes beyond the local
landscape setting (Keeley and Fotheringham 2001 a & b) or from one ecosystem to other
(Johnson et al. 2001), particularly in the case where fire suppression has historically been weak
or non-existent. Therefore, experimental studies on the establishment of juniper and other shrubs
along with long-term monitoring of vegetation, both burned and unburned across many habitats,
are critical to understanding how to apply fire and other management tools in an ecologically
sound way within the park.
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Grassland

The grasslands of the park fall into
two broad categories: 1) upper elevation
cold temperate Madrean Plains-Mesa-
Foothill Grasslands that are intermixed
among chaparral, montane shrublands and
woodlands, and 2) lower elevation warm-
temperate Chihuahuan Semidesert
Grasslands that extend from the contact
with chaparral down into the lowland
desert basins (Table 7).

The cold temperate grasslands are § i : P X
represented by Texas Sacahuista (Nolina Figure 12. Chihuahuan Foothill-Piedmont Desert Grassland
texana) Shrub Herbaceous Alliance of dominates much of the middle elevation landscape of the
three associations dominated by sideoats park. This a view of tanglehead- dominated grassland in the
grama, bullgrass and curlyleaf muhly, fo.reground and curlyleaf muhly-dominatedgrasslands in f[he
respectively. These associations tend to mid ground and along the upper slopes.  (Photo: E. Muldavin)
occur at elevations above 5,800 ft (1,700
m) along the ridge top summits, typically in a mosaic with montane shrublands. Texas
sacahuista is the shrub dominant and can reach up to 15% cover, and occasionally a chaparral
element such as sandpaper oak, shaggy mountain mahogany and Pinchot juniper are well
represented, but shrubs on the whole seldom exceed 10%. In contrast, grass cover can run 30%
or more, and is typified along with association dominants by more mesic species such as hairy
grama, New Mexico muhly, plains lovegrass, and bristly wolfstail (Lycurus setosus).

The warm temperate Chihuahuan Semidesert Grasslands are a complex group made up of
two major Alliance Groups—Chihuahuan Foothill-Piedmont Desert Grassland of moderate
elevations and Chihuahuan Lowland/Swale Desert Grassland of the desert floor. Chihuahuan
Foothill-Piedmont Desert Grasslands are the dominant grasslands in CCNP and are most
prominently represented by the Lechuguilla-Green Sotol Shrub Herbaceous Alliance (Figure
12). We have subsequently defined seven associations based on the dominance of curlyleaf
mubhly, sideoats grama, black grama or slim tridens (77idens muticus), and their respective shrub
element(s). Besides lechuguilla and green sotol, over 72 other shrub and dwarf species have
been recorded for the alliance, of which skeletonleaf goldeneye, featherplume (Dalea formosa),
silver prairieclover (Dalea bicolor var. argyraea), roundflower catclaw (Acacia roemeriana) and
tulip pricklypear are most common and indicative. While shrubs can make up a significant
portion of these communities (anywhere from 1% to 20% tall shrub cover), grasses still dominate
with covers ranging as high as 65%, and they are the key to the dynamics of these communities,
particularly with respect to fire (see below).

The grasslands of this alliance that are most common are dominated by curlyleaf muhly
(Curlyleaf muhly/Green Sotol, Curlyleaf muhly/ Lechuguilla, and Curlyleaf
muhly/Lechuguilla/Green Sotol plant associations). They give the mid-elevation slopes their
distinctive character and are part of what sets the landscape of CCNP apart from most others in
the Southwest. Curlyleaf is almost entirely restricted to the Chihuahuan Desert where it occurs
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sporadically and mostly on rocky, limestone slopes (Hendrickson and Johnston 1997). While
similar curlyleat muhly-dominated communities are found occasionally throughout the range,
none are known to dominate their respective landscapes as those on CCNP do. Again, this may
be driven by the unusual geology that makes this a unique landscape, and as a result, these
associations have been ranked as S1S2 on a statewide basis and globally as G3.

