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EXECUTIVE SUMMARYEXECUTIVE SUMMARY:

PROPOSAL FOR LONG-TERM ECOLOGICAL MONITORING IN THE UPPER RIO
GRANDE BASIN AT BANDELIER NATIONAL MONUMENT, EL MALPAIS NATIONAL
MONUMENT, AND PECOS NATIONAL HISTORICAL PARK

Prototype Program Name: Upper Rio Grande Basin
Biogeographic Association: Coniferous Forest Units

Cluster park proposal involving Bandelier National Monument
(BAND), El1 Malpais National Monument (ELMA), and Pecos National
Historical Park (PECO).

We propose a collaboration between three NPS units and the
University of New Mexico's Long-Term Ecological Research (LTER)
Program to develop a network of long-term ecological monitoring
(LTEM) sites within the mosaic of ecosystem types in central and
northern New Mexico. Consistent data collection and analysis
methods are already being employed across the geographic and
ecological gradients of this network of sites. BAND, ELMA, and
PECO will contribute a variety of coniferous forest monitoring
sites to the network, as well as unique habitat types (montane
riparian forests and ice caves) and disturbed ecosystems
(post—-fire ponderosa pine forests, cleared pastures in
pifion-juniper woodlands) .

Incorporating multiple, NPS LTEM sites into a larger
regional network of NSF-funded LTER sites markedly increases the
statistical interpretive power for examining the ecological
responses to anthropogenic changes, natural disturbances, and
climate changes at the NPS sites. This network of sites is an
ecological analog to the Very Large Array radiotelescope (VLA),
where a series of scattered, individual dish-antennae (ecological
monitoring sites), when monitored simultaneously, reveal high-
resolution data on obscure astronomical (ecological) phenomena.
The information collected by this LTEM network will be valuable
to ecosystem research scientists as well as NPS managers.

This proposal outlines an integrated program of ecosystem
monitoring which includes these components:

1. Monitor meteorological variables.

2. Monitor soil erosion rates.

3. Monitor major components of nutrient cycles, including
nutrient inputs from precipitation, nitrogen mineralization
potentials in ponderosa pine forests, nutrient transfers during
decomposition of organic materials, and nutrient/contaminant
dynamics in one stream.

4. Monitor plant population distributions, demographics,
structural compositions, and temporal dynamics within several NPS
ecosystems.

5. Monitor selected animal population distributions,
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demographics, and temporal dynamics.

6. Monitor the ecological effects of major disturbances by
comparing intensely burned versus lightly or unburned ponderosa
pine forests in BAND, and cleared Versus uncleared pifion-juniper
woodland sites at PECO.

7. Monitor unique ice cave habitats in ELMA.

We propose to establish an "eco-swat team" based at the
University of New Mexico (UNM) to implement the bulk of the
monitoring activities in this LTEM program. Funding would be
provided through a cooperative agreement with UNM to finalize
development of field data collection sampling methodologies,
collect field data at appropriate time intervals,
sort/prepare/identify all field samples, curate any collected
specimens, enter data into computerized formats, analyze the
data, and produce annual summary reports. While UNM-based LTEM
staff will conduct and manage most program activities, a LTEM
Program Coordinating Committee, comprised of representatives of
the NPS, NBS, and UNM, will oversee the project.

Data management for this LTEM program will be coordinated
through the LTER's Sevilleta Information Management System
(SIMS) . Once archived copies of all data sets in ASCII format
will be available for immediate on-line use and storage on any
local NPS computer system.

The program proposed here is an attractive model for the NPS
to consider as a prototype for long-term ecological monitoring
throughout the NPS system. The coniferous forest types monitored
in the Upper Rio Grande LTEM parks represent important,
widespread ecosystems which are dominant components of many NPS
units. The potential exists for developing an expanded
cooperative LTEM network among other NPS units with similar
ecosystems in the Four Corners area. The focus on a university-
based, multi-park, "eco-swat team", with lesser emphasis on use
of park-based staff, is a logistically and fiscally efficient way
to collect and analyze large amounts of field data.

This program offers an appealing approach for small NPS
units, as it links them to the critical mass of technical
expertise and overall program resources needed to implement a
high-quality monitoring program. By directly interacting with a
LTER network site the NPS accesses the accumulated expertise of
the best scientific personnel available, including their peer-
reviewed experience with state-of-the art sampling and data

management methods. Contracting with outside scientists to
collect, analyze, interpret, and report on the data insures that
all of these essential activities occur annually. Involving the

faculty of a local university provides additional opportunities
to promote the use of the parks as study sites for resource
management purposes and public education, as well as for "the
sake of science". Overall, the Upper Rio Grande Basin is an
attractive candidate for inclusion in the NPS prototype long-term
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ecological monitoring program.



INTRODUCT IONINTRODUCT ION

We propose a unique collaboration between a cluster of
smaller NPS units and a NSF-funded, long-term ecological research
(LTER) site that will provide a progressive, state-of-the-science
model for long-term ecological monitoring (LTEM) in the National
Park Service. The prototype monitoring proposal builds upon
existing strong ecological inventory and research linkages
between Bandelier National Monument (BAND), El Malpais National
Monument (ELMA), Pecos National Historical Park (PECO), and the
University of New Mexico's Sevilleta LTER site (SEVI). These
three NPS sites are clustered in the coniferous forests of
northern New Mexico's mountains and uplands (Plate 1).

Coniferous forests and woodlands currently cover over 80% of BAND
and about 70% of ELMA and PECO, with 96% conifer coverage of BAND
prior to a large fire in 1977 and over 90% coverage of PECO prior
to land-clearing in the 1970's. The designation of BAND, ELMA,
and PECO as a NPS prototype LTEM program will formalize already
established linkages with the Sevilleta LTER program.

This regional network of three northern New Mexico LTEM
sites will work in unison with the SEVI LTER sites in utilizing
standardized data collection methods across a gradient of
ecological, physiographic, climatic, and cultural influences.
Utilization of a comparative, multi-scale, landscape approach
across this network of sites will increase the sensitivity,
reliability, and management utility of results as applied to
long-term ecological monitoring issues, and will allow results to
be scaled up to landscape and regional levels. We believe that
the multi-park/university partnership proposed here will optimize
the quantity and quality of monitoring results which can be
leveraged from limited NPS funds. This will be the case because
close linkages with the UNM LTER program will provide enhanced
methodological coordination, data management support, expertise
in interpreting the data, access to needed facilities and
equipment, and overall lower program costs.

GENERAL DESCRIPTION OF THE STUDY SITES WITHIN THE UPPER RIO
GRANDE BASIN: BAND, ELMA, PECOS, AND SEVILLETA LONG TERM
ECOLOGICAL RESEARCH SITESGENERAL DESCRIPTION OF THE STUDY SITES
WITHIN THE UPPER RI10 GRANDE BASIN: BAND, ELMA, PECOS, AND
SEVILLETA LONG TERM ECOLOGICAL RESEARCH SITES

Bandelier National Monument is located in the southeast
flank of the Jemez Mountains in north-central New Mexico (Plate
1) . Established in 1916, BAND contains 13,260 ha, largely in the
Bandelier Wilderness. The Jemez Mountains rise as a volcanic
island of mesic environments above semi-arid plateaus and
valleys. BAND provides a representative elevational transect of
the Jemez Mountains landscape, with a rise from 1625 m at the Rio
Grande to 3111 m at the caldera rim. The park is dissected by
numerous 100 to 300 m deep canyons, resulting in diverse
topography. This broad range of elevational and topographic



conditions creates significant temperature and precipitation
gradients, resulting in a complex altitudinal zonation of
vegetation from extensive woodlands of pifion (Pinus edulis) and




Plate 1. Locations of NPS and LTER monitoring sites, New Mexico



Juniperus spp. up through ponderosa pine (Pinus ponderosa) and
mixed conifer forests of white fir (Abies concolor), Douglas-fir
(Pseudotsuga menziesii), and limber pine (Pinus flexilis) into
forests of Engelmann spruce (Picea engelmanni) and corkbark fir
(Abies lasiocarpa var. arizonica) (Plates 2 and 3).

El Malpais National Monument was established in 1987 and
contains 46,135 hectares (Plate 1). Elevations within ELMA vary
from 1952 m to 2537 m. ELMA consists of a complex of eight
forested lava flows. These basalt flows range in age from about
1.0 million years BP to circa 3,000 BP. The sources of the
monument's lava flows are 12 major volcanic vents located within
and around the park. The broken terrrain of these lavafields
makes travel through the landscape of EL Malpais ("the bad
country") extremely difficult. Thus the core of the park
constitutes one of North America's least disturbed environments.

ELMA also contains many kipukas, non-lava islands within a
surrounding lava flow, which vary in size from .05 hectare to
3,000 hectares. Because the lava surrounding the islands is
usually a barrier to domestic livestock, many ELMA kipukas have
little history of livestock grazing, which is rare in the
Southwest.

Ponderosa pine dominates ELMA's vegetation, along with pifion
and Juniperus species, while Douglas-fir is important in some
areas. Unusual vegetation types include ice-cave and below-
ground-ice dependent micro-ecosystem (e.g., isolated fern, moss,
lichen, sedge, and algae dominated communities) and a variety of
stressed pygmy forests of ponderosa pine, douglas-fir, and aspen
(Populus tremuloides) growing on recent lava flows (Plates 2 and
3).

Pecos National Historical Park, located in the south flank
of the Sangre de Cristo Mountains (Plate 1), was established in
1990, expanding upon Pecos National Monument, and contains 2375
hectares. Elevations range from 2117 m along the Pecos River to
2263 m. Major vegetation types include pifion-juniper woodlands,
previously cleared woodland in the process of returning to
woodland, ponderosa pine forests, and riparian forest (Plates 2
and 3).

We propose to link these three park units with the NSF-
funded Sevilleta LTER site (Gosz et al 1988), located 50 miles
south of Albuquerque (Plate 1). SEVI is operated by the
University of New Mexico on the Sevilleta National Wildlife
Refuge, which is managed by the United States Fish and Wildlife

Service (USFWS). Primary LTER site size is 100,000 hectares and
its unigueness lies in the fact that four major biomes intersect
within the site (Gosz et al 1988). Elevations range from 1350 m

at the Rio Grande to 2195 m in the Sierra Los Pinos. Major
vegetation types range from conifer woodlands of pifion and
Juniperus spp. through shrublands of Artemesia spp. and Larrea
tridentata to grasslands of Boutelou and Oryzopsis spp. (Plate
4) . The SEVI LTER program is described in Appendix A.



In addition to the primary SEVI site, the LTER also includes
coniferous woodlands and forests in the Sierra Ladrones



Plate 2. NPS Ecosystem Types



Plate 3. Disturbance Regimes



Plate 4. Ecosystems of the UNM LTER Program



Wilderness Study Area (BLM managed; 28,390 hectares, elevations
to 2797 m), mixed conifer forests and subalpine grasslands in the
Magdalena Mts. Research Area (USFS managed; 15,000 hectares,
elevations to 3450 m), riparian forests at the Bosque del Apache
National Wildlife Refuge (USFWS managed; 23,000 hectares), and
grasslands at Kirtland and Cannon Air Force bases (Plates 1 and
4) .

1) RECOGNIZED MANAGEMENT NEEDRECOGNIZED MANAGEMENT NEED:
All three NPS units highlight the need for long-term
ecological monitoring in their resource management plans (RMP's).
BAND's detailed RMP, currently in review at WASO, places high
priority on inventory and monitoring projects. Relevant BAND
project statements include:

N-003.1, Inventory and monitor biotic resources (Appendix B);
N-003.2, Inventory and monitor sensitive animals;

N-003.3, Inventory and monitor sensitive plants;

N-004.2, Inventory and monitor soils;

N-005.0, Develop long-term weather database;

N-006.1, Monitor air quality and related values;

N-007.1, Evaluate and redesign water quality monitoring program;
N-008.1, Develop and maintain a geographic information system;
N-009.2, Inventory and monitor wilderness/backcountry impacts;
N-015.3, Conduct La Mesa Fire research (monitoring);

N-017.0, Evaluate effects of unnatural ungulate populations;
N-021.0, Monitor and mitigate Cochiti lakeshore impacts;
N-024.0, Conduct global climate change research;

N-025.1, Characterize pifion-juniper ecosystem condition and

erosion rates;
N-026.2, Monitor land use trends (protect from external threats).
Note that for reasons of clarity only a single project
statement from each NPS unit is attached here (Appendices B, C,
and D) - namely that project statement which most specifically
addresses the long-term ecological monitoring proposed here.

