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Introduction

This Strategic Plan describes the development and implementation of a Long-term Ecological
Monitoring {LTEM} Program at Denali National Pack and Preserve, Alaska, It tiers from the
park’s General Manapement 2nd Rescurce Management Plans, In turn, it lays the foundation
for other documents, yot to be written, which will detsil specific components of the LTEM
Program, Figure | shows the refationship of this Strategic Plan to other park planning
docuiments.

Legal mandates and NPS policy vecognize that the ability to detect and docmment resource
changes, and to understand the forces driving thess changes, are fundamentsl to accomplishing
the MPS mission of conserving parks unimpaired. “Monitoring is indispensable to determine
desired rezource conditions; to diagnose hman impacts; to ditect management intervention;
and 0 measure subsequent seceess or failure of that mtecvention, ™ (NPS 1992). Management
decisions require comprehensive information about resoueces held in trust for the public,

In recosnition of the need to detect and document resource changes, the Natiopal Park Service
established a prototype Long-term Ecological Monitering Program in 1991, The purpose of
thiz national effont = to test strategics of developing and implementing programs to collect
long-term information for detecting or predicting resource changes m the National Park
System. Denali Matfonal Park and Preserve was selected to participate I this naticnal effort.

This document 15 our vision of how the program, new six years into development, will be
brought to fruition. It also reflects mid-course corTections that a review team recemmended
after evalvating the program in 1995 (Frederick 19960),

This stratepic plan describes (he fellowing for the Denali LTEM Program:

1. The gu{ding principles, purpose and objectives, fundamental elements, and
monitering priovities that will provide the framework for the LTEM Program;

2. Tie relationship of the program 60 resorrce management in Denali Mational Park
and Preserve, and its tole as a natignal prototype; and

3. A phased approach for development and implementation of the progratn over the
next three years (FY 1993-FY 20007,

Appended atve backgroond information about Denali MNational Park and Preserve, and a stanis
report on the protocols being developed,
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Figure 1. Belationship of fhis Stearesie Plan for Long-term Ecological Monitering in Denali Wational
Park and Preserve to other Park Planning Documents

Agency Roles ang Relationships

Many entities are involved in the Denali LTEM Program, including: national-level staff for
hath the National Park Service (NP3} and U8 .Geologicsl Survey, Biological Eesources
Dhvision (USGS-BRD), staffs ar Denali National Pack and Preserve and the Alaska Biglogical
Science Center of USGS-BRD: the Principal Jovestigators, fiom scademia, other nstitutions
and NP5, who are developing various piotosols; peer reviewers; and profeéssionals and
techniciang who carty out menitoring activities.
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Development of the TTEM Program is 2 joint and cooperative endepvor of the NP and
USGS-BRD. Drenali Nationat Park and Preserve will be responsible for setting the general
boundaries of the program and for determining the questions it will be designed to answer.
The USGS-ERD Alaska Biolegical Science Center will be responsible for designing and
testing (he program, and ensuring its scientific validily., The National Park Service will
implement the monitoring program. Participarion by university scientists and consubtants in all
aspects of the program wilt be encouraged.

Guiding Principles

The following principles reflect our bazic sszumptions about what we are trying to do, and
provide more specific guidance ahout how we will go about t. All long-térm monitoring
activities will be evaluated against thess guiding [.I'HF:II:I[}].ES which set standards for 4 fully
successiut progrart.

1. The program will attempt to develop linkages between ecosysient condition, and
management needs and actions, To the extert possible, the program will anticipate
the causes, mechanisms amd indicators of homan-iadueed change.

2. The program will be grounded in an interdisciplinary scientific approach based on a
concepiual ecosystem model and ineegrated n ks Stoakegices,

3. The program will tecopnize the siznificant contribueions that Denali, as a pristéine,
gnbarctic errestvial site, can make to understanding large-scale ecological processes.

4. Program design will reflect the hierarchy of ecosystems at multiple spatial and
temporal scales.

5. The program wilt use adaptive management. It will be regularly evaluated and
reviged based on new information and techniques.

6. The progeam will be manaped on a sustainable basiz, and will include or add only
those elernents that can be tuppodted over the long-term. Eealisne assumplions
about the availability of finaneial and eperational resources 1o support the program
will be used,

7. Program participants will be cognizant of its role as a prototype.  Mechanisms for
docuwmenting and transferring lessons learned in developing the program will be
enconraped.

