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FOREWORD
This report features excerpts of the fifth annual report of the Inventory & Monitoring (l&M) Program. They
outline the major accomplishments in the program during fiscal year 2000 and indicate use of the information
by park managers for making decisions. Part I of the report features descriptions of the principal functions
and the structure of the l&M Program. Part II briefly describes inventories of natural resources in parks. Part
III is organized by resource category. It provides brief descriptions of monitoring protocols and focuses on
the current status of monitored resources in 11 National Park System units that develop and conduct prototype,
long-term ecological monitoring. All of the items in this part were subjected to an editor-conducted doubleblind peer review. Part IV is a brief description of the l&M Training Course.

Gary Williams, Ph.D.
l&M Program Manager
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THE INVENTORY AND
MONITORING PROGRAM
Overview

to the program manager. Ad hoc working groups of
technical experts from the field convene as necessary to address specific policies and technical issues.
Natural-resource personnel in regional and support
offices provide coordination between parks and the
national program office.

Many natural resources in the National Park System
are subjected to unfavorable influences from a variety
of sources, for example, air and water pollution, urban
encroachment, and excessive visitation. Left
unchecked, the very existence of many natural
communities can be threatened. To help prevent the
loss or impairment of such communities in
approximately 270 units with significant natural
resources, the Natural Resource Inventory and
Monitoring (l&M) Program was established.

The l&M Program includes inventories, monitoring,
and data management.

The principal functions of the l&M Program are the
gathering of information about the resources and the
development of techniques for monitoring the
ecological communities in the National Park System.
Ultimately, the inventory and monitoring of natural
resources are integrated with park planning,
operation and maintenance, visitor protection, and
interpretation to establish the preservation and
protection of natural resources as an integral part of
park management and improve the stewardship of
natural resources by the National Park Service.

Long-Term Ecological Monitoring
The National Park Service needs a clear and simple
way to account for how it is preserving the nation's
natural-resource heritage. Preservation of healthy
parks depends on acquiring timely and accurate information about the condition of natural resources,
monitoring the change of conditions over time, and
acting on that information with confidence. The l&M
Program includes two major components focused on
ecological monitoring.

The detection of changes and the quantification of
trends in the conditions of natural resources are imperative for the identification of links between
changes in resource conditions and the causes of
changes and for the elimination or mitigation of such
causes. Inventory and monitoring provide important
feedback between natural resource conditions and
management and trigger specific management and
evaluation of managerial effectiveness.

Program Structure

Staffing

Prototype Monitoring
Prototype ecological monitoring programs were
established to evaluate monitoring at different spatial
scales and to develop field sampling methods and
accuracy assessment protocols for parks in each of
10 major biomes. Prototype programs serve as
centers of excellence and conduct more in-depth
monitoring and research and development to benefit
all natural-resource parks. Prototypes are designed
to advance the understanding of national park
ecosystem dynamics and ecological integration and
to improve current monitoring techniques.

An l&M Program Manager and six support staff members of the Natural Resource Program Center in Colorado coordinate the l&M Program goals and
objectives. A National Advisory Committee of National
Park System superintendents, natural-resource management specialists, program managers, and research scientists of the USGS Biological Resources
Division develops strategic policies and makes programmatic, technical, and budget recommendations

Vital Signs Monitoring
Under the budget strategy of the Natural Resource
Challenge, monitoring of ecological vital signs is being implemented in approximately 270 natural-resource parks over 4 years. Parks have been
organized into 32 networks, linked by geography and
shared natural-resource characteristics. Parks in
each monitoring network will share resources and
professional expertise to implement a core program
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of vital-signs monitoring that focuses on the most critical ecological parameters and stressors identified for
the network.

and in baseline water-quality assessments.
Databases containing summaries of existing geologic
maps and related reports also were produced for all
natural-resource parks.

Data Management

Seven prototype programs in 13 separate units were
initiated in the Pacific Coast, Arctic/Sub-arctic, Grassland, Prairies, and Deciduous Forest biomes. Three
of them are fully operational in Channel Islands, Great
Smoky Mountains, and Shenandoah national parks.

The l&M Program must manage the gathered information and must therefore develop policies, standards, and software systems to document and
describe the collected data; to exchange and distribute data to others in and outside the service; and to
archive and store data for ready access. The service
must also make its spatial databases accessible on
the Internet. Therefore, the l&M Program, the
service's GIS Program, and others are jointly developing standards and guidelines to document natural-resource data sets (i.e., metadata) and to acquire
the hardware, software, and technical expertise for
maintaining the data sets and making them available
on the Internet.

l&M National
Advisory Committee
Membership of the National l&M Program Advisory
Committee is being maintained in 2 0 0 1 . The
committee is composed of two permanent members
and 13 rotational members who serve 3-year
appointments.

Partnerships
Current Budget
The Fiscal 2001 budget of the l&M Program is $18.4
million of which 6.7% is used for salaries and program
administration, 59.2% for park inventories and data
management, and 34.1 % for monitoring. An additional
$2.8 million and 39 FTE (full-time equivalent [incumbents]) are available in the base accounts of parks
to conduct prototype monitoring. In Fiscal 2001. the
USGS Biological Resources Division is providing
approximately $1.2 million to map vegetation communities in parks throughout the U.S. except Alaska
and approximately $950,000 to support research and
development of prototype monitoring programs. The
National Park Service FIRE Program is also providing approximately $1.2 million in Fiscal Year 2001 to
cost-share vegetation mapping in 12 parks.

Program Status
Since 1992. the l&M Program has completed or
funded approximately 930 park inventories.
Significant progress has been made in bibliography,
base cartography, vegetation, and soils inventories

U.S. Geological Survey
Prototype monitoring and basic inventories are being implemented in close partnership between the
National Park Service and the Biological Resources
Division of the U.S. Geological Survey. During the
initial phases of research and design of long-term
prototype monitoring—usually a period of 3-5 years—
funding and full-time operational staff are provided
by the Biological Resources Division. After completion of research and protocol designs, monitoring is
considered operational. From then on, funding and
full-time employees become the responsibilities of the
National Park Service.
IMPROVE, NADP/NTN, and States
Air pollution is affecting natural resources in parks.
To determine background conditions and track
changes in air pollution and their effects on the
resources, the National Park Service monitors
visibility, ambient concentrations of particulate matter,
gaseous air pollutants, and wet deposition in many
parks. Visibility is monitored as part of the IMPROVE
(Interagency Monitoring of Protected Visual
Environments) national visibility monitoring network
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that is jointly funded and operated by the U.S.
Environmental Protection Agency, the National Park
Service, states, and other land management
agencies. Wet deposition (precipitation chemistry) is
monitored through the service's participation in
NADP/NTN (National Atmospheric Deposition
Program/National Trends Network). The networks of
the National Park Service and the states also monitor
gaseous air pollutants. The networks provide data that
are critical for understanding the effects of air
pollution on ecosystems in parks.

The Selected National Park
System Units
Prototype long-term ecological monitoring of natural
resources in 1999 continued in seven of 11 selected
parks (Tables 1 and 2). The seven parks represent

six biomes; deciduous forest is represented by two
parks. Monitoring in the remaining 4 parks will be
implemented as soon as funding is appropriated.
Cape Cod National Seashore
Atlantic-Gulf Coast Biome
Cape Cod is a large glacial peninsula that extends
96.5 km (60 mi) into the Atlantic Ocean from the coast
of Massachusetts. Cape Cod National Seashore on
the outer cape was established in 1961 and contains
18.063 ha (44,600 A) of marine, freshwater, and terrestrial ecosystems. During the past three centuries,
humans profoundly altered the ecosystems. Many habitats on the seashore are globally uncommon and the
species that occupy them are correspondingly rare.
Development of prototype monitoring of five major
ecological communities was initiated in 1996: (1)
shoreline margins; (2) barrier islands, spits, and
dunes; (3) estuaries; (4) freshwater kettle and vernal

Table L T h e seven National Park System units in which prototype monitoring has been
implemented and the biomes that the units represent.
Prototype

Biome

Cape Cod National Seashore, Massachusetts

Atlantic-Gulf Coast

Channel Islands National Park, California

Pacific Northwest

Denali National Park and Preserve, Alaska

Arctic-subarctic

Great Plains Prairie Cluster; Iowa, Minnesota
Missouri, and Nebraska

Prairie and grassland

Great Smoky Mountains National Park, Tennessee

Deciduous forest

and North Carolina
Shenandoah National Park, Virginia

Deciduous forest

Virgin Islands-Southern Florida Cluster

Tropical and subtropical

Table 2.The four National Park System units in which prototype monitoring will be implemented
and the biomes that these units will represent.
Prototype

Biome

Mammoth Cave National Park, Kentucky

Caves

Olympic National Park, Washington

Coniferous forest

North Cascades National Park Service Complex, Washington

Rivers and lakes

Northern Colorado Plateau Cluster, Colorado and Utah

Arid lands
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pools; and (5) maritime heathlands and forest. In
1999, the seashore and its partner, the Biological
Resources Division of the U.S. Geological Survey at
the University of Rhode Island, finalized a conceptual
plan for monitoring on the seashore. It uses a multivariate approach that combines physical, chemical,
and biological information to examine patterns of
ecological changes.
Development, testing, and operational implementation of monitoring protocols continued in 2000, and
the protocols for monitoring the various natural resources are at different stages. Monitoring protocols
are operational for kettle pond limnology, piping plovers and terns, and air quality (ozone and wet deposition). Drafted protocols for estuarine nekton, surface
and groundwater hydrology, and meteorologic and
atmospheric monitoring are under review. Draft protocols for freshwater fishes, geomorphic shoreline
change, estuarine nutrients, salt-marsh sedimentation and sea level rise, salt-marsh vegetation, and
waterbirds are to be delivered in 2001. Delivery of
draft protocols for monitoring amphibians, visitor use
activity, avian productivity and survivorship, red foxes
and medium-sized mammals, small mammals, and
heathland vegetation is expected in 2002.
When finalized and operational, information from
monitoring in each community will be used to support and evaluate natural-resource management that
is specifically related to the seashore and to other
Atlantic coastal parks.
Channel Islands National Park
Pacific Coast Biome
The five islands that comprise Channel Islands National Park belong to a chain of islands off the southern coast of California. The islands and the adjacent
submerged lands were set aside as a national park
because of their outstanding and unique natural and
cultural resources. The park was designated an International Biosphere Reserve in recognition of its
genetic diversity and importance as an environmental baseline for research and monitoring. In addition,
the U.S. Congress declared the waters that extend
11 km (6.8 mi) from the islands a National Marine
Sanctuary.
The islands are isolated and lie on the biogeographic
boundary between cold Oregonian and warm

Californian provinces, downstream from one of the
world's largest persistent oceanic upwelling sites.
Numerous species, subspecies, or varieties of unique
flora and fauna and unique species assemblages
evolved because of the missing mainland forms or
the presence of island endemics. The ecosystems
are often simpler or less diverse on the islands than
on the mainland but provide habitat for many endemic
species. The difficult physical access of the islands
has somewhat protected resources from exploitation.
Several avian and mammalian species that once
commonly bred along the southern California coast
are now able to breed in this region of sprawling
development only on the Channel Islands. Nutrientrich waters that well up from ocean depths sustain
highly productive pelagic and near-shore forage and
prey that support the diverse and productive
rookeries. Plants, invertebrates, and fishes that occur
along more than 1500 km (932 mi) of the Pacific
Coast of North America assemble in this area of
dynamic mixing of warm and cool waters. The giant
kelp forests in the park are among the largest and
best developed in the world, and the undisturbed tide
pools harbor a species diversity that is unique in the
eastern Pacific.
Vegetation and marine life have been monitored in
Channel Islands National Park since the mid-1980s.
Prototype long-term ecological monitoring under the
auspices of the l&M Program began in 1992. Presumably, monitoring reveals changes in population
dynamics in response to a vast array of ecological
factors such as predation and competition. A conceptual model of the park's ecosystems was used to
identify mutually exclusive system components for
monitoring.
Protocols for monitoring weather, ozone, water
quality, kelp forests, rocky intertidal communities,
sandy beaches and lagoons, terrestrial vegetation,
terrestrial vertebrates, seabirds, land birds,
pinnipeds, and number of visitors have been
established. The natural-resource management staff
of the park and partners such as the National Oceanic
and Atmospheric Administration and private scientific
and conservation organizations conduct the
monitoring and manage the data. Park staff and
researchers of the U.S. Geological Survey are about
to review the monitoring protocols for land birds,
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seabirds, terrestrial vegetation, and rocky intertidal
communities. Because the protocols were designed
in the 1980s, the need for a review of programs with
10 or more years of data became apparent. The
review is conducted to determine whether the original
questions have been answered at the desired
statistical probability and whether management
objectives have been accomplished. Protocols will be
revised as necessary to improve monitoring.
Formal reviews of the monitoring of the kelp forest in
1995 and of the monitoring of land birds, rocky intertidal resources, and seabirds in 2000 demonstrated
the value of periodic reviews. The reviews consisted
of an analysis of historic data, a workshop with discussions of results and options, a review by the program steering committee, and revisions of monitoring
protocol by park staff.
Since the development of the monitoring program,
the park acquired substantial new land from private
ownership. As a result, natural resources in extensive
portions of the park are not yet monitored.
Denali National Park and PreserveArctic Biome
Denali National Park and Preserve was set aside in
the early part of the twentieth century to protect a
living landscape where visitors could see freeroaming wildlife against a spectacular backdrop of
snow-capped mountains. Over the years, the park has
supported and been the site of many studies, some
repeated often enough to constitute monitoring. Park
managers have long recognized, however, the value
of a formal system for monitoring park resources.
Development of a long-term ecological monitoring
(LTEM) program became a possibility in 1992 when
the park began to receive funding from a nationallevel program in the National Park Service for that
purpose.
During the past 10 years, several milestones in the
Denali LTEM Program were achieved. One of the
most significant is the Conceptual Design of the Longterm Ecological Monitoring Program completed in
2000. The design lays out the thinking that drives the
monitoring and describes the design itself. It identifies
the monitoring components and sets a single goal:
help for park management in protecting the resources

of the park by providing the ecological context for
decisions in resource preservation. The goal provides
the basis for prioritizing monitoring. The goal is linked
to a management objective of providing timely
information to decision makers and to an ecological
objective of improving an understanding of the Denali
ecosystem. The conceptual design also describes
modeling as a process for understanding the
ecological dynamics in the park. Modeling plays an
important role in the design and implementation of
monitoring. Furthermore, the conceptual design
provides guidance for managing the program,
reporting information, and documenting protocol
documents.
LTEM is an integral part of the Division of Research
and Resource Management in the park. Key
monitoring staff consists of leaders on park staff,
temporary employees in the LTEM program, and
collaborating scientists and individuals from other
agencies or institutions. Thirteen monitoring
components constitute the core of the program. They
include the monitoring of air quality, water quality,
weather, snow, glaciers, vegetation, aquatic
invertebrates, bird abundance and species, bird
productivity and survivorship, golden eagles, caribou
and wolves, and small mammals. Such monitoring
enhances the ability of park staff to keep track of a
wide variety of ecosystem attributes that may indicate
changes in the environment and provide
understanding of the ecosystem.
Great Plains Prairie Cluster
Prairie and Grassland Biome
The Great Plains Prairie Cluster initiated prototype
long-term ecological monitoring to meet the needs
of small parks. Monitoring is conducted in six small
prairie parks that are widely scattered throughout the
central grasslands. A team of resource specialists
stationed in Wilson's Creek National Battlefield monitors natural resources there and in Agate Fossil Beds,
Homestead National Monuments, and Scotts Bluff in
Nebraska; in Pipestone National Monument in Minnesota; and in Effigy Mounds National Monument in
Iowa.
North American prairie once extended across the
mid-continent region from Canada to Texas and from
the Rocky Mountains to the Appalachian forest. The
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vast landscape was nearly continuous grassland,
transitioning gradually from shortgrass steppe in the
West to tallgrass prairie and savanna in the East.
Today, Great Plains grasslands are fundamentally
altered by the conversion of prairie to cropland and
pasture, the removal or disappearance of native ungulates, drainage of wetlands, and an increase in
woody vegetation from plantings and fire suppression. The estimated loss of native prairie is between
80% and 99.9%. Fragmentation of the tallgrass prairie ecosystem has left the national parks with a unique
challenge to help preserve many of the features of
this almost vanished habitat.
Although each park in the Great Plains Prairie Cluster has a unique mission and represents a distinctive component of regional biotic diversity, the parks
share many resource-management issues. All include
high-quality prairie remnants, sites requiring complete
restoration, and a continuum of resource conditions
between these two extremes. Restoring prairie vegetation to disturbed sites and managing prairie communities with prescribed fire (any fire ignited by
management to meet specific objectives) are common resource management practices. Their small size
makes parks particularly susceptible to external
threats. Agricultural, residential, and industrial development are prominent land uses adjacent to the
parks. Because small parks are often inadequately
buffered against edge effects, invasion by nonnative
species is a pervasive problem. Water pollution may
be the most urgent external threat. Because the parks
are small, their springs, creeks, and ground water
are particularly vulnerable to external pollution
sources and cannot be insulated by inside buffer
zones or resource management. Most of the parks
must also protect unique habitats and manage state
or federally listed rare and endangered species.
Agate Fossil Beds National Monument was previously a working cattle ranch owned by Captain James
Cook. The monument preserves paleontological sites
considered to be among the world's best deposits of
mammalian remains of the Tertiary Age. The park also
has historical significance as the summer campsite
of the Lakota Sioux leader, Chief Red Cloud, who
was a friend to Captain Cook. Two-thirds of the
monument's 1215 ha (3000 A) consist of mixed-grass

prairie. The Niobrara River, originating 96 km (60 mi)
to the west, flows through the monument. The associated wetlands provide important habitat for prairie
birds and wildlife.
Effigy Mounds National Monument was established
in 1949 to preserve earth mounds created by the
Mound Building Culture of Prehistoric American Indians between 500 B.C. and 1300 A.D. The steep
slopes of the monument are primarily eastern hardwood forest. Prairie openings on the ridge tops and
bluff edges overlook the Mississippi River. Several
rare plant species are associated with undisturbed
mesic forest and algific talus slopes, which occur on
north-facing slopes. The monument also includes
floodplain forests along the Sny Magill Creek and the
Yellow River.
Homestead National Monument of America was
established on the original homestead of Daniel Freeman to commemorate the hardships and pioneer life
of the early settlers. When the monument was established in 1936, the upper slopes of the site were severely eroded, the lower slopes were covered with
heavy silt deposits, and the woodlands were cut over
and heavily grazed. In 1939, the National Park Service began restoring prairie vegetation, and today the
Homestead Prairie represents the second oldest prairie restoration in the Midwest. Plant diversity is greater
in the oldest sections of the restored prairie than in
some native prairie remnants in the area. Cub Creek
winds through the western half of the monument.
Pipestone National Monument was established in
1937 to preserve and manage the pipestone quarries
in their natural tallgrass environment and to provide
American Indians with free access to quarry
pipestone. The most significant natural resources of
the park include the Sioux Quartzite rock formation
and associated Sioux Quartzite prairie, 65 ha (160 A)
of virgin tallgrass prairie, and Pipestone Creek. The
tallgrass prairie supports more than 250 native
vascular plant species, including the federally listed
threatened western prairie fringed orchid (Platanthera
praeclara). The Nature Conservancy has designated
the Sioux Quartzite prairie type as endangered
throughout its range and cites the Pipestone outcrops
as one of the few intact examples of this rare
community type.
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Scotts Bluff National Monument was created in
1919 to protect the historic and scientific integrity of
Scotts Bluff, a massive promontory that rises nearly
244 m (800 ft) above the North Platte River. The park's
goals are the restoration and maintenance of the
native prairie landscape to the conditions that were
seen by overland emigrants of the 1840s-1870s. The
vegetation of the monument is primarily mixed-grass
prairie but includes Rocky Mountain juniper
(Juniperus scopulorum N.) woodland in the steep
upland draws, badlands, and riparian communities along the North Platte River. A black-tailed prairie dog (Cynomys ludovicianus) colony occurs in the
park.
Wilson's Creek National Battlefield commemorates
the battle that occurred there on 10 August 1861. It
is unique as a Civil War battlefield because the historic landscape consisted primarily of pre-settlement
savanna, prairie, and glade communities, and a few
farms scattered along the creek. In addition to restored prairie grasslands, the battlefield includes oak
woodland on the steeper slopes and some of the
Missouri's best examples of limestone glade vegetation. Four populations of the federally listed endangered Missouri bladderpod (Lesquerella filiformis
Rollins) occur on the limestone glades. Several caves
and sinkholes on the battlefield are associated with
rare fauna. Wilson's Creek flows through the park.
Overall goals of monitoring are early warning of resource decline and assessment of the effectiveness
of resource management. Sampling protocols address three high-priority management issues:
(1) sustainability of small remnant and restored prairie ecosystems, (2) effects of external land use and
watershed changes on small prairie preserves, and
(3) effects of fragmentation on biological diversity in
small prairie parks.
Protocol design and development began in 1995 and
has been funded primarily by the Biological Resources Division of the U.S. Geological Survey. Scientists with the Northern Prairie Wildlife Research
Center concluded their involvement in spring 2000.
Protocols are finished or nearing completion to monitor prairie plant communities, rare plants, stream
macroinvertebrates (as indicators of water quality),
butterflies, and black-tailed prairie dogs.