As a new NPS unit, El Malpais is currently preparing it's

RMP, which will be submitted to the Southwest Regional Office in

1993. ELMA's RMP states the need for long-term ecological

monitoring in the following project statements:

N-001, Develop a long-term ecological monitoring program
(Appendix C);

N-002, Implement fire management plan (includes monitoring fire
effects);

N-013, Monitor global climate change;

N-014, Monitor and manage vegetation;

N-019, Monitor grazing effects;

N-029, Monitor existing cave uses;

N-031, Monitor and manage wildlife;

N-038, Monitor and manage threatened and endangered species;

N-039, Monitor and manage air quality; and



N-040, Monitor and manage water resources.

Pecos National Historical Park is another new unit which is
currently developing an RMP which places a high priority on long-
term ecological monitoring, as illustrated by the following
project statements:

N-003.0, Establish long-term ecological monitoring (Appendix D) ;
N-003.1, Monitor small mammals;

N-003.2, Monitor large mammals;

N-003.3, Monitor resident and transient avian populations;
N-003.4, Monitor Pecos River fish population;

N-003.5, Monitor Glorieta Creek fish population;

N-004.0, Water quality study;

N-008.0, Establish air quality/meteorological baseline;
N-017.0, Monitor temporal vegetation composition change;
N-019.0, Conduct intensive soil survey;

N-020.0, Study Pecos River riparian biodiversity;

N-021.0, Monitor rate of erosion along Pecos River and Glorieta

Creek.
This RMP will be submitted for regional review in 1993.

2) STATUS OF INVENTORYSTATUS OF INVENTORY:

The status of inventory information varies between the three
NPS units included in this proposal. While the two new NPS units
of ELMA and PECO have had less time and opportunity than BAND to
undertake inventory work, baseline inventory data have been
collected in each park using consistent methodologies for many of
the ecosystem components which we propose to monitor. These NPS
units have worked hard to develop the baseline data,
methodological approaches, and programmatic vision needed to
develop a coherent, sustainable, monitoring program. For
example, BAND has reallocated significant amounts of base funding
in recent years in an effort to make the transition from a mosaic
of loosely-related inventory projects to establish and begin
implementing the framework for a comprehensive monitoring
program. However, all three parks recognize that additional
fiscal/human resources are needed to develop and sustain an
adequate monitoring program - thus this effort to participate in
the prototype monitoring initiative.

The fauna and flora of all three NPS units considered in
this proposal and the Sevilleta LTER site have been inventoried,
or are in the process of being inventoried, using consistent
methodologies. Since 1991 individual inventory projects at BAND,
ELMA, and PECO have been conducted by the Department of Biology,
University of New Mexico, through a general cooperative agreement
between the National Park Service and the University of New
Mexico. Inventory and monitoring studies on plants and animals
have been ongoing at the Sevilleta LTER site since 1987.
Inventory information for each of the NPS units is described
below.
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Bandelier National Monument:

A significant amount of inventory work has been conducted at
BAND in the past two decades which provides a solid foundation
for a comprehensive monitoring program. Inventory efforts which
will be incorporated as primary components of our proposed LTEM
program are highlighted here, although other inventory activities
are briefly described.

Since 1991 BAND has been working with UNM faculty to
establish long-term ecological monitoring activities which mirror
portions of the SEVI LTER program. The short-term goal has been
to develop a program which monitors vegetation, small mammals,
and ground-dwelling arthropods using LTER methods across an
elevational gradient in the three main vegetation zones of the
park (pifion-juniper woodland, ponderosa pine forest, mixed
conifer forest). Currently there are ten, 300 meter vegetation
line transects established in pifion-juniper woodland and
ponderosa pine forests at BAND. Thirty-six erosion monitoring
transects ("bridges") were established in association with the
vegetation transects in 1991 and read annually since. Six, small
mammal, trapping webs (148 traps/web) have been established in
mixed conifer forests and pifion-juniper woodlands. A network of
90 arthropod pitfall traps (30 per vegetation type) on a 6-8 week
collection schedule has been established (Lightfoot 1992). Soft
money has been used to conduct the initial inventories which have
been completed or are in progress. Monitoring is now occurring
with some elements of this network, although we currently lack
the base-funded resources to sustain this program on a long-term
basis.

From 1991 to present BAND and the NPS Southwest Regional
Office have supported efforts to follow up on earlier studies and
monitoring work conducted after the 1977 La Mesa Fire to assess
its ecological effects (see Foxx, 1984, for an overview of the
earlier work). Current follow up efforts include: monitoring of
permanent bird transects (Wauer 1991) and vegetation plots (in
progress) established before the fire; landscape-wide fire
history and paleoclimatic studies (Touchan and Swetnam 1992, and
in progress); reassessment of erosion in six small, permanently-
instrumented watersheds (W.White 1993); establishment of
permanent vegetation/pellet transects and assessment of elk
grazing impacts in fire-created grasslands (Conley et al 1979,
Wolters - in progress); fungal and arthropod inventories in
burns of different ages and intensities (in progress); and
nitrogen mobilization and fixation in different burn types and
ages (C.White 1993). Results from these and other monitoring and
research studies will be presented in March 1994 at the Second La
Mesa Fire Symposium in Los Alamos, New Mexico. Maintenance of
some of these monitoring activities is incorporated into this
proposal's LTEM program design.

Since 1992 BAND has established over thirty, permanent,
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vegetation plots designed to monitor short and long-term effects
of our prescribed fire program (USDI NPS 1992). Baseline data
have been collected at all plots, and post-fire monitoring has
occurred on a number of the plots. Some of these plots will
utilized to monitor vegetation as part of this LTEM proposal.

In 1993 BAND, Los Alamos National Laboratory, and a
University of Colorado-Boulder researcher established a 1.5
hectare watershed study site on BAND to determine runoff,
erosion, and sediment transport dynamics in a pifion-juniper
woodland. The ephemeral mainstem drainage is gauged, an
electronic remote weather station is located on-site, 19 small
sediment traps dispersed through the watershed along with 20 sets
of erosion bridges, 3 thirty-meter line transects established to
characterize vegetation conditions, and a detailed topographic
survey of the watershed completed. This project is planned as a
long-term study which is incorporated as a no-cost component of
the LTEM program proposed here.

In 1993 the USGS established a National Water Quality
Assessment Program site on Frijoles Creek which is monitoring
biotic and abiotic components of this stream. This stream
monitoring program has been incorporated into this proposal's
LTEM program.

Through cooperation with adjoining Los Alamos National
Laboratory BAND has acquired 1992, color, aerial imagery
(stereophotos at 1:7200 and 1:24,000, orthophotos at 1:4800) in
both photographic hard copy and scanned digital GIS formats.
Detailed topographic maps were also developed for the park in
digital and hardcopy forms at 10-foot and 2-foot contour
intervals. BAND has additional aerial photographic coverage of
the park from 1935, 1965, 1977, and 1981.

Other natural resource inventory work conducted at BAND
includes:
Vegetation: All or parts of the park's vegetation has been
mapped a number of times, including Anonymous (1934), Koehler
(1974), Potter and Foxx (1981), Potter (1981), Hink and Ohmart
(1984), Cully (1985), Cully (1986), and Allen (1989). Eighteen
permanent plots were established to examine the impacts of the La
Mesa Fire (Foxx and Potter 1978, Potter and Foxx 1979-a). Potter
and Tierney (1985) established 20 permanent line transects and
associated clip plots in the grasslands and meadows of the Cerro
Grande Accession. Three sets of permanent burro (Equus asinus)
exclosures were constructed in 1975, with data collected in 1978
(Potter and Foxx, 1979-b), 1984 (Potter 1985), and 1992 (Chong
1992). Gosz and Marks (1974) examined the reproductive status of
alligator juniper (Juniperus deppeana) in western portions of
Bandelier. Lathja (1988) established two permanent plots in
pifion-juniper woodland areas to look at nutrient cycling and
plant demographic patterns. Koehler (1974) sampled and mapped
range trends in different portions of the park. Potter and
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Berger (1977) examined deer-burro utilization of vegetation.
Potter and Foxx (1979-c) reviewed the success of grass seeding
after the La Mesa Fire. Oppenheimer (1979) examined the patterns
of early revegetation after the La Mesa Fire. Jones (1979)
provided a barebones checklist of lichens, and Weber (1980) made
a lichen collection which the park stores physically and in
database format. Tierney (1977), Potter (1981), Hink and Ohmart
(1984), and Allen et al (1993) studied the vegetation along the
Rio Grande. Barnes (1983) sampled pifion-juniper vegetation types
in Bandelier and adjoining Los Alamos National Laboratory (LANL)
lands. Allen (1984-a) examined montane grasslands and tree
invasion on Cerro Grande. Tierney and Potter (1985) studied the
plant ecology of felsenmeers. Jacobs and Jacobs (1988) and
Jacobs (1989) made extensive plant collections and integrated
previous collections into an excellent herbarium and associated
database. Allen (1989) sampled vegetation and other landscape
features at 969 points across the Frijoles watershed, with
results in a database and GIS files; this research also
documented historic vegetation changes throughout Bandelier.
Jarmie and Rogers (1993) are conducting a fungal inventory of the
park and LANL lands, with results in a database format.

Forester (1976), Patton (1978), and Allen (1984-b)
inventoried and mapped downed woody fuel loads in the park. Fire
history research, using fire-scars, has been conducted by Foxx
and Potter (1978, 1984), Potter and Foxx (1981), Caprio et al
(1989), Allen (1984-c, 1989), and Touchan and Swetnam (1992).

The effects of the La Mesa Fire on vegetation were studied by
Foxx and Potter (1978, 1984), Potter and Foxx (1979-b), Potter
and Foxx (1979-c, 1984), Potter et al (1982), Allen (1989), and
Foxx (in progress).

Animals: Ro Wauer (1978-a) established permanent transects to

monitor bird population trends in Bandelier. Subsequent work on
these transects has been done by Wauer and Dennis (1979), Johnson
(1983-a), Wauer and Johnson (1984), and Wauer (1991). T. Johnson

(1979, 1980, 1981, 1982, 1983-b, 1984, 1985, 1986, 1988, 1990,
1992) has studied bald eagles (Haliaeetus leucocephalus) in
Bandelier since 1978, and has also worked with the park to
monitor peregrine falcons (Falco peregrinus). Kennedy (1985,
1989) and Kennedy and Crowe (1991) have monitored zone-tailed
hawks (Buteo albonotatus) and other raptors in the Jemez Mts.
Johnson and Johnson (1988) inventoried Upper Frijoles Canyon for
spotted owls (Strix occidentalis) in 1988, and T. Johnson (1991)
inventoried Frijoles Canyon again in 1991 for spotted owls.
Degenhardt (1975) surveyed the park for herpetofauna, with
surveys for Jemez Mt salamander (Plethodon neomexicanus)
conducted by the park in 1991 and 1992. Guthrie (1984) and
Guthrie and Large (1980) trapped small mammals at 11 locations in
Bandelier from 1977 - 1979. Conley et al (1979) and Sivinski
(1979) looked at changes in mule deer (Odocoileus hemionus) and
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Rocky Mountain elk (Cervus elaphus nelsoni) utilization and
migration in and around Bandelier. Many studies of local burros
occurred during the 1970's. Mid-winter helicopter surveys have
mapped the distribution of elk and other ungulates in 1984, 1985,
1987, 1990, 1991, 1992, and 1993 (Allen 1993). Arganbright
(1988, 1991) studied two bat colonies in Frijoles Canyon from
1987 to 1989, with followup monitoring by the park (Judson 1991).
Pippin (1978), Pippin and Nichols (1978), and Pippin and Pippin
(1980, 1981, 1984-a, 1984-b) collected arthropods in the park;
this work provides some baseline information on arthropod species
diversity in Bandelier, with provenience data on about 40 percent
of 1,200 species listed from this collection in the Automated
National Computer System (ANCS) and dBASE files. Jacobi (1989)
inventoried some aquatic invertebrates from Frijoles Creek.
Occasional sampling of park streams for fish species has
occurred, including inventories of the Rio Grande and Frijoles
Creek by S. Platania (1991, 1992) of UNM.

From 1932 through 1989, a total of 2,207 wildlife
observations were made at Bandelier; these data have been entered
into DBASE files. A revised, joint wildlife observations
database was established with LANL, but the entry of observations
since 1991 is currently backlogged.

Aquatic Resources: General physical descriptions, flow data and
baseline chemistry data exist for all surface flows (Purtymun and
Adams 1980, Purtymun 1984, Purtymun et al 1980). The Rito de los
Frijoles has been sampled for various constituents at Monument
Headquarters since 1957. Intermittent sampling has occurred on
the Capulin stream since 1975. Coliform bacteria levels have
been measured in the Rito de los Frijoles between 1975-1978 and
1982-85. In compliance with E.O0. 11988, a flood hazard survey
was completed for Frijoles Canyon in 1987. The Water Resource
Division is preparing an updated Water Resource Management (and
monitoring) Plan for Bandelier.