We know little about the ecology of curlyleaf muhly except for its propensity for rocky
limestone hills and elevations between 4,000 and 5,800 ft (1,220 and 1,770 m). It, like other
bunchgrass muhlys, may be susceptible to grazing, and hence the absence of livestock on CCNP
has likely led to increased abundance and coincidentally to increased fine fuels for fires. The
direct effects of fire on curlyleaf muhly are not known at this time, but Ahlstrand (1982) reported
that there was no difference in cover between selected burned and unburned sites in CCNP after
six to seven years. Fire likely reduces curlyleaf muhly cover in the short term, along with
succulents and rosette shrubs such as lechuguilla and sotol. Accordingly, it appears that some
burned sites may undergo a successional process whereby communities such as the Sideoats
Grama/Green Sotol or Sideoats Grama/Tanglehead/Green Sotol dominate early post-fire
conditions and then give way to curlyleaf muhly as they recover over the following decade.
While fire can have immediate and dramatic impact on lechuguilla (Ahlstrand 1982), it is not
clear, given the cyclic nature of lechuguilla lifecycles, what the long-term effects are. Similarly,
green sotol and Texas sacahuista also can undergo significant mortality following fire (although
not to the degree that lechuguilla does), but they generally appear to regain their coverage within
five or six years.

Where lechuguilla and green sotol are minor elements, communities of the Halls’s
panicgrass Herbaceous Alliance, Black Grama Herbaceous Alliance, Blue Grama Shrub
Herbaceous Alliance and Curlyleaf Muhly Herbaceous Alliance often prevail. Associations
of the Curlyleaf Muhly Herbaceous Alliance typically represent recently burned extensions of
their more shrubby analogs in the Lechuguilla-Green Sotol Alliance. Hall’s Panicgrass-Hairy
Tridens and Black Grama-Sideoats Grama grasslands are primarily associated with alluvial fans
and piedmonts (also known as “bajadas”) that extend out from the main escarpment to the basin
bottom or along toeslopes and fans of the inner canyons. In contrast, the Black Grama-Blue
Grama PA along with the Blue Grama-Tobosagrass/Catclaw Mimosa PA are usually found on
older alluvial terraces of the major drainages. While relatively minor components of the CCNP
grasslands, black grama grasslands are considered threatened regionally by overgrazing (S2 and
G2 rankings).

The grama and panicgrass-hairy tridens grasslands of the alluvial fan piedmonts give way
at lower elevations to the Chihuahuan Lowland/Swale Semidesert Grassland of the Delaware
Basin floor. These are represented here by the Tobosagrass Herbaceous Alliance, and
specifically the Tobosagrass-Burrograss PA. This common association of the Southwest occurs
on fine-textured soils associated with basin fill alluvial deposits. It is often found in a matrix
with basin desert scrub communities dominated by tarbush (Flourensia cernua) and littleleaf
sumac (Rhus microphylla). The presence of burrograss commonly reflects past grazing impacts.
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Xerophytic Shrubland

Xerophytic shrublands of CCNP
are presented by a diverse collection of
Chihuahuan Desert Scrub communities
(Figure 13). Typically, shrubs are more
abundant than grasses in aggregate, and
following the national standard, any
communities where tall shrubs exceed
25% cover are considered shrublands
regardless of grass cover. At elevations
ranging between 3,750 and 5,000 ft
(1,140 and 1,525 m) and occasionally

higher in the Guadalupe Mountains, : o

Chihuahuan Foothill-Piedmont Desert Figure 13. An Ocotillo-Mariola Shrubland in lower Walnut
Scrub represented by Viscid Acacia Canyon that is representative of a typical Chihuahuan Desert
(Acacia neovernicosa), Ocotillo Scrub community on rocky south-facing limestone slopes of the

(Fougquieria splendens), Catclaw park. (Photo: Y. Chanrvin)