8. Methods used will be repeatable, stabistically sound, and readily tnplementsd.
They will be loww-impact and consistent with park values.
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Purposes of the LTEM Program

Resource mononng may be described in terms of a long-term, or “strategic™, component and
a “ractical” component, The ETEM Program is strategic, that is, it provides basic knowledee
about the skatus and trends of park tesources, It answers questions that have a major influence
on park ecosystems, are multi-generational or leng-term in natues, and are on a large spatial
scale. Tactical monitoring answers very specific questions, has a limited life span, and is
uzvally carried out at a small spatial seale, Strategic monitoring is designed to continue in
perpetiry. In some instances, monitoring that beging a3 a tactical activity will evenmally be
incotporated into the LTEM Propeam.

The purpose of the Long-term Ecological Monitoring Program at Denaii Nationsl Park and
Preserve i3 to develop broadly-based, seientificalby-sound information on the current status and
long-teetn trends i the stewcture and function of the park's ceosystems to:

1.

Iimprove managemsat decision-making on park tesource preservation concerns thae
gre primatily local and regional in namre,;

Increase our basic understanding of ecelogical dynamies in the taiga and tundea
ccasystems of the Subarctic Biogeographic Assgciation in interior Alaska;

Enh#nee national and global monitoring networks by representing a natneally-
functioning and intact subarctic site.

To achieve these purposes, we have defined e following specific objectives;

Documett the tanges of natural variation in kéy ecosystem processes and struciural
£lemesnts;

Develop information that can be used o identify cauze and effect relatonships:
Diseritninate natural change from that which is human-induced;

Obtain information wsefud in predicting change pricr to undesitable envirenmental
effzets;

Provide control sikes and benclmnark data for comparative ecosystem research;

Shave resource status information, menitoring methodologies and program
develgpment strategies with NP5 and other entities;

Provide information upon which management responses are based when pre-
derzripined thresholds of resource condition are reached.
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Fundamental Elements of the LTEM Prograrmn

The Long-term Ecological Monitocing Program at Denali National Park and Preserve has three
fundamental and interrelated elements: (1) a management foces, (2} an ecosystem approach,
and (3) participation in national and imtemational monitoring networks. These elements are
closely interrelated. The ecosysterm approach (Element #2) provides the context required to
understand ecosystem progesses and population trends that might atfect the management of key
spevies and ocher wesources (Element #1). NPS managers alse need to see how the Denali
ecosystem fits in on a regional and continental scale, Participation in national and
mternational mgnitaring nebworks (Element #3) will provide that Breader Gontext.

Each elemer, its importance, and its relationship to meeting the purposes of the LTEM
Program is described below,

Element #1: AManagement Focus

The LTEM Program will be fully suceessful only when it i3 integrated into the decision-
making process for managing the park. Therefore, a fundamental feance will be tiat the
program provide information for management. NIPS muanagers will need information aboul
stressors (1.e., agenis of change) and trends in the patierns of wse of the pak and neighboriag
lands, Managers also need information ghowt speciic jssues. The LTEM Program will
provide an umbrella for these “tactical™ monitoring projects.  Other sigoificant management
needs include information related to key wildlife species, subsistence uses, and sport hunting
and trapping.

Elerment #2: Ecosysferm Approach

An ecosysiem approach is the second fundamental element of the Denali LTEM Program. An
ecosysterm approach is concerned with both the biological and physical aspects of the
gnvicomment and the relationships among and between them. A basic understanding of the
fadamental relstionships which drive Denali ecosystems will build the foundation for the
LTEM Program. A conceptual ecosystem model will be used to provide a frapework for gur
growing knowledge of ecosysierms in Denall pagk,

Element #3: Participation in Natonaf and Intermational Monitoring Networks

The third fundasmental eleroent will be participation in other monitoring programs zimed at
understanding broad-scale patterns of ecosystem change. Representation of subarctic stdy
sites in broader networks i often quite limited or wholly lacking. By participating in
menitoring Retworks, we will learn where Denali fits into the big picture.  This context is vital
0 interpret information gained from other aspects of the LTEM Program aimsd at
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understanding patterns of change within the park, Participation in networks enhances the
scientific web that the park is tied into and may afford opportunities to levérage mare funding
and investigative effort,

Priority Monitoring Topics

To meet its management chiectives for Denali, the National Park Service has established the
tollgwing high-priocity aeeds that its monitoring program shovld address:

Document mateorological patierns, patticularly those atfecting the timing and
length of the snow-frée season,

Provide early warning of changes in aic quality, particularly visibility, due o loal
comtamination, regiony] development and global ipfluences. -

Detect changes in water quality of streams and lakes due ko visitor use, park
development, résource catraction aclivities and global influences.