Geologic Resources: sSmith et al (1970) published a 1:125,000
scale geologic map of the entire Jemez Mountains, which includes
the Bandelier area. Goff et al (1990) published a 1:24,000
geologic map of the St. Peter's Dome area, including most of
Bandelier. Olinger (1972) described the geological features of
lower Frijoles Canyon. Boden (1978) examined the stratigraphy
and faulting history of the Bandelier area. Wells (1978) and
White and Wells (1984) studied the geomorphic effects of the La
Mesa Fire, establishing three small study watersheds each on
Burnt and Apache Mesas with permanently marked erosion pin
transects in each watershed. S. Reneau (1991) of LANL has been
conducting detailed studies of the fault systems of the Pajarito
Plateau and of stream terraces in Frijoles Canyon in an effort to
assess local seismic hazards and rates of stream downcutting.
Earth Environmental Consultants (1974, 1978) conducted low
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intensity soil surveys of Bandelier. Nyhan et al (1978) surveyed
the soils of adjoining Los Alamos County. The Soil Conservation
Service and U.S. Forest Service have also conducted high quality
soil surveys on adjoining lands. Freeman (1984) examined the
effects of the La Mesa Fire on total soil nitrogen. Orcutt and
Powers (1992) documented the widespread impacts of erosion to
archeological sites as part of the work of the Bandelier
Archeological Survey. This erosion documentation continues under
in-house archeoclogical surveys which began in 1992. Allen (1989)
documented the widespread occurrence of sheet erosion across the
Frijoles watershed.

AlIr Resources: BAND weather records begin in 1925 for the park
headquarters area (1900 m), with a RAWS station collecting
climatic data year-round from a site at 2900 m. Numerous weather
stations across an elevation gradient exist around the park,
particularly at LANL, which has just completed a detailed
climatological review of the NERP (Bowen 1990). Records extend
to 1911 at the Los Alamos townsite (2300 m).

A permanent snow course has been maintained since 1958 by
the Soil Conservation Service at 2900 m in BAND, with total
annual precipitation data for most years. Other snow courses and
a new SCS "snotel" exist near the park.

Visibility monitoring was also begun in 1978 for this BAND
location, using teleradiometers and automated cameras.

Visibility has been monitored at Bandelier since 1978 using a
variety of instrumentation. From 1978 through 1982 a manual
teleradiometer was employed sighting five different targets three
times a day. From 1985 through mid-1988 visibility was measured
using the color slides produced from an automated 35mm camera on
one target. From October 1988 to present, visibility has been
measured using a transmissometer. A particulate monitor operated
during the period of June 1982 through February 1985 using a
single two-stage stacked filter. The Interagency Monitoring of
Protected Visual Environments (IMPROVE) sampler was installed in
1987 and is currently operating using four filter modules and
eight filter cassettes which measure different atmospheric
constituents. A National Atmospheric Deposition Program (NADP)
site has been operated at Bandelier since 1982.

El Malpais National Monument:

This is the final year of a three-year vegetation and
wildlife inventory of El Malpais, by LTER biologists from UNM.
This inventory includes an assessment of plant and lichen taxa,
and vertebrate and invertebrate animals over the entire monument.

Lists of all taxa found at El Malpais and a voucher plant and
animal collection are being provided to the Park Service. The
inventory has focused on all plants and lichens, all vertebrate
animals, and ground-dwelling arthropods. Special emphasis has
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been given to identifying and inventorying both "typical" and
unique environments, such as lava tubes and other geological
features associated with lava flows. Comparative sampling of
lava flow and adjacent non-lava areas has been an important
aspect of the inventory. A final report, and animal and plant
voucher specimen collections, will be submitted to the Monument
in December of this year. Earlier vegetation inventory work at
ELMA includes Lindsey (1951), Spellenberg (1979), McCallum
(1981), and DeBruin (1984).

Maxwell (1986) presents a detailed geologic map of the ELMA
area. Carlton (1988) completed a cave inventory of the northwest
quarter of the park, the area with the highest occurrence of lava
tubes. A lichen inventory of one square mile was completed in
1989. On-site weather data exist from 1985 to present. A basic
geologic inventory will be completed under contract during 1994,
while in-depth inventories by a volunteer research team (Los
Alamos National Laboratory) are ongoing. The soils in and around
ELMA have recently been inventoried and mapped (USDA SCS 1993).
Detailed ecological and geological inventories of the six most
heavily visited caves in the park will be completed during the
summer, 1994. An ongoing fire history and paleoclimate inventory
extending from at least 180 B.C. to the present will be completed

in spring of 1994 (see Grissino-Mayer and Swetnam 1993) - ELMA
will soon known as perhaps the most extraordinary tree-ring
research site in the Southwest. ELMA has more than 20 permanent

plots which have been established following detailed NPS
protocols (USDI NPS 1992) to intensively monitor the ecological
effects of the park's prescribed fire program - these will be
incorporated into this LTEM program design. The BLM maintains an
air quality monitoring station one mile from the park's east
boundary - these data are available to the NPS. ELMA has color,
aerial stereophotos taken in 1987 at a scale of 1:24,000. Basic
data exist on the age and chemical composition of the ice in the
most heavily visited ice cave, Bandera Ice Cave.

Pecos National Monument:

UNM LTER scientists are midway through a two-year inventory
of the Pecos National Historical Park. This inventory includes
vertebrate and invertebrate animals, excluding birds and fish,
which have already been inventoried (Creighton 1985, Pittenger
1993). A vegetation inventory of PECO is currently being
conducted by botanists from the Forestry and Resource
Conservation Division of the State of New Mexico. The animal and
vegetation inventories cover the entire park, with emphasis on
pifion-juniper woodlands, riparian corridors, and aquatic sampling
of the Pecos River. Comparative, quantitative sampling of
previously cleared pifion-juniper woodlands to uncleared pifion-
juniper woodlands is also underway. Final reports for both the
faunal and vegetation inventories will be submitted by September,
1994. Animal and plant voucher specimen collections will also be
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provided to the park. PECO has 1:6000 scale, 1992, color aerial
photographs of the entire park. The soils in and around PECO
have been surveyed and mapped (USDA SCS 1981).

3) PROGRAM READINESSPROGRAM READINESS:

These three parks are well situated to immediately implement
a comprehensive, integrated monitoring program in conjunction
with the SEVI LTER because of the recent history of cooperative
inventory work between the LTER and each of the NPS units. The
Sevilleta LTER program began in 1987, and many of the proposed
monitoring protocols have been successfully implemented there for
several years. As noted above, the LTER has been conducting
inventory and monitoring work using these same protocols at ELMA,
BAND, and PECO since 1991, 1991, and 1993, respectively. Thus
strong formal contractual relations, as well as informal personal
contacts, have become well-developed between the LTER group and
the key staff in the respective parks.

BAND currently has cooperative agreements in place with the
Tree-Ring Lab of the University of Arizona for fire history work
and with the UNM Biology Department for work on arthropod
monitoring, nutrient cycling in ponderosa pine forests, and the
determination of nitrogen fixation by cryptogamic crusts. BAND
has separate interagency agreements with the US Forest Service
for monitoring elk grazing impacts and for landscape ecology
studies, with a third interagency agreement with the USDA Soil
Conservation Service Plant Materials Center for work on
developing native plant materials.

ELMA has cooperative agreements in effect with the UNM LTER
group for biotic inventories, the UNM geology dept. for geologic
inventories, the Cave Research Foundation for cave inventories,
and the University of Arizona Laboratory of Tree-Ring Research
for paleoclimate and paleofire work. Also, an interagency
agreement exists with BLM for the management of the park and
adjoining national conservation area.

Pecos has ongoing cooperative agreements with the UNM LTER
team and two State of New Mexico agencies to conduct baseline
inventories of terrestrial and aquatic invertebrates, mammals,
amphibians, reptiles, and vegetation.

The funding to support the proposed monitoring program is
included in outyear budget requests in the Resource Management
Plans for all three NPS units (see Appendices B, C, and D).

4) MONITORING PROGRAM DESIGNMONITORING PROGRAM DESIGN:

Conceptual Design:

The three NPS units, in collaboration with the University of
New Mexico's Long-Term Ecological Research Program (LTER), will
constitute a network of long-term monitoring sites within the
mosaic of ecosystem types in central and northern New Mexico.
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Consistent data collection and analysis methods will be employed
across this network of sites. The existing LTER sites include
Chihuahuan Desert, Great Plains Grassland, Great Basin
Shrub-Steppe, Riparian Cottonwood Forests, Juniper Savanna,
Pifion-Juniper Woodlands, Subalpine Forests and Subalpine Meadows
(Plate 4). The proposed NPS LTEM Program will add significantly
to the geographic scope of these long-term monitoring efforts, by
extending study sites northward to incorporate the fauna and
flora of the southern Rocky Mountains. The three NPS units in
the proposed LTEM program will contribute additional coniferous
forest study areas to the network, as well as unique habitat
types (montane riparian forests and ice caves) and disturbed
ecosystems (cleared pastures in pifion-juniper woodlands,
post-fire ponderosa pine forests, and volcanically altered
landscapes) .

Incorporating multiple, NPS LTEM sites into this larger
regional network of LTER sites markedly increases the statistical
interpretive power for examining the ecological responses to
anthropogenic changes, natural disturbances, and climate changes
at the NPS sites. This network of sites is an ecological analog
to the Very Large Array radiotelescope (VLA), where a series of
scattered, individual dish-antennae (ecological monitoring
sites), when monitored simultaneously, reveal high-resolution
data on obscure astronomical (ecological) phenomena (see
discussion in Appendix A). The information collected by this
LTEM network will be valuable to NPS managers and planners, as
well as to ecosystem research scientists.

We propose to establish an "eco-swat team" based at the
University of New Mexico to implement the bulk of the monitoring
activities in this LTEM program. Funding would be provided
through a cooperative agreement with UNM to finalize development
of field data collection sampling methodologies, collect field
data at appropriate time intervals, sort/prepare/identify all
field samples, curate any collected specimens, enter data into
computerized formats, analyze the data, and produce annual
summary reports. The data collection and analysis methodologies
would largely mirror those developed and utilized at the UNM
Sevilleta LTER site.

Most of the abiotic and biotic attributes to be measured by
the NPS LTEM program, along with the field sampling procedures
(see Plate 5), are identical to those of the existing UNM LTER
Program. This will ensure that all data sets are completely
compatible and comparable between the NPS and LTER sites (see
Data Management Section below). All data sets from LTEM and LTER
sites will be archived and stored on-line on the LTER's Sevilleta
Information Management System (SIMS), so as to allow both groups
immediate and equal access to all data. Copies of all data sets
in ASCII format will be available for use and storage on any
local NPS computer system or PC.
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Overview and Justification of Major Components of Monitoring
Program:

The major components of this LTEM program are outlined
below, along with general rationales for inclusion in this LTEM
program. Certainly far more detailed rationales are available or
could be developed for each specific component of the monitoring
plan, but that level of extensive discussion was considered
inappropriate for this context and will instead be treated in the
monitoring handbooks which will be developed for each component
(e.g., Davis and Halvorson 1988).

1. Monitor meteorological wvariables. Changes in many biotic and
abiotic ecosystem parameters in the Southwest are known to be
highly correlated with climatic variability (Gosz et al 1988,
Molles and Dahm 1990). Thus monitoring of meteorological
variables is necessary in order to accurately interpret other
ecosystem monitoring data.
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Plate 5.

Field Monitoring Methods
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2. Monitor soil erosion rates. Soil erosion is a prominent
ecosystem process in many pifion-juniper woodlands, although
quantitative data on rates and trends are largely non-existent
for NPS lands. Better data on the spatial and temporal
variability of soil erosion rates are necessary to interpret
woodland dynamics and determine possible NPS management needs.

3. Monitor major components of nutrient cycles, including
nutrient inputs from precipitation, nitrogen mineralization
potentials in ponderosa pine forests, nutrient transfers during
decomposition of organic materials, and nutrient/contaminant
dynamics in one stream. Nutrient cycles drive ecological
dynamics 1in some ecosystems, thus warranting at least a limited
degree of monitoring. Nutrient inputs from precipitation are
relatively simple and cheap to measure, making them a good
starting point for monitoring. Maintaining the existing
monitoring of nitrogen mineralization potentials and monoterpene
concentrations after fire in a ponderosa pine forest
opportunistically builds upon the base of existing work (C.White
1993), allowing an inexpensive test of the utility of this
methodology. The important functions performed by coarse woody
debris in forested ecosystems have increasingly been recognized
by ecosystem scientists (Maser et al 1988) - thus the
incorporation of cheap, easy-to-collect, wood decomposition data
into the LTEM program will contribute important insights to major
nutrient cycles and soil fertility changes in this region. The
USGS National Water Quality Assessment Program site on Frijoles
Creek provides another high-quality window into ecosystem
dynamics and human effects, and it needs only tiny sums of money
to insure the maintenance of long-term water quality monitoring.