In 1997, the National Park Service began funding a
gradual transition to an operational program. Two
permanent ecologists were hired in 2000 to complete
the professional monitoring staff. In 2000, prairie plant
communities, the federally listed species (Missouri
bladderpod and western prairie fringed orchid),
stream macroinvertebrates, and black-tailed prairie
dogs were monitored. In addition, the monitoring staff
assisted parks outside the Prairie Cluster by establishing plant community monitoring in Tallgrass Prairie National Preserve, and by helping the Heartland
Network plan inventory and monitoring work. Plans
for 2002 are underway to develop monitoring relating to grassland bird communities and the federallylisted fish, Topeka shiner (Notropis topeka).
Great Smoky Mountains National ParkDeciduous Forest Biome
Great Smoky Mountains National Park, which encompasses approximately 211,026 ha (521,053 A) in
Tennessee and North Carolina, was selected for prototype ecological monitoring in 1992. The species
richness of the flora and fauna in this park is one of
the greatest in the National Park System. However,
this richness is threatened by the invasion of
nonnative forest insects, diseases, plants, and vertebrates; by high ozone, sulfate, and nitrate depositions at upper elevations: by fire suppression; and by
the destruction of habitats on the peripheries of the
park.
The program in the park focuses on quantitative monitoring of water quality, forest vegetation, rare plants,
nonnative forest insects and diseases, large stream
fish communities, brook trout, white-tailed deer, and
hard mast and black bear bait surveys. As a park that
conducts prototype long-term ecological monitoring,
Great Smoky Mountains National Park is also trying
new monitoring protocols and is undertaking the firstever total inventory of all species, called an All Taxa
Biodiversity Inventory or ATBI. ATBI will eventually
be used to rigorously evaluate the accuracy with
which monitored groups in the park reflect changes
to the entire ecosystem.
Although only several years old, the monitoring data
in the park have been decisive in several critical land
management issues, including a ban on cutting
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butternut trees (Juglans cinerea) in all national forests
and a ban on the export of American ginseng (Panax
quinquefolius) that is less than 5 years old.
Shenandoah National ParkDeciduous Forest Biome
Shenandoah National Park in the northern Blue Ridge
Mountains of Virginia is the largest protected area in
the mid-Atlantic region (79,380 ha [196,000 A]) and
the site of the scenic Skyline Drive. The elevation in
the park is 192-1231 m (530-4050 ft) above sea
level. Sixty peaks exceed a height of 915 m (3000 ft).
Because of its vicinity to Washington, D.C. and other
large eastern metropolitan areas, the park is a
popular tourist destination.
The park has a diverse flora of northern and southern plants whose showy display of blooms in the
spring and brilliant fall colors are renown nationwide.
Many neotropical birds migrate through the park or
nest there, and the large mixed mesophytic forest
provides important habitat for many species of wildlife. The federally listed endangered Shenandoah
salamander is endemic to the park.
High ozone levels and sulfate deposition; invasions
by nonnative forest insects, diseases and plants; and
destruction of habitats from development on adjacent
lands threaten the natural resources in the park. Protection of the resources is challenging because of
the long, narrow shape of the park.
In response to legal mandates and recognized
threats, Shenandoah National Park began long-term
ecological monitoring of water quality, air quality,
brook trout and bears in the 1980s. In 1992, prototype
ecological monitoring for the deciduous forest biome
was continued through the l&M Program and is fully
integrated into the resource management program
of the Park. Since 1992, monitoring has been
expanded to include rare plants, forest health, aquatic
insects, other fishes, and neotropical birds. NPS
natural-resource funding has been critical for the
establishment of the l&M Program at Shenandoah,
however, additional studies and funding by
cooperating agencies such as the U.S. Geological
Survey, U.S. Forest Service, U.S. Fish and Wildlife
Service, state agencies, universities, and others play
an important part in understanding and protecting
park resources.

Virgin Islands-Southern Florida ClusterTropical-Subtropical Biome
The Virgin Islands-South Florida Cluster consists of
Buck Island Reef National Monument, DryTortugas
National Park, and Virgin Islands National Park.
Virgin Islands National Park was established in 1956.
Its original size of 3840 ha (9490 A) was expanded
by 2287 ha (5650 A) in 1962, and by 55 ha (135 A) in
1978. The primary legislative mandate of the park is
the protection of the outstanding scenic values and
features of national significance on the island of St.
John. In 1976, United Nations Educational, Scientific and Cultural Organization (UNESCO) designated
the park as a Biosphere Reserve under its Man and
the Biosphere (MAB) program.
Examples of most tropical Atlantic terrestrial, coastal,
and marine ecosystems occur in Virgin Islands National Park. These include beaches, salt ponds, algal
plains, seagrass beds, coral reefs, mangroves, and
various types of subtropical dry to moist forest. The
federally listed endangered Brown Pelican
(Pelecanus occidentalis) nests, feeds, and roosts in
and adjacent to the park. The federally listed threatened Roseate Tern (Sterna dougallii) and endangered Least Tern (S. antillarum) are summer residents
that have nested in the park within the last 2 years.
Two federally listed sea turtles are common in waters off the park. One of them, the hawksbill
(Eretmochelys imbricata), requires coral reefs for food
and refuge. Although these turtles nest throughout
the year, nesting on park beaches peaks during JulyNovember. The other sea turtle, the green turtle (CheIonia mydas), feeds in seagrass beds in park waters
and is an infrequent nester on beaches of St. John.
Buck Island Reef National Monument was designated
in 1961 for the protection of its 71 ha (176 A) of land.
285 ha (704 A) of water, and surrounding coral barrier reefs. It was expanded by 12 ha (30 A) in 1973.
Most of the water (77%) is a designated marine garden in which extractive uses such as fishing and collecting are prohibited. The monument is a nesting site
for hawksbills, leatherbacks (Dermochelys coriacea),
green turtles, Brown Pelicans, and Least Terns. In
addition to nesting habitats for adult sea turtles, Buck
Island's coral reef system provides habitat for juvenile hawksbills and foraging and resident habitat for
post-pelagic to sub-adult hawksbills. Buck Island is
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the most popular tourist destination on St. Croix. Visitors of the park enjoy coral sand beaches, picnic areas, and an overland hiking trail. Snorkeiers can
follow an underwater interpretive trail that winds
through coral reefs. A large eikhorn coral (Acropora
palmata) barrier reef rises to the surface from as deep
as 12 m (40 ft).

(Fregata magnificens) and Masked Boobie (Sula
dactylatra), and the only significant colonies of the
Brown Noddy (Anous stolidus). Black Noddy (Anous
minutus), and Sooty Tern (Sterna fuscata) in the
continental U.S. A large variety of passerines and
birds of prey migrate throughout the park during
spring and fall.

Dry Tortugas National Park, formerly Fort Jefferson
National Monument, consists of a cluster of seven
islands, coral reefs, and sand. Only 95 ha (39 A) of
the 26,200 ha (64,700 A) is land. Fort Jefferson was
built during 1846-66 when the attention of the U.S.
military was drawn to the Florida Straits' strategic
location. It is the western world's largest masonry
fortification, and the remarkable bird and marine life
of the area are world-renowned. The park has the
only nesting colonies of the Magnificent Frigatebird

Monitoring of natural resources in the cluster has not
been fully operational and is pending on the completion of protocols. Protocols are required for six types
of natural resources: water quality, coral reefs,
seagrasses, fisheries, sea birds, and sea turtles. In
1999, the development of protocols was continued
in cooperation with the Biological Resources Division
of the U.S. Geological Survey and were completed
for water quality and sea turtles.
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INVENTORIES OF
NATURAL RESOURCES
The l&M Program is committed to conducting inventories in about 270 National Park System units with
significant natural resources. Since 1992, the program has funded approximately 930 inventories of
various natural resources and verified species lists
from 95 units. Progress in inventories of bibliographies, base cartography, vegetation, and soils has
been significant. Baseline assessments of water quality and geologic bibliographies in all natural resource
parks also were funded. The assessment of baseline
water quality was funded jointly with the Water Resources Division of the National Park Service.
Twelve natural-resource data elements are the core
set of the minimum information for park management,
planning, and natural-resource protection (Table 3).
The l&M Program will complete the basic resource
data sets for each National Park System unit with
natural resources. For cost effectiveness and quality
control, most of the inventories are done by other
agencies under national-level contracts and costsharing arrangements. Specialized inventories of
other resources, for example, invertebrates or fossils, are the responsibility of parks.
In addition to a description of the objectives,
documentation, and status of species inventories in
parks, a collection of six facts sheets about
inventories in the l&M Program are provided here.
Staff of the Natural Resource Information Division
updated the information in the fact sheets between

December 2000 and January 2001. Electronic copies
of the fact sheets are posted on the Natural Resource
web site of the National Park Service
(www.nature.nps.gov/facts/findex.htm). Each fact
sheet provides the name and address of at least one
person who may be contacted for further information
about a specific topic.

Table 3. The 12 natural resource data elements or
core set of minimum information for park
management, planning, and natural resource
protection.
Air-quality-related values
Base cartographic data
Geology map
Location of air quality monitoring stations
Natural resource bibliography
Precipitation and meteorological data
Soils map
Species distribution and status of vertebrates and
vascular plants
Species list of vertebrates and vascular plants
Vegetation map
Water-body location and classification
Water-quality data
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MOORE.

MONITORING AND STATUS OF
NATURAL RESOURCES
Overview
National parks have inspired, awed, and brought
enjoyment to countless millions throughout this
century. In recognition of these national treasures,
the U.S. Congress gave the National Park Service
the mandate of preserving, protecting, and
maintaining the health and integrity of park resources
for the enjoyment, education, and inspiration of this
and future generations. But management of the
national parks is an extremely complicated and
difficult task. Park ecosystems are complex and vary
tremendously over time and space. Managers must
be capable of determining whether the changes they
observe in park resources are the result of natural
variability or the effects of anthropogenic activities. If
the latter, then managers must understand park

ecosystem processes and mechanisms well enough
to know what actions are needed to restore natural
conditions. Such knowledge and insights can be
obtained only through comprehensive, long-term
research and monitoring. Short-term, parochial
investigations will not provide the needed knowledge
and understanding. In the words of Ralph Waldo
Emerson:
The years teach much which the days will never know.
Provided here are descriptions of long-term ecological monitoring and the status of the monitored geophysical and natural resources in two clusters and
five National Park System units. Not all of the monitoring programs are at the same stage of implementation, but all hold the promise of enhancing the
management and protection of park resources.

MONITORING GRASSLAND PLANT COMMUNITIES AT AGATE FOSSIL BEDS, NEW MEXICO.

14 Monitoring and Status

Air Quality

average between 1989 and 1999. A more quantitative
analysis of the May-September average daily

Cape Cod National Seashore
Ozone. Ozone concentrations in the National Park
Service Gaseous Air Pollutant Monitoring Network
are highest in southern California and in the northeastern and east-central U.S. Ozone levels routinely
are lowest in the monitoring sites in the Pacific Northwest and Alaska. The highest and second highest
daily maximum 1-h average ozone concentrations on
Cape Cod National Seashore in 1999 were 138 and
127 ppb. The 1 -h ozone averages were greater than
or equal to 100 ppb on 10 days in that year. The fourth
highest 8-h average concentration in 1999 was 102
ppb. The daily maximum 8-h ozone concentration
during 12 days in 1999 was greater than 84 ppb.
The 1997 U.S. Environmental Protection Agency
(EPA) ambient air quality standard designed to protect
human health is exceeded when the 3-year average
of the fourth highest 8-h daily maximum ozone
concentration exceeds 84 ppb. The 1997-99 average
of the fourth highest 8-hour concentration on Cape
Cod National Seashore was 95 ppb (Fig. 1), which
exceeds the EPA standard. The 3-year average of
the fourth highest 8-h daily maximum concentration
on Cape Cod National Seashore has varied between
90 and 110 ppb during 1989-99. This ozone chart
qualitatively suggests a decreasing trend in the 3-year

Figure 1. Three-year average of the fourth highest
daily maximum 8-hr ozone concentration on Cape
Cod National Seashore.

maximum ozone concentrations revealed no
statistically significant trend during the 10-year period
1990-99.
In 1999, the U.S. Court of Appeals for the District of
Columbia Circuit blocked EPA's authority to implement this new 8-h standard. EPA appealed the court's
decision to the Supreme Court and is seeking to have
it overturned. EPA reinstated its original 1 -h standard
of 120 ppb in 2000 to ensure public health protection
until the legal issues are resolved.
Wet Deposition. Sulfate concentrations in precipitation on Cape Cod National Seashore ranged from
1.2 to 2.2 mg/L during 1981-99 (Fig. 2). These concentrations are elevated and reflect the higher sulfur
emissions in the eastern U.S. However, sulfate concentrations at this coastal site may be due in part to
naturally occurring sea-salt aerosols that contain
sulfate. Concentrations of nitrate in precipitation on
the seashore ranged from 0.7 to 1.3 mg/L. Nitrate
concentrations were consistently lower than sulfate,
but the values are considerably higher in eastern
parks than in western parks because of higher nitrogen emissions. The theoretical pH value of unpolluted
precipitation is 5.6. On Cape Cod National Seashore,
the pH of precipitation was 4.4 to 4.6.

Figure 2. Annual average pH and precipitationweighted mean sulfate and nitrate concentrations
on Cape Cod National Seashore (National
Atmospheric Deposition Program/National Trends
Network).
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Channel Islands National Park
Ozone. The highest and second highest daily maximum 1-h average ozone concentrations in Channel
Islands National Park in 1999 were 93 and 82 ppb.
The fourth highest 8-h average concentration in 1999
was 70 ppb.
The 1997-99 average of the fourth highest 8-hour
concentration at Channel Islands National Park was
67 ppb, which meets the EPA standard. The 3-year
average of the fourth highest 8-h daily maximum concentration has varied between 63 and 72 ppb during
1990-99 (Fig. 3). Ozone monitoring in the park ended
in 1992 and commenced again at a new site in 1996.

(deciview) scale is chosen so that a value of zero
represents excellent visibility, i.e., visibility unimpaired
by manmade or natural particles suspended in the
air. The dv scale is a mathematical transform of the
more traditional visual range and atmospheric indices. For example, 30 dv correspond to 19 km (12 mi)
and 10 dv correspond to 144 km (89 mi) standard
visual range.
The seasonal pattern in fine particle mass and visibility was weak in Denali National Park and Preserve
in 1999. Visibility was highest (238 km, 5 dv [148 mi])
and fine mass the lowest (0.8 pg/m3) in fall. Fortyeight percent of fall aerosol extinction was produced
by sulfates, 17% by organics, 18% by coarse particles and soil, 14% by soot, and about 3% for nitrates. In summer, visibility was about 197 km (7 dv
[122 mi]) and fine mass concentrations were about
1.7 pg/m3. Sulfates and organics were the largest
contributors to aerosol light extinction. During 199099. the days with the worst visibility improved about
0.4 dv/year (Fig. 4).

Figure 3. Three-year average of the fourth highest
daily maximum 8-hr ozone concentration in Channel
Islands National Park.

Denali National Park and Preserve
Fine Particles and Visibility. Denali National Park
and Preserve is part of the IMPROVE visibility monitoring network. Particulate matter and the optical
properties of the atmosphere that are important for
understanding the effect of air pollution on visual air
quality are measured. The March 1999-February
2000 annual average fine mass was 1.2 pg/m3, which
was among the lowest measured in all IMPROVE
sites. Three-fourths of that mass was organics (41 %)
and sulfates (32%).The calculated budget during this
period indicated that 40% of the aerosol light extinction was caused by sulfates, 25% by organics, 20%
by soil and coarse particles. 9% by soot, and 6% by
nitrates. The annual average standard visual range
from this mix was 215 km (6 dv [134 mi]). The dv

Figure 4. Annual average deciview for best, average,
and worst visibility days in Denali National Park and
Preserve.

Ozone. Ozone concentrations in Denali National Park
and Preserve are among the lowest in the NPS Gaseous Air Pollutant Monitoring Network. Both the highest and second highest daily maximum 1-h average
ozone concentrations in 1999 were 58 ppb. The fourth
highest 8-h average concentration in 1999 was 55 ppb.
The 1997-99 average of the fourth highest 8-h
concentration in Denali National Park and Preserve
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was 54 ppb, well below the EPA standard. The 3-year
average of the fourth highest 8-h daily maximum
concentration has varied between 47 and 54 ppb
between 1989 and 1999. (Fig. 5). This ozone chart
qualitatively suggests a small increase in the 3-year
average between 1989 and 1999. In addition, a more
quantitative analysis of the average daily maximum
ozone concentrations in May-September revealed a
small statistically significant degrading air quality
trend of 0.2 ppb/year during 1990-99.
Wet Deposition. The lowest concentrations of sulfate
and nitrate in precipitation at five parks with prototype
long-term ecological monitoring were recorded in
Denali National Park and Preserve (Fig. 6). Sulfate

Figure 5. Three-year average of the fourth highest
daily maximum 8-hr ozone concentration in Denali
National Park.

Figure 6. Annual average pH and precipitationweighted mean sulfate and nitrate concentrations
in Denali National Park (National Atmospheric
Deposition Program/National Trends Network).

reached a maximum concentration of 0.52 mg/L in
1981 and nitrate reached a maximum concentration
of 0.26 mg/L in 1991. However, there was a
statistically significant increase in nitrate
concentrations from 1985 to 1993 and a small
statistically significant decrease in sulfate
concentrations during 1 9 9 0 - 9 9 . The pH of
precipitation was considerably higher (5.1-5.6) in
Denali National Park and Preserve than in the other
parks that conduct ecological monitoring. The low
concentrations of sulfate and nitrate in combination
with a higher precipitation pH characterize Denali
National Park as a background site.
Great Smoky Mountains National Park
Fine Particles and Visibility. Great Smoky Mountains National Park conducts visibility monitoring as
part of the IMPROVE monitoring network. The March
1999-February 2000 annual average fine mass in
Great Smoky Mountains National Park is 11.5 pg/m3,
one of the highest concentrations measured in the
IMPROVE network. Nearly 90% of that mass was
sulfates (59%) and organics (30%). Sulfates are a
major cause of visibility impairment in the park and
most other visibility monitoring sites in the eastern
U.S. During this 12-month period, sulfates accounted
for 72% of the aerosol light extinction at the park;
organics accounted for 15%; and nitrates, soot, and
soil and coarse particles each contributed 5% or less.
The annual average standard visual range was 39
km (23 dv [24 mi]).
As in most eastern monitoring sites in the U.S.,
visibility in Great Smoky Mountains National Park
varies markedly by season. Visibility is worst in
summer. Fine mass in summer was 18.3 pg/m3, and
sulfate particles comprised 73% of that mass. The
visibility was 24 km (28 dv [15 mi]), and sulfates were
responsible for 8 1 % of the summer aerosol light
extinction. Organics contributed 12% to extinction;
and nitrate, soot, and soil and coarse particles
accounted for 7%. Visibility was best in winter. The
average standard visual range during December
1999-February 2000 was 59 km (19 dv [37 mi]). Fine
mass levels were 6.9 pg/m3, less than half the level
in summer. Sixty percent of aerosol extinction in
winter was produced by sulfates, 19% by organics,
8% by soot, 8% by nitrates, and 6% by soil and coarse
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particles. Total light extinction was almost three times
as great in summer (152 Mm') as in winter (56 Mm').
During 1990-99, the visibility on the best and worst
days did not change significantly (Fig. 7).
Ozone. The highest and second highest daily maximum 1-h average ozone concentrations at the Look
Rock site in Great Smoky Mountains National Park
in 1999 were 125 and 123 ppb. The fourth highest 8h average concentration in 1999 was 107 ppb. On 37
days in 1999, the daily maximum 8-h ozone concentration at the Look Rock site was greater than 84 ppb.
During 120 h in that year, the 1-h ozone average was
greater than or equal to 100 ppb.

The 1997-99 average of the fourth highest 8-h concentration in Great Smoky Mountains National Park
was 105 ppb, which exceeds the EPA standard. Between 1990 and 1999, the 3-year average of the
fourth highest 8-h daily maximum concentration varied between 84 and 105 ppb at Look Rock (Fig. 8).
This ozone chart qualitatively suggests a 21 ppb increasing trend in the 3-year average between 1990
and 1999. A more quantitative analysis of the average daily maximum ozone concentrations during
May-September showed a statistically significant
degrading trend in air quality of 1.9 ppb/year during
1990-99.
Wet Deposition. Sulfate concentrations in precipitation in Great Smoky Mountains National Park ranged
from 1.0 to 2.6 mg/L during 1980-99 (Fig. 9). These
elevated concentrations are similar to those in other
eastern park sites and reflect the higher sulfur emissions in the eastern U.S. An analysis of the 1990-99
annual mean sulfate concentrations indicated a small
statistically significant decrease of 0.04 mg/L/year.
This decline in sulfate concentrations suggests that
emission reductions required by the Clean Air Act
Amendments (Publ. L 101-549) are improving air
quality in this park.

Figure 7. Annual average deciview for best, average,
and worst visibility days in Great Smoky Mountains
National Park.

Figure 8. Three-year average of the fourth highest
daily maximum 8-hr ozone concentration in Great
Smoky Mountains National Park.

Nitrate concentrations in Great Smoky Mountains
National Park ranged from 0.7 to 1.3 mg/L. Nitrate
concentrations were consistently lower than sulfate.

Figure 9. Annual average pH and precipitationweighted mean sulfate and nitrate concentrations
in Great Smoky Mountains National Park (National
Atmospheric Deposition Program/National Trends
Network).
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however, the values are considerably higher in the
eastern parks than in western parks because of
higher nitrogen emissions. The theoretical pH value
of unpolluted precipitation is 5.6. In Great Smoky
Mountains National Park, the pH values were much
lower, ranging from 4.4 to 4.7.
Shenandoah National Park
Fine Particles and Visibility. Shenandoah National
Park has operated a site in the IMPROVE visibility
monitoring network since 1988. Particulate matter and
optical properties such as light extinction are measured and are critical for understanding the role that
air pollutants play in degrading the visibility in the
park. The March 1999-February 2000 annual average fine mass was 9.1 pg/m3, about eight times that
in Denali National Park and Preserve. Nearly 90% of
that mass was sulfates (60%) and organics (25%).
Sulfates are a major cause of visibility impairment in
the park and in most other visibility monitoring sites
in the eastern U.S. During March 1999-February
2000, sulfates accounted for 73% of the light extinction in Shenandoah National Park, whereas organics accounted for only 11%. Nitrates, soot, and soil
and coarse particles each contributed less than 8%.
The annual average standard visual range was 43
km (22 dv [27 mi]).
Visibility in Shenandoah National Park varies seasonally. It is worst in summer. Fine mass in summer
was 14.9 pg/m3, and sulfate particles were 70% of
that mass. The visibility was 23 km (28 dv [14 mi]),
and sulfates were responsible for 85% of the summertime aerosol light extinction. Organics contributed
8% to extinction; and nitrate, soot, and soil and coarse
particles comprised the rest. Visibility was best in
winter. The standard visual range during winter (December 1999-February 2000) was 59 km (19 dv [37
mi]). Fine mass levels were 6.1 pg/m3, about 9 pg/m3
fewer than the level in summer. Sixty-five percent of
extinction in winter was produced by sulfates, 15%
by nitrates, 11% by organics, 5% by soot, and 4% by
soil and coarse particles. The total light extinction was
nearly three times greater in summer (158 Mm') than
in winter (56 Mm '). During 1990-99, the best visibility days improved about 0.2 dv/year (Fig. 10).
Ozone. The highest and second highest daily maximum 1-hr average ozone concentrations in

Shenandoah National Park in 1999 were 111 and 106
ppb. The fourth highest 8-hr average concentration
was 93 ppb. During 14 days in 1999, the daily maximum 8-hr ozone concentrations in Shenandoah National Park were greater than 84 ppb. The 1 -hr ozone
average was greater than or equal to 100 ppb during
11 hr in that year.
The 1997-99 average of the fourth highest 8-h concentration in Shenandoah National Park was 96 ppb,
which exceeds the EPA standard. The 3-year average of the fourth highest 8-h daily maximum concentration varied between 80 and 96 ppb between 1989
and 1999 (Fig. 11). This qualitatively suggests an increase in the 3-year average between 1991 and 1999.
A more quantitative analysis of the average daily
maximum ozone concentrations during May-Sep in

Figure 10. Annual average deciview for best,
average, and worst visibility days in Shenandoah
National Park.