[retact changes in the productivity (including fish, primary producers and benthie
invertebrates) of streams and lakes due to park development and resqurce extraction
ACUVIRIES,

Document patterns of glacial activity in response to global warming, and develop
prediciive capabilities of the effects of surges or roccisions On MOUNGRINELTINg,
gther park uses, and dOEnRsrean reseurces.

Dtect significant changes in the structure, composition and distribution of major
vegetation commyunities due to regional and park devclopment, and global
influences.

ponitor five regimes {frequency, intensity, location, and areal extent) to evaluabe
the effects of five management strategics on plait succession and habitat quality.

Derect changes in the distribution, behavior or population dynamics of animal
species highlighted in the park’s enabling legislation, such as grizzly bears, moagse,
caribow, Dall sheep, wolves, swans and other waterfowl, in reponse to changes in
habieat quality, park use or harvest,

Provide early warning of chanses in distribution, abundanes and productivity of
speeies of narionalfinternational concern, such as neotropical migratory land Birds,
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» Detect changes i the occurrence of deformities, population abundance or
distribution of species, sueh as the wood frog, sensitive b conlaminant deposition
10 #tr and water,

«  Dotnment tremds i the abnodance and productivity of amrnal spocics representative
of all trophic levels.

+ Detect changes in distribution, abundance or predoctivity of umbrella, keystone and
indicarpr species, such as grizzly bears, golden eagles, salmon, archic ground
squirrels, microtines, and rerlin,

+ Discern changes in biodiversity, including introduction or loss of species, due 1o
habirat fragmentationfloss, pack and visitor activities, and regional development.

+  Deect teends in abundance and distribution of rare native species and of introduced
non-native spesies due v aceess, development and visitor activities.

This list is preliminary, These atteibotes will be re-evalvated as the conceplual mode] and
resource inventories are complered, and as NI'S mansgers dentify additional information
needs, '

Information Management System

A strotg Information Management System is a fundamental requircment of the Denali TLTERM
Frogram, The system will be the primary means for gyving all aspects of the program pgether.
Because many different people will collect and analyze data over many years, an efficient
system for organizing, archiving and using the data will be crucial. The Information
Management System will mtegare the information needed to build ecosystem knowledge, and
1o help managers understand where Denali fits tnto broad scale monitoring networks, It must
also provide information in 4 format useful 1o NP3 managers.

Thi Information Manasement System will be compatible with other existing and planned
gystems for indexing resource information of Denall National Park and Presecve, incloding its
Annual Investigators Report database, inusenm colfection database, bidliographic databaze, and
Geographic Information System.  An Arnaal Repore will highlight the administrative status of
the program and the principal findings from each major ¢lement of the program. A major
synthesiz of findings and results will be produced ar intervals of 5-10 years. Reports will
include Executive Summaries or other mechantsms to facilitare the transfer of infonmation to
managers and other non-scientists, and to other MONROTINE PrOSTADS.
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Relationship of the LTEM Program to Resource -Management in
Denali National Park and Preserve

The LTEM Program iz an mtegral component of the park’s resource managenient program,
which iz carried out by the Besearch and Resource Preservation (ERP} Division., The primary
responsibilities of the RRP Division atc bo:

THVeRiory Park TESOUICES;

.« gwiitor the status and trends of park resources;
& protech pesoukces thom the sdverse impecls of hotnan acti\;ities;
*  HUNEate those ithpacts when they ooenr; and,

©e pterprer the results of research and resouret management activities for park
elanagets and the public,

The patk Resource Management Plan (BMP describes all these components of the resgurce
managsment proream in detait (NPS 19973,

The LTEM Program will help the REF Division provide high-gualicy scientific information o
NES managers, thas mproving their ability to make management decisions. Initially, we will
approach this sk retrospoetively, that is, relying on evidence of past changes to govern
decisions, Eventually, as we gain experience and knowledge of namral ecosvstem functions,
we hope 1o move inte a prospective mode-—gpe in which the information gathered will aid in
forecasting changes in resource conditions,

Idcaily, this approach will be linked to thresholds of predetenmined resowrce conditions that
are used to trigger a managsment mesponse. Examples might include wildlife poputation sizes
that would rrigger changes in hunting seasens, or loss of groundeover that triggers closure of a
trail or campgrovnd. Manazers and scientizts will both play a role in applyiog what we have
leathed—managers W st tie lirmits of change which are aceoptable in mesting NPS mandates,
and scisatists 1o wtetpret momitoring data and scientific literamre which define the current
state of ecosystem Knowledge.