4. Monitor plant population distributions, demographics,
structural compositions, and temporal dynamics within several NPS
ecosystems. Plants are entities of interest in their own right

which will be monitored for the purpose of ascertaining the
impacts of various perturbations (park management practices,
other human disturbances, fires, climate changes, past volcanic
eruptions). In addition, it is impossible to understand
variation in other ecosystem parameters without data on
vegetation composition and dynamics, as plants are primary
components of park ecosystems which affect much of the structure
and function of these systems.

5. Monitor selected animal population distributions,
demographics, and temporal dynamics. Certain animal populations
will be monitored because of their rarity or sensitivity to human
perturbations, as they may indicators of ecosystem health or
because management requires ongoing information on their status.
Other, more abundant, animal populations will be monitored
because they are represent functional groups which perform
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essential ecosystem roles and for which we need monitoring
information to determine the impacts of various perturbations
(park management practices, other human disturbances, fires,
climate changes, past volcanic eruptions). Again, monitoring of
certain animal populations is necessary i1f an overall assessment
of ecosystem condition is to be made.

6. Monitor the ecological effects of major disturbances by
comparing intensely burned versus lightly or unburned ponderosa
pine forests in BAND, and cleared Versus uncleared pifion-juniper
woodland sites at PECO. Recurrent fire is a dominant disturbance
process in most Southwestern forest types (Swetnam 1990),
including those found in these three NPS units (Allen 1989,
Grissino-Mayer and Swetnam 1993). Maintaining and elaborating
upon the ecological monitoring begun with the La Mesa Fire in
Bandelier (see overviews in Foxx 1984) will continue to provide
essential information for managers of this widespread forest
type. Similarly, millions of acres of pifion-juniper woodland
were cleared in recent decades, but surprisingly little long-term
monitoring of ecological effects has been conducted. Thus long-
term ecological monitoring of cleared versus uncleared woodland
at PECO will yield valuable management information as well as
interesting ecological insights.

7. Monitor unique ice cave habitats in ELMA. These ecosystems
are unusual and and their response to various perturbations,
especially human disturbances, is little known. Different

monitoring methods are proposed for these novel ecosystems.
Monitoring these sites will certainly provide basic ecological
science insights as well as essential applied information to
guide park management of these rare resources.

Specific Research Site Descriptions:
Specific research site descriptions for each NPS unit are
outlined below, and illustrated in Plates 2 and 3.

I. Bandelier National Monument will have 4 study areas along
an elevational gradient, including a riparian forest site
(Frijoles Canyon), a pifion-juniper woodland site, a ponderosa
pine forest site, and a high-elevation, mixed-conifer forest
site. 1In addition, severely burned ponderosa pine forest
habitats in various stages of successional recovery from a 1977
fire will also be monitored.

II. El Malpais National Monument will have 2 primary study
areas, one of which will be a ponderosa pine/pifion-juniper
woodland site on the old, non-volcanic soils of a kipuka, while
the other site will be located on relatively recent volcanic lava
flows. Substrate type (non-volcanic sandy-loam soil vs. lava
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flow) imparts significant differences in vegetation densities,
plant growth rates, faunal communities, and numerous abiotic
variables which merit monitoring. In addition, ecological
monitoring of 5 sensitive ice caves will be conducted at ELMA.

IITI. Pecos National Historical Park will have 3 study areas.
The first will be an undisturbed pifion-juniper woodland area

typical of the Park's vegetation. A second area will consist of
the historic livestock pastures that were created via clearing of
woodlands in the 1970's by the former landowner. These pastures
are now undergoing succession and recolonization by pifion pines
and junipers. The third site will be in the riparian cottonwood
forest along the Pecos River.

Outline of Monitoring Methods:

The LTEM program will collect the following types of
monitoring data at each of the primary study sites in the three
NPS units:

1. Meteorology: Automated weather stations will be established
at each NPS unit. Campbell Weather Stations will be used to
measure the following variables: precipitation (rain and snow),
air temperature, soil temperature (surface, 25 cm and 50 cm
depth), air relative humidity, soil moisture, wind speed and
direction, total solar radiation. These variables are monitored
continuously at minute time intervals, and stored on data
loggers. Data storage modules will be changed monthly, and data
downloaded onto computers for synthesis and analysis. Software
for performing synthesis and analysis is currently operational on
the LTER's SIMS. Three stations would be established along an
eleveational gradient in BAND (in pifion-juniper woodland,
ponderosa pine forest, and mixed conifer forest), with single
stations at ELMA and PECO serving to characterize meteorological
conditions.

2. Soil erosion: Simple but accurate "bridges" for measuring
soil erosion (Plate 5) will be maintained at BAND, and installed
and monitored in association with the vegetation line transects
at pifion-juniper woodland sites in ELMA and PECO. The basic
erosion bridge methodology is reviewed by Ranger and Frank
(1978), with documented improvements as applied to BAND outlined
in Allen and Beeley (1992), and Bracker (1992).

Soil erosion will also continue to be monitored with erosion
bridges and sediment traps in the 1 ha Frijolito study watershed,
along with onsite precipitation, runoff, sediment transport, and
vegetation cover in separately funded but parallel work.

3. Nutrients: Nutrient inputs from the atmosphere will be
measured using wet/dry precipitation collectors (one collector at
each NPS unit). Samples of precipitation, which are collected
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monthly and separated by the instrument, will be analyzed for Na,
K, Ca, Mg, NO(3)-N, NH(4)-N, SO(4), Cl, conductivity, and total
Kjeldahl N and P.

Nutrient content and water quality of Frijoles Creek in BAND
will be continue to be monitored through the USGS National Water
Quality Assessment Program.

Decomposition and nutrient cycling from the major source
of biomass (woody vegetation) will be measured at each site using
long-term measurements of tree-log mass and nutrient losses.

4, Plants: Long-term population demographics, diversity, and
percentage cover of vegetation will be measured for the three
main plant categories: (1) trees and shrubs, (2) forbs and cacti,
and (3) grasses. Plant communities will be measured on three
replicated sites in each study area listed above. Populations of
woody plants (trees and shrubs) will be marked, mapped, and
annually measured, in 20 x 50 m quadrat plots. A subset of the
50+ fire monitoring plots established the past two years at BAND
and ELMA (USDI NPS 1992), as well as of 18 similar plots
established in 1977 in BAND (Foxx and Potter 1978), will be
directly incorporated into this LTEM program. Forbs, grasses,
subshrubs, and cacti will be measured along permanently marked,
100-m line transects. There will be two such transects at each
replicate vegetation sampling area. All plant populations will
be sampled in late spring (May-early June) and late summer
(September). BAND and SEVI have developed a line transect data
analysis software which provides data error checking, separate
overstory and understory analyses, and analysis by lifeform. A
variety of permanent photographic stations will be maintained at
all permanent vegetation plots and transects.

The three sets of line transects in animal exclosures which
were established in 1978 in BAND's pifion—-juniper woodlands will
continue to be read annually. In addition, annual monitoring
will be conducted of known, mapped populations of several rare or
sensitive species (e.g., in BAND Cypripedium calceolus and
Botrychium virginianum will continue to be monitored).

5. Animals: Various representative and ecologically important
groups of animals will be monitored at all sites. These include
selected arthropods, birds, mammals, and amphibians.

Arthropods: Ground-dwelling arthropods will be sampled from
pitfall traps situated near each of the three replicate
vegetation sites on each site at each NPS unit. A series of six
pitfall traps will be placed at each web (Plate 5). The traps
will be positioned in a line, at ten-meter intervals. Each
pitfall trap will consist of a three-inch diameter by four-inch
deep metal can placed in the ground with the top of the can flush
with the ground surface. A plastic cup will be placed within
each can, also flush with the ground surface. The cup will be
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partially filled with propylene glycol (a non-toxic antifreeze
solution) to capture and preserve arthropods. A small cover will
be elevated over the trap to exclude rainfall.

The pitfall traps will be left open year-round. The contents
will be collected every 6-8 weeks. The contents of each trap
will be stored in individual jars, and sorted in the lab. The
numbers of individuals of select groups of arthropods in each
trap will be tabulated for each 6-8 week sampling period. The
mean number of individuals of a given species, or of several
species pooled into ecological functional groups, will be used to
compare statistically the arthropod composition among and between
all of the sites and NPS units over time.

Only select groups of arthropods representing particular
trophic groups will be used for monitoring purposes. These taxa
will be selected based on their numerical abundance and ecosystem
importance. These groups have been identified in the previous
inventory studies. These taxa also were selected because they
are appropriately sampled by pitfall traps. The groups that will
be emphasized for monitoring purposes include beetles, crickets,
arachnids (spiders, etc.), and thysanurans. All arthropods will
be identified and counted, and voucher specimens will be added to
the arthropod collection for the project. An arthropod species
database will also be maintained to document the known arthropod
fauna of each area.

Birds: Local avifauna reflect the status of on-site as well as
more distant habitats, as evidenced by recent changes in bird
community compositions which track vegetational changes in the La
Mesa Fire area of BAND (Wauer 1991) and the highly publicized
declines in some neotropical migratory bird species. Avian
communities and population densities at each site will Dbe
measured using replicated variable circular plots. A trained
avian biologist will sample the bird populations using accepted
Standard Methods provided by the American Ornithological Union
(AOU) . Birds will be sampled on all sites four times per year,
in order to estimate (1) spring breeding populations, (2) summer
resident populations, (3) autumn migratory species, and (4)
over-winter resident populations.

Raptors often receive monitoring attention as indicator
species because they are high trophic level, publicly popular
species with low population densities which are relatively easy
to count. This LTEM program will monitor the breeding
distribution and success of several sensitive or endangered
raptor species through censuses of known, traditional nesting
areas - target species include peregrine falcon (Falco
peregrinus), zone-tailed hawk (Buteo albonatus), Mexican spotted
owl (Strix occidentalis lucida), and northern goshawk (Accipter
gentilis). In addition, the numbers, distribution, and diet
(through pellet analysis) of overwintering bald eagles
(Haliaeetus leucocephalus) at BAND will continue to be monitored
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annually (cf. Johnson 1992).

Mammals: Population abundance indices for large mammals, such as
deer, elk, rabbits, and coyotes, will be measured using
pellet-count transects. Replicate transects in each of the study
areas will be established to monitor the temporal changes in site
use by these species.

Populations of small mammals (mice, squirrels, chipmunks)
will be sampled using mark-recapture techniques and Sherman-style
live traps (Plate 5). Three replicate trapping "webs" (a trap
dispersion design that allows direct estimation of absolute
densities) will be located at each of the vegetation sampling
sites. Each web will consist of 148 traps, and cover
approximately 3 ha. Rodents will be trapped for 3 consecutive
days and nights. Data will be analyzed using program DISTANCE,
to calculate absolute densities of each species (number of
individuals per hectare). Populations will be sampled twice per
year, once in the spring to assess pre-growing season densities,
and once in the fall to estimate maximum population density.

Also small breeding colonies of bats, dominated by Tadarida
braziliensis, are known from caves at ELMA and BAND, where they
have been studied since the mid-1980's. Using computer-aided
technology to process videotapes of bat flights (Fletcher 1986),
the populations of two colony sites, one each in ELMA and BAND,
will be counted three times per summer season by park staff.

Bats are at relatively high trophic levels and are subject to
pesticide impacts and other human disturbances, making them
attractive to study as indicators of ecosystem health. These
conveniently located and concentrated bat colonies provide an
opportunity to cheaply collect data on this ecosystem indicator.

NOTE: In addition to the ecological importance of rodents in
ecosystems (i.e., consumers of seeds, insects, fungi, and
comprising a major prey base for raptors, carnivores, and
reptiles), certain species of mice have a direct effect on human
health (and clearly, by extension, on park operations and
management) . The recent epidemic of Hantavirus-Associated Adult
Respiratory Distress Syndrome (HARDS) in the Southwest has been
attributed to a population outbreak of rodents during 1992-93.
Preliminary discussions among scientists from NPS, UNM, and the
Federal Centers for Disease Control (CDC) in Atlanta have
suggested that, if long-term rodent population monitoring sites
are established at the NPS units, the CDC will collaborate in
testing all captured rodents for the HARDS wvirus (at no
additional expense to the LTEM budget). Blood samples can be
collected humanely from the rodents before releasing the animals,
and sent to the CDC laboratory in Atlanta. All field researchers
involved with rodent sampling will be trained by UNM in the safe
handling of rodents, and will wear all the recommended safety
equipment (i.e., gloves, goggles, masks, lab coats) to prevent
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possible contamination with HARDS virus.