Mimosa (Mimosa aculeaticarpa), and

Mariola (Parthenium incanum) Shrubland Alliances predominates. We have identified 10
associations that form a complex mosaic, often in combination with foothill-piedmont desert
grasslands (particularly at the upper elevation contact). The grasslands tend to be found on the
relatively cooler aspects, while the desert scrub communities are found on the warmer, often
rockier sites. These are species-rich shrub communities with over 60 shrub species recorded
from the group and with an expectation of 10 to 15 species at any given site. Grasses are often
common in these foothill and bajada shrub communities and even occasionally dominate the
understory (e.g., Viscid Acacia/Black Grama and Viscid Acacia/Blue Grama PAs), but shrubs
are always well represented and diagnostic.

We have separated out a Chihuahuan Succulent Scrub represented by the Cactus Apple
(Opuntia engelmannii) Shrubland Alliance with three associations that occurs on the extreme
sites among other desert scrub communities, i.e., steep southwest slopes (>35%) at elevations
below 4,100 ft (1,250 m). These associations are clearly dominated by cactus with covers that
can exceed 20% on their own. While shrubs remain diverse (30 species recorded), grasses are
poorly represented (less than 5% cover) and are relatively low in diversity (15 species).

Because of its prevalence, both on CCNP and in the Chihuahuan Desert as whole, we
have specified a Creosotebush (Larrea tridentata) Shrubland Alliance with four associations
that dominates the lower bajada slopes south of the main escarpment. Tarbush, Christmas cactus
(Opuntia leptocaulis), mariola, and honey mesquite (Prosopis glandulosa) are common shrub
associates, and in two of the associations, viscid acacia is a codominant (Creosotebush-Viscid
Acacia/Black Grama and Creosotebush/Viscid Acacia/Sparse PAs) with creosotebush.

The desert shrubland corollaries to Chihuahuan Lowland/Swale Grassland are
Chihuahuan Basin Desert Scrub communities represented by the Tarbush Shrubland Alliance
and Littleleaf Sumac Shrubland Alliance. These occur on basin alluvial flats with fine-
textured soils often intermixed with Tobosagrass-Burrograss Grassland, or in large arroyo
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bottoms with gentle gradients. Occasionally, tarbush and littleleaf sumac communities are found
in suitable upland microhabitats as patches among foothill desert scrub and grassland
communities. As with creosotebush scrub, we have identified a separate Chihuahuan Mesquite
Desert Scrub, but the particular association—Honey Mesquite/Tobosagrass—is typically found
in a mosaic with tarbush and littleleaf sumac shrublands as well as tobosagrass grasslands.

Riparian/Wetland

Riparian and wetland communities fall into two categories: occasionally flooded
Southwest Arroyo Riparian Woodland and Shrubland and Lowland Interior Southwest Broad-
leaved Deciduous Forested Wetland per Muldavin et al. (2000) versus semi-permanently flooded
herbaceous Lowland Persistent Emergent Wetlands (Table 7). The forested wetlands are
represented by the Rio Grande Cottonwood (Populus fremontii ssp. wislizenii) Temporarily
Flooded Forest Alliance, and are restricted to the wetland areas downstream of springs in the
Rattlesnake Springs unit of the park. While limited in distribution within the park, these are
important riparian occurrences regionally where they serve as refugia for a host of animal
species, particularly birds. They are considered globally threatened due to altered hydrological
regimes. In fact, since the hydrological regime at Rattlesnake Springs has been significantly
modified to meet water supply needs for the park and adjacent landowners, the wetland areas
have been significantly reduced from their historical extent (they may have extended all the way
to the Black River). Because of these hydrological modifications and the development that has
taken place at Rattlesnake Spring, an in-depth ecological analysis is needed to determine the best
management options to sustain this globally significant wetland oasis.

There is a small, previously undescribed upland Western Umbrella-sedge-Sand Spikerush
Herbaceous Wetland (Fuirena simplex/ Eleocharis montevidensis PA) at Longview Spring
(Figure 14). Western umbrella-sedge is an obligate wetland species known from south-central
U.S. into southern New Mexico and Arizona. Other remote spring areas of the park also likely
support unique wetlands.