Figure 11. Three-year average of the fourth highest
daily maximum 8-hr ozone concentration in
Shenandoah National Park.
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Shenandoah National Park revealed a statistically
significant degrading trend in air quality of 0.9 ppb/
year during 1990-99.
Wet Deposition. Sulfate concentrations in precipitation in Shenandoah National Park from 1981 to 1999
were elevated, ranging from 0.80 to 2.4 mg/L (Fig. 12).
These concentrations reflect the higher sulfur emissions in the eastern U.S. From 1985 to 1993, however, sulfate and hydrogen ion concentrations in
precipitation decreased. (The hydrogen ion decrease
is an increase in pH.) An analysis of the 1990-99
annual mean sulfate concentrations also revealed a
small statistically significant decrease of 0.02 mg/L/
year. Concentrations of nitrate ranged from 0.6 to 1.2
mg/L. The decline in sulfate concentrations and the
increase in precipitation pH suggest that recommendations by the Clean Air Act Amendments (Pub.
L.101-549) are improving air quality at this site.
Virgin Islands National Park
Ozone. Monitoring of ozone in Virgin Islands National
Park began in April 1998. The highest and second
highest daily maximum 1-h average ozone
concentrations in the park in 1999 were 53 and 52
ppb. The fourth highest 8-h average concentration in
1999 was 49 ppb. The peaks of the 1999 1-h and 8h ozone concentrations in the park were among the
lowest measured in the National Park Service
Gaseous Pollutant Monitoring Network.

Figure 12. Annual average pH and precipitationweighted mean sulfate and nitrate concentrations
in Shenandoah National Park (National Atmospheric
Deposition Program/National Trends Network).

Wet Deposition. Monitoring of wet deposition in the
park also began in April 1998. Sulfate concentrations
were 0.69 mg/L in 1998 and 0.75 mg/L in 1999. Nitrate concentrations were about 0.2 mg/L in both
years (Fig. 13). The annual average pH varied between 5.2 and 5.3 in those years.
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Water Quality
Stream-Channel Reference Sites in
Denali National Park and Preserve
This report describes methods and results from
stream-channel reference monitoring in Denali National Park and Preserve. Stream reference sites are
used to monitor water quality and geomorphic parameters. Water quality and stream morphology are
monitored in two sites in the Rock Creek watershed
near park headquarters. The sites were established
in 1992. The lower site is immediately upstream of
the stream gaging station at the lower end of the study
area, and the second station is midway upstream.
Site-intensive monitoring of water quality is a fundamental component of long-term ecosystem monitoring in the park. Characterizing surface-water
composition provides links to local geology, morphology, nutrient status, and biological productivity. Monitoring of water quality is often used to detect trends
in ecosystems of wilderness areas. However, the significance of geomorphic and hydrologic landscape
characteristics is often ignored or minimized in the
selection of variables for monitoring in a long-term
ecological study. Some earth scientists believe that
changes in basin characteristics may provide preliminary and direct indications of alteration in climate or
land use, especially in areas that respond quickly to
such alterations. These areas include arid lands
where water is a limiting factor and arctic lands that
may be especially sensitive to climate change. Flow,

sediment discharge, and stream-bank vegetation are
the primary independent variables that control the
channel morphology in a natural system. Changes in
these variables from climatic or land-use alterations
directly affect bank and bed stability and sediment
transport characteristics. As such, stream-channel
reference sites are integral for long-term monitoring
in the park.
Channel morphometry measurements include measurements of cross-sections at each sampling station, analysis of bed-material size, and
measurements of channel profile. Early in this program, protocols were developed to assist with standardizing sampling methods. Methods were often
taken in part or completely from other sources and
projects. Methods to characterize the physical parameters of stream channels and floodplains were taken
from a 1993 publication by Harrelson, Rawlins, and
Potyondy. Three permanently monumented crosssections are at each sampling station. Cross-sections
are numbered in sequence; cross-section 1 is at the
lowest end of each sampling-station reach. Surveys
are conducted in these cross-sections approximately
every 2-3 years. Surveys are plotted with X-Y pairs,
showing station (distance from left bank) versus elevation. During September 2000, surveys were conducted in all cross-sections.
At the lower sampling station at cross-sections 1 and
3, mild patterns of erosion and deposition were evident (Figs. 14 and 15). The thalweg had not moved
significantly toward either bank (all cross-sections
facing downstream). These two cross-sections may
represent a typically stable channel. Channel stability does not imply lack of movement or change in the
cross-section; stable channel geometry will change
around a long-term average, involving erosion in
some years and deposition in others. At cross-section 2, some left-bank erosion had occurred between
the 1997 and 2000 surveys (Fig. 16). The width-todepth ratio at bank-full discharge is estimated at 14.5
m/m (14.5 ft/ft). At the upper sampling station, similar patterns of erosion and deposition in the channel
were evident at cross-sections 1 and 2 show (Figs. 17
and 18). At cross-section 3. deposition and erosion
were exaggerated on both banks and the thalweg had
deepened (Fig. 19).
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Figure 14. Cross section 1, sampling station 1, lower
Rock Creek, Denali National Park and Preserve,
2000.

Figure 15. Cross section 3, sampling station 1, lower
Rock Creek, Denali National Park and Preserve,
2000.

Figure 16. Cross section 2, sampling station 1, lower
Rock Creek, Denali National Park and Preserve,
2000.

Figure 17. Cross section 1, sampling station 2, lower
Rock Creek, Denali National Park and Preserve,
2000.

Figure 18. Cross section 2, sampling station 2, lower
Rock Creek, Denali National Park and Preserve,
2000.

Figure 19. Cross section 3, sampling station 2, lower
Rock Creek, Denali National Park and Preserve,
2000.
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At the permanent cross-sections, there were some
erosion and deposition and movement of the thalweg in the channel. The energy gradient (slope) in
Rock Creek may be considered steep at 6.3% at station 1 and 5.2% at station 2. Using the Rosgen classification system, Rock Creek is classified as a
Rosgen Type A3 stream. These stream types are
described as steep, entrenched, and confined with
low sinuosities and unconsolidated, heterogeneous,
noncohesive channel materials. The A3 stream types
have high energy and high sediment supply with very
high bedload rates. The A3 bedform has a step-pool
cascading channel and stores large amounts of sediment in the pools and behind debris dams.
Bi-annual surveys in the Rock Creek cross-sections
will continue. Additionally, pebble counts, bedload
measurements, and other geomorphologic measurements will be continued at the two sampling stations.
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Water Quality in
Great Smoky Mountains National Park
The streams of Great Smoky Mountains National Park
provide important habitat for fishes and other aquatic
biota, water for wildlife, and recreation for visitors.

The streams are also used as municipal sources of
water by surrounding towns. The diversity of stream
characteristics reflects the diversity of elevations,
geology, vegetation, and precipitation in the park.
Monitoring is critical for identifying long-term trends
and potential problems in the water quality of the
streams and for maintaining and managing the park's
aquatic and terrestrial fauna. Monitoring follows procedures described in Standard Methods for the Examination of Water and Wastewater, which is
consistent with protocols by the U. S. Environmental
Protection Agency and the U.S. Geologic Survey.
Water quality is monitored park-wide and on the
Noland Divide, where atmospheric deposition rates
of sulfate and nitrate have been one of the highest in
the U.S.
Since 1993, water samples have been collected four
times per year from 90 stream sites throughout the
park that represent a range of hydrology, elevation,
geology, and vegetation. In 2000, samples were collected in March, May, August, and November and
were analyzed for pH, conductivity, acid-neutralizing
capacity (ANC), major cations (calcium, magnesium,
sodium, and potassium), major anions (sulfate, nitrate, and chloride), and ammonium.
Below elevations of 1372 m (4500 ft) in 2000, sodium, ANC, and pH decreased with increases in elevation. Nitrate and sulfate concentrations increased
with increases in elevation. Median pH values were
5.6 or lower (5.6 is the lower tolerance limit for brook
trout (Salvelinus lontinalis). The median ANC values
of almost all sampled surface water in the park (97%)
were below 200 meq/L, the point at which water is
considered sensitive. The ANC values were less than
50 meq/L of 57% of the sampled surface water—the
point at which water is considered extremely sensitive—between 50 and 200 meq/L of 36% of the
sampled water, and acidic with an ANC value of 0
meq/L of 4% of the sampled water. The ANC values
were greater than 200 meq/L in only 3% of the sampling sites, all of which were in the Abrams watershed in Cades Cove. The loss of the buffering capacity
of streams can result in sudden decreases in pH after small inputs of acidifying species. Analyses revealed an increasing trend in pH over time (0.0080
units/year), particularly at lower elevations. Other
results are less conclusive at this time.
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SuGARLANDS SLIDE COLLECTION BY TlM CRUZE.

CLINGMANS DOME VIEW.

Near the Clingmans Dome on the Noland Divide, two
adjacent high-elevation streamlets are instrumented
with YSI/Hydrolab units to measure and record flow,
pH, and conductivity every 15 minutes. Water
samples are collected weekly and analyzed for pH,
conductivity, ANC, major cations (calcium, magnesium, sodium, and potassium), major anions (sulfate,
nitrate, and chloride), aluminum (periodically) and
ammonium. Analyses in 2000 revealed that:
•

Stream-water quality during high-flow events is
under-represented by current sampling schemes.

•

Low ANC (between -13.8 and 42.4 meq/L) makes
the streamlets sensitive to acid deposition.

•

Sulfate concentrations in the streams increased
when more rainfall occurred since the previous visit.
In a stream in the southwestern divide, an
increase of 1 inch of rainfall produced a significant
(p < 0.05) increase in sulfate concentration of 1.08
meq/L. In a stream in the northeastern divide, an
increase of 1 inch of rainfall produced a significant
increase in sulfate concentration of 1.32 meq/L.

•

Sulfate concentrations in the streams decreased
when the dry period prior to sampling was longer.
An increase in one consecutive dry day prior to
sampling produced a significant decrease in sulfate concentration of about 0.65 meq/L.

•

Nitrate concentrations in the streams are not significantly influenced by precipitation prior to sampling. However, nitrate concentrations are
decreased after a dry period prior to sampling.
An increase in one consecutive dry day prior to
sampling produced a significant decrease in nitrate concentration of about 0.5 meq/L.

•

Chloride, sodium, ammonium, and aluminum concentrations increased over time.

•

Nitrate and silica concentrations decreased over
time.

•

•

Sulfate and potassium concentrations did not
change over time.
Hydrogen ion concentration was low at 4.7 to 6.4
but did not seem to be changing over time.
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For the past two years, two temporary storm-event
samplers have been installed in two different locations on the LeConte Creek. Equipment problems and
dry weather limited the data collection. Preliminary
results indicated that the higher-elevation upper site
on the creek is more affected during high flows. Storm
events so far have caused major drops in pH and ANC.
Reference
APHA-ANWA-WPCF. 1998. Standard methods for
the examination of water and wastewater. Twentieth
edition. American Public Health Association,
Washington, DC. 343 pp.
Water and Watersheds in
Shenandoah National Park
Information about the chemical composition of stream
waters that drain Shenandoah National Park is
obtained by the Shenandoah Watershed Study
(SWAS), a research and monitoring program
conducted since 1979 in cooperation with the

Department of Environmental Sciences at the
University of Virginia. The objectives are an improved
understanding of processes that govern hydrobiogeochemical conditions in the forested mountain
watersheds of the park and the central Appalachian
region and the detection and assessment of hydrobiogeochemical change in these relatively pristine
systems. The priorities have been direct effects on
the composition of stream waters such as
atmospheric deposition, insect infestation, and forest
regeneration.
SWAS developed a framework of hydrobiogeochemical information that supports a broad
range of ecosystem investigation. The quantity of
precipitation and chemical composition are
determined at two sites, the chemical composition of
stream water is determined at 14 sites, and stream
water discharge is measured at five sites
(wsrv.clas.virginia.edu/~swasftp). Bedrock geology is
a primary determinant of variation in stream water
ANC (Fig. 20). The regional context for data and

Figure 20. Study watersheds in relation to bedrock geology,
Shenandoah National Park.
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associated findings for the 14 sites are obtained by
sampling 55 additional streams in the surrounding
mountainous region.
In addition to routine hydrochemical monitoring, investigation of watersheds in summer 2000 included
the collection of soils data to support the Shenandoah
Assessment Project, which will provide a comprehensive evaluation of air-pollution effects on air-quality
related values in the park. Analysis of trends in
streamwater composition during 1988-99 indicates
that, although concentrations of sulfate (the acid anion derived from oxidation of sulfur) have declined in
many streams in the park, there is little evidence of
decreasing acidification. A probable explanation for
the lack of recovery is reduced availability of base
cations in watershed soils. Soil samples were collected
in 80 locations in the 14 studied watersheds to evaluate this potential and to support modeling of past and
future change in soil properties and stream waters.

Initial analyses of the soil data were consistent with
expectations based on previously observed associations between stream-water composition and watershed bedrock. Stream water ANC is lowest in streams
associated with siliciclastic (sandstone and quartzite) bedrock, intermediate in streams associated with
granitic bedrock, and highest in streams associated
with basaltic bedrock (Fig. 21a).
Base availability is similarly lowest in soils associated with siliciclastic bedrock, intermediate in soils
associated with granitic bedrock, and highest in soils
associated with basaltic bedrock (Fig. 21b)
Analysis of the soil data will be continued in 2001.
References
Bulger, A.J., B.J. Cosby, C.A. Dolloff, K.N. Eshleman,
J.R. Webb, and J.N. Galloway. 1999. Shenandoah
National Park: fish in sensitive habitats. Volume II.

Geographic Information System (GIS) technology
was used to aid the selection of the soil sampling
locations. The sites were selected to capture variation along the latitudinal, topographic, elevational, and
geologic gradients in the park. Between four and eight
sites were selected in each of the 14 watersheds.
Sampling sites were distributed in each watershed
to account for differences in slope aspect, land-use
history, fire history, and forest-cover type. Sites were
distributed evenly across the three dominant rock
types (siliciclastic, granitic, and basaltic) in the park.
Sites were located on mid-slope positions (>15%) to
avoid the need for detailed archaeological review. A
Global Positioning System (GPS) unit was used to
document site locations.
Soil pits were excavated to the approximate bottom
of the profile in each site. Samples were collected on
a depth-integrated basis, and two samples were obtained from each pit at 0-50.8 cm (0-20 inch) from
the surface and 50.8 cm (20 inch) from the bottom of
the profile. The samples were screened to <2 mm
(=0 inch) and analyzed for total carbon and nitrogen
by combustion, for exchangeable bases and cationexchange capacity by extraction in NH4CI, for pH in a
1:1 soil-to-deionized-water slurry by mass, and for
exchangeable Al by extraction in KCI. Samples were
archived for possible additional analysis.

Figure 21a. Relation between streamwater acidneutralizing capacity (ANC) and bedrock (from
Bulger et al. 1999). b. Relation between base
saturation of soils and bedrock.
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Project final report for U.S. National Park Service.
188 pp.
Nelson, D.W., and L.E. Sommers. 1996. Total carbon,
organic carbon, and organic matter. Pages 961-1010
In D.L. Sparks, editor. Methods of soil analysis. Part 3.
Chemical methods. Soil Science Society of America
book series number 5. American Society of
Agronomy, Madison, Wisconsin.
SSLMM (Soil Survey Laboratory Methods Manual).
1996. Soil survey investigations report No.42, Version
3.0. 693 pp.

Streams are ranked by their numerical MAIS score.
A score of 17 or greater is considered very good,
scores of 13 to 16 are considered good, scores of 7
to 12 are considered poor, and scores of less than 6
are considered very poor.
Paine Run and the Piney and Staunton rivers were
selected for comparison because of their different
geology and water quality, notably ANC. ANC is
lowest in Paine Run (-10 meq/L), intermediate in the
the Staunton River (-75 meq/L). and highest in the
Piney River (-175 meq/L). An ANC value of 175 meq/
L is considered sensitive to acid deposition, and an

Weaver, R.W., S. Angle, P. Bottomley, and D.
Bezdiecek. editors. 1982. Methods of soil analysis.
Part 2. Chemical and microbiological properties. Soil
Science Society of America book number 5. Madison,
Wisconsin. 1159 pp.

ANC value of 10 meq/L has little to no buffering
capacity.
In 1999, Paine Run had the lowest ANC and the lowest MAIS scores (Fig. 22). The Staunton and Piney
Rivers had the almost the same values by year. The

Aquatic Macroinvertebrates in
Shenandoah National Park
Aquatic macroinvertebrates in Shenandoah National
Park are monitored to determine changes in aquatic
insect diversity as a result of changes in water chemistry and flow (drought and flood). Aquatic insects
are excellent indicators of stream health because they
have short life cycles and are numerous, directly affected by chemistry and flow changes, and easily
sampled.
The park is attempting to assess stream health with
macroinvertebrates in three geologically different
watersheds by using nine statistical metrics that are
collectively called the Macroinvertebrate Aggregated
Index for Streams or MAIS. The index is determined
from taxa richness (number of species), the EPT
index (number of mayflies, stoneflies and caddisflies),
percent ephemeroptera (percent mayflies), number
of intolerant taxa (intolerant to pollution), percent of
the five dominant taxa, the Hilsenhoff Biotic Index
(HBI), number of mayfly taxa, Simpson Diversity
Index, and percent scrapers. It was developed for use
in Region 3 (the mid-Atlantic Highlands) of the
Environmental Protection Agency.
MAIS uses a scale to score each metric. The scores
of the nine metrics are summed by sampling period
to determine the final score for each stream. Sampling
in spring is best or most stable for comparison.

large decline in the 1996 score on the Staunton was
caused by a catastrophic flood on the order of a 2000year occurrence.
Currently, the park is trying to link all the water and
weather data to determine the differences in scores
across years, finish the MAIS metrics on the remaining streams with macroinvertebrate data and link
macroinvertebrate data with fisheries and water quality data to determine similarities, if any, in watersheds
throughout the park.

Figure 22. Aggregated index for aquatic
macroinvertebrates in streams or MAIS scores,
Paine Run, Piney River, Staunton River; Shenandoah
National Park, 1987-1997. A score of 12 or less
denotes unacceptable water quality for stream biota.
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Weather
Climate has a dominant influence on the ecology of
Denali National Park and Preserve, and understanding the key relations that affect climate patterns plays

a critical role in understanding and predicting physical and ecological changes in the park. To compliment
other components of long-term monitoring in the park,
weather data have been continuously collected at the
watershed level since 1993. The stations collect climate data for use in understanding changes in the
floral and faunal indicators that are monitored in the
park. By providing the ecological context for resource
preservation decisions, the data support the mission
of the park. Relating climatic change, including winter snowpack data, to ecosystem dynamics, such as
population densities or vegetation changes, is essential to understanding the system as a whole.
Five automated stations are in the Rock Creek drainage near park headquarters. Data were collected
hourly at these stations throughout the year. In addition to the Rock Creek stations, a National Weather
Service (NWS) cooperative station has been in operation for 75 years at park headquarters. This station provides an excellent long-term climatic record
for the northeastern region of the park (Fig. 23). There
are other weather stations throughout the park that
are integrated into the weather database, including
four Remote Automated Weather Stations (RAWS)

Figure 23. Annual precipitation and mean temperature in the northeastern region of Denali National
Park and Preserve, 1923-1999.
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for the fire management program and two additional
NWS stations along the park road corridor.
In 2000, the total precipitation at park headquarters
was 40.9 cm (16.1 inch), 181.10 cm (71.3 inch) of
which was snow. The average annual precipitation
during 75 years was 38.3 cm (15.06 inch). The month
of August with a total of 12.7 cm (4.99 inch) of rain
was the wettest on record since 1956. The 4.3 cm
(1.7 in) of snow at headquarters during December
was the lowest amount on record since 1969. The
average monthly temperatures during June-October
2000 were lower than the 75-year average
temperatures during these months, but temperatures
in November and December 2000 were higher than
the 75 year monthly average temperatures (Fig. 24).
However, based on the 75-year record, warming has
been distinct trend at park headquarters since the
late 1970s. The mean annual temperature has
increased by 1.3°C (2.1°F) since 1976. The high
temperature at park headquarters in 2000 was 26.7°C
(80°F) on 25 June 2000, and the low temperature
was -38.9°C (-38°F) on 1 January 2000. The mean
annual temperature was -1.5°C (29.4°F), which is
1.1 degrees warmer than the 75-year mean of
-2.6° ± 3°C (27.3° 1 5°F).
Denali National Park and Preserve is a snowdominated landscape for as many as 9 months of
the year. Monitoring this component of weather is
essential for understanding many natural-resource
processes in the park, including population density,
survival, herd movements, and vegetation

succession. A snow survey is conducted each month
from November through April in cooperation with the
Natural Resource Conservation Service. The survey
is used to efficiently obtain, manage, and disseminate
high-quality information on snow, water, climate, and
hydrologic conditions. In accordance with the
protocols of the Natural Resource Conservation
Service, snow depth and density are measured either
directly with a snow sampling tube or estimated from
an aerial survey of a fixed marker. There are five snow
courses and five aerial markers sampled each month.
Snow depths vary considerably from north to south
in the park. The Alaska Range acts as a barrier to
the warmer maritime influence of the Gulf of Alaska
to the south. The average snowfall on the northern
side of the park in winter 2000 (1 Oct 1999-30 Sep
2000) was 58.2 cm (22.9 inch), and the average Snow
Water Equivalent (SWE) was 13.7 cm (5.4 inch). The
average snow depth in the southern side of the park
was 152.7 cm (60.1 inch), and the average SWE was
22.9 cm (19.9 inch).
Yearly monitoring of weather in the park will be continued as part of the l&M Program. The scope of the program will be extended to meet the needs of long-term
monitoring of other resources beyond the watershed
such as glaciers, vegetation, and small mammals. Collecting data at this scale will reveal how average climatic conditions vary throughout the park. It will also
provide a baseline from which to measure future climatic shifts that affect the ecosystem in the park.
References
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Figure 24.Temperatures by month and mean 75-year
temperature, Denali National Park and Preserve,
2000.
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Aquatic Communities

However, black abalone are uncommon (Fig. 25), and
their reproduction is low.