Amphibians: Amphibians may be sensitive indicators of ecosystem
stress, as declines in amphibian populations are being documented
worldwide, including many sites in the western U.S. (IUCN/SSC
Declining Amphibians Populations Task Force 1993). Amphibian
populations at numerous inventoried sites in BAND will be
monitored annually for the continued presence of known species,
while similar monitoring will be conducted at ELMA and PECO as
inventory data become available. Target species range from a
variety of aquatic frogs and toads (including Hyla arenicolor,
Pseudacris triseriata, Bufo punctatus, and Bufo woodhousei) to
the tiger salamander (Ambystoma tigrinum) and an endemic
terrestrial salamander (Plethodon neomexicana) .

General: 1In addition, a computerized wildlife observations
database will be continued at BAND and implemented at ELMA and
PECO. Since 1989 BAND has maintained a computerized wildlife
observations program patterned after the Sequoia-Kings Canyon and
Yosemite programs which has greatly increased the number and
utility of observations made by staff and visitors. Los Alamos
National Laboratory has also adopted this program, and BAND and
Los Alamos have been maintaining a joint wildlife observations
database since 1991.

6. Monitoring Disturbance Effects:

Fire Effects Monitoring: The 1977 La Mesa Fire created a mosaic
of successional communities out of dense ponderosa pine forest in
BAND (Plate 3). The whole panoply of LTEM methods listed above
will be utilized in BAND pine forest sites which were set back to
open grassland or savanna conditions by the intense 1977 fire;
these open, fire-affected sites will be compared to heavily
forested ponderosa pine sites. Also, permanent vegetation plots
(Potter and Foxx 1986) and avifaunal monitoring transects (Wauer
1991) which were established before the fire and monitored
several times since will be maintained to continue to follow the
long-term effects of this fire.

In addition, the array of permanent vegetation plots which
are being established to monitor the ecological effects of the
prescribed fire programs at BAND and ELMA will continue to be
monitored using NPS FIREPRO funds and well-developed methods
(USDI NPS 1992). Over thirty plots have been established at BAND
and twenty at ELMA to date for this intensive fire monitoring
program.

Disturbance/Succession Monitoring at PECO: Pecos National

Historical Park has recently expanded to include the former
"Forked Lightning Ranch", which until 1991 was a working cattle
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ranch. During the 1970's approximately 30% of the ranch's
forests and woodlands were cleared to create livestock pastures
(Plate 3). These pastures have been undergoing succession for
the last two decades, and many are now being colonized by pifion
pines, Jjunipers, and ponderosa pines. With the recent removal of
all livestock, the question arises as to the nature and rate of
future ecological changes on these areas. Will the removal of
cattle have an influence on wildlife populations and local
vegetation? As the pastures return to woodlands and forests,
will overall biodiversity decrease? If so, should the NPS manage
the woodlands in a fashion that maintains selected areas of open
grassland?

The newly acquired park land also contains approximately 2
miles of riparian canyon-bottom along the Pecos River (Plate 2).
Long-term monitoring of riparian vegetation and animal
populations along the river and it's associated wetlands will be
needed to evaluate the effects of human visitors (fishermen,
hikers, etc.) on these fragile habitats. Immediately upstream
from the park boundary lies the town of Pecos; the southern-most
homes of Pecos' residents have been built on the park's border.
The impact of additional development (both north and south of the
park) on the biotic resources has yet to be determined, but may
become evident as monitoring continues.

7. Ice Caves at ELMA: Lava tube ice caves are important natural
features of El Malpais National Monument (Plate 2). The ice
caves represent geologically and ecologically unique situations.
Human visitors to the cave can have serious impacts on both the
ice sheets and the highly-specific flora that occurs at the
mouths of the caves; monitoring of such anthropogenic influences
is needed to guide NPS management strategies. Specific
monitoring studies will be initiated at a select set of ice caves
to document any long-term changes in the physical environment and
the associated biota.

The initial surveys of all the Monument's biological
resources, including the cave flora and fauna, have been
completed by UNM LTER scientists under a Park Service funded
NPS-UNM Cooperative Agreement. Monument-wide surveys have
allowed the selection of long-term monitoring sites that
represent both typical and unique habitats on the Monument lands.

Air temperature and moisture gradients are key
characteristics of the ice caves. During the summer season, the
ice caves are cold and humid relative to the area outside of the
cave mouth. Unigque moss and lichen communities occur along this
moisture and temperature gradient. Component species exhibit
distinct zonation patterns on the rocks at the mouths of these
caves (Plate 3). Each species occupies a narrow band of
substrate across the openings of the ice caves at particular
distances from the cave mouths. This consistent zonation of
cryptogams appears to be in response to steep temperature,
moisture, and light gradients in the mouths of caves. The
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principal goal of this monitoring program will be to measure
cryptogam species abundance and distribution, across the
environmental gradient at the mouths of the ice caves.
Relationships to long-term regional weather data will be
examined.

Five ice caves will be selected for monitoring. Replicate
0.5 x 0.5 meter quadrats will be established on rocks at the
mouth and at more interior portions of each cave. Each gquadrat
will be photographed once each year. The total cover of each
cryptogam species will be measured from each photograph using
computer image processing techniques. This procedure will
provide data on the status of each cryptogam species across the
gradient of each ice cave.

This program may be expanded to compare caves with visitor
impacts to those that are closed to visitors. Such a monitoring
program would not only provide information on how climate affects
the ice caves, but also on how visitor activities may be
impacting ice cave cryptogam communities.

5) SCIENTIFIC CREDIBILITY AND CAPABILITYSCIENTIFIC CREDIBILITY AND
CAPABILITY:

The strong linkages developed with the University of New
Mexico's LTER program provide high levels of scientific
capability to this proposed program. The SEVI LTER program
builds upon UNM's strong biology department, which is
particularly well-suited to conduct this type of work (see
listing of relevant UNM staff in Appendix E). A resume for the
SEVI LTER program director, Bob Parmenter, is provided in
Appendix F. By adopting many of the methodologies developed by
UNM's NSF-funded, peer-reviewed LTER program we insure the
scientific credibility of our proposed LTEM program.

This LTEM program will have direct linkages to the newly
formed National Biological Survey (NBS), as BAND's ecologist has
been transferred to the NBS through the formation of the
Bandelier Field Station of the National Ecological Research
Center (based in Fort Collins, CO) of the NBS. These NBS
linkages will be helpful in the testing and development of a
comprehensive set of monitoring protocols.

This proposal builds from the perspective that NPS units
need to be treated as long-term ecological monitoring and
research sites, both to meet their management objectives as well
as to fulfill a larger societal need to determine the impact of
human beings on this planet. NPS units are uniquely suited for
this purpose since these areas are already set aside for
protection of "natural" processes in perpetuity, and because
management needs the information that only long-term ecological
monitoring can provide. Formal linkages to NSF-funded and
university operated LTER sites are a logical way to implement
this vision. This approach is explicity supported by
recommendations recently made by the National Research Council
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report on Science and the National Parks (Committee on Improving
the Science and Technology Programs of the NPS, 1992, pp. 10, 90-
93, 96-98, 108) and the Report of a Workshop for a National Park
Service Ecological Research Program (Risser and Lubchenko 1992).

6) BUDGET AND COST EFFECTIVENESSBUDGET AND COST EFFECTIVENESS:

The proposed budget is summarized in Table 1, with extensive
detail provided in Appendix G. Additional explanation of this
budget is provided below.

The University of New Mexico, under cooperative agreement
with the National Biological Survey, will implement most of the
monitoring activities in this LTEM program. Thus UNM will
conduct most of the hiring, supervision, and procurement required
for this program, resulting in significant savings to the federal
government and a more efficient program. For example, to hire

TABLE 1. SUMMARY PROPOSED BUDGET, LTEM PROGRAM, FY's 1994-1998

BUDGET CATEGORY 1994 1995 1996 1997 1998
PERSONNEL SALARIES: $161,655 $234,951 $246,736 $259,014 $271,973
SUPPLIES/TRAVEL: $ 36,800 $ 40,530 $ 40,475 $ 42,480 $ 44,558
EQUIPMENT: $ 76,225 $ 0 S 0 $ 0 $ 0
UNM INDIRECT COSTS: $ 25,408 $ 36,744 $ 38,274 $ 40,178 $ 42,181

$300,088 $312,225 $325,485 $341,672 $358,712

Annual budget increases are based on 5% cost-inflation per year.

TOTAL BUDGET, 5 YEARS: $1,638,182

and supervise the personnel needed for this project from within
the federal government system would be extremely costly in terms
of NBS/NPS staff time. Also, we will be able to access higher
quality candidates for the highly technical work required for
this LTEM program as the university has greater flexibility in
hiring practices than does the federal government. Benefit rates
and travel/per diem costs are much lower through the university
than through the federal government. Certain sampling costs will
be much lower through economies of scale, such as the costs of
sampling atmospheric nutrient inputs and log nutrients which are
greatly decreased by lumping the NPS LTEM samples in with the
larger batches of LTER samples already being collected by UNM. A
low indirect cost (university overhead) rate of 15% has been
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negotiated for this project with UNM, and indirect costs are not
charged on equipment or NPS temporary employee salaries. We
believe that delegating most project functions to UNM-based staff
will result in significant overall cost efficiencies and a more
productive monitoring program.

UNM would provide the labor and expertise for the NPS LTEM
program through the following personnel:

-1 part-time (0.5 month/yr) program director, to assure
attainment of LTEM program goals and insure coordination
with the LTER program;

-1 full-time Ph.D. project manager, to directly oversee the LTEM
program;

-2 full-time M.S.-level field biologists for sample collections
and identifications, and for data analysis and report
writeups (1 botanist, 1 zoologist);

-1 part-time (2 months/yr) data manager to coordinate and manage
overall project data sets;

-1 part-time (2.5 months/yr) technician to maintain weather
stations and manage associated data sets; and

-6 part-time (6 months/yr) biological technicians for 2 field
crews (2 botany, 2 entomology, 2 zoology).

In addition, 3 part-time (6 months/yr) biological technicians
would be hired by the NPS to provide 1 on-site field person
dedicated to this project at each of the NPS units. During the
busiest field season these NPS employees would provide logistical
support to, and conduct fieldwork with, the LTEM field crews when
they were operating in particular parks. These NPS technicians
would also conduct some monitoring activities on their own, and
serve as important liasons between the LTEM program staff and the
staffs of the NPS field sites.

Note that in year 1 (FY 1994) personnel costs are low
because staff can only be hired for the part of the year
remaining after a prototype program is selected. However, these
low first-year personnel costs are balanced by one-time equipment
costs needed to start the program.

7) SERVICEWIDE OR MULTIPARK APPLICABILITYSERVICEWIDE OR MULTIPARK
APPLICABILITY:

The program proposed here is an attractive model for the NPS
to consider as a prototype for long-term ecological monitoring
throughout the NPS system. The coniferous forest types monitored
in the Upper Rio Grande LTEM parks represent important,
widespread ecosystems which are dominant components of many NPS
units. Piflon-juniper woodlands and ponderosa pine forests
respectively cover about 19 and 11 million hectares in the
western U.S. (Figure 1), with mixed conifer forests of various
types covering additional millions of hectares. The potential
exists for developing an expanded cooperative LTEM network among
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other NPS units with similar ecosystems in the Four Corners area.
A sampling of "nearby" NPS units which could be linked with the
Upper Rio Grande LTEM include Great Sand Dunes, Capulin Volcano,
Chaco Canyon, Mesa Verde, Sunset Crater, Wupatki, Petroglyphs,
and Grand Canyon.

Our basic program design contains a number of unique and
attractive elements which could be adopted by other NPS units.
The focus on a university-based, multi-park, "eco-swat team",
with lesser emphasis on use of park-based staff, is a
logistically efficient way to collect large amounts of field
data, as it sequentially concentrates the necessary number of
people at each park for the intensive collection of pulses of
data without unneeded, expensive redundancy of scarce technical
staff at each park. This university-based team approach also
maximizes the scientific credibility of the results and improves
linkages between researchers and resource managers.

Thus this program is an appealing model for small NPS units
which individually may be below the threshold of being able to
develop and implement a viable monitoring program, as it links
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Figure 1. Distribution of Pifion-Juniper Woodlands and Ponderosa
Pine Forests in Western North America
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them to the critical mass of technical expertise and overall
program resources needed to implement a high-quality monitoring
program. Utilizing identical methodologies across a spatial
array of parks increases the interpretive power and clarity of
monitoring results. By directly interacting with a LTER network
site the NPS accesses the accumulated expertise of the best
scientific personnel available, including their peer-reviewed
experience with cutting edge sampling and data management methods
which have been developed over years with many millions of

dollars. Contracting with outside scientists to collect,
analyze, interpret, and report on the data insures that all of
these essential activities occur annually. Involving the faculty

of a local university provides additional opportunities to
promote the use of the parks as study sites for resource
management purposes and public education, as well as for "the
sake of science".