The arroyo woodlands are represented
by the Netleaf Hackberry Woodland
Alliance and Little Walnut Woodland
Alliance and have a scattered distribution
along the arroyo washes of the park. The
Netleaf Hackberry-Little Walnut and Little
Walnut-Desert Willow/Sideoats Grama arroyo
woodlands are found along the lower portions
of the major drainages of the park (Walnut,
Rattlesnake, Slaughter, and Double) where the
gradients are low enough to allow the _ :
deposition of sands and gravels (as opposed to F igre 14. Netleaf ackberry—Little alnut Arroyo

upslope mostly eroding ravine channels). They woodland in lower Walnut Canyon  (Photo: E. Muldavin)
are intermixed with Apache Plume and Green

Sotol arroyo shrublands communities which often occupy low lying alluvial terraces as well as
the open washes (Apache Plume/Green Sotol and Green Catclaw/Catclaw Mimosa PAs).
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Vegetation Map
Map Applications and Accuracy

Using the vegetation classification as a foundation, we have developed a vegetation map
containing 33 mapping units (Table §). The map has been produced on a single sheet at the
original target scale of 1:24,000. In addition, the high resolution of the imagery made it possible
to produce the map on multiple sheets at 1:12,000 scale. A small-scale version of the map at
approximately 1:100,000 is shown in Figure 15. While the NPS standards call for a minimum
map unit delineation of 0.5 ha, to avoid the loss of subtle horizontal banding patterns, the
minimum map unit was reduced here to approximately 500 sq. m (0.05 ha). In addition, the
Cliff/Rock/Barren/Arroyo Wash map unit was left at its original one-meter resolution. We
consider 1:24,000 ideal for natural resources management at the landscape scale, e.g., fire
planning, animal and plant habitat modeling, or recreation planning. We would suggest that
1:12,000 is more appropriate for local site level needs, e.g., site-specific sensitive species habitat
analysis and clearance surveys, habitat manipulations, or general facilities planning. We would
caution against application at finer scales because of the limits posed by spatial error (geometric
correction error of the imagery). More importantly, even though the minimum map delineation
is small at 0.05 ha, the focus should remain on the large patch pattern in any analysis—the error
rate increases as patch size goes down and minor local variations in reflectance generate
incidental aberrant signatures. Typically, aberrant patches are recognizable because they are out
of context with respect to the surrounding vegetation matrix, but a good rule of thumb is to use
an operational minimum patch size of about 0.25 ha for most analyses.

Based on informal accuracy assessment from the 400 vegetation plots and field
reconnaissance charting, we estimate that the map falls well within the 80% accuracy standard of
the NPS from a producers point of view. Because we used all available vegetation plots for map
development, the only independent data available for accuracy assessment is a set of 30 NPS fire
monitoring plots that were established in the park during the past decade. Of the 29 plots tested,
23 either fell directly within the correct map unit, or within 30 m of it (one Thematic Mapper
pixel equivalent), i.e., they were either primary or secondary components of the map units and
within the spatial error of the map. Of the six misclassifications, five were still inclusions within
respective map units. Only one plot was completely misclassified (a curlyleaf grassland was
mapped as a grama terrace grassland). While limited in distribution and composition (26 were
various grassland plots and three were desert shrublands), they give at least an initial indication
of the accuracy of the map from a user’s point of view.
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Table 8. Map units for the Carlsbad Caverns National Park Vegetation Map, 2003