Rocky Intertidal Resources in
Channel Islands National Park

Reference

Undisturbed tide pools are one of the significant
features specifically mentioned in the enabling
legislation for Channel Islands National Park.
Trampling by visitors, harvest of resources, foraging
by nonnative species such as
rats, and water pollution
including oil spills are the
worst threats to the health of
intertidal organisms and their
habitat. Monitoring identifies
t r e n d s in p o p u l a t i o n

Richards, D.V., and D. Lerma. 2000. Rocky intertidal
community monitoring in Channel Islands National
Park. 1998 Annual Report. Channel Islands National
Park technical report 2000-03. 30 pp.

dynamics, discovers
abnormal conditions, and
provides information for
management.
Each spring and fall, intertidal
organisms and their habitats
are monitored in 20 sites
throughout the five islands of
the park. The percent cover of
algae and sessile invertebrates (mussels, barnacles,
turfweed, and rockweed) is
determined from fixed photo
plots in the dominant zones. The
population density and size
structure of black abalone
{Haliotis cracherodii) and owl
limpets (Lottia gigantea) are
monitored in fixed plots. Black
abalone populations are now
monitored only by timed
searches for presence or absence because the withering
syndrome, a bacterial infection that inhibits assimilation
of food, has devastated this
organism in the park.
Cold water during 1998-2000
mostly reversed the effects
from the 1997-98 El Nino on
intertidal organisms. Algae
are thick in most sites

ROCKY INTERTIDAL ZONE. CHANNEL ISLANDS NATIONAL PARK.
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Figure 25. Density of black abalone at Santa Barbara, Anacapa, Santa Rosa,
and San Miguel islands, Channel Islands National Park, 1986-2000.

Kettle Ponds on Cape Cod National Seashore
Cape Cod National Seashore is completing a
compilation of water quality data from 1975-99 for
20 kettle ponds within its boundaries. A data atlas
includes geologic origins and paleoecology,
management history and current issues, and regional
and pond-specific water quality.

the median of values elsewhere in the state. Although
it is abundant in native sands, silica is low because it
requires a higher pH (>8) for significant dissolution.
The sedimentary record indicates that most ponds
have been acidic for thousands of years, that is, well
before the advent of acid precipitation. This is
expected from local soils and acid-forming vegetation.

Regionally, the pond chemistry on the seashore reflects a much greater marine influence than that of
ponds elsewhere in the Northeast and even elsewhere on Cape Cod (Table 4). Sodium, chloride, and
the principal dissolved constituents of seawater in the
ponds on the seashore are relatively high. Calcium
and magnesium are low. The ratios between the various major ionic constituents and chloride, a conservative ion, show that pond water on the seashore
approximates dilute seawater much more closely than
pond water elsewhere on the cape or in Massachusetts. The preponderance of marine salts causes a
nearly three times higher conductivity than the median value in the northeastern U.S. (Table 4).

High marine salt deposition is not accompanied by
substantial dissolved nutrients, which if abundant
would cause algal blooms. Low productivity is expected because the total phosphorus (TP) concentrations in the ponds are low. A median Secchi depth
that is more than twice the median in the Northeast
evidences the low productivity.

The pH of ponds on the seashore is about one unit
higher or about 10 times more acidic than the median
pH of all ponds on Cape Cod. Most ponds on the
seashore have no bicarbonate buffering capacity
(alkalinity <0 mg/L). The low pH causes high
aluminum dissolution. Concentrations are about twice

Cultural nutrient loading and consequent
eutrophication continue to be the principal concerns
in the management of kettle ponds and the focus of
the data atlas. Conclusions about trends in water
quality are tentative because data before 1996 are
disappointingly fragmentary. The most complete data
set is of pH and alkalinity collected quarterly since
the inception of acid-rain monitoring in 1985.
Increasing use by swimmers and residential
development along pond shorelines are expected to
increase pH and alkalinity from increased algal and
microbial removal of acidifying anions (e.g., nitrate
and sulfate). The pH in Long and Great ponds in Truro
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Table 4. Median values of physical and chemical variables of kettle ponds on Cape Cod
National Seashore, lakes in the northeastern United States (Lindhurst et al. 1986), and
Massachusetts and Cape Cod (Godfrey et al. 1996). Values of Mn, Fe, Al, and Si from ponds
on the seashore are from April 1993, the remaining values from ponds on the seashore are
from April 1999.

Cape Cod
National
Seashore

Northeastern
United States

Massachusetts

Cape Cod

Depth (m)
Area (ha)
PH

8
5.0
51

4.2
16.7
6.8

4.1
6.62

3.2
6.00

Alkalinity (uEq/L)
Conductivity (mS/cm)
Total phosphorus (ug/L)

-5.5
114
8.7

137
43
9

201

36

Chlorophyll a (ug/L)
Secchi depth (m)
C I ' (uEq/L)

1.45
5.4
791

2.3
60

423

423

S 0 4 2 (uEq/L)
Na+1 (uEq/L)
Ca* 2 (uEq/L)

64
583
44

115
83
177

167
430
273

123
446
73

Mg +2 (uEq/L)
K+1 (uEq/L)
Mn (ug/L)

162
21
50

70
12
12

136
36
30

119
23
10

Fe (ug/L)
Al (ug/L)
Si (mg/L)

30
45
0.06

50
50
1.9

230
20
2.5

100
20
06

Variable

8

has changed significantly since 1984 (Figs. 26 and
27). It significantly increased in Long Pond. Major
water quality changes in Great Pond in Truro in 1975
and again in 1985 are clearly the result of liming in
those years.

Substantial declines in mean Secchi transparency in
summer are evident in Duck Pond since the 1970s
(Fig. 28) and in Ryder Pond since 1993 (Fig. 29). This
is further evidence of increasing nutrients,
phytoplankton production, and organic loading.

A more direct measure of nutrient enrichment in the
water column is Secchi transparency, the depth to
which one can see a lowered Secchi disk. Of all the
variables commonly used to monitor pond trophic
state, Secchi transparency is the most simple and
repeatable integrator of water column production, i.e.,
phytoplankton density in the well-lit surface.

Thus, increased water column productivity of Long.
Duck, and Ryder ponds suggests ongoing cultural
eutrophication. However, the major source or sources
of nutrients, and most importantly phosphorus, has
yet to be identified. Possible nutrient sources include
atmospheric deposition, soil erosion, swimmer
excretions (urine), wildlife use (primarily gulls), and
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Figure 26. Alkalinity and pH of Long Pond, Cape Cod National Seashore, 1983-2000.

Figure 27. Alkalinity and pH of Great Pond in Truro, Cape Cod, 1983-2000.
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Figure 28. Secchi depths of Duck Pond in Wellfleet, Cape Cod, 1956-2000.

Figure 29. Secchi depths of Ryder Pond, Cape Cod National Seashore, 1975-2000.
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shoreline septic systems. Atmospheric loading is
small; for example, only 2.2 kg/yr (4.8 Ibs/yr) into the
44-ha (109-A) Gull Pond. Excreta from resting
waterbirds are probably only important in the largest
ponds such as the Gull Pond, and the use of these
ponds by birds has decreased with closure of town
landfills.
Major sources of phosphorus may be the many onsite residential septic systems along pond shorelines.
Unlike nitrate, P0 4 is readily sorbed to minerals in
typically aerobic groundwater but could be passing
from septic leach fields to ponds where the
intervening distances and travel times are short, the
subsurface chemical environment remains anaerobic
and inhibits mineral oxidation and phosphate
sorption, or P 0 4 sorption sites have become
saturated. Funding to investigate nutrient transport
along these shoreline flow paths should begin in 2001.
In many other ponds, alkalinity is cumulative and pH
increases at albeit statistically insignificant
dimensions. However, detection of trends in the kettle
ponds requires as yet unavailable extensive and
uninterrupted records from 25-30 years because the
nonparametric tests for the analyses are sensitive to
short (i.e., small sample sizes) and interrupted (i.e.,
missing data) periods of record.
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Terrestrial Communities
Heathlands on Cape Cod National Seashore
Vegetation
Coastal heathlands are diverse, globally rare ecosystems dominated by low-growing ericaceous
shrubs. In North America, heathlands are generally
restricted to exposed coastlines of Maine, Long Island, Fire Island, and Cape Cod and the islands of
southern New England. Some of the best examples
of Corema heathlands in North America occur on
Cape Cod National Seashore.
Although heathlands are only a small proportion of
the coastal uplands, they are of particular ecological
value because they are inhabited by many habitatrestricted plant and animal species. Rare endemic
plants include the broom crowberry (Corema
conradii), sand plain gerardia (Agalinis acuta),
Nantucket shadbush (Amelanchier nantucketensis),
and bushy rockrose (Helianthemum dumosum), which
are vulnerable to extinction because of their small
and rapidly declining habitats. Endangered animals
such as the regal frittilary butterfly (Speyeria idalia),
the
grasshopper
sparrow
(Ammodramus
savannarum), and vesper sparrow (Pooecetes
gramineus)
depend on the open habitats of
heathlands and grassy heathlands.

of fire, livestock grazing, or land clearing. The upland
sites are arranged in a mosaic of pitch pine (Pinus
rigida) forest in various successional stages from
heathland to closed canopy forest with many mixed
heath-pine communities. Seaside heathlands were
dominated (> 50% cover) by either bearberry
(Arctostaphylos
uva-ursi) or heath (Hudsonia
tomentosa and H. ericoides), and upland heathlands
were dominated by broom crowberry and bearberry.
Encroachment of pitch pine into seaside heathlands
was uncommon during the 10-year interval between
surveys in 1989 and 1999, but succession toward
pitch pine forest was well under way on most upland
sites. A detailed analysis of the temporal (i.e., 1988
vs. 1999) and spatial (seaside vs. upland) dynamics
of heathlands on Cape Cod National Seashore is
currently underway, and monitoring will continue in
5-year intervals. A protocol for an accompanying
survey of soil biogeochemical variables is being
developed.
References
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Big Meadows, a Rare Plant Community in

In contrast to the intensively managed European
Colluna heathlands, Corema heathlands in North
America are rapidly disappearing. Since
establishment of Cape Cod National Seashore in
1961, heathland area has been reduced by about
60%. The reduction has been accompanied by a
proportionate decline of associated rare native plants.
To stop and possibly reverse the loss of heathlands
and their flora, Cape Cod National Seashore initiated
heathland monitoring to identify the causes of decline
and prescribe adaptive management for heathland
preservation and restoration.

Shenandoah National Park
Big Meadows is a 49-ha (119-A), ridge-top meadow
along Skyline Drive in Shenandoah National Park. It
is a natural opening with a wetland in the center. Rare
plant populations, historic settlement sites, and the
open character of the landscape impart natural and
cultural values to the meadow. As the only large
nonforested area in the park, the meadow is a haven
for wildlife and plants that need open habitat. Although
the meadow is only 0.06% of the size of the entire
park, it supports populations of 18% of the state-listed
rare plant species in the park and two state-listed
rare animal species.

In 1999, permanent sampling plots were established
on previously sampled heathland to determine a 10year perspective on vegetation dynamics. A
preliminary analysis of survey data in 2000 indicated
that heathlands are arranged along disturbance
gradients from stable dunes with intense exposure
to wind and salt spray to upland sites with a history

Since establishment of the park in 1935, woody
vegetation has gradually encroached on the meadow
and substantially reduced its size. Cost-effective
management of the meadow that maintains the
integrity of its natural and cultural resources and its
esthetically pleasing appearance as a meadow is one
of the many challenges of park management. In 2000,
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t h e p a r k b e g a n to m a n a g e t h e m e a d o w
prescribed fire, mowing, and selective

with
shrub

removals. Vegetation was sampled in photopoints and
along transects in 1998, 1999. and 2000 to monitor
changes

in

woody-vegetation

cover

after

management.
The prescribed fire in 2000 reduced shrub cover.
Monitoring in May revealed an 8 6 % percent reduction
in high shrubs ( 0 . 5 - 3 . 0 m [ 1 . 6 - 9 . 6 ft]) and a 7 2 %
reduction in low shrubs (<0.5 m [<1.6 ft]) since 1 9 9 8 99 (Figs. 3 0 - 3 1 ) . As e x p e c t e d , the fire stimulated

PHOTOPOINT SHOWING VEGETATION REGENERATION IN
BIG MEADOWS 1 MONTH AFTER A PRESCRIBED FIRE.
SHENANDOAH NATIONAL PARK.
PHOTOGRAPH BY WENDY CASS.

Figure 30. Number of stems of sword leaved phlox
b e f o r e a n d a f t e r a w i Id If ire in s p r i n g

1999,

Shenandoah National Park.

PHOTOPOINT SHOWING VEGETATION REGENERATION IN
BIG MEADOWS 2 MONTHS AFTER A PRESCRIBED FIRE.
SHENANDOAH NATIONAL PARK.
PHOTOGRAPH BY WENDY CASS.

PHOTOPOINT SHOWING VEGETATION REGENERATION IN

Figure 3 1 . Cover (%) of low (<0.5 m) and high (0.53.0 m) shrubs in Big Meadows before and after a
prescribed fire in spring 2000, Shenandoah National

Park.

BIG MEADOWS 4 MONTHS AFTER A PRESCRIBED FIRE.
SHENANDOAH NATIONAL PARK.
PHOTOGRAPH BY WENDY CASS.
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vigorous root sprouting throughout the meadow.
During a second sampling in August, low shrubs
covered 42.1 + 2.8% of the meadow, which was only
2 1 % less than in 1998-99 (53.4 + 7.2). However, the
tall-shrub cover was reduced by 75% and was
therefore lower in 2000 (5.8 + 1.0%) than in 199899 (20.8 + 4 . 1 % ; Fig. 31 ) . Deerberry (Vaccinium
staminium), and maleberry {Lyonia
ligustrina)
remained the dominant high-shrub species in the
upland portions of the meadow, and panicled
dogwood (Cornus racemosa) and broad-leaved
spirea (Spirea latifolia) remained dominant in the
wetland center. Upland low blueberry (Vaccinium
pallidum) and sweet fern (Comptonia peregrina)
dominated the low-shrub cover throughout the
meadow.
Late-season management included mowing the
upland portions of the meadow for the first time in 18
years to reduce the tall-shrub cover. Future
management will include prescribed fire in spring
through 2003 and is designed to stabilize the
boundary, reduce shrub density, and improve rareplant habitat while an archeological review of the area
is completed and a management plan is devised. The
response by the vegetation to such management will
be monitored in 2001.
Forest in Shenandoah National Park
Shenandoah National Park encompasses 79,380 ha
(196,000 A) of steep rocky terrain along the crest of
the Blue Ridge Mountains in Virginia. Oaks (Ouercus
spp.) densely forest the upper and middle slopes in
the park, and mixed hardwoods and yellow poplar
(Liriodendron tulipifera) occur in coves and on lower
slopes. Monitoring has been conducted since 1988
to determine natural and anthropogenic changes in
forest composition, structure, regeneration, and
growth over time. The results provide a scientific basis for management of forest pests, nonnative
species, and fire.
Sampling according to Smith and Torbert is conducted on a 10-year rotation in 106 sites in the eight
dominant forest types of the park. During 2000, trees
were sampled in 13 yellow-poplar sites to determine
changes since 1990. The tagging of trees and survey of nonnative vegetation that were started in 1999
were also continued.

Yellow-poplar forest is highly productive and
constitutes 16% of the entire forest in the park. Few
large changes occurred in this forest type between
1990 and 2000. The basal area of the trees in the
overstory (taller than 5.0 m [16.4 ft]) was similar
between periods (32.1 ± 2.0 m2/ha [139.8 ± 8.7 ft2] in
1990, 33.3 ± 2.7 m2/ha [145.0 ± 1 1 . 8 ft2] in 2000)
and in descending order was dominated by yellow
poplar, red maple (Acer rubrum), and black birch
(Betula lenta. Fig. 32). Yellow poplar was the only
species with a significant increase in basal area since
1990. The total overstory stem density decreased
from 888.1 ± 95.0 stems/ha [359.6 ± 38.5 stems/A]
in 1990 to 531.5 ± 43.2 stems/ha [215.2 ± 17.5 stems/A]
in 2000 with significant reductions in the densities of
flowering dogwood (Cornus florida), red maple, yellow
poplar, white ash (Fraxinus americana) and black
locust (Robinia pseudoacacia, Fig. 33).The changes
seemed to be primarily natural and attributable to the
maturing of the tulip poplar stands.
No significant change occurred in the total stem density of the understory (1.0-5.0 m [3.3-16.4 ft] height)

Figure 32. Average basal area (m /ha) of greater than
5.0-m-tall tree species in yellow-poplar sampling
sites, Shenandoah National Park, 1990-2000. An
asterisk denotes a significant change between the
two sample periods (paired 2-tailed t-test, * = p <
0.05). LIRTUL = tulip poplar, ACERUB = red maple,
BETLEN = black birch, CORFLO = flowering
dogwood, ROBPSE = black locust, TILAME =
basswood, FRAAME = white ash, CARGLA = pignut
hickory.
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since 1990. However, spicebush (Lindera benzoin)
dominated the understory and increased significantly
since 1990, but white ash, red maple, and striped
maple (Acerpennsylvanicum) changed little (Fig. 34).
Virginia creeper (Parthenocissus quinquefolia), spicebush and red maple dominated the woody regeneration (<1.0 m [<3.3 ft]). Spicebush and blackberry
(Rubus spp.) seedlings were significantly more numerous in 2000 than in 1990 (Fig. 35). These trends
in understory and woody regeneration may result
from the decrease in overstory stem density and consequent opening up of the middle canopy.
A notable difference between the two sample periods was the drastic reduction in flowering dogwood
from an infection with dogwood anthracnose (Discula
destructive). This fungus has spread throughout the
Appalachian Mountains and is having devastating
effects on native dogwood populations. Dogwoods
had a significant decrease in basal area (2-tailed ttest, p = 0.03) and density (2-tailed t-test, p = 0.01)
between sample periods (Figs. 32 and 33), and their
frequency of occurrence dropped from 100% to 45%.

Figure 33. Average density (stems/ha) of greater than
5.0-m-tall tree species in yellow-poplar sampling
sites, Shenandoah National Park, 1990-2000. An
asterisk denotes a significant change between the
two sample periods (paired 2-tailed t-test,
*** = p < 0.005, " = p< 0.01, * = p < 0.05). LIRTUL =
tulip poplar, ACERUB = red maple, BETLEN = black
birch, CORFLO = flowering dogwood, ROBPSE =
black locust,TILAME = basswood, FRAAME = white
ash, CARGLA = pignut hickory.

Figure 34. Average density (stems/ha) of 1.0-1.5-mtall woody species in yellow-poplar sampling sites,
Shenandoah National Park, 1990-2000. An asterisk
denotes a significant change between the two
sample periods (paired 2-tailed t-test, p < 0.05).
LINBEN = spicebush, FRAAME = white ash, ACERUB
• red maple, CORFLO = flowering dogwood,
RUBSPP = blackberries, ACEPEN = striped maple,
AILALT = tree-of-heaven.

Figure 35. Average density (stems/ha) of less than
1.0-m-tall woody species in yellow-poplar sampling
sites, Shenandoah National Park, 1990-2000. An
asterisk denotes a significant change between the
two sample periods (paired 2-tailed t-test, p < 0.05).
PARQUI = Virginia creeper, LINBEN = spicebush,
ACERUB = red maple, TOXRAD = poison ivy,
RUBSPP • blackberries, FRAAME = white ash,
AILALT = tree-of-heaven, SASALB = sassafras,
LIRTUL = tulip poplar, CORFLO = flowering
dogwood.
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A similar decrease in density was noted in shrubs
and in regeneration (Figs. 34 and 35).The frequency
of shrubs dropped from 62% to 7% and regeneration
dropped from 46% to 7%. These results are consistent
with the greater susceptibility to dogwood anthracnose by saplings and seedlings than by larger trees.

limestone glades, which are sparsely vegetated
grasslands with shallow soils and exposed bedrock.
Approximately 60 populations of the Missouri
bladderpod are known. Four occur inside Wilson's
Creek National Battlefield and include one of the
largest protected populations for this species.