This program monitors a wide variety of ecosystem components
in great detail, providing a broad-based overview of keystone
park resources. Most of the elements of this monitoring program
are applicable with only minor modifications to a broad spectrum
of NPS units. While the overall program design and the specific
monitoring methodologies are scientifically state-of-the-art, the
approach and methods are conceptually straightforward and can be
directly implemented elsewhere without expensive equipment.

However, the successful implementation of this program does
require access to, and efficient utilization of scarce, highly
skilled, human resources. One strength of our monitoring program
design is that it facilitates the application of the needed types
and quantities of human resources to multiple parks while
minimizing the time lost by NPS staff to the bureaucratic
overhead associated with federal government hiring and
supervision requirements. When the efficiency of the multi-park
team approach and the quantity/quality of data collected are
considered in conjunction with the savings associated with
delegating most hiring, supervision, procurement, and payroll
functions to UNM, this program certainly demonstrates a cost-
effective overall design.

8) PARK INFRASTRUCTURE AND PROGRAM ORGANIZATIONAL STRUCTUREPARK
INFRASTRUCTURE AND PROGRAM ORGANIZATIONAL STRUCTURE:

The proposed NPS LTEM program takes advantage of existing
infrastructure owned and operated by UNM for its LTER program.
Office space will be available for LTEM employees in the UNM
Biology Department buildings on campus in Albuquerque. New
laboratories, offices, and housing are available and will Dbe
utilized for this program at the Sevilleta LTER Field Station.
Fiber-optic computer network links are already well-established
between the UNM campus and the SEVI field station, with access
available to the NPS units through existing phone/computer
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equipment. Because the NPS LTEM staff will largely operate out
of UNM facilities the individual parks do not need extraordinary
amounts of on-site infrastructure to implement this LTEM program.

The Museum of Southwestern Biology, located on the UNM
campus, will house one set of voucher specimens. This academic
museum 1s emerging as the major regional repository of specimens
for past and future work by the USFWS and National Biological
Survey. A second set of voucher specimens will be provided to
the NPS for storage at the respective parks, or elsewhere, as
appropriate.

All three NPS units have the resource management staffs,
adequate on-site infrastructure, and the active support of their
superintendents needed to support this LTEM program. Bandelier
has had a Resource Management Division since 1980, currently
composed of a GS-12 Chief, GS-11 Archeologist, GS-9 Curator, GS-5
Museum Technician, GS-9 Natural Resource Specialist (2 M.S.
degrees), GS-11 Ecologist (Ph.D.), GS-7 Biological/Data
Management Technician, graduate coop student Biological
Technician, two GS-5 Biological Technician fire monitors (six
month positions, currently staffed with M.S. and Ph.D. degrees),
and several summer seasonal positions. The Ecologist, coop
student, and one seasonal will be transferred to the NBS on
October 1st, forming the charter members of the "Bandelier Field
Station" of the National Ecology Research Center of the NBS.
This NBS field station will continue to support long-term
ecological monitoring and research at BAND.

BAND has the infrastructure necessary to support the
proposed LTEM program. One or two trailers are available to
serve as office and laboratory space. The Resource Management
Division currently has a number of personal computers (two with
486 microprocessors, three 386's, and two 286's), with extensive
software resources and telecommunications links to message and
database services. 1In addition, BAND's GIS 1is currently running
on a Sun workstation in the park. The park curatorial staff
maintain on-site collections of cultural and natural resource
materials in four separate buildings as well as the visitor

center museum. These collections include an excellent herbarium
facility which completely documents the known flora of 732
species. The park's arthropod reference collection is currently

being updated by UNM as part of ongoing arthropod monitoring.
Other facilities and equipment on hand range from microscopes and
a mirror stereoscope to water quality sampling equipment. A wide
assortment of expertise and equipment are also available on loan
from adjoining Los Alamos National Laboratory.

El Malpais has a Resource Management and Visitor Services
Division, with the division chief devoting 30% of his duties to
resource management (400+ hours of natural resource management
training). The division has a GS-9 Resource Management
Specialist whose duties are 90% resource management. In
addition, the two District Rangers conduct resource management as
35% of their duties (approximately 300+ hours of natural resource
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management training total). The resource management program 1is
augmented by a Ranger Activities Clerk for support services, and
a field Ranger with a degree in wildlife management. 1In
addition, ELMA maintains a coop student position which emphasizes
natural resource management activities.

El Malpais presently maintains two sets of offices: a
headquarters in Grants and a field office in the Bandera Crater
District. The offices in Grants accommodate 13 permanent

employees, including one from the Chaco Protection Sites Program.
The GIS runs on a 386 computer system at the headquarters. A
request i1s currently being processed by GSA to expand the present
office space to include another building. The Bandera office
accommodates two permanents with space for a third. ELMA is able
to provide office space for the LTEM program at either the
headguarters area or the Bandera office. Flora and arthropod
reference collections are near completion by UNM under the
current inventory work, including a 1500-specimen herbarium.

Pecos National Historical Park has a Division of Natural
Resource Management and Visitor Protection with a GS-11 Division
Chief, a GS-9 branch chief of Natural Resource Management (who
expects to hire a permanent GS-7 biotech and a GS-5 seasonal
technician in FY 1994), a GS-9 branch chief of visitor and
resource protection overseeing two GS-5 patrol rangers. 1In
addition, there is a separate Division of Cultural Resource
Management with a GS-11 archeologist supervising a seasonal
archeologist and a 5-person, ruins stabilization crew. The
management of this new, expanded park has strongly supported
efforts to immediately collect baseline ecological information
and establish an ecological monitoring program.

Park infrastructure includes the fully utilized headquarters
area as well as a number of buildings inherited from the former
ranch which would easily allow PECO to provide on-site office and
work space for LTEM workers. Flora and arthropod reference
collections are being developed through the current inventory
work, which includes the creation of a comprehensive on-site
herbarium.

Upper Rio Grande Basin LTEM Program Organizational Structure
Chart and Description

Figure 2 displays the organizational structure for our LTEM
program. Craig Allen (Bandelier Field Station of the NBS) will
serve as the contracting officer's representative and oversee the
program for the NBS by interacting closely with the resource
management specialists at each of the NPS units, the NPS Regional
Scientist, the LTEM Program Director, and the LTEM Program
Manager. Bob Parmenter (LTEM Program Director) will hire the
LTEM program staff and supervise the LTEM Program Manager, and
generally insure that the LTEM program is running smoothly and
that all of the contractual requirements of the cooperative
agreement are fully implemented. The LTEM Program Manager will
supervise the rest of the LTEM staff and will oversee the details
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and daily operations of the LTEM program. The two M.S. level
positions would supervise the seasonal field crews. The three
NPS, 6-month, biotech positions would be hired and supervised by
the resource managers in their respective parks, although they
would receive training from the UNM LTEM staff and would work
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Figure 2. Upper Rio Grande Basin LTEM Program Organizational Structure. Members of the LTEM program
coordinating committee are indicated in bold text.
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with those field crews when they were in-park (thus the dashed
line connecting the NPS biotechs to the LTEM Program Manager) .
Craig Allen, Bob Parmenter, and the LTEM Project Manager will

work closely with the NBS to evaluate the monitoring protocols
and overall program design.

A LTEM Program Coordinating Committee will be formed to
oversee the program, insure close communications among
participants (especially information transfer from the LTEM staff
to NPS managers), review and discuss monitoring results, and make
concensus decisions regarding overall changes in program
direction or methods. The LTEM Program Coordinating Committee
will be chaired by Craig Allen and consist of the NPS Southwest
Regional Scientist (or his designated representative), the
resource management specialists of each of the three NPS units,
Bob Parmenter, and the LTEM Program Manager.

9) DATA MANAGEMENT PLANDATA MANAGEMENT PLAN:

Data management for the NPS LTEM program will be coordinated
through the Sevilleta Information Management System (SIMS). LTER
network experience has demonstrated that the management of long-
term ecological data at the project level can help programs
achieve their goals through integrated computational services
that provide access to relational data base operations,
statistical and numeric operations, and technical text support.
As one component of SIMS, these operations are collectively
supported as a DataBase Management System (DBMS).

The design for the research data management system for the
Sevilleta LTER 1is built around an archive datafile format. This
format provides a computer data structure that contains full
documentation and comments (Figure 3). The file, called the
"Intersite Archive Datafile (IAF), is a generic data structure
that can be used on any hardware and software system, and that
can be sent on any electronic network or file transfer system.
The IAF structure has been adopted by a number of LTER sites as a
defacto standard to facilitate intersite communication, and
provides a mechanism for an orderly approach to the design and
implementation of a project research data management system.

The basic structure is a generic ASCII file that contains
the data and categories of information that define the data.
While the more complex issue of managing geographic data as they
apply to geographic information systems (GIS) will not be
addressed in detail here, suffice it to state that for the
archival storage of imagery the IAF structure has been expanded
to allow for more flexible storage and retrieval.

In any long-term monitoring project the incorporation of
minimum documentation standards is crucial. The test of adequate
documentation is that data should stand alone, and contain
sufficient information so that a future investigator who did not
participate in collecting the data can use the information for
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some management or scientific purpose.
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Figure 3.

41



In keeping with the "practical" approach, the SIMS DBMS is
developed around the file handling capabilities that already
exist in todays operating systems such as DOS and UNIX. Using
shell and C programming for application and database programs
eliminates the overhead of maintaining a commercial DBMS.
According to some practitioners, this system is known as a "Data
File Management System" (DFMS) and not a DBMS. The capabilities
of the DFMS are available to meet all the requirements of a DBMS
without the cost. For network access or impromptu analytical
applications, it may be necessary to use the indexing
capabilities of a commercial DBMS.

Data collected on these projects are stored in archive files
in specific areas of the hierarchical directory structure of the
computer system, with analytical and management tools stored in
discipline specific areas (Figure 4). Certain areas of the
directory structure are used for data entry, manipulation, and
construction of the archive files. Once complete, the files are
transferred to the archive area. The archive file then becomes
the reference version of the data. All subsequent work is done
to the archive file or copies made from it and then replaced.
This helps to control the problem of "offspring" files that
contain different versions of the data which tend to proliferate
through time.

Much data will be directly entered in the field on palmtop
PC's (e.g., HP-95's used since 1992 at BAND) or notebook
computers, while some information (e.g., meteorological data) is
continuously recorded by data loggers. Computerization of data
from paper data forms, or data entry, is achieved by the use of
text editors, and data entry programs. The use of data entry
programs allows for the verification of field inputs with the
documentation for those fields. Range checks, look-up tables,
and choice lists are provided via these programs which cuts
post-processing for quality assurance substantially. The data
are double entered, checked by a computer error checking program,
or visually checked, with summary analyses produced for
additional quality assurance checks. Data are rekeyed if error
rates are found to be more than 5%. With the use of filters the
data are then translated into the archive file format and
submitted for archival storage (Figure 5).

Once the data are in the archive area they are then
accessible to the NPS and collaborating investigators via
electronic network. Access 1is provided through an interface that
allows the user to download the data in a variety of formats
compatible with the analytical tools available, for example, data
would be available in Digital Line Graph (DLG) format for GIS
layers and Abstract Data Type (ADT) format for satellite imagery.

In most cases, data are archived on-line, most image data are
stored off-line. The on-line data are copied and saved to tape
or optical disk and put in 2 places off the premises to protect
against natural and un-natural disasters. This process is
documented in Figure 5.
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Figure 4.
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Figure 5.
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For certain sensitive data sets (e.g., the locations of
endangered species) access to computer databases will be
restricted through a password system to insure the security of
the data.

LTEM data will be summarized and analyzed at least annually
by the permanent LTEM program staff. The bulk of the data
analysis will occur during the winter, when less fieldwork is
conducted, as part of the annual report preparation process.

Equipment investments to support this level of DFMS for a
long term project must be made with a great deal of forethought

and commitment. The system described above is implemented on a
cluster of UNIX workstations, a UNIX file server, and a number of
associated DOS and MAC computers (Figure 6). These computers are

all connected through a common ethernet based network which is
connected to the UNM campus LAN and to "Internet" and are
accessible by modem. The file server is used for most
non-graphical applications including e-mail and data entry.