Map Unit Ha  Acres No.
Woodland
Ponderosa Pine Woodland 52 129 11
Alligator Juniper - Pinyon Pine Woodland Savanna 276 682 15
Maple - Oak Ravine Woodland 366 903 10
Oak - Madrone Band-Cove Woodland 21 51 12
Montane Shrubland
Dense Oak - Mountain Mahogany Shrubland 1619 4001 30
Moderate Oak - Mountain Mahogany Shrubland 3143 7766 33
Sparse Oak - Mountain Mahogany Shrubland 1010 2497 34
Pinchot Juniper - Oak Shrubland 1113 2750 31
Pinchot Juniper Shrubland 341 844 32
Grassland
Curlyleaf Muhly Grassland 2529 6249 100
Curlyleaf Muhly Grassland with Oak and Mountain Mahogany 1358 3356 101
Curlyleaf Muhly Grassland with Pinchot Juniper 946 2338 103
Grama Grasslands 488 1206 110
Grama Grasslands with Pinchot Juniper 72 178 111
Grama Grasslands with Desert Shrubland 260 641 114
Grama Terrace Grassland 117 290 112
Tobosa Basin Grassland 133 328 120
Desert Shrubland
Mariola - Goldeneye Desert Shrubland 1328 3282 51
Cactus - Ocotillo Desert Succulent Shrubland 857 2118 53
Viscid Acacia Desert Shrubland 1011 2497 40
Creosote Bush - Viscid Acacia Desert Shrubland 440 1088 52
Tarbush - Littleleaf Sumac Desert Shrubland 101 250 42
Catclaw Mimosa Desert Shrubland 24 60 41
Arroyo Riparian Woodland and Shrubland
Arroyo Riparian Woodland 67 164 14
Canyon/Bajada Arroyo Riparian Shrubland 203 503 24
Green Sotol - Apache Plume Arroyo Riparian Shrubland 98 243 23
Desert Willow Arroyo Riparian Shrubland 121 300 20
Mixed Arroyo Riparian Shrubland 128 315 21
Mimosa-Acacia Arroyo Riparian Shrubland 92 228 22
Other
Herbaceous Wetland 5 12 121
Forested Wetland 6 14 16
Cliff/Rock/Barren/Arroyo Wash 628 1553 9
Agriculture/Old Field 57 142 7
Developed/Roads 109 268 8

Total Area

19120 47247
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APPENDIX D

Fire Monitoring Validation Plots

Table D1 lists the fire monitoring vegetation plots used for a partial validation of the Carlsbad
Caverns National Park vegetation map. The original monitoring plot data was provided by the
park in a spreadsheet along with hardcopy photocopies of the field sheets (Mark Bremer, pers.
com.). This data was collected between 1992 and 1998 and follows standard NPS protocols for
fire monitoring plots. Using density and abundance values on the 10m by 30m shrub plots and
60m line intercepts, the plots were classified according to the vegetation classification given in
Table 7 of the main report. Based on this classification, plots were compared to how they were
mapped at their locations (user accuracy). In Table D1, those that matched either the primary of
secondary components of the target map units within 20 m of the stated locations were
considered correctly classified (Map MU = Ground MU). If not, an “x” is indicated in the error
column (E) with the cross-classified map unit under Ground MU. The patch size of the mapped
polygon is give as small patch (<1 ha), large patch (1-5 ha), or matrix (>5 ha), i.e., the dominant
map unit across that portion of the landscape with only scattered patch inclusions of other map
units. The locations were provided by NPS as UTM and/or latitude/longitude coordinates, in
NAD 1927.



Table D1. Location and classification of fire monitoring plots used to validate the Carlsbad Caverns National Par\k vegetation map