During a workshop with outside experts in 2000, the
park generated specific testable objectives for its
long-term ecological monitoring. It also established
a cooperative agreement for testing the statistical power

Threats to the Missouri bladderpod populations include encroachment of glade habitat by woody species such as eastern red cedar (Juniperus virginiana
L ) , and competition with nonnative plants, including
three species of annual brome grass (Bromus
racemosus L., B. sterilis L, and B. tectorum L). Preservation of the Missouri bladderpod requires thinning
cedars, controlling nonnative brome grasses, and
reseeding portions of the glade with native grass seed
collected on site.

of the data set to detect ecological changes of interest
to resource managers. The data summary procedures
are being automated, and a plot sampling rotation that
improves the programs ability to detect unforeseen
changes in all cover types is being developed. In 2001,
the red and chestnut-oak forests will be sampled, and
sampling will be conducted in 16 sites after damage
to them by a wildfire in fall 2000 is repaired.
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Terrestrial Vegetation
Gray Birch in Shenandoah National Park
Gray birch {Betula populifolia) was not monitored in
2000. The prescribed fire originally scheduled for fall
2000 was postponed to fall 2001. Birch regeneration
will be monitored after the fire.
Missouri Bladderpod of Wilson's Creek
National Battlefield, Missouri
The Missouri bladderpod (Lesquerella
liliformis
Rollins) is a federally listed endangered plant that
occurs only in a small region of southwestern
Missouri and northern Arkansas. It is restricted to

The density of the largest Missouri bladderpod
population in Wilson's Creek National Battlefield has
been monitored since 1988. Each spring, stratified
random sampling is conducted by selecting a
minimum of 30 square quadrats (9 m2 [96.8 ft2] each)
in Missouri bladderpod habitat. During 1988-97, plots
were placed at regular intervals along permanently
marked transects that were evenly spaced throughout
the glade. Since 1998, stratified sampling has been
based on a permanent grid centered on the
population. In 12 years of monitoring, the mean
density of the Missouri bladderpod has ranged from
0-22 plants/m2 [0-2 plants/ft2]; the average has been
4.02 plants/m2 [0.37 plants/ft2]. Applied across the
1.38-ha [3.4-A] area occupied by the population, the
estimated mean densities have ranged from 0 to
303,400 and the average population size has been
55.500 plants (Fig. 36). In 2000, the estimated mean
density was 4.74 plants/m2 ([0.44 plants/ft2] s 7 • 1.35
plants/m 2 [0.13 plants/ft 2 ], n = 53 plots), and the
estimated population size was 65,500 plants.
Reducing the Variance of the Estimated Density
of Sparse, Clustered Populations. The Missouri
bladderpod occurs infrequently across glade habitat
and usually occurs in dense clusters. This patchy
distribution has resulted in high within-year sample
variance of estimated plant density. Monitoring in
Wilson's Creek National Battlefield also revealed
drastic year-to-year fluctuations in population size
(Fig. 36). Such fluctuations are typical of winter

40 Monitoring and Status

MISSOURI BLADDERPOD (LESQUERELLA FIUFORMIS ROLLINS)

annuals. However, the combined effects of high
within-year spatial variance and high temporal
variation between years increase the difficulty of
detecting long-term trends in population size of the
Missouri bladderpod.
In an attempt to reduce the high within-year sample
variance, staff in Wilson's Creek National Battlefield
began testing an alternative sampling approach in
1999 and 2000. In adaptive cluster sampling
techniques, an initial set of sampling units is selected
at random, and when the variable of interest satisfies
a given criterion, additional units in the neighborhood
of that unit are added to the sample. Adaptive

Figure 36. Mean density (±s„) of the Missouri
bladderpod on Bloody Hill Glade, Wilson's Creek
National Battlefield, 1988-2000.
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MONITORING THE MISSOURI BLADDERPOD IN WILSON'S CREEK NATIONAL BATTLEFIELD. PHOTOGRAPH BY KAROLA MLEKUSH.

sampling designs may prove useful for sparse but
highly aggregated populations such as the Missouri
bladderpod. The main purpose of adaptive
procedures is to achieve greater precision than
conventional designs for an equivalent sampling
effort. We chose a nonoverlapping 2-stage adaptive
cluster sampling technique.

The estimated densities from adaptive sampling and
from conventional stratified random sampling were
compared (Table 5). In the first stage of sampling, 13
primary sampling units (225-m 2 [2421-ft 2 ] grid cells)
were randomly selected from a population of 53 primary sampling units in core Missouri bladderpod
habitat. Adaptive sampling in these 13 cells rendered

Table 5. Comparison of two-stage adaptive and stratified random sampling designs to
estimate Missouri bladderpod population density.
Two-sl:age adaptive sampling

Year

N

1999
2000

71
133

Mean
number of
plants/m.

SD

2.80
3.85

8.06- 9.28
9.20-10.59

Stra tified random sa mpling

N
52
53

Mean
number of
plants/m/

SD

4.82
4.74

16.94
9.85

42 Monitoring and Status

a total sample of 71 plots (square, 9 m2 [96.8 ft2] each)
in 1999 and 133 plots in 2000. This represents an
increase in sampling effort over the conventional
sample (1.4 and 2.5 times the sampling effort in 1999
and 2000, respectively). Thus far, the results are inconclusive about whether adaptive sampling provides
a more precise estimate of variance in mean plant
density. However, the adaptive approach resulted in
more consistent variance estimates among the 2
years (Table 5). The two sampling approaches will
again be compared in 2001.
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Monitoring of Microclimate in Missouri
Bladderpod Microhabitats in Wilson's Creek
National Batttlefield. Monitoring revealed that the
size of the largest population of the Missouri
bladderpod on Wilson's Creek National Battlefield has
fluctuated drastically during the past 13 years
(Fig. 36). Patterns of survival and fecundity varied
among years and between glade microhabitats.
Across 2 years of contrasting weather patterns,

Figure 37. Number of freeze-thaw cycles, Wilson's
Creek National Battlefield, 1995-2000.

survivorship varied among four glade microhabitats:
rocky sites, areas dominated by warm season
grasses or mixed vegetation, and shaded
microhabitats. Moreover, survivorship in different
microhabitats was highest between years. Annual
differences in population size of the Missouri
bladderpod may be related to variable weather
conditions and to the interaction of weather and
physical site conditions including soil and litter depth
in the glade microhabitats. Exposed sites with shallow
soils—such as rocky and mixed microhabitats—are
more susceptible to drought and frost heaving, which
is probably an important determinant of winter
mortality in the Missouri bladderpod and the
variability in its springtime population size.
In June 1995, an automated weather station was
installed on North Bloody Hill to measure weather
variables and to define the microclimate (soil
temperature and moisture) of the four Missouri
bladderpod microhabitats. The data from this station
revealed substantial differences in soil temperature
and moisture among the glade microhabitats. The
record of daily soil temperature data during October
through April was used to identify freeze-thaw cycles
as a surrogate measurement for frost heaving. The
total number of freeze-thaw cycles has varied across
the past 5 years, and the majority of these cycles
occurred in rocky microhabitats (Fig. 37).
The differences in soil moisture response among the
glade microhabitats were examined during a 13-day

Figure 38. Soil moisture by microhabitat (rocky,
mixed, warm season grasses [WSG], shaded),
Wilson's Creek National Battlefield, 2000.

Monitoring and Status 43

drought during 10-22 May 1998. Loss of soil moisture
differed by microhabitats (66% shaded, 75% warmseason grass, 86% mixed vegetation, and 87% rocky).
Soil moisture was least in the exposed microhabitats
(rocky and mixed) at the end of the drought (Fig. 38).
Reference
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Western Prairie Fringed Orchid in
Pipestone National Monument, Minnesota
The western prairie fringed orchid (Platanthera
praeclara Sheviak & Bowles) is a federally listed
threatened plant that occurs in scattered localities
from Oklahoma to Manitoba. A small, isolated
population occurs in a wet prairie-sedge meadow in
Pipestone National Monument, Minnesota. Since
1972, the prairie units in the monument have been
managed with periodic, prescribed fires to control the
cool-season nonnative grass, smooth brome (Bromus
inermis Leyss.), that has invaded the prairie. The most
recent fire was set in late May 1997. To determine
the possible effects of management on the orchid

population, long-term monitoring was initiated in
1993.
In July 2000, 125 flowering individuals were counted
in the site. In 8 years of monitoring, the number of
flowering individuals has ranged from zero in 1998
to 125 in 2000 (Fig. 39). The abundance of flowering
individuals seems to be influenced by prescribed fire.
The number of flowering individuals seems to decline
immediately after a prescribed fire and to quickly rebound in subsequent years until the next fire (Fig. 39).
The year of peak abundance also corresponds to the
longest interval between prescribed fires in the monitoring record (i.e., 3 yr).The count in 1999 may have
been less than the actual number of flowering stems
because the orchids began to flower in early July, at
least 2 weeks before a count could be conducted.
Because the count was late, some flowering individuals were missed because most orchids had already
completed flowering.
Precipitation in summer of the previous year and
during spring of the monitoring year also seems to
influence flowering. In the 2 years with the lowest
abundance (1997 and 1998), precipitation was below
normal in the previous summer. However,

Figure 39. Abundance of western prairie fringed orchids before and after prescribed fire, Great Plains
Prairie Cluster, 1992-2000.
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precipitation was 32% above normal in the year
(1996) that preceded the year when the abundance
of flowering orchids was high.
Flowering individuals were significantly shorter in
1997 and 2000 than in the other 6 years of monitoring (Fig. 39). In 1997. the mean height was based on
only three individuals and therefore may have been

spurious. However, in 2000, the average was based
on 125 flowering individuals and was 6-14 cm (2-5
in) less than in the other 6 years. The shorter stature
of plants was probably not a response to dry conditions because precipitation in spring was above normal. In a year with normal precipitation, orchids were
shorter in areas that had not been burned than in
areas that had been burned. When leaf litter begins
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to accumulate in years after prescribed fire, flowering
plants may not reach full stature because the litter interferes with light reception and photosynthesis. Although
the flowering plants were shorter in 2000, they did not
have fewer flowers and buds than in previous years.
Flowering western prairie fringed orchids will be
counted and measured again in July 2001.
Reference
Pleasants, J.M. 1994. The effects of spring burns on
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praeclara). Pages 67-73 In DC. Hartnett, editor. Proceedings of the Fourteenth North American Prairie
Conference, Kansas State University.
Rare Plants
The abundance of vascular plants in Great Smoky
Mountains National Park is one of largest in the National Park System. As many as 405 of the more than
1560 species in the park occur in fewer than five locations and 74 are listed as threatened or endangered by state or federal governments. The park
initiated the monitoring of rare plants in 1989, and
since then has monitored 55 populations with 37 species. Populations are monitored at varying time intervals and levels of intensity. In 2000, 29 populations
(16 species) were monitored. Three of five managed
populations are treated with fire. Fire is a natural element in the park, but has been suppressed for more
than 65 years. Two more populations will be treated
with fire in spring 2001.

small, primitive fern, occur in the park. The species
is listed as significantly rare in North Carolina and as
a species of special concern in Tennessee. One population has 42 plants and the other two populations
have 115 or fewer plants from year to year. Plants of
one population were mapped within 3 m (10 ft) of
two permanent transects of 21-m (69 ft) and 10-m
(33 ft) lengths. Plants have done well in locations
without leaf litter and duff. After a severe decline
(67%) in the number of plants in 1997, the population was treated with fire and the area was raked.
Mapped plants were used as a guide for establishing
three 7-x-10-m (23-x-33-ft) treatment plots (fire, raking, and no treatment) in March 1998. The population responded favorably to both treatments and
increased from 23 to 114 plants in 1999 (Fig. 40). In
2000. the number of treated plants increased by four.
The controls did not increase.

Three populations of the daisy-leaved moonwort
(Botrychium matricariifolium A. Braun), which is a

Bittercress (Cardamine flagellifera O. E. Schulz),
which is a stoloniferous perennial, is listed as
threatened in Tennessee. The park monitors two of
its three known populations because of potential
threats. Baseline data were collected of one
population in 1989 and the population was censused
in 1991. In 1997, a 16% decrease in rosettes caused
concern. A portion of the population was burned in
September 1997 and the entire population was
censused again in 1998. The number of rosettes in
the fire-treated area increased by 27% between 1998
and 1999. The number of fertile rosettes doubled
(118%) after treatment with fire (Fig. 41). In 2000,
the total number of rosettes decreased by 105 and
fertile rosettes decreased by 50%.

Figure 40. Number of daisy-leaved moonworts, Great
Smoky Mountains National Park, 1991-2000. The
number of plants increased after prescribed fire and
raking in 1998.

Figure 41. Number of fertile and sterile bittercress
rosettes in burned areas, Great Smoky Mountains
National Park, 1991-2000.
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Goldenseal (Hydrastis canadensis L.) is a highly
valued perennial herb with thick yellow rhizomes. The
plant was recently listed in CITES Appendix II and is
listed as endangered in North Carolina and as
threatened in Tennessee because of excessive
collection and habitat loss. One population of two
colonies (subpopulations 1 and 2) occurs in the park.
Data have been collected since 1989. In 1991, a
native fungal disease, identified as Streptobotrys
streptothhx, was observed on the stems and leaves
throughout the population. By June 1991, the total
number of stems of subpopulation 1, which had the
highest incidence of infection, had decreased by 30%
since June 1990. In September 1991, leaves and
stems were clipped, bagged, and removed from the
site in both subpopulations. Leaf litter under the stems
was bagged and removed from the site. A noticeable
reduction (90%) in diseased stems was noted in
1992, but diseased stems in subpopulation 1 more
than doubled (110% increase) between 1993 and

GOLDENSEAL (HYDRASTIS CANADENSIS L.). GREAT SMOKY
MOUNTAINS NATIONAL PARK. PHOTOGRAPH BY JANET ROCK.

1994 (Figs. 42 and 43). The incidence of disease
dropped in 1995 without intervention and continued
to decrease. In early spring 1998 the leaf litter was
burned at subpopulation 1. The infected stems

Figure 42. Number of goldenseal stems and number of infected stems
in subpopulation 1, Great Smoky Mountains National Park, 1989-2000.

Figure 43. Number of goldenseal stems and number of infected stems
in subpopulation 2, Great Smoky Mountains National Park, 1989-2000.
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decreased by 93% between 1998 and 1999. In 2000,
the number of stems increased by 4 2 % in
subpopulation 1 but the disease increased to 85%.
Data indicate the treatments of clipping, raking, and
burning are effective but must be applied periodically
because they do not eradicate the disease.
Thirty of the 50 state-listed rare plants in
Shenandoah National Park were monitored in 2000.
Most populations were stable without threats to survival. However, one species seems to have been extirpated, and three species were threatened. The loss
of the spotted coralroot (Corralorlza maculata) is attributable to tree mortality from the hemlock wooly
adelgid and concomitant habitat changes. Trampling
by visitors caused the decline of the mountain sandwort (Minuartia groenlandica) and the three-toothed
cinquefoil (Sibaldiopsis tridentata) on high-elevation
outcrops, and roadside mowing threatened the large
purple fringed orchid (Platanlhera grandiflora) on the
banks of the Skyline Drive. To improve the protection
of vegetation, the park is raising the awareness of its
staff to the sensitivity of areas with rare plants.
A wildfire in fall 2000 burned populations of seven
state-listed rare plant species: American fly honeysuckle (Lonicera canadensis), round-leaf pyrola (Pyrola elliptica), quaking aspen (Populus tremuloides),
Appalachian fir clubmoss (Huperzia appalachiana).
Rand's goldenrod (Solidago randii), bristly sarsaparilla (Aralia hispida), and round-leaf dogwood (Cornus
rugosa). These species will be monitored in 2001 for
evidence of regeneration.

SWORD-LEAVED PHLOX. SHENANDOAH NATIONAL PARK.
PHOTOGRAPH BY WENDY CASS.

in 2000 than in 1999 and twice as large as the number
before the fire (Fig. 3 0 / A second population was
not burned in 1999 and has not been found for 5
years. A controlled fire in the last known area of
occurrence is being considered to promote
regeneration.

Forest Pests

Sword-leaved phlox (Phlox buckleyi) is a rare perennial endemic to mountainous areas of West Virginia and Virginia. It is a federally and state listed
rare species the survival of which can be threatened
by soil disturbance, ill-timed mowing, and shading
from adjacent vegetation. Plants typically occur in dry
open habitats on gravelly soil and roadside banks.
Two populations of the sword-leaved phlox occur on
roadside banks in the park. The survival of both populations has been periodically monitored since their
discovery in 1990.

Forest vegetation covers 95% of Great Smoky
Mountains National Park. Long-term monitoring of
forest insects and diseases in Great Smoky
Mountains National Park began in the 1980s because
of a nonnative insect, the balsam woolly adelgid
(Adelges piceae), that caused extensive mortality of
mature Fraser firs (Abies traseri). Since then,
monitoring has expanded to include other pests: the
butternut canker (Sirococcus
clavigignentijuglandacearum) on butternut (Juglans cinerea), an
unidentified causal agent on American holly (Ilex
opaca), a fungal causal agent (Botryosphaeria spp.)
on rosebay rhododendron
(Rhododendron
maximum), beech scale (Cryptococcus fagisuga) that
causes beech bark disease and the Nectria spp. fungi
on American beech (Fagus grandifolia), and the
European mountain-ash sawfly
(Pristiphora
geniculata) on American mountain-ash (Sorbus
americana).

One population of the sword-leaved phlox continues
to recover from a wildfire in 1999 and had the largest
total number of stems (399) and flowering stems (83)
since 1990. The number of stems was 60% greater

Objectives of the monitoring include detection of
changes in tree health, composition of forest tree
species, and size of pest populations. Monitored
species are evaluated with the crown rating methods
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by the USDA Forest Service Forest Health Monitoring
protocols if appropriate. The results assist in
management decisions.
The butternut, American holly, and rosebay
rhododendron were not evaluated in 2000.
The monitoring protocol for the balsam woolly
adelgid on Fraser fir was developed in consultation
with the Forest Health Monitoring personnel of the
USDA Forest Service. In four locations in the park—
Balsam Mountain, Clingmans Dome, Mount LeConte,
and Mount Sterling—the density of adelgids is determined annually by examining 100-cm2 (15.5-in2)
bark areas on the trunks of Fraser firs with 7x lighted
magnifiers.
In 2000, populations of the balsam woolly adelgid
were higher than in 1999 on Balsam Mountain ( x =
77.3, SD = 93.6), Clingmans Dome ( x = 7.7, SD =
9.3), and Mount Sterling ( x = 28.3, SD = 101.2).
Balsam woolly adelgid populations were lower in 2000
than in 1999 on Mount LeConte ( x = 8.6, SD = 20.45;
Fig. 44). Monitoring of the adelgid will be continued
in 2001.
Monitoring of beech bark disease on American
beech in beech gaps at high elevation in the park
began in 1994. In the Great Smoky Mountains, beech
gaps are unique areas dominated by beech at elevations of 1220-1800 m (4000-5900 ft). Reproduction
of beech in gaps is primarily by root sprouts and has

SAMPLING FOREST VEGETATION. GREAT SMOKY MOUNTAINS
NATIONAL PARK. PHOTOGRAPH BY JANICE PELTON.

led some to believe that genetic variation among
beeches in beech gaps is insignificant.
Monitoring in ten 400-m2 (4304-ft2) plots includes
evaluating each beech that is larger than 3.5 cm (1.4
inch) in diameter at 1.37 m (4.49 ft) on stem (i.e.,
tree sized) for crown health with the USDA Forest
Service's Forest Health Monitoring protocols and
evaluating visually the abundance and distribution of
beech scale and Nectria spp. on each beech at 1.37
m (4.49 ft) from the ground. In each plot, all woody
species that are 1.4 m (4.6 ft) tall and 3.5 cm (1.4
inch) in diameter are tallied in each of twelve 2-x-2m (7-x-7-ft) subplots. Also in each plot, beech seedlings (1 year old and 1.4 m [4.6 ft] tall) are tallied in
three 1-x-1-m (3-x-3-ft) subplots.
Crown dieback, defined as recent death of branches
with fine twigs in the upper portion of a tree, is a
symptom of recent stress. In 2000, most trees were
in dieback class 1 (1%-10% dieback; Fig. 45). The
only dieback class with an increase during 19982000 was class 2 (11%-50% crown dieback). The
mortality of tree-sized beeches has slowed since
1998. The total number of dead beeches in plots
increased by only one tree or to 31.7% since 1998.
American beech will be monitored again in 2002.

Figure 44. Average number of balsam woolly
adelgids on Balsam Mountain, Cligmans Dome, Mt.
Le Conte, and Mt. Sterling; Great Smoky Mountains
National Park, 1997-2000.