LTEM Data administration: Data management for the NPS LTEM
Program will be coordinated through SIMS personnel. Part-time
funding for these data management tasks is essential to support
this project. The LTEM personnel, in collaboration with SIMS
managers, will be responsible for the development of the NPS LTEM
data network. The LTER data management team will train the LTEM
personnel and associated NPS staff. This training will
familiarize them with the entire LTER network, enabling them to
archive data collected at each site, facilitate data flow among
NPS personnel at UNM and various parks, and help with the
synthesis of diverse datasets required by this project.

As data are archived by the LTEM data manager they will
immediately become available to the NPS through computer

linkages. In addition, archive copies of the raw data files will
be provided to each of the NPS units every year with the written
annual report. General data such as GIS themes, meteorological

data, etc., will be available to the entire scientific community.
Other requests for data from individual projects will be handled
on a case-by-case basis, guided by policies mutually agreed upon
by the NPS and LTER programs.

Data files for specimens submitted as voucher collections
will be produced following the NPS Museum Handbook protocol.
These Museum Record data files will be maintained at each of the
parks.

10) GIS SUPPORT AND INTEGRATIONGIS SUPPORT AND INTEGRATION:

GIS will be used to support this LTEM program, building upon
the solid base of past activities at all three NPS units and
links to the SEVI LTER program. BAND, ELMA, and PECO each have a
functional GIS system with adequate to excellent data bases.
Bandelier has been operating a GIS since 1988 to support
landscape-level research and management activities (Allen 1989,
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Allen - in press). BAND is currently running GRASS on a Sun
workstation, while both El Malpais and Pecos are operating EPPL7
on DOS platforms. All three parks have the basic data layers
(complete Digital Elevation Model files at 1:24,000, complete
Digital Line Graph files at 1:24,000, and park boundaries).
Vegetation, soils, roads, trails, hydrology, and hypsography maps
at this same scale are available at all three parks. Each park
also has several unique data layers; for example, the Bandelier
GIS contains over 2,000 archeological sites and associated
detailed database, the locations of rare or threatened plants and
animals, extensive and varied data on historic and prehistoric
fire occurence, historic land use and vegetation changes,
detailed ecological survey data (e.g., the GIS image in Plate 2),
geology, scanned 1991 aerial stereophotographs and
orthophotographs (scales 1:4800, 1:7200, and 1:24,000), digital
elevation data at a 10 foot contour interval resolution for the
entire park and 2 foot resolution for portions of the park
(courtesy of Los Alamos National Laboratory), and other data.
LANDSAT Thematic Mapper data from 1990 are available for all
three areas, at 30 meter resolution. Also available is the state
GAP analysis data set which includes land ownership, land use,
vegetation, distribution of vertebrates from the state data base,
and selected other attributes. These state GAP data are
continuous between the three NPS areas, so they can be linked by
a common regional data base. Other land management agencies
(USFS, BLM, BIA) are also rapidly developing new GIS datalayers
for surrounding lands which can be accessed by this LTEM program
if needed.

All three parks either have or are in the process of
training GIS operators, and all three have color printers for
graphic output. In addition, ELMA has scanner and plotter
equipment on-site. BAND is currently in the process of having
large numbers of photographic slides of permanent vegetation
plots scanned into CD-ROM formats, which will allow the images to
be analyzed and digitally archived. BAND hired a GS-7 technician
in 1992 to work half-time on GIS and other data management
activities; organizing inventory and monitoring data and
integrating them into the GIS (e.g., through digitizing of all
permanent plot locations) is a primary focus of this position's
activities.

BAND has been collaborating with a GIS group at Los Alamos
National Laboratory (LANL) since 1988 which is currently
demonstrating the use of a GIS which links various types of
computer data through a single, spatially organized, software
interface, allowing the user to seamlessly access and manipulate
GIS maps, text, graphics, databases, or spreadsheets. This LANL
group has expressed interest in demonstrating these impressive,
state-of-the-art, GIS integrative capabilities in a different
context - a funded Upper Rio Grande Basin LTEM program would be
an attractive candidate for a LANL demonstration program.

GIS support for all three parks is available at the NPS
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Southwest Regional GIS Support Center (RGSC) in Albuquerque, New
Mexico. The RGSC, established in 1991, has a permanent staff of
4 persons, with expertise in GRASS, EPPL7, and a variety of other

software packages. The RGSC archives and maintains operational
copies of the GIS data from each park in a "regional master
database". The center has a 36-inch scanner, appropriate

software to convert scanned raster maps into vectors, and the
ability to output color maps 36 inches wide and of any length.
The RGSC is physically located with UNM's Technology Applications
Center (TAC), and the expertise and hardware (e.g., numerous
digitizing tablets) of TAC are available to the NPS under
cooperative agreement.

The RGSC also operates a Trimble Community Base Station for
support of field Global Positioning System (GPS) units. The Base
Station operates 12 hours per day, 7 days a week, and base
station files are available over a 14K baud telephone modem or
can be obtained from CC Mail or in person upon request. All three
parks are within 100 air miles of Albuquerque, and thus all three
park units can use the base station for differential correction
of rover locations to obtain a positional accuracy of one meter.

The data base of Pecos, for example, was constructed using GPS
units from the beginning, and BAND and ELMA have owned and
operated multiple GPS units since 1992. Classes in GPS use are
offered once or twice a year at the RGSC. Staff at the RGSC are
available by telephone to field areas or they can travel to any
of the parks to assist in special applications or problem
solving.

The SEVI program utilizes georeferenced data to organize
much of its LTER data, as landscape-level spatial gquestions are
inherent in the design of this program. Thus the SEVI utilizes a
full-time GIS coordinator for the LTER program and interacts
intensely with TAC. SEVI primarily utilizes ARCINFO and GRASS
for GIS applications, thus data transfer techniques between these
software packages (and between EPPL7 as well) have been well
developed by TAC. SEVI staff are actively exploring the use of
sophisticated image processing techniques for monitoring
ecological variables, such as vegetation cover, which may soon
become applicable to the NPS LTEM program.

11) LINKAGES AND LEVERAGINGLINKAGES AND LEVERAGING:

This NPS LTEM program is tightly linked with inventory and
monitoring efforts on local surrounding lands, as well as more
generally linked to a variety of regional efforts. For example,
at BAND this program is closely linked to inventory and
monitoring efforts at adjoining Los Alamos National Laboratory
(LANL) , with whom collaborative projects include: monitoring of
local chorus frog populations (LANL is funding a graduate student
project working on both lands); monitoring the effects of the La
Mesa Fire (similar plots on both lands, with time donated by LANL
for the original PI and a field crew to collect data on BAND and
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LANL); a variety of GIS activities, ranging from LANL funding of
new aerial stereo and orthophotos of BAND (hardcopy and digital)
and the associated development of high resolution digital
topography for the park (ten foot and two foot contour intervals)
to LANL support of efforts to scan in (and geographically rectify
into orthophotos) all historic aerial photographs of BAND and
interpret them for landscape change; a joint fungal inventory of
LANL and BAND (primarily funded by LANL); and intensive
monitoring of runoff and erosion in the BAND Frijolito watershed
(funded by LANL). BAND has also been working collaboratively on
landscape-wide ecological inventory, monitoring, and research
efforts with the surrounding Santa Fe National Forest, which has
provided $26,000 to BAND in the past three years to support
projects like mapping (in a GIS) and databasing all known
observations of threatened and endangered species in our joint
landscape, mapping all old-growth forests in this landscape, and
development of a high-quality vegetation interpretation of
LANDSAT imagery for this area.

In the ELMA area there is interest in establishing
monitoring programs among all the surrounding land managers,
including BLM, Cibola National Forest, and several native
American tribes (Acoma, Zuni, and Ramah Navajo). The ELMA, BLM,
and the USFS are all using the same GIS database, and efforts to
establish cooperative data sharing are underway. Similarly, at
PECO cooperative monitoring and data sharing efforts have been
initiated between the NPS, several State of New Mexico agencies,
and the Santa Fe National Forest.

The significant benefits of closely linking the NPS LTEM
program with the National Science Foundation's LTER network have
been discussed in detail elsewhere in this proposal. We believe
that this direct linkage is a major strength of our proposal.
This linkage has also been fostered by collaboration between
BAND, ELMA, and SEVI on a proposal for global change research
(Allen and Carlton 1990).

In addition, the NPS LTEM program will also contribute to
numerous resource management activities in New Mexico. President
Clinton has recently listed the Rio Grande Basin as one of the
nation's four Ecosystem Management Programs, designed to
demonstrate to the nation how cooperative programs among federal
agencies, state agencies, Indian nations, universities, and
private interest groups, can address current and future resource
management issues. The inclusion of this NPS LTEM program (which
would have three study areas within the Rio Grande Basin) in this
initiative will provide both high visibility to the NPS, and
potentially increased Congressional budget allocations for
implementing and enhancing collaborative programs on natural
resource issues.

The LTEM program will also collaborate with the Rio Grande
Basin Consortium, which is composed of numerous Federal agencies
(BLM, USFS, BIA, USGS, BuRec, USFWS), State Government agencies
(from Colorado, New Mexico, and Texas) and private interest
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groups. The Consortium deals with management problems within the
Rio Grande corridor, and has a great deal of public respect and
cooperation in the region.

Data collected from the LTEM Program will also assist in
regional development plans by the Pueblo Nations. For example,
the Zuni Indian Tribe, located near ELMA, has prepared a
Sustainable Resource Development Plan which concentrates on the
biological, hydrologic, and soils resources on the Pueblo lands.

Data from ELMA on erosion and biological responses to
disturbances and climate dynamics will be of use to the Pueblo in
implementing their future management plans. Similarly, BAND has
close ties with the neighboring pueblos of Cochiti and San
Ildefonso which will lead to sharing of the results of our work
and possibly collaborative activities.

Funding from a variety of sources has been cobbled together
to establish the baseline data and framework of collaborative
relationships outlined in this LTEM proposal, and we expect that
securing funds devoted to LTEM work would allow us to leverage
significant additional resources into this program. For example,
the Centers for Disease Control would collaborate at no cost with
our LTEM program to monitor Hantavirus infection rates in the
rodents of these three NPS units. Park base funds at all three
NPS units have been allocated for resource management staff
devoted to monitoring, particularly at BAND where an ecologist
and associated biological technician positions were created from

a fixed park base by rearranging park priorities. PECO is
currently hiring two new biological technician positions to work
on inventory and monitoring issues. Regional office science base

funding has gone into all three parks in recent years to support
the collaborative inventory and monitoring work with UNM. ELMA
receives NPS regional office support for a natural resources coop
student position which currently works on grazing impacts and
revegetation monitoring. ELMA's superintendent sits on the board
of the natural resource program of the Southwest Indian
Polytechnic Institute and is able to direct student projects
toward our three NPS areas. Federal Highways revegetation
project funding has been utilized at BAND to supplement the
ecological inventory work in pifion-juniper woodlands. Southwest
Parks and Monuments Association and the Friends of Bandelier have
supported inventory and monitoring work at BAND through funding
capitalized equipment (e.g., two GPS units and a binocular
dissecting microscope), a seasonal biological technician, and
Student Conservation Association interns. As noted above, BAND
has also secured significant direct and indirect funding support
for ecological monitoring activities from Los Alamos National
Laboratory and the Santa Fe National Forest.

12) REPORTING SYSTEMREPORTING SYSTEM:

We propose a straightforward reporting system comprised of
the following components. Fufillment of the cooperative
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agreement between the NBS/NPS and UNM would require that the UNM
LTEM project staff prepare: a) quarterly written progress
reports; and b) an annual written report which presents annual
and cumulative summaries and analyses of the various datasets.
The M.S. level botanist and zoologist would work through the data
in their respective specialty areas, and the LTEM Program Manager
would synthesize their information, along with data from other
components of the program, into a single report. The annual
reports would be suitable for publication in either a NPS or NBS
technical report series. The quarterly and annual reports would
be distributed to the entire LTEM Program Coordinating Committee

(see Figure 2), as well as to any other levels of the NPS and
NBS which has an interest or need for the information.

Upon completion of the annual report (late winter) the three
full-time LTEM staff would hold an annual meeting with the LTEM
Program Coordinating Committee, either at UNM or rotated around
the various parks, to present the report results in person and
discuss any needed program modifications for the coming year. An
additional annual meeting of the full LTEM Coordinating Committee
is envisioned for each fall, to insure ongoing, interactive
feedback between all participants.

The LTEM Program Manager will be expected to submit an
article annually to Park Science. 1In addition, Bob Parmenter,
Craig Allen, the LTEM Program Manager, and other UNM LTER
collaborators (Appendix E) would certainly utilize the data to
generate peer-reviewed publications.