Map Ground Map Patch

FIREPLOTID UTMN UTME LONG LAT E MU MU size Vegetation Classification
BMUSE1D02 01 3559856 551341 104 27' 19.53" 32 10' 26.52" 100 100 matrix BOUERI MUHSET BOUCUR AGALEC
BMUSE1D02 02 3559948 551441 104 27' 15.68" 32 10' 29.51" 100 100 matrix MUHSET AGALEC DASLEI
BMUSE1D02 03 3560032 551655 104 27' 07.49" 32 10' 32.19" 110 110 matrix BOUERI MUHSET BOUCUR AGALEC
BMUSE1D02 04 3559937 551767 104 27' 03.24" 32 10' 29.08" 100 100 matrix MUHSET BOUERI BOUGRA AGALEC DASLEI
BMUHL1D02 05 3558935 547328 104 29'52.96" 32 09'57.27" x 100 103 matrix MUHSET MUHDUB AGALEC DASLEI  JUNPIN
BMUHL1D02 06 3559283 547744 104 29'59.88" 32 10' 08.57" 103 103 small MUHSET AGALEC DASLEI JUNPIN
BMUHL1D02 07 3559003 546827 104 30'12.07" 32 09' 59.51" 103 103 small MUHSET AGALEC DASLEI JUNPIN
BMUHL1D02 08 3559697 547095 103 103 small MUHSET AGALEC DASLEI JUNPIN
BMUHL1D02 10 3599900 544248 104 30'30.81" 32 10'34.92" x 103 33 small QUEPUN JUNPIN BOUHIR MUHDUB DASLEI
BMUHL1D02 11 3560510 546168 103 103 large MUHSET AGALEC DASLEI JUNPIN
BMHUL1D02 12 3560847 545240 104 31'16.12" 32 10" 59.67" 101 101 matrix QUEPUN JUNPIN MUHSET BOUHIR AGALEC
BMHUL1D02 13 3560939 545017 100 100large MUHSET DASLElI CEAGRE VIGSTE
BMUHL1D02 14 3560961 547599 104 29" 42.20" 32 11" 09.13" 100/31 100/31 large/small MUHSET AGALEC DASLEI JUNPIN QUEPUN
BMUHL1D02 15 3560795 546704 104 30' 16.40" 32 11' 03.87" 100 100 large BOUHIR MUHSET AGALEC DASLElI  VIGSTE
BMUHL1D02 17 3561886 551958 103 103 small MUHSET AGALEC DASLEI JUNPIN
BMUHL1D02 19 3599060 546334 100 100 large MUHSET AGALEC DASLEI
BMUHL1D02 20 3558885 545934 104 30'46.09" 32 09' 55.80" 100 100 large MUHSET BOUCUR AGALEC DASLEI VIGSTE
BMUHL1D02 21 3558474 546793 104 30' 13.45" 32 09'42.51" x 103 100 large MUHSET AGALEC VIGSTE PARINC
BMUHL1D02 22 3558834 546568 104 30'21.98" 32 09' 54.08" 31 31large MUHSET AGALEC DASLEI JUNPIN
BMUHL1D02 23 3559813 546161 104 30'37.31" 32 10'25.92" x 103 32 small JUNPIN  MUHSET AGALEC DASLEI
BMUHL1D02 24 3559778 546116 104 30'39.07" 32 10'24.79" 100 100 large MUHSET BOUCUR AGALEC DASLEI
BMUSE1D02 25 3560000 548731 103 100 large MUHSET AGALEC DASLEI
BMUHL1G02 26 3560210 554070 103 100 large MUHSET BOUHIR AGALEC
BMUHL1G02 27 3560685 551449 103 103 large MUHSET AGALEC DASLEI JUNPIN
BMUSE1G02 28 3561380 555100 100 100 small MUHSET AGALEC DASLElI VIGSTE
BMUSE1D02 29 3561378 553833 104 25'4.07" 3211'25.51" x 112 103 large MUHSET AGALEC DASLEI JUNPIN  VIGSTE
BMUSE1D02 30 3559754 553344 100 100 matrix MUHSET AGALEC DASLEl VIGSTE
BMUSE1D02 32 104 31' 24" 32 08' 03" 40 40 matrix ACANEO AGALEC TRIMUT TRIPIL
BMUHL1DO02 33 104 31" 11" 32 08' 09" 40 40 matrix ACANEO AGALEC BOUERI PARINC
BMUHL1DO02 34 104 30' 10" 32 08' 43" 52 52large ACANEO AGALEC PANHAL
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