Role of the Denali LTEM Program as a Prototype
Since it s a prowtype, the Denali progranm plays an impotrtant role beyond its application at

Denali. - We are strongly committed to sharing program development sivategies, protocols,
results and applications with other parks, apencies and the scientific community at large.
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In 1991, Denali National Park and Preserve was selected as one of four parks whete a
prowtype monitoring program would be develeped. The other (hree patks were Shenandoah,
Great 3moky Mountins and Channel Islands, LTEM Programs developed at these parks were
to serve as 4 guide for development of monitoring programs in other national packs.

The Denali long-term monitoring effort differs from the efforts made af the other three original
protolype parks in geveral respects. These parks already had some (ype of monitoring
prosram—generally related 1o clearly identified threats and issues—when their LTEM
programs ware initiated. At Denali, the LTEM Program started [argely {rom seratch.
Compared {0 the ether prowtype packs, Denali i pristing, and the development of itz program
ix not being driven by immediate threars. The Denali program cherefore has the *“Tuxury”™ of
laying a solid and broad baseline for detecting chapge,

The majar distinction, however, i3 related to the enornliey of the Denali landscape. Duc to the
scale of the landscape, the approaches taken in monitoring ¢lsewhers are not directly
applicable. In addition, our level of knowledpe of ecological refationships in subaretic
lanlscapes is not a5 advanced as in the other Biogeographic Associarions, The natural
epvironment is catreme snd highly variable, confounding our abitities 60 tease apart natural
from anthropogenic ehange. The Denali program nuest therefore address issues related to
scale and the attendant logistical constrain indierent in moniroring the resources of large
Alaskan parks.

Anpther important distinetion iz related to the Alaska National Interest Lands Conservation
At (ANTLCA), the 1980 law that created Denali and the gther Alaska parks, ANILCA
additions resulted in a gradient of land designations that permit various human activities, often
arcund a protected core. The combination of pristine areas juxtanosed with lands subject o
consumprive Use is an important feature of natural parklands in Alaska. Monidtoring
approaches and techniques developed in Denali should apply &0 major land use designations
thromzhone Alaska.

Phased Apprcach to LTEM Program Development and
Implementation, 1998-2000

We will use 3 phased approach to finish the development of and implement the Denali LTEM
Progeam. Cur approach will generally foligw the “step down”™ plan used at Channoel Islands
National Park {Davis 1997). We envision four phases—design, development, teansition, #nd
implementation.  Figure 2 outlines the major tasks that will eccur in each phiase, and their
approximate timelioes. Below, we describe nmore detail the major activities that will be
undertaken in the immediate three years to finish development of the program {USGS-BRD}
and transition to implementation {(NFS).
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Continued Davelopment of the LTEM Program

Design and development-related work led by the BSGS-BRD seaff at the Alagka Biological
Science Center (ABSC) is planned to continue for roughly 3 move years. The purpose of this
sgction is o genetally describe where development efforts will be concentrated. With the poal
of bringing the development phase w completion by the end of 2000, ABSC will focus on the
fotlowing:

[. Closeot original protocol development ¢fforts and incorporatc data inte data
maagement system, AB3IC will eloseout all contracts and agreetnents for pilos studies
tor protocols developed for the Denali LTEM Program, incinding Avian Point Counts,
Monitoring Avian Productivity and Survivorship {MAPS), Small Mammals, Aquaric
Inwverteboates, Soils, Vegetation, Data Management, Water Chrality/Hydratogy,
Meteorology, Air Quality and Glaciers, Working with the NPS, ABSC will compils data
collected berwaen 1992 and 1997 by the pilot stdies, per the appeoved data management

protocal,

2. Dgg'é'velnp conceptual ecosystem model. ABSC will develop # conceptual ecosysieny moded
for Denali Mattonal Park and Preserve.

Finish conceptoal design. ABSC apd Denall staff will complete 2 Concepmal Design
paper wWhich ipcorporates the concepmal ecosystern model and e results of workshops
held in 1996, The design paper will explain and docement progeam prrposes, (he process
for sefecting and prioritizing monitoring anributes, sampling design, and other program
COMPOTENS .

Lk

4. Continue protocol development. ABSC will continue research, as deemed appropriale,
for completion of protocols not yer considered fully operational,

5. Assess Rock Creek watershed vactables. ABSC will condaet a ¢rincal assessment of
variablez addressed by piloe studies in the Rock Creel watershed for power o dotect
chanzes or trends, cost, and importance 1o understanding underlying ecosystem processes.
This analysis will result in a recommendation of the suite of variables suitable for