13) PARK THREATSPARK THREATS:

All three of the NPS units in this cluster park proposal
have documented concerns over the resource threats of diminished
ecosystem integrity, altered air, altered water, alien species,
and effects of park operations and visitor activities. 1In
addition, urban encroachment is a problem at PECO. The Upper Rio
Grande Basin LTEM Program proposed here will provide some
managerially useful information with regard to each of these
threats. However, this LTEM proposal is primarily focused upon
addressing the complex issue of how to determine the status and
trends of overall ecosystem health (integrity). We believe that
the multi-faceted, holistic approach to long-term ecosystem
monitoring which is proposed here will provide a scientifically
credible basis for detecting and understanding ecological changes
in park resources, as well as a socially defendable basis for
management action, where needed.
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APPENDIX C. THE MOST IMPORTANT MONITORING PROJECT STATEMENT FROM
ELMA®"S RESOURCE MANAGEMENT PLAN

ELMA-N-001.000

PROJECT STATEMENT SHEET PS Page: 0001

PROJECT NUMBER: ELMA-N-001.000

TITLE: MONITOR NATURAL RESOURCES
FUNDING STATUS: FUNDED: 0.00 UNFUNDED: 300.00

SERVICEWIDE ISSUES:
N20 BASELINE DATA
N17 BIODIVERSITY

PROBLEM STATEMENT:

If long term natural resource management is to be directed by
science as opposed to guesswork, the monitoring of the park's
most environmentally sensitive natural resources must be
established in a timely manner. We have started to identify
trends in resource conditions, and the source and nature of
environmental impacts on park resources. Where needed,
management actions have started to mitigate or eliminate
problems. This is partially the result of resource basic
inventory of flora, fauna, and geology that will be completed at
the end of FY 93.

Cyclic and non-cyclic variations are occuring continuously in E1
Malpais' ecosystems. Climatic trends impose environmental
conditions which lead to the replacement of species or to the
alteration of a biotic communities. Although biotic damage or
change may be readily apparent in an area subject to extreme
human land use pressures, such as intensive grazing, areas
receiving less human impact may be undergoing more subtle
changes. Quantitative measurements of ecosystem components or
population characteristics are needed to detect these changes.

The establishment of this natural resource monitoring program and
its implementation will enable managers to comply with the
mandates of relevant laws and policies, and the park's enabling
legislation.

DESCRIPTION OF RECOMMENDED PROJECT OR ACTIVITY:

Establish a comprehensive Natural Resource Monitoring Program

in FY 1994, FY 1995 and FY 1996. Data collection methods will be
those specified in NPS-77 and the Natural Resource
Inventory/Monitoring Data Collection System developed in N-018
and other physical science data.

The purpose of the Natural Resource Monitoring Program is to
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identify those natural resources that are most sensitive to
natural and/or human induced environmental change and to devise
scientifically sound methods to provide for the longterm
monitoring of those resources.

The following natural resource monitoring list is presented to
give an idea of the number and type of sensitive natural
resources that will require monitoring in the park (additions may
be made in the future):

FLORA SEASON FREQUENCY METHODS

1. stressed mixed summer TBA
conifer vegetation

2. stressed Ponderosa summer TBA
pine vegetation

3. stressed pinyon- summer TBA
juniper vegetation

4. cave dependent june and TBA
algae community august

5. ice/cave dependent june and TBA
lichen communities august

6. 1ce/cave dependent june and TBA
moss communities summer

7. 1ice/cave dependent june and TBA
fern communities summer

8. ice/cave dependent june and TBA
sedge communities september

9. riparian august TBA
communities

10. Malpais fire area august TBA

11. Collapse fire area august TBA

12. Hoya fire area august TBA

13. invasion pinyon- summer TBA

juniper site(s)
14. logged area site(s) summer TBA

15. grazing exclosure june and TBA
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sites august

ungrazed primary june and TBA

kipukas august

ungrazed secondary june and TBA

kipukas august

T&E plant species summer annual

FAUNA SEASON FREQUENCY

bat population, July TBA

Calderon bat cave

bird observations summer visitors/
staff

wildlife observations all year visitors/
staff

cave invertebrates summer TBA

kipuka invertebrates summer TBA

ice cave dependent June TBA

fauna

T&E animal species TBA TBA

PHYSICAL RESOURCES

ice cave air temper- all year daily
atures at 4 cave
sites (automated)

weather readings all year daily
(automated)

air quality
(automated tele- all year daily
radiometer at BLM
facility near park)
selected ice cave bi-annual B/C ranger
water samples

VISITOR USE IMPACTS
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1. intensive use annual
area impact
assessment,

designated site(s)

BD ranger

2. backcountry use annual B/C ranger
impact assessment,
designated site(s)

3. cave use impact annual

assessment,

designated site(s)

RMSpec.

4. backcountry use annual B/C ranger

(permit system)

In short, the development of the park's Natural Resource
Monitoring Plan will identify those resources that are the most
sensitive to ecosystem shifts and disturbance. The plan will
also develop and implement the on-the-ground methods that are
most conducive to specifically monitoring each of the identified
natural resources in a manner that is compatable with the system
developed in N-018, including the time of year monitoring should
take place and its duration.

BUDGET AND FTEs:

————————————————————————————— FUNDED————=————————————————
Source Act Type Budget ($1000s) FTEs

Year 1:

Year 2:

Year 3:

Year 4:

Total 000 0.0
———————————————————————————— UNFUNDED-————==——————————————————————
Source Act Type Budget ($1000s) FTEs

Year 1:

Year 2: NRPP MON 100.00 0.5
Year 3: NRPP MON 100.00 0.5
Year 4: NRPP MON 100.00 0.5
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Total: 300.00 1.5

(OPTIONAL) ALTERNATIVE ACTIONS/SOLUTIONS AND IMPACTS:

NO ACTION Alternative: the park would not establish a Natural
Resource Monitoring Program.

Natural resource management's wvital linkages to long term
scientific monitoring data from environmentally sensitive
park resources would be largely severed. Resource management
at the park would be forced to adopt a passive "let nature
take its course" orientation in which park management would
become essentially a custodial function.

A passive approach to land management would preclude the
park from actively striving to mitigate or eliminate through
appropriate management actions the negative effects of past
land use practices (e.g., domestic livestock grazing, fire

control, extirpation of desert bighorn sheep, etc.). This
would result in the delay or preclusion of environmental
rehabilitation/restoration at the national monument. Passive

management could also result in the perpetuation of natural
resource management errors and the ecological disruption or
elimination of sensitive park resources.

COMPLIANCE CODE (s): EXCL

EXPLANATION: 516 DM6 App. 7.4 B(4)

Proposal Date:
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APPENDIX D. THE MOST IMPORTANT MONITORING PROJECT STATEMENT FROM
PECO®"S RESOURCE MANAGEMENT PLAN

PECO-N-003.000: ESTABLISH LONG TERM ECOLOGICAL MONITORING

SYSTEMWIDE ISSUES:

N17 Loss of biological diversity

N20 Lack of basic data: insufficient understanding of park
ecosystems and threats to them

PROBLEM STATEMENT

As of May 18, 1993 Pecos National Historical Park amended it's
physical boundaries to include 5,500 additional acres. This
newly acquired land includes an a unique riparian community along
the Pecos River. Terrestrial and aquatic invertebrates, mammals,
flora, amphibians, reptiles, avian, macrobenthics, soils and fish
inventories are currently being, or have been conducted to date.

Establishment of a solid monitoring program is fundamental to
understanding and management of the natural resources. Currently
this information is not available to the General Management
Planning team. A scientific assessment of the status of the
system is vital to the construction of prudent and visionary
policy. Without long-term ecological monitoring in place,
management has no temporal measure of the health of the system.

Current impacts or threats to Pecos NHP resources include:

1) Lack of information on the status of the ecosystem

Terrero Mine contamination of the Pecos River

Accelerated erosion (previous grazing impacts)

Conflicting adjacent property use (water treatment facility)

Visitor use impacts (this will become more important as

visitor use regulations are established in the GMP and this

protected/new parcel is opened up to the public)

6) Exotic vegetation and feral animal displacement of native
species

7) Effects of Highway 63 and Interstate 25 traffic on animal
movement and ultimately species population stability

8) Unprotected water flow rate for the Pecos River and Glorieta
Creek

O W

Without monitoring it is impossible to determine the level of
impacts, and subsequently prescribe and justify protection
measures. Substantive information based on solid research
methodology 1s imperative to effectual management of the
resources we are mandated to protect.

PROBLEM SOLUTION
To document the level of impact from the above mentioned threats
monitoring of the significant ecosystem components below are
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recommended:

Monitor Resident & Transient Avian

Populations (PECO-N-003.003)
Establish Air Quality/Meteorological

Baseline PECO-N-008)
Monitor Small Mammals PECO-N-003.001

Monitor Pecos River Fish Population PECO-N-003.004
Monitor Glorieta Creek Fish Population PECO-N-003.005
Monitor Temporal Vegetation Composition
Change (PECO-N-017.000)

Conduct Intensive Soil Survey (PECO-N-019.00)
Study Pecos River Riparian Biodiversity (PECO-N-020.000)
Monitor Rate of Erosion along Pecos

River and Glorieta Creek (PECO-N-021.00)
Water Quality Study (PECO-N-04.000)

(

( )
Monitor Large Mammals (PECO-N-003.002)

( )

( )

A comprehensive examination of these primary components will
provide a picture of how the system is responding to the
perceived impacts. With this data to support management, future
actions (both internal and external) will have a baseline from
which to measure. Success or failure of projects will be more
objectively evaluated. Essentially this type of monitoring will
provide us with the necessary tools to legally protect our
resources.

Park management has already established a cooperative research
alliance with the University of New Mexico's Long Term Ecological
Research (LTER) program. The five year old Sevilletta field site
has a laboratory currently funded by the National Science
Foundation which is equipped with the computers and laboratory
items necessary for monitoring analysis and data management.
Monitoring should be designed and implemented by the same
Sevilleta LTER team who conducted the initial inventories to
increase the overall consistency and ultimately the managerial
benefit.

Long Term Ecological Research methodologies were favored due to
the high standard, world class peer review and the National
Science Foundation endorsement. Recent inventories of both
terrestrial and aquatic invertebrates and small mammals were
conducted in accordance with LTER protocol. LTER data collected
is readily transferrable to the EPPL7 data format used by the
existing park GIS system.

Monitoring of this nature will provide a picture of the stability
and resilience of individual populations. Ultimately the
assimilation of the results will provide the park with an
indication of the health of the overall ecosystem. This approach
will also provide a mechanism for monitoring the fluctuations of
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biodiversity within the system.

Similar studies are being proposed at Bandelier National Park,
and El1 Mapais National Monument. LTER techniques will be
mirrored and monitoring results will be shared with these parks.
This approach will render critical site-specific information as
well as provide a greater regional perspective by combining the
results. Expanding the spatial coverage by coordinating research
efforts with Bandelier and El1 Malpais will multiply the overall
benefits derived from the monitoring results.

BUDGET AND FTEs:

————————————————————————————— FUNDED————=————————————————
Source Act Type Budget ($1000s) FTEs

Year 1:

Year 2:

Year 3:

Year 4:

Total 0.0 0.0
———————————————————————————— UNFUNDED-————==—————————————————————
Source Act Type Budget ($1000s) FTEs

Year 1:

Year 2: NRPP MON 100.00 1.0

Year 3: NRPP MON 100.00 1.0

Year 4: NRPP MON 100.00 1.0
Total:  300.00 3.0
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APPENDIX E. STAFF LIST FOR UNM®"S LTER PROGRAM. The twenty-one principal
investigators and collaborators listed below form the core of the UNM
Biology Department's ecology faculty, and are the major researchers working
on the Sevilleta LTER Program. The research interests of the LTER faculty
encompass a wide range of topics, yet are coordinated under the common

theme of the LTER.

Research Topic

Ecosystem Processes/Nutrient Cycling
Landscape Ecology

Geographical Information Systems
Remote Sensing

Watershed Dynamics

Plant/Animal Community Ecology

Plant Population Ecology
Evolutionary Ecology & Genetics
Plant Systematics

Mammal/Avian Population Ecology
Reptile/Amphibian Population Ecology
Invertebrate Population Ecology

Parasitology
Microbiology
Evolutionary and Population Genetics

Vertebrate Systematics
Paleoecology

Meteorology

Soil & Precipitation Chemistry
System Data Management
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UNM Faculty Member

James R. Gosz

Bruce T. Milne

Brad Musick

Brad Musick

Cliff Dahm, Manuel Molles

James Brown, Robert Parmenter

Diane Marshall Plant

Ann Evans, Diane Marshall

Timothy Lowrey

James Brown, James Findley

Howard Snell

David Lightfoot, Cliff
Crawford

Donald Duszynski

Gordon Johnson

Ann Evans, Diane Marshall,
Terry Yates

Terry Yates

Glenna Dean, Richard Holloway

James Gosz

Carl White

James Brunt