American mountain-ash (Sorbus americana) is one
of the few deciduous tree species that occurs at the
highest elevations in Great Smoky Mountains
National Park. By feeding on leaflets, larvae of the
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European mountain-ash sawfly reduce the
photosynthetic capacity and impair the health of the
trees.
Monitoring is based on eleven 20-x-20-m (66-X-66ft) plots at seven locations. The Forest Health
Monitoring protocols by the USDA Forest Service are
used to visually evaluate the crown health of each
tree in a plot. As many as three different conditions
of stem and crown damage based on U. S. Forest
Service forest health criteria are also recorded. The
number of fruit clusters is counted with 7x binoculars.
In recent years, defoliation and crown dieback in the
American mountain-ash in the park were minimal
because sawfly populations were low. In 2000, more
than 92% of the evaluated trees were in the 5%defoliation class (Fig. 46). No trees died between
1998 and 2000. Although fewer trees were rated in
the 0%, 5%, and 10% dieback classes in 2000 than
in 1998, a total of five trees were in the classes
between 60% and 80% dieback. American mountainash will again be evaluated in 2002.
Reference
USDA Forest Service. 1998. Forest health monitoring
1998 field methods guide. USDA Forest Service,
National Forest Health Monitoring Program,
Research Triangle Park, North Carolina. 102 pp.
Flowering dogwood (Cornus florida) is one of the
most common understory tree species in eastern
North America. Across much of its range, flowering

Figure 45. American beech by dieback class, Great
Smoky Mountains National Park, 1998 and 2000.

dogwood is threatened by a destructive fungus,
Discula destructiva, that causes dogwood anthracnose. To determine the effect of anthracnose on flowering dogwood populations, sample data about
woody-species composition and regeneration during
1977-79 and 1995-2000 were analyzed. Plot data
were categorized by six types of forest communities
(acid coves, typic coves, alluvial areas, oak-hickory
stands, oak-pine stands, and an area that burned in
1976) to quantify the decrease in the density of flowering dogwood in the park and to determine the variation of the decrease with size class and forest
community type.
Between 1977-79 and 1995-2000, the density of
flowering dogwood decreased profoundly in typic
coves, acid coves, alluvial areas, oak-hickory forests,
and oak pine forests (Figs. 47 and 48).The decrease
was largest in the three most mesic forest types—
acid coves, typic coves, and alluvial areas. The overall decline was greatest in acid coves where the mean
density decreased by 93% (from 349 stems/ha [141
stems/A) during 1977-79 to 15 stems/ha [6 stems/A]
during 1995-2000). The next greatest decrease was
in typic coves (85%) and alluvial areas (75%). The
decline in density was less in the two driest forest
types, oak-hickory (64%) and oak-pine (57%, Fig. 48).
Before infection, the mean density of flowering dogwood was greater in oak-hickory forests (575 stems/
ha [233 stems/A]) than in any other forest type. The
mean density of flowering dogwood in this forest type
decreased to 209 stems/ha (85 stems/A) during

Figure 46. American mountain-ash by twig dieback
(%), Great Smoky Mountains National Park, 1998 and
2000.
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1995-2000. However, on the three plots that were
burned in 1976, the density of flowering dogwood increased 140% from 260 stems/ha (105 stems/A) to
623 stems/ha (252 stems/A).
The density of small flowering dogwoods decreased
the most (Figs. 47 and 48). Except in the burned areas, the density of trees with a 1-5-cm (0-2-inch)
dbh (diameter at breast height) decreased across all
forest types (Figs. 49 and 50). The decrease in the
density of small trees was particularly high in acid
coves (97%) and in typic coves (93%). In alluvial forests, density decreased from 426 stems/ha (172
stems/A) to 95 stems/ha ([38 stems/A] 78%,
p = 0.001).

drier forest types than in typic coves, acid coves, and
alluvial areas. In oak-hickory stands, density
decreased 69% from 445 stems/ha (180 stems/A)
during 1977-79 to 137 stems/ha (55 stems/A) during
1995-2000 (p = 0.001). In oak-pine stands, density
changed by 66% from 356 stems/ha (144 stems/A)
to 120 stems/ha ([49 stems/A] p = 0.112). In the area
that was burned in 1976, density increased from 210
stems/ha (85 stems/A) to 580 stems/ha ([235 stems/A]
176% increase, p = 0.058).
Overall, there was less decrease in the density of
flowering dogwoods in the larger size classes ( 5 . 1 10.0 cm [2.0-4.0 inch] and >10 cm [>4 inch] at dbh,
Figs. 47 and 48). While the density of 5.1-10.0 cm

The decrease in the density of small flowering
dogwoods (1-5 cm [0-2-inch] at dbh) was less in the

[2.0-4.0 inch] dogwoods decreased considerably

Figure 47. Mean density (mean * s0) of flowering
dogwood by size class in acid cove, typic cove, and
alluvial forest stands, Great Smoky Mountains
National Park, 1977-1979 and 1995-2000.

Figure 48. Mean density (mean ± s ) of flowering
dogwood by size class in oak-hickory, oak-pine, and
burned forest stands, Great Smoky Mountains
National Park, 1977-1979 and 1995-2000.

in acid coves (83%, p = 0.004), typic coves (54%,
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p = 0.066), and oak-hickory forests (46%, p = 0.005),
density of this size class changed little in alluvial areas, oak-pine stands, and the burned area. The density of large trees (>10 cm [>4 inch] at dbh) decreased
in acid coves (80%), typic coves (50%), and oakhickory stands (45%). The density of large flowering
dogwoods changed little in alluvial areas, oak-pine
stands, and the burned area.

this insect on the forest, monitoring of the eastern
hemlock cover type is a priority in the park.
Park staff is monitoring hemlocks in 6 sites. The proportion of dead trees in monitored stands has significantly increased during the past decade. Mean
densities of hemlock trees per hectare were determined in 1990-91, 1999, and 2000. Inspections revealed heavy infestations of eastern hemlocks and a

Because the disease is most destructive of trees in
the smaller size classes, the density of the flowering
dogwood will continue to decrease as larger trees
senesce and are not replaced by new individuals. The
fruit of the flowering dogwood is rich in crude fat and
is considered to be an excellent food for wildlife,
including more than 36 species of birds. Because of
its high calcium content (2.0-3.5% dry weight) and
rapid decomposition rate (64% reduction in litter mass
after 2 years), the foliage of the flowering dogwood
plays an important role in building and retaining
calcium in the surface horizons of forest soils.
References
Chellemi, D.O., and K.O. Britton. 1992. Influence of
canopy microclimate on incidence and severity of
dogwood anthracnose. Canadian Journal of Forest
Research 70:1093-1096.
Daughtrey, M.L., and C.R. Hibben. 1994. Dogwood
anthracnose: a new disease threatens two native
Cornus species. Annual Review of Phytopathology
32:61-73.

substantial crown-health decline and tree mortality.
Comparisons of data between 1990-91 and 2000
revealed a shift from excellent crown health (90100% intact foliage) to poor crown health (0-49%
intact foliage; Fig. 49). By 1999, canopies that had
been rated excellent comprised less than 1 % of the
sampled trees. Mortality of the hemlocks from the
adelgid increased from an initial 8% in 1990 to 49%
in 2000.
Park-wide control of the adelgid is neither operationally nor economically feasible. The management objective therefore is the preservation of a small portion
of the hemlock gene pool in the park for possible future restoration. Current control measures consist of
spraying horticultural oil or a soap solution on trees
in significant historical, cultural, and natural areas that
are accessible by road. Future measures may include
a biological control in remote areas.
Monitoring of beech bark disease on American
beech (Fagus grandifolia) began in 1994. Monitoring

McLemore, B.F. 1990. Cornus florida L.-Flowering
dogwood. Pages 278-283 in R.M. Burns and B.H.
Honkala, editors. Silvics of North America, Vol. 2,
Hardwoods. USDA Forest Service, Washington, D.C.
Agriculture handbook 654.
Williams, W.A. 1969. Accumulation and cycling of
calcium by dogwood trees. Ecological Monographs
39:101-120.
In Shenandoah National Park, the hemlock woolly
adelgid (Adelges tsugae) is an introduced pest that
threatens to eliminate all eastern hemlock (Tsuga
canadensis) stands. It was first observed in the park
in fall 1988 and has since been found in all districts,
at all elevations, and in all aspects of surveyed
hemlock stands. In view of the potential harm from

Figure 49. Decline of crown health in hemlocks,
Shenandoah National Park, 1990-2000. Crown class
is based on the percentage of foliage intact: Class
1, 90-100%; Class 2, 50-89%; Class 3, 1-49%; and
Classes 4 & 5, dead (95% CI).
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is conducted in 13 sites annually. So far, no sign of
the insect or fungus has been seen.
The gypsy moth {Lymantria dispar(L.)) first ravaged
Shenandoah National Park's forests more than one
decade ago. The infestation began in the North District of the park during 1988 and caused massive
defoliation (90%). Surveys were conducted throughout the park in 1999 and 2000. Although the number
of gypsy moth caterpillars was greater in 2000 than
in 1999, defoliation in the park was not significant.
The gypsy moth will again be monitored in 2001.
Reference
Smith, D.W., and J.L. Tolbert. 1990. Shenandoah
National Park long-term ecological monitoring
system. Section II, forest component user manual.
First edition. Virginia Polytechnic Institute and State
University. Blacksburg, Virginia. 88 pp.

Fishes
Brook Trout in
Great Smoky Mountains National Park
Brook trout (Salvelinus fontinalis) are native to coldwater streams in the eastern U.S. and are the only
native salmonid in Great Smoky Mountains National
Park. At one time, brook trout ranged throughout
much of the 1287 km (800 mi) of streams in the park.
However, logging and forest fires in the late 1800s
and early 1900s restricted the brook trout to less than
70% of its historic range by the 1980s. The loss of
brook trout range in conjunction with a lack of
distribution, inventory, and population data forced
park managers to terminate brook trout fishing in
1986 to reduce further adverse effects on the
remaining brook trout populations. Monitoring of the
brook trout was initiated in 1989 and included the
following objectives: (1) establishment of long-term
monitoring sites along elevation gradients and (2)
identification of adverse effects on brook trout
populations from environmental changes
In 1993, long-term monitoring sites were established
along elevation gradients throughout the park.
Streams were selected to represent a sub-sample of
the various disturbance histories, forest or vegetation types, and geological formations in the park.

Annually, backpack electrofishing gear and threepass depletion estimates have been used to evaluate year-class strength, reproductive success, density
(number fish/100m2 [/1076 ft2], biomass (kg/ha [lbs/A]),
and general trends in 15 streams. These samples
have included 27 allopatric and 16 sympatric (mixed
with rainbow trout [Oncorhyncus mykiss]) brook trout
monitoring sites.
Allopatric brook trout populations declined roughly
10% in 2000. However, these declines were well
within the natural variation seen in similar populations
throughout the park. For example, severe natural
events and reproduction following these events can
lead to population variation of more than 60% in
streams such as Lost Bottom Creek (Fig. 50).
Droughts and floods can significantly reduce youngof-year (YOY) production in given years. However, due
to the resiliency of the species, reproduction quickly
replenishes the populations to pre-event levels. For
example, age-0 brook trout typically comprise 30%50% of a given population, which is typical of most of
the fast-growing, short-lived brook trout populations
in the park. However, in years after year-class failures
from major flood events (i.e., 1994), age-0 brook trout
may comprise 50%-80% of the population. Drought
conditions seemed to benefit brook trout but not
rainbow trout in sympatric populations (Fig. 51).
Rainbow trout reproduction declined as much as 90%
in some sympatric populations and allowed an
increase in age-0 brook trout productivity (Fig. 51).

Figure 50. Dynamics of an allopatric brook trout
population in Lost Bottom Creek, Great Smoky
Mountains National Park, 1990-2000. A severe flood
occurred during the spring of 1994 and severe
drought persisted from 1998 to 2000.

Monitoring and Status 53

Fishes in Large Streams of
Great Smoky Mountains National Park
Great Smoky Mountains National Park is rich with
nearly 1287 km (800 mi) of cool and cold-water
stream habitat that supports a diverse aquatic ecosystem. Large-stream systems (fourth-fifth order)
support the greatest diversity of fishes in the park,
including 12 families and more than 60 species. Many
of the fish species in these large-stream systems are
excellent indicators of natural and anthropogenic environmental effects. Sampling each fall provides a
snapshot of the diversity of habitat and fish species
in large-stream systems in the park. Backpack
electrofishing gear and three-pass depletion estimates are used to evaluate year-class strength, reproductive success, density (number of fishes/100 m2
[/1076 ft2], biomass (kg/ha [lbs/A]), and other trend
information. One backpack electrofishing unit is used
for every 3-4 m (10-13 ft) of stream width.
In 2000, sampling was conducted in two of the park's
large-stream systems: Abrams Creek and
Cataloochee Creek. Fishes were sampled in nine
sites along an elevation gradient from 341-863 m

Figure 51. Dynamics of sympatric brook trout and
rainbow trout populations during a 10-year period
on Beech Creek, Great Smoky Mountains National
Park, 1990-2000. Mean population densities (fishes/
100m2) and standard error (s ) bars derived from two
100-m stream sample sites. A severe flood occurred
during spring 1994 and severe drought persisted
from 1998 to 2000.
(1120-2830 ft) throughout the park. Staff-hours
ranged from 72 to 220 hr/site.
Species diversity ranged from 3-7 species in three
families on Cataloochee Creek and 5-21 species in

GREAT SMOKY MOUNTAINS NATIONAL PARK.

54 Monitoring and Status

five families in Abrams Creek among all sites.
Species assemblages have not changed
during 1985-2000 in any of the sites. Three
consecutive years of severe summer drought
conditions have had differential effects on
salmonid populations in the park. For example,
the densities of brown trout in Cataloochee
Creek were 4.0 ( s - = 1.6) fish/100 m2 (/1076
ft2) in 2000, up 33% from the mean (3.0, s 7 =
1.4) during 1990-2000 (Fig. 52). However, the
mean density of rainbow trout (7.4, s F = 3.0)
in Cataloochee Creek in 2000 was 36% below
the mean (11.4) during 1 9 9 0 - 2 0 0 0 . In
comparison, production during 1998-2000
throughout the park has been more successful
in brown trout than in rainbow trout.

ELECTROSHOCKING FOR MONITORING FISHES. GREAT SMOKY MOUNTAINS
NATIONAL PARK. PHOTOGRAPH BY STEVE MOORE.

The biomass of smallmouth bass (Micropterus
dolomieu) and rock bass (Ambloplites rupesths)
continued to increase in Abrams Creek (Fig. 53) during
2000, indicating these species continue to recover
after adverse effects from sediment and flood during
the early 1990s. Reduction in sediment inputs seems
to be related to stream-bank restoration and fencing
during 1993-94 that eliminated cattle access to streams
in Cades Cove and reduced erosion. Both species also
demonstrated good reproduction in 2000, indicating
that sediment, which may have previously impacted
spawning habitat, may have been reduced. Data

Figure 52. Population dynamics of brown trout and
rainbow trout on Cataloochee Creek, Great Smoky
Mountains National Park. Mean biomass (kg/ha) and
standard error (s0) bars are shown from data
collected from four sites along an elevation gradient.
Severe floods occurred during springs 1990,1991,
and 1994, and severe drought persisted from 1998
to 2000.

indicated that many of the riffle species (i.e., darters)
that live in areas unaffected by sediment inputs have
remained relatively stable throughout 1990-2000.
References
American Fisheries Society, Southern Division, Trout
Committee. 1992. Standardized sampling guidelines

Figure 53. Biomass (kg/ha) of rock bass and
smallmouth bass in Abrams Creek, Rocky Mountain
National Park, 1985-2000. Inadequate funding and
staff precluded collecting samples in 1986 and 19891992. The site was added to the annual monitoring
scheme in 1993 to assess streambank stabilization
and water quality improvement in Cades Cove. The
estimated biomass in 1985, 1987, and 1988 is
elevated because standardized protocols were not
in place and caused the use of an insufficient
number of electrofishing units for the size of the
stream.
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Brook Trout in Shenandoah National Park
Brook trout (Salvelinus fontinalis) and other fish
species in Shenandoah National Park are monitored
annually in a representative suite of streams to obtain
a science-based understanding of fish population
dynamics under natural influences such as floods and
droughts, variations in stream water chemistry, and
the presence of nonnative trout species. Data are
used to identify potential threats to the fishery and to
prescribe the appropriate research or management.
Annual monitoring is stratified across the park's three
principal bedrock geologic formations and associated
water chemistry ranges. Sampled are fish population
density and biomass in streams with different ANC.
The primary criteria for the selection of streams for
annual monitoring were based on three principal research streams in the park (Paine Run, Staunton
River, and Piney River) with different (low, moderate,
and high) ANC.
In 2000, fish populations were sampled in 46 sites
along 22 streams. Used were backpack electrofishing
and guidelines from Standardized Sampling
Guidelines for Wadable Trout Streams by the
Southern Division of the American Fisheries Society.
The 5-year intensive annual monitoring revealed considerable variation in density (the number of brook
trout per 100 m2 (/1076 ft2) and biomass (the total

volume of brook trout as kg/ha [lbs/A]) in the same
sites between years and between different sites in
the same watershed. In 2000, the density ranged from
0.12 to 74/100 m2 (71076 ft2) in a core of 36 sites
stratified by elevation, stream size, and ANC. The
estimated biomass ranged from 0.12-178.6 kg/ha
(0.10-159.0 lbs/A). The density and biomass tend to
be lower at the lower elevation downstream because
of competition with larger numbers and volumes of
other fish species and water temperatures (>20°C
[68°F]) that are only marginally suited for reproduction and the survival of juvenile brook trout. Along
lower reaches of the Rapidan River, One Mile Run,
and N.F. Moorman's River that are affected by floods,
marginal habitat also reduces the density and
biomass of brook trout.
The density and biomass of brook trout are highly
variable between years because of the effects of
floods and droughts on annual reproduction. In 2000,
the density of young-of-year (YOY) ranged from 20.6100% per site (pooled x = 68.3%, 95% CI = 5.4).
Reproduction and survival of the YOY age class was
better only in 1997 when the park-wide density of
YOY was 85%. Productivity trends in the park have
been consistent between streams and ANC gradients.
The density and biomass of brook trout in the park
also differ between streams with different ANC
(Fig. 54a-c). Bulger and associates in 1999 found
that trout density increased significantly with increasing ANC and pH. In the park, the mean density during 5 years ranged from 9.8-35.2/100 m2 (/1076 ft2)
in streams with low ANC and from 39.6-88.6/100 m2
(/1076 ft2) in streams with high ANC. Similarly, the
mean biomass during 5 years ranged from 29.2-40.3
kg/ha (26.0-35.9 lbs/A) in streams with low ANC and
from 90.8 kg/ha to 130.2 kg/ha (80.8-115.9 lbs/A) in
streams with high ANC. Bulger and associates indicated that water chemistry and habitat but not any
combination of habitat characteristics explain the
variance in trout density across streams. The poolriffle ratio tends to be similar between streams with
low and high ANC in the park, but most streams with
low ANC are smaller and less complex than most
streams with high ANC.
Although brook trout occur in streams with pH ranges
of 4.1 to 9.5, the lower limit of survival, especially for
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embryos and hatchlings, seems to be pH 4.5. The
pH in most streams with low ANC in the park ranges
from 5.0 to 6.0. The only notable exception is Meadow
Run, which has recurring pH ranges from 4.8 to 5.1
and thus represents the most acidic watershed in the
park. The resident brook trout population in Meadow

Run continues to persist, but populations of blacknose
dace (Rhinichthys atratulus) have gradually declined
to trace levels during the past 15 years. Blacknose
dace are more sensitive to acidification than brook
trout. The critical pH for the survival of this species is
at or above 5.6.
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Monitoring of fisheries will be continued in 2000. A
hydrologist from the Virginia Department of Forestry
will provide a detailed water-chemistry profile of the
lower Meadow Run during 2001-04.

106 In D.F. Charles, editor. Acidic deposition and
aquatic ecosystems. Springer-Verlag, New York.
Bulger, A.J., B.J. Cosby, C.A. Dolloff, K.N. Eshleman,
J.R. Webb, and J.N. Galloway. 1999. Shenandoah
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Birds
Reproductive Success of Golden Eagles in
Denali National Park and Preserve

Figure 54a-c. Densities and biomass of brook trout
stratified by stream acid-neutralization capacity
(ANC), Shenandoah National Park, 1996-2000.

Golden Eagles (Aquila chrysaetos) are the largest
avian predators that nest in northeastern Denali
National Park and Preserve. The understanding of
the ecology of this species in North America is largely
based on data from resident populations in temperate
climates. These data are not adequate to describe
the ecology of Golden Eagles that breed at high
latitudes. Golden Eagles in northern North America
are migratory and spend as many as 5 months
migrating to, wintering in, and returning from
temperate climates thousands of kilometers from their
northern nesting areas. This life-history strategy is
common to birds that breed at northern latitudes and
creates high-energy demands for migration
immediately before the breeding season.
Furthermore, Golden Eagles arrive in their northern
breeding areas in late winter when the abundance
and diversity of their prey are at the lowest annual
level. Therefore, productivity could be markedly lower
in northern populations of Golden Eagles than in
conspecifics in temperate climates.
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In general, few studies of Golden Eagles in Alaska
have been conducted, and information about the ecology of the species in northern latitudes of North
America is scarce. Murie in 1944 completed the only
ecological study of Golden Eagles in the park before
1988. Although his work provided new information
about Golden Eagles at northern latitudes, his study
focused on food habits and provided little insight into
the reproductive ecology of Golden Eagles in the
park. In 1988, building on the earlier studies by Murie,
Denali National Park and Preserve began a comprehensive study of the ecology of Golden Eagles. Major objectives of the monitoring component of this
study were the determination of the occupancy rates
and productivity in nesting areas and the detection
of trends (magnitude and direction) in occupancy
rates and productivity by the territorial population.
During 1988-2000, the occupancy and reproductive
success of Golden Eagles in the 2400-km2(926-mi2)
study area were monitored with two annual aerial
surveys. The same experienced observer conducted
the surveys from either a Bell Jet Ranger helicopter
(1988-99) or a Robinson R-44 helicopter (2000).
Experienced wildlife-survey pilots flew the helicopters.
In all years, the first survey was conducted in late
April or early May to determine the occupancy of
nesting areas and document egg laying, and the
second survey was conducted in late July to count
fledglings and document nesting success. Data from
these surveys were used to calculate the occupancy

of nesting areas, laying rates, success rates, mean
brood size, and overall population productivity. (See
Mclntyre and Adams [1999] for further details on
survey methodology.)
A nesting area was considered occupied if a territorial
pair, an incubating eagle, or eggs were present, if
there was evidence of nest repair or nest
construction, or if eagles exhibited territorial behavior.
Occupancy rate was the proportion of surveyed
nesting areas with territorial pairs. A laying pair (pairs
with egg) was identified by the presence of an
incubating eagle or eggs, and laying rate was the
proportion of occupied nesting areas with a laying
pair. Success was the number of pairs that produced
at least one fledgling, and success rate was the
proportion of laying pairs that raised at least one
fledgling. Mean brood size was the number of
fledglings per successful pair, and overall population
productivity was the mean number of fledglings per
territorial pair (or per occupied nesting area).
Since 1988, the reproductive success of Golden
Eagles in the park has been monitored in 56-80
nesting areas (Fig. 55). The increase in the number
of annually monitored nesting areas is a result of
finding previously undiscovered nesting areas and is
not due to an increase in the size of the territorial
population of eagles in the park. In 2000. occupancy
and reproductive success were monitored in 80 preselected nesting areas. The estimated occupancy rate

Figure 55. Reproductive success (number of surveyed nesting areas, occupied nesting
areas, pairs with eggs, and pairs with fledglings) in Golden Eagles, Denali National Park
and Preserve, 1988-2000.
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in 2000 was 90% and was higher than average (range
= 70-93%, x = 84%, s = 6.48). The estimated laying
rate in 2000 was 75% and was higher than average
(range = 3 3 % - 9 0 % , x = 6 4 % , s = 1 7.89). The
estimated success rate was 65%. A total of 50 fledglings
were produced in the study area.The mean brood size
in 2000 was 1.43 and slightly lower than the 13-year
average of 1.45 (range = 1.13-1.68, s = 0.17; Fig. 58).
The overall population productivity was 0.69 fledglings
per territorial pair and very similar to the longterm average of0.68(range =0.16-1.16, s=0.29; Fig. 56).
Although mean brood size and overall population
productivity varied among years, their trends were
stable over time (Fig. 57). Mclntyre and Adams in
1999 suggested that reproductive rates of Golden
Eagles in Denali National Park and Preserve from
1988 to 1997 were greatly influenced by prey in
spring, especially snowshoe hares
(Lepus
americanus) and Willow Ptarmigans (Lagopus
lagopus). Mclntyre and Adams used the mean
number of snowshoe hares observed per field day
as their index of spring prey abundance because
indices of abundance of snowshoe hares and Willow
Ptarmigans highly correlated in their study (R2 =
0.94, n= 10 years, p < 0.001). Data collected in the
park from 1998 to 2000 support the suggestion that
prey in spring influences the reproductive rates of
Golden Eagles and indicate that Golden Eagle
productivity is high in years when hares and
ptarmigans are abundant and low when hare and

ptarmigan populations crash (F,,, = 13.43, p < 0.001,
R2 = 0.55; Fig. 54). These findings are similar to those
by Steenhof, Kochert, and McDonald for Golden Eagles
in Idaho and by Tjernberg for Golden Eagles in Sweden.
Monitoring of occupancy of nesting areas and reproductive success of Golden Eagles will be continued
in 2001. In cooperation with personnel from the Snake
River Field Station of the U.S. Geological Survey, a
protocol for the long-term monitoring of Golden Eagles
in the park will be completed. Cooperative research
by the park, the U.S. Geological Survey, and the Oregon State University into environmental factors that
influence reproductive success, survival, and population dynamics of Golden Eagles will also be continued.
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Figure 56. Mean brood size and overall population productivity (mean number of fledglings)
in Golden Eagles, Denali National Park and Preserve, 1988-2000.
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Figure 57. Productivity of Golden Eagles in relation to abundance of prey (snowshoe
hares and ptarmigans), Denali National Park and Preserve, 1988-2000.

Piping Plovers on Cape Cod National Seashore
Since 1986. the Atlantic Coast population of the
Piping Plover (Charadrius melodus) has been a
federally listed threatened species. The cumulative
effects of habitat loss, human disturbance, and
predation threaten the plover. On the Atlantic Coast,
the Piping Plover breeds on coastal beaches from
Newfoundland to North Carolina. The beaches of
Cape Cod National Seashore support about 5% of
the roughly 1400 nesting pairs of the Atlantic Coast
population. Protection of the plover on the seashore
consists of temporal and spatial restrictions of offroad vehicles (ORVs), seasonal restriction of visitor
access to areas where plovers nest, protection of
nests from avian and mammalian predators with
predator exclosures (mesh topped, welded wire
structures), and public education about the status and
management of the plover. The effectiveness of these
protective measures is determined by monitoring the
number of breeding pairs and the reproductive
success of the plover.
Beginning on 1 April 2000, nesting and brood-rearing
by 64 pairs of Piping Plovers were monitored on eight
beaches on Cape Cod National Seashore. Eggs were
first seen in the third week of April, and the number
of occupied nests peaked during the last week of May
and first week of June. Sixty-four pairs initiated 121
nests. The birds nested in berm habitat (55%), dune
habitat (37%), and overwash areas (8%).

No chicks hatched in 60% of all initiated nests, and
at least one nest was lost on all beaches. Overwash
and predation by crows and unknown predators were
the leading causes of nest loss, accounting for 58
(79%) of the 73 lost nests. Sixty percent of the losses
were attributable to overwash during a severe storm
on 6 June. Ninety-two of 121 nests were protected
with predator exclosures. In these nests, 48 (51%)
clutches produced young, 36 clutches were destroyed
by overwash, four were abandoned, two were lost to
unknown predators, and one was infertile. For the first
time, the intentional taking of a plover nest by humans was recorded. In the 29 unprotected nests, no
chicks were hatched from 28 (97%) clutches because
10 clutches were lost to crows, 8 clutches to unknown
causes, and three clutches each to overwash and abandonment. Two clutches were sanded over, and one
clutch each was lost to predation by a gull and a skunk.
Hatching success (number of hatched eggs/total
number of laid eggs) in 2000 was 37%, which was
42% lower than in 1999. Hatching success throughout
the park and state was low because of the storm on
6 June, which caused severe losses of nests (74%)
and eggs (80%). Fledging success (total number of
fledged chicks/total number of hatched eggs) was
47%. Overall, fledging success decreased 8% from
1999. Productivity (number of fledged chicks/nesting
pair) was 1.14 (Table 6). Overall, productivity
decreased significantly from 1999 (1.71 fledged

Table 6. Number of breeding pairs of Piping Plovers, hatching and fledging success, and productivity by site. Cape Cod National Seashore. 1999.

Site

Number of pairs

Number of

Number of

Number of

Number of

Hatching

Fledging

nests"

laid eggs

hatched eggs

fledged chicks

success"

success"

Productivity"

Coast Guard Beach

14

51
39

21

0.78

0.53

10

16
13

40

Marconic Beach

25

0.64

0.44

1.10

Great Island, Jeremy Point"

12
5

13
5

48

40

11
30

0.83

0.75

2.50

19

16

11

0.84

0.69

2.20

1

1

4

4

4

1.00

1.00

4.00

22
3

82

70

28

0.85

0.40

1.47

11

4

4

0.36

1.00

1.33

2

35

14

0.74

0.54

1.75

82

289

26
225

123

0.79

0.55

1 71

Ballston Beach
High Head
Race Point Beach South

19

Race Point Beach North

3
8
72

Wood End, Long Point
Total

1.50

• Includes re-nesting.
" Total number of hatched eggs/total number of eggs.
Total number of fledged chicks/total number of hatched eggs.
' Total number of fledged chicksTotal number of pairs.
• Includes 1 nest that was not found until the chicks appeared on the beach. Not included in the number of laid or hatched eggs.
3
o
3
O
3
ID

a
3
o.
c/i
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—
c
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chicks/pair). Productivity must be greater than 1.5 to
maintain the current population size. Although
productivity of the plovers on Cape Cod National
Seashore may have slightly exceeded the statewide
productivity, it was substantially below 1.5.
This was the third year the Negotiated Rule for ORV
management was implemented. Nineteen pairs of
plovers nested in the ORV corridor. Most of these
nests were in the area closed by the rule during the
first part of the season, but several nests were in areas open to ORV traffic. As the eggs in these nests
hatched, affected sections of the ORV corridor were
closed to vehicles. Closures were imposed only when
eggs hatched and were kept in effect through the
chick-rearing stage until fledging. By 17 August, the
entire ORV corridor was reopened to vehicles. The
park re-opened the Head of the Meadow ORV access on 16 August after chicks in this area fledged.
The entire beach between Head of the Meadow and
High Head was open from 16 to 31 August.
The number of nesting pairs and the productivity have
increased since monitoring and management began.
In 1985, the productivity of 18 pairs was 0.7. In recent
years, the productivity of 60-80 pairs has ranged from
1.5 to 2.5 (Fig. 58). In 2000, breeding Piping Plovers
on the seashore represented approximately 15% of the
entire breeding population in Massachusetts. Although
the productivity on the seashore in 2000 (1.14) was
lower than recent years, it compared favorably with
the productivity of the statewide population in
Massachusetts (1.08). The Piping Plovers on Cape
Cod National Seashore are a critical source
population for the successful recovery of the species.

Figure 58. Number of nesting pairs and productivity
of Piping Plovers, Cape Cod National Seashore,
1985-2000.

Passerines in Denali National Park and Preserve
The Alaska Bird Observatory has been a partner of
Denali National Park and Preserve since 1992. The
major focus of long-term ecological monitoring of
birds by the observatory in the park is on the testing
and development of methodology to quantify interannual variation in relative abundance of migratory
and resident species of passerines and to detect longterm trends in selected species. The primary objective of fieldwork in 2000 was the continuation of
baseline monitoring of selected passerine species
with point count methodology. Data were collected
along nine off-road routes, two on-road routes where
surveys have been conducted since 1993, and two
off-road routes where surveys have been conducted
since 1998.
As in previous years, more species were recorded
near the western extent of the park road where birds
are sampled in more habitats. The frequency of
occurrence of most species remained relatively
constant among years. Prior to 1998, off-road surveys
in the park were conducted exclusively in forest
dominated by spruce (Picea spp.) stands. During
1998, two off-road routes were added in alpine tundra
and riparian habitat. Blackpoll Warblers (Dendroica
striata), which are not commonly detected elsewhere
during surveys in the park, were numerous on these
roads. The Blackpoll Warbler is a priority species by
the Boreal Partners in Flight that should be
considered in land-use plans, project planning, impact
assessments, research, monitoring, outreach, and
other activities.
Butcher, Droege, and Ralph in 1992 proposed
national guidelines for all monitoring of birds by
federal agencies. They suggested monitoring be
designed to have a 90% probability of detecting a
cumulative 50% or 2.74% annual decline in a species
during a 25-year period. Under these national
guidelines, species that occurred at more than 14%
of the point-count stations in the park can be
monitored with a 90% probability of detecting a 50%
decline during a 25-year period. Power calculations
indicated the current protocol is adequate for
monitoring 14 passerine species in Denali National
Park and Preserve (Table 7) in either annual or
biennial surveys. Five additional surveys in medium
shrub and riparian habitats probably provide
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Table 7. Species that can be currently monitored with annual and biennial surveys in Denali
National Park and Preserve with current passerine monitoring protocol.
Common Name

Scientific name

Alder Flycatcher
Gray-cheeked Thrush
Swainson's Thrush
American Robin
Varied Thrush
Orange-crowned Warbler

Empidonax alnorum
Catharus minimus
Catharus uslulatus
Turdus migratorius
Ixoreus naevius
Vermivora celata

Yellow-rumped Warbler
Blackpoll Warbler
Wilson's Warbler
American Tree Sparrow
Savannah Sparrow
Fox Sparrow
White-crowned Sparrow
Dark-eyed Junco

Dendroica coronata
Dendroica striata
Wilsonia pusilla
Spizella arborea
Passerculus sandwichensis
Passerella iliaca
Zonotrichia leucophrys
Junco hyemalis

adequate power to monitor the Spotted Sandpiper
(Actitis macularia), Arctic Warbler (Phylloscopus
borealis), and Northern Waterthrush (Seiurus
noveboracensis).
Park staff is currently reviewing ongoing avian monitoring in the park. This review includes an evaluation
of the methodology for monitoring a greater number
of species, including waterfowl, shorebirds, birds of
prey that are not detected with point-count methodology. Park staff and the Alaska Bird Observatory are
working with the Boreal Partners in Flight to determine the frequency of sampling needed for monitoring selected species of passerines and other land
birds in the park. This effort ensures that monitoring
of land birds in the park contributes to statewide and
nationwide goals of Partners in Flight.
References
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Annual surveys

Biennial surveys
X
X

X
X
X
X
X
X
X
X
X
X
X

X

breeding bird populations. The main purpose of the
BBS is the detection of changes in populations of all
bird species encountered along a route with a yearly
index that can be used to determine trends. The survey produces an index of relative abundance rather
than a complete count of breeding bird populations.
Recently, the BBS has been rapidly expanded in
Alaska. The objective is a better monitoring of longdistance migrants most of whose North American
populations occur in the state.
Surveys along routes in the park have been
conducted since 1982. For inclusion in the national
program, the protocol requires that the same observer
conduct the survey along a specific route from year
to year. In the park, this has been done consistency
only since 1994. BBS recognizes two routes along
the Denali Park road, the Toklat and the Savage
routes. In 2000, the survey along the Toklat route was
conducted on 15 June. The weather along the entire
route was favorable for the survey: an overcast sky
and light winds. A total of 227 individuals of 25
different species were recorded (Table 8). The survey

Breeding Bird Survey in Denali National Park
and Preserve
The North American Breeding Bird Survey (BBS) is
the most widespread for monitoring the continent's

along the Savage route was conducted on 16 June
2000. The sky was clear to partly cloudy and the wind
was calm. A total of 254 individuals of 22 different
species were recorded (Table 9).
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Nationwide data are analyzed annually at the U.S.
Geological Survey. Based on preliminary review of
the data from the park, the numbers of observed
individuals and species are consistent with previous
years.

Sauer, J.R., J.E. Hines, I. Thomas, J. Fallon, and G.
Gough. 2000. The North American breeding bird
survey, results and analysis 1966-1999. Version 98.1.
USGS Patuxent Wildlife Research Center, Laurel,
Maryland.

The survey will again be conducted in 2001. Prior to
the survey, stop descriptions will be updated and GPS
coordinates rechecked.
References

Black Bears in Great Smoky
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B.G. Peterjohn. 1997. The North American breeding bird survey, results and analysis. Version 96.4.
USGS Patuxent Wildlife Research Center, Laurel,
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Table 8. Number of detected species on the Toklat
Route. Denali National Park and Preserve, 15 June
2000.

Species

Mammals

Number of
individuals

Mountains National Park
Great Smoky Mountains National Park provides refuge for a significant portion of the black bear (Ursus
americanus) population in the Southern Appalachian
region. Because black bears require large tracts of

Table 9. Number of detected species on the Savage
Route. Denali National Park and Preserve, 16 June
2000.

Species

Number of
individuals

American Widgeon
Northern Shoveler
Northern Pintail
Green-winged Teal
Greater Scaup

5
1
7
4
6

Harlequin Duck
Golden Eagle
Merlin
Willow Ptarmigan

4
1
1
12

Oldsquaw
Bufflehead
Golden Eagle
Willow Ptarmigan
American Golden Plover

1
1
1
8
1

Mew Gull
Black-billed Magpie
Common Raven
Boreal Chickadee

10
2
2
1

Arctic Warbler
Swainson's Thrush
American Robin
Varied Thrush

5
1
9
5

Long-tailed Jaeger
Mew Gull
Alder Flycatcher
Cliff Swallow
American Robin

2
2
3
15
3

Orange-crowned Warbler
Yellow Warbler
Northern Waterthrush
Wilson's Warbler
American tree Sparrow

12
3
24
27

Savannah Sparrow
Fox Sparrow
White-crowned Sparrow
Golden-crowned Sparrow
Common Redpoll

29
2
53
6
9

•

Orange-crowned Warbler
Yellow Warbler
Myrtle Warbler
Wilson's Warbler
American Tree Sparrow

12
10
4
29
45

Savannah Sparrow
Fox Sparrow
White-crowned Sparrow
Slate-colored Junco
Common Redpoll

20
5
55
10
11
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land, they are an excellent indicator species of habitat diversity, species richness, and biodiversity. Therefore, long-term monitoring of black bear populations
provides information about the species and a better
understanding of entire ecosystems.
Black bears in the park are monitored by bait-station
surveys to determine changes in relative densities
and distribution and by a hard mast survey to determine the availability of important fall foods (i.e.,
acorns) and their influence on black bear population
dynamics. Long-term monitoring of the black bear by
The University of Tennessee provides additional information. Their annual mark-recapture—the longest
ongoing monitoring of bears in the world, completing
its thirty-second year-provides the demographic information (i.e., sex and age structures, mortality, natality, and so on) needed to acquire an annual
population estimate.
The bait-station survey in 2000 was conducted during 5-25 July. Visitation of bear bait-station lines
ranged from 42.9% to 100%. The overall visitation
was 72.5% and is an increase from 1999 (Fig. 59).
However, this may represent an increase in movements of the bears in search of foods and not a population increase. During fall 1999, food was scarce,
and the bears were in poor condition during spring
and early summer 2000. Consequently, the bears
moved more during summer in search of food and
thereby increased their chance of encountering bait
sites. In fact, trapping and subsequent population
estimates were lower in 2000 than in 1999. From 26
May to 5 August, only 44 bears (22 males and 22
females) were captured in 809 trap nights (16.9 trap

nights/capture). The estimated number of bears in
the park during 2000 was 1,796 with a 95% confidence interval of 473 animals, which is slightly lower
than 1999.
The mast survey in 2000 was conducted during 8 29 August and revealed the poor overall mast
pioduction (Table 10). However, bear activity and
movements during fall did not increase significantly
as noted in other years of low hard mast. The bears
were observed feeding on secondary fall foods,
particularly grapes (Vitis spp.), which seemed to be
abundant.
On 21 May 2000, a 50-year-old woman was killed by
a black bear approximately 5.6 km (3.5 mi) up the
Little River Trail from Elkmont. Park rangers shot and
killed two bears at the scene, an adult female (50.4
kg [110.9 lbs]) and a female yearling (18.1 kg [39.8
lbs]). The bears had little body fat but no other abnormalities. This was the first-ever human fatality from
a black bear in the southeastern U.S. and on National
Park Service lands in the lower 48 states. Throughout North America, during 2000, there were two black
bear-inflicted human fatalities and one by a grizzly
bear (U. arctos; Herrero, personal communication).
The bait-station survey and hard mast survey will be
continued.
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Table 10. Index values for hard mast by tree species. Great Smoky Mountains National Park,
1979-2000. Values: < 2.00 = poor, 2.01-3.00 = fair, > 3 = good (Wentworth 1989).

Year

White oak

Red oak

Total oak

Hickory

Walnut

Beech

1979
1980
1981
1982
1983
1984

3.84 (57) a
0.50 (52)
4.13 (64)
0.65 (46)
ND"
ND

3.48 (60)
4.77 (73)
2.66 (85)
2.14 (84)
ND
ND

3.66(117)
2.99(125)
3.29(149)
1.62(130)
ND
ND

4.87 (15)
1.55 (11)
4.08 (13)
0.75
(4)
ND
ND

6.00 (4)
1.00(1)
(0)
0.00 (5)
ND
ND

1.86
(7)
1.46 (13)
6.00
(4)
0.00
(2)
ND
ND

1985
1986
1987
1988
1989
1990

3.08 (76)
2.82 (79)
3.39 (93)
3.22 (77)
1.77 (75)
2.28(103)

2.60 (83)
3.46 (93)
3.34(106)
3.33(167)
3.62(160)
2.74(114)

2.83(159)
3.17(172)
3.36(199)
3.30 (244)
3.03 (235)
2.52 (217)

(0)
(0)
(0)
(4)
(0)
(1)

(0)
(0)
(0)
(0)
(0)
3.00 (3)

(0)
(0)
(0)
(0)
(0)
4.22 (9)

1991
1992
1993
1994
1995
1996

1.54 (99)
1.65(112)
0.27 (92)
1.34(118)
1.99(100)
4.05(102)

1.46(145)
2.05(155)
3.31 (158)
2.62(142)
4.60(167)
2.22(156)

1.49(244)
1.88 (267)
2.19(250)
2.04 (260)
3.63 (267)
2.94 (258)

3.75
4.00
6.33
3.40

(9)
(0)
(4)
(1)
(3)
(5)

2.20 (5)
(0)
1.50 (2)
(0)
(0)
6.67(3)

3.18(11)
1.80 (5)
1.75(16)
4.36(11)
0.00 (2)
3.60 (5)

1997
1998
1999
2000

0.46 (97)
1.81 (81)
1.55(105)
0.80 (87)

2.88(165)
3.84(171)
1.84(150)
1.80(163)

1.98 (262)
3.19(252)
1.72 (255)
1.46(250)

2.00 (3)
1.25(12)
1.57 (7)
2.50 (4)

(0)
1.00 (1)
4.50 (2)
(0)

1.86 (7)
7.00 (7)
0.75 (8)
4.00(10)

3.25
3.00
1.56

•'Number in parentheses denotes sample size of each group of trees.
"Not determined.

Grizzly Bears in Denali National Park and Preserve
Denali National Park and Preserve supports a
naturally regulated grizzly bear (Ursus arctos)
population, which is part of a naturally functioning,
large-mammal predator-prey system. The system
includes wolves (Canis lupus), caribou (Rangifer
tarandus), moose (Alces alces), and Dall sheep (Ovis
dalli). Grizzly bears in the original Denali National
Park (formerly Mt. McKinley National Park) have not
been subject to harvest for at least 75 years. Grizzly
bears are a highly valued attraction to visitors of the
park.
The need for information about the status and trends
in the population dynamics of the grizzly bear in the
park arose as a result of concerns about the unknown
effects of efforts to improve visitor access to the park
and the harvest of grizzly bears outside the park. The

specific objectives of monitoring the bears are an
understanding of the dynamics of a naturally regulated grizzly bear population and the identification of
the primary effects on the dynamics.
Grizzly bears in the park are studied along the north
slope of the central Alaska Range. The boundaries
of a 1750-km2 (675-mi2) study area were delineated
after 2 years of radio-tracking bears, were based on
observed habitat use patterns, and were designed
to include important foraging habitats such as large,
concentrated berry patches on glacial moraines. The
study area does not include the entire home ranges
of all the radio-collared female or male bears but includes substantial denning habitat. The elevations in
the study area range from 600 m (1968 ft) to 2,000
m (6560 ft) and are higher than elevations in other
study areas in the central Alaska Range. The climate
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FITTING A GRIZZLY BEAR WITH A RADIO COLLAR. DENALI NATIONAL PARK AND PRESERVE.

is generally cool and wet during the summer with temperatures around 10-15°C (50-59°F). Freezing temperatures and snow may occur during any month.
Snow accumulation usually begins in October and
dissipates from lowlands and unshaded portions of
foothills by mid- to late May.
Bears in the study area were located for capture with
a PA-18 Supercub (two-seater, fixed-wing aircraft)
and immobilized with telazol (tiletamine and
zolazepam) in a projectile syringe (dart) that a gunner in a helicopter fired from a powder-charged projector rifle. Darted bears were monitored from the
Supercub until immobilized at which time the processing crew (gunner and 1 - 2 assistants) landed to measure

the

bear.

Standard

morphological

measurements and weight were taken to monitor
growth and physical condition. A first premolar tooth
was extracted from independent bears during their
initial capture to determine age. Blood samples were

collected to assess disease exposure and assess
diet.
Cub production and the survival of dependent bears
(bears that are still in the company of their mothers)
was determined by radio-tracking adult females from
the time of den emergence through mid-October and
recording the number of cubs at heel. Survival rates
of independent bears were determined by radiotracking and observing each bear at least once during
the spring and fall months. Radio location was
concentrated during spring and late summer-fall to
measure cub production and annual survival to den
entrance.
Twenty-two grizzly bears were captured during 2 3 27 May and on 21 June 2000 to change, check fit, or
remove collars. All collars contained standard VHS
transmitters. One male and two females shed collars
prematurely. Six collars seem to have failed
prematurely and the bears could not be located.
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These include one subadult male, two subadult
females, and three adult females. The collars of all
five females were scheduled for replacement. Collars
were removed from five male bears.
Obtained were 123 radio locations of 27 bears. One
adult female produced one cub of the year; the average litter size was 1.0. One adult female was accompanied by one yearling. Two other adult females that
should have had two yearlings each were part of the
cohort whose collars failed. One adult female was
accompanied by two 2-year-olds. The cub-of-the-year
mortality was 100%, and yearling and 2-year-old
mortality was 0%. No mortalities of independent bears
were known. Mortality in 2000 was unlike the longterm (1991-99) average annual mortality of cubs-ofthe-year (71%), yearlings (50%), 2-year-olds (44%),
and independent bears (2%).
At the end of 2000, there were 23 grizzly bears with
active radio collars; 22 of them occur in the original
study area. Of these 23 individuals, 1 is an
independent male and 22 are independent females.
Of the independent females, 18 are of reproductive
age (>6 years old). Fieldwork in 2001 will emphasize
increasing the sample size of reproductive-age
females, searching for bears wearing failed collars,
and collecting additional radio telemetry data and den
locations during fall.
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Population Trends of Wolves and Caribou in
Denali National Park and Preserve
The management of gray wolves and their ungulate
prey in interior Alaska has been controversial for
decades. In Alaska, wolves occur at or near natural
levels of abundance throughout much of the state and

influence the abundance of ungulate populations.
Wildlife managers must take into account diverse
public interests while managing wolves and ungulates
in an environment that is harsh and highly variable
from year to year. Because of the wide range of public perspectives on wolves, debates over management can be contentious. In Denali National Park and
Preserve, in addition to harvest management issues,
wolves and their prey are important and high profile
nonconsumptive resources, and management of
wolves is commonly a source of controversy in and
around the park.
Since 1986, research in Denali National Park and
Preserve has offered a unique glimpse into the
dynamics of wolves and their prey. The park provides
18,800 km2 (7257 mi2) where wolves and their prey
are largely unaffected by human harvest and may be
the closest approximation of a naturally functioning
wolf-and-multi-prey system in the world. Researchers
of the Biological Resource Division, U.S. Geological
Survey in close cooperation with park staff conducted
intensive research on wolves and caribou. The
objectives of this monitoring are annual assessments
of the status and trends of the wolf and caribou
populations in the park and the evaluation of the
dynamics and interactions of these species in this
protected subarctic ecosystem. In 1998, moose, the
other major prey species of wolves in the park, were
added as a primary component of research into
wolves and their prey.
Wolves are monitored with standard radiotelemetry
techniques that provide population estimates and
information on the animals' physical condition, distribution, productivity, survival, and dispersal. Radiotelemetry is also an important component of the
research into caribou. The population dynamics of
the caribou herd is determined from counts of adult
cows on the calving ground that are made from a
helicopter in late May, from surveys of herd composition that are made from a helicopter in late September, and from surveys with radiotelemetry. The
surveys also provide information on the physical condition of the Denali caribou herd.
Since 1986, wolf and caribou populations have varied
in response to variation in winter snowfall. During
1986-88, winter snowfalls were well below average.
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In 1986. the Denali caribou herd numbered about
2600 animals and was increasing at about 7% per
year (Table 11, Fig. 60). The number of wolves (about
60 in March 1986; Table 12, Fig. 61) was lower than
expected from the abundance of ungulates.

Figure 60.Trends in the population size of the Denali
caribou herd, Denali National Park and Preserve, fall
1976-2000.

Reproduction of the wolves was low, and dispersal
of young wolves was high.
After the above-average snowfalls in winters 198894 and near-record snowfalls in winters 1990-91 and

Figure 61. Trends in the population size of gray
wolves, Denali National Park and Preserve, 19862000.

Table 11. Composition of the Denali caribou herd in late September and estimated
herd size in fall. Denali National Park and Preserve. Alaska, 1984-1999.
Year

Cows>1YO

Calves

Bulls

Calvesxows

Bui I: cows

Herd size
2200

1984

375

154

184

0.41

0.49

1985

651

183

3(38

0.28

0.56

1986

517

210

303

0.38

0.56

2470

1987

831
678

234

35(3

0.37

0.56

2540

1988

221

451

0.33

0.67

2950

1989

830

246

428

0.30

0.52

3210

1990

777

130

387

0.17

0.50

3180

1991

1067

72

409

-0.07

0.38

2660

1992

643

103

282

0.16

0.44

2340

1993

849
818

54

336

-0.06

0.40

1970

1994

253

253

0.20

0.39

2140

1995

685

204

261

0.19

0.30

2170

1996

820

243

2-13

0.13

0.30

2060

1997

777

228

228

0.16

0.29

2070

1998

718

87

205

0.12

0.29

1930

1999

837

92

261

0.14

0.39

1760

2000

730

52

257

0.07

0.35

1690*

•'YD = year old
"tentative estimate

70 Monitoring and Status

1992-93, the number of wolves increased rapidly. It
reached 135 by late winter 1991 (Table 12, Fig. 61)
and stayed high through winter 1992-93. Reproduction was high, and the dispersal of young wolves substantially decreased during this period. The caribou
herd reached 3,200 animals in fall 1989 but declined
to about 2000 by fall 1993 (Table 11, Fig. 60). The

average recruitment was only 12 calves: 100 cows in
September 1990-93 compared to 35:100 during
1984-89 (Table 11).The mortality of cows increased
from about 4%/year to 20%/year. The mortality of
adult males also increased, and the adult sex ratio
plummeted from an average of 56 bulls: 100 cows
during 1984-90 to 30:100 in 1995 (Table 11).

Table 12. Numbers of radio-collared packs, estimated density, and estimated total population size of wolve. Denali
National Park and Preserve. Alaska. 1986-2000.

Late winter ( - 1 5 Mar)

Year

Packs

Wolves

Fall (- 1 Oct)

Area

Density per

Estimated

(km 2 )

1000 km 2

population

Packs

Wolves

Area

Density per

Estimated

(Km2)

1000 km 2

population
size

size

1986

•1

26

7380

35

60

4

22

8180

2.7

1987

8

37

112125

31

54

9

70

13150

53

92

1988

14

69

15355

45

78

14

121

14670

82

142

1989

13

98

16810

5.8

100

11

127

15240

8 3

143

1990

10

106

13930

76

131

11

136

13930

98

169

1991

13

111

14275

78

135

13

137

14275

96

166

1992

15

103

13620

76

131

15

120

13620

88

152

1993

12

68

9900

6 9

119

12

93

9900

94

162

1994

10

61

11145

55

95

12

72

11145

6 5

112

1995

12

4 9

85

11

80

12045

6 6

114

11

50
60

12120

1996

12640

55

95

11

10-1

12776

81

140

1997

11

78

13080

6 0

103

12

75

12808

59

101

47

1998

12

61

13121

46

79

12

66

12578

54

93

1999

13

69

13527

51

88

15

80

13527

7.2

1 24

2000

17

71

13527"

52

90

18

106

13527"

78

135-

'Estimated population size is an extrapolation of the density in the study area to the 17 270 km-' of wolf habitat in the park The
area of wolf habitat was determined by substracting areas above 1830 m (6000 ft) in elevation and large glaciers below that
elevation from the area of the entire park.
"The estimated density in 2000 is tentative. It was calculated with the size of the area in fall 1998. Area used for density calculations
each year is based on radio locationof the wolves s from 1 May in the previous year through 30 April in the following year (e.g., for
1997, area used during May 1996-April 1998) to ensure sufficient locations.
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Winter snowfalls returned to average levels during
1994-95. The number of wolves declined with
decreased abundance and vulnerability of their
primary prey to about 90 wolves by March 2000
(Table 12, Fig. 61).The decline was the result of lower
reproduction, higher dispersal of young wolves, and
higher mortality of adults. The caribou population
leveled off at about 2000-2100 animals during 199397 and declined to about 1700 by fall 2000.
Recruitment of calves has remained low at an
average of only 13 calves: 100 cows during 19902000 (Table 11), and was particularly low during 2000
(7.1 calves:100 cows). However, the bulhcow ratio
increased in recent years (Table 11).
Because of the low calf recruitment for more than a
decade, the cow segment of the caribou herd is currently skewed toward the older age classes. Mortality of adult cows was higher in recent years than in
years of similar snowfall in the late 1980s and may
be a result of preponderance of old cows in the herd
and their increased vulnerability to predation. As the
old females die, the size of the caribou herd is expected to decline noticeably regardless of weather
conditions.
The monitoring of wolves and caribou and research
on their population dynamics and predator-prey
relations is expected to continue at similar levels
through 2001.
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Black-tailed Prairie Dogs in
Scotts Bluff National Monument, Nebraska
Prairie dogs (Cynomys spp.) once inhabited an estimated 10-20% of the short and mixed-grass prairies
of the U.S. Now they inhabit only about 2% of their
historic range. Prairie dogs are critical to the recovery of North America's most endangered mammal,
the black-footed ferret (Mustela nigipes).
The abundance of the black-tailed prairie dog (C.
ludovicianus) seemingly increased in the late 1800s
because of heavy cattle grazing but has since greatly
declined. Causes of this decline include disease,
agricultural practices, intentional control, and urban
development. Sylvatic plague (Yersiniapestis), introduced into North America from Europe in the late
1800s is presumed to cause extensive mortality in
prairie dogs.
Black-tailed prairie dogs once inhabited 12 National
Park System units but during the past 20-40 years
were extirpated from all four units south of the
Colorado-Kansas border. The extirpated populations
were small relics of larger populations that were
subjected to intensive control by public organizations
and private citizens. Stochastic effects on the
resulting small populations may have played a role
in the eventual demise. Black-tailed prairie dogs were
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also extirpated with chemical control in Little Bighorn
Battlefield National Historic Site, Montana.
During summer 1995, a monitoring protocol and
digital mapping technologies were developed to
determine the distribution and abundance of blacktailed prairie dogs in the remaining seven National
Park System units (Badlands National Park, Bent's
Old Fort National Historic Site, Devils Tower National
Monument, Fort Larned National Historic Site, Scotts
Bluff National Monument, Theodore Roosevelt
National Park, and Wind Cave National Park) in the
Great Plains. Continuous monitoring of the population
in Scotts Bluff National Monument from 1996 through

2000 indicated a steady increase in colony size and
prairie dog abundance (Table 13). In 2000, the blacktailed prairie dog population increased 7% and
expanded to occupy 54% more area than in 1999.
However, the density of the prairie dogs declined 31 %
between 1999 and 2000. The increase in colony size
seems to have been caused by individuals that moved
from areas of the colony with less palatable forage
to areas with more palatable forage.
A monitoring protocol that describes the sampling
methods to estimate prairie dog population size was
completed in winter 2001. Monitoring of prairie dogs
will continue; 5-year summaries to track status and
trends are recommended.

Table 13. Distribution and abundance of the black-tailed prairie
dog in Scotts Bluff National Monument, 1995-2000.

Year
1995
1996
1997
1998
1999
2000

Colony size
(ha)
1.4
1.4
2.6
3.3
10.5
16.2

Density
(prairie dogs/ha)
14.2
24.0
33.6
28.2
23.6
16.4

Population size
19.9
33.6
87.4
92.4
247.4
265.0
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Small Mammals on
Cape Cod National Seashore
Small mammals are an important component of Cape
Cod National Seashore's fauna. In addition to their
direct contribution to species richness, they play a
major role in trophic dynamics. They consume plant
material and invertebrates and in turn are prey for
several species of snakes, birds of prey, and small to
mid-sized carnivores. Through these relations, small
mammals may directly influence population levels of
insect pests and disease vectors such as gypsy
moths (Lymantria dispar [L.J) and deer ticks (Ixodes

dammini) as well as certain regionally rare hawks and
owls. Small mammals also have a cascading effect
on the food chain. On Cape Cod National Seashore,
small mammals are monitored to determine their
abundance, distribution, and habitat relations.
The monitoring of small mammals on Cape Cod
National Seashore was started in 2000. They were
sampled in heathland, wetland, grassland, oak forest,
and pine forest. In each monitoring site, 100 Sherman
live traps were set at 10-m (33-ft) intervals in a 90-x90-m (295-x-295-ft) square grid. Trapping was
conducted in two sites each week. Completion of a
round of sampling in each of the 10 sites (two sites
per habitat) took 5 weeks. A total of four rounds of
sampling were conducted (late spring, early summer,
mid-summer, and late summer). The total trapping
effort was 1500 trap nights/site for a total of 15,000
trap nights. All captured animals were identified to
species, weighed, measured, sexed, aged, marked
with a PIT tag, and released at point of capture.
Analysis to date has been preliminary and is based
on an index of abundance (number of captured
individuals/100 trap nights, adjusted for disturbed
traps). Differences in capture rates from habitat and
trapping period were tested for using 2-way analysis
of variance. Species composition between habitat and
species diversity by habitat were analyzed.
A total of 972 individuals of nine species were
captured. Two species of rodents, the white footed
mouse (Peromyscus leucopus) and the meadow vole
(Microtus pennsylvanicus), were 69% of all captured
individuals, and rodents were 89% of all captured
individuals (Table 14). The mean abundance of all
species combined differed between habitats
(p = 0.006) but not between the four sampling periods
(p = 0.25). The abundance of all species combined
was greatest in oak forest and lowest in grassland
(Fig. 62). Among the species with different mean
abundance by habitat, the white-footed mouse was
widespread but most abundant in oak and pine forest;
the meadow vole was also widespread but most
abundant in herbaceous-dominated wetland and
grassland; the masked shrew (Sorex cinereus) was
most abundant in wetland; the red-backed vole
(Clethrionymys gapped) was common in oak forest;
the Eastern chipmunk (Tamias striatus) was almost
exclusively captured in pine forest. (Tables 15 and 16).
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Table 14. Abundance of small mammals. Cape Cod National Seashore, 2000. Abundance Is based on Individuals not captures. Trapping
effort was 15,000 trap nights, i.e., 14,764 trap nights when adjusted for disturbance.
Relative
abundance

Individuals

Captures

Recaptures

Individuals/100
trap nights

White-footed mouse
Meadow vole
Masked shrew

453
212
97

1229
422

772
209
1

307
i 44
0 83

468
218
10.0

Oethrioncrnys gapperi
Zapus hudsonius
Banna brevicauda

Southern red-backed vole
Meadow jurrping mncuse
Northern short-tailed shrew

M
90
13

205
115
15

109
25
2

064
0 61
0 09

9 7
93
1 3

Tanias striatus
Glaucomys volans
Mjstela frenata

Eastern chipmnk
Southern flying squirrel
Long-tailed weasel

5
5
3

11
8
3

6
3
0

0.03
0.03
002

05
0.3
0.3

972

2106

1127

6 SB

100

Species

Common name

Peromyscusleuccpus
Mcrotus pemsytvaricus
Sorex cinereus

Totals

%

Table 15. Mean abundance (number of individuals/100 trap nights) of nine species of small mammals by habitat type. Cape
Cod National Seashore, 2000. Bold type face denotes significant difference (p < 0.05) from the mean abundance of all
monitored species irrespective of habitat.
Number of individuals i n
Species
All Species

C o m m o n name
Combined

Heath

Wet

Oak

Pine

Grass

Mean

5.10

11.74

14.28

6.42

4.86

8.48

Peromyscus leuccpus
Microtus pennsylvanicus
Sorex cinereus
Clethrionomys gapperi

While-footed mouse
Meadow vole
Masked shrew
Southern red-backed vole

3.30
1.37
0 41
0.00

3.52
4.12
2 21
0.00

8.20
1 21
0.22
4.36

5.38
0.20
0.34
0.30

1.31
2.16
0.00
0.30

4.34
1.81
0.64
0.88

Zapus hudsonius
Blarina brevicauda
Tamias striatus
Glaucomys volans
Mustela frenata

Meadow jumping mouse
Northern short-tailed shrew
Eastern chipmunk
Southern flying squirrel
Long-tailed weasel

0.00
0.00
0.03
0.00
0.00

1.73
0.10
0.00
0.00
0.06

0.00
0.13
0.00
0.17
9 00

0.00
021
0.20
006
0 90

1 31
0 31
0.00
0.00
0.03

0.61
0.09
0.05
0.05
0 02

Table 16. Mean abundance (number of individuals/100 trap nights) of 9 small mammal species by sampling period.
Cape Cod National Seashore, 2000. There were no significant differences between seasons.

Species

Common name

All Species C o m b i n e d

Late s p r i n g

Early
summer

Mid-summer

Late
summer

5.41

9.66

9.09

9.76

Peromyscus
leuccpus
Microtus
pennsylvanicus
Sorex
cinereus
Qethrionornys
gapperi

white-footed mouse
M e a d o w vole
Masked shrew
Southern red-backed vole

3.10
0.90
0.30
0.80

5.84
1.74
0.65
0.94

4.24
2.37
0.86
0.93

4.18
2.23
0.73
0.86

Zapus
hudsonius
Blarina
brewcauda
Tamias
striatus
Glaucornys
volans
Mustela
frenata

Meadow jumping mouse
Northern short-tailed s h r e w
Eastern c h i p m u n k
Southern flying squirrel
Long-tailed weasel

0.27
0.00
0.03
0.00
0.00

0.25
0.05
0.10
0.50
0.03

0.46
0.14
0.05
0.30
0 03

1.45
0.18
0.00
0.11
0 03
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The species composition by habitat suggested a
small-mammal community that is organized along a
gradient from herbaceous to woody plant dominance
(Fig. 63). The species composition in grassland and
wetland differed from the species composition in other
habitats mostly because of the abundance of meadow

voles, meadow jumping mice (Zapus hudsonicus),
masked shrews, and long-tailed weasels (Mustela
frenata). Similarly, the species composition was different in oak and pine forest because of the influence of red-backed voles and southern flying
squirrels (Glaucomys volans). Species diversity (H')

Figure 62. Abundance by habitat of small mammal species, Cape Cod National Seashore, 2000.

Figure 63. Similarity of small mammal communities by habitat, Cape Cod National Seashore, 2000.
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was greatest in wetland (2.081) and lowest in pine
forest (1.218), although species richness was greatest in pine forest (Table 17). This disparity seems to
be due to the dominance of white-footed mice and
few other species in pine habitat.
Although these results are based on a preliminary
analysis of data from only one year, they suggest that:
(1) Species composition of small mammal
communities on Cape Cod National Seashore is
essentially the same as those elsewhere on Cape
Cod. However, the relative abundance of the species
differs. Compared to abundances in other sites in the
Cape Cod region, masked shrews and meadow
jumping mice were more abundant and short-tailed
shrews and red-backed voles were less abundant on
Cape Cod National Seashore. (2) The abundance of
small mammals was greatest in woodland and
wetland habitats and lowest in grassland and heath.
Similar patterns of abundance have been found
elsewhere on Cape Cod. (3) The distribution of
species among habitats was consistent with known
habitat affinities for these species in general and on
Cape Cod in particular. Certain species were
widespread but vary in abundance between habitats.

Table 17. Species diversity of small mammal
communities by habitat. Cape Cod National Seashore,
2000.
Habitat type
Heathland
Wetland
Oak Forest
Pine Forest
Grassland

Diversity index

Species richness

1.348
2.081
1.573
1.218
1.750

•1
6
6
7
6

probably as a result of food habits. The granivorous
white-footed mouse seemed to be most abundant in
woody-dominated habitats and least abundant in
herbaceous-dominated ones. In the herbivorous
meadow vole, the pattern was reversed. Other
species seemed to have stronger habitat affinities:
masked shrews with wetlands, meadow jumping mice
with herbaceous habitat, and red-backed voles with
oak forest. This latter was unexpected because of the
red-backed vole's known association with coniferous
habitats and may have been due to the xeric nature
of pine habitats on Cape Cod. Additional data
collection in the coming years is expected to reveal
further habitat relations and trends in the abundance
of small mammals on the seashore.
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THE l&M TRAINING
PROGRAM
The conservation of critical resources in parks requires comprehensive, interdisciplinary inventory and
monitoring at the ecosystem level. The principles of
that approach are described in NPS-75 Natural Resource Inventory and Monitoring Guideline, and training in appropriate designs and implementation of
inventory and monitoring is provided in the Natural
Resource Inventory and Monitoring course.
The course presents a systematic and holistic approach to inventory and monitoring and is designed
to:
•

describe alternative approaches, strategies, and
methods for inventory and monitoring at the park
level

•

identify major ecosystem components for
inventory and long-term monitoring

•

provide guidelines for data administration and
reporting.

It was designed primarily to meet the needs of personnel who are responsible for developing or coordinating the design of l&M programs in their parks and
for supervising the implementation of these programs.
Thus, a major focus of the course is on instructions
that enable the participants to develop and implement
inventory and monitoring that provides park-specific
information for planning, management, and
decision-making.

Specific features of the course are:
•

the introduction of the concepts of ecology as
applied to an integrated l&M program

•

the presentation of a systematic approach for
developing an integrated, holistic l&M program

•

an explanation of the major steps in the l&M
process outlined in NPS-75 and the development
of a strategy for designing an integrated l&M
program that meets specific park needs

•

a discussion of the experimental design, statistical analyses, quality control, and assurance needs
of an l&M program

•

discussion of the role and methods of information
management in an l&M program

•

a presentation of a diversity of l&M case studies
from parks.

In 2000, the course was held during 21-25 August in
Ventura, California. It included presentations by administrators, managers, and scientists from various
governmental agencies, private organizations, and
academe.Tentatively, Natural Resource Inventory and
Monitoring will again be offered for 25-30 participants
during September 2001 in Ventura, California.

As the nation's principal conservation agency, the Department of the Interior has the responsibility for most nationally
owned public lands and natural and cultural resources. This includes fostering wise use of land and water resources,
protecting fish and wildlife, preserving the environmental and cultural values of national parks and historic places, and
providing for enjoyment of life through outdoor recreation. The department assesses energy and mineral resources
and works to ensure that their development is in the best interests of all people. The department also promotes the
goals of the Take Pride in America campaign by encouraging stewardship and citizen responsibility for the public lands
and promoting citizen participation in their care. The department also has a major responsibility for American Indian
reservation communities and for people who live in island territories under U.S. administration.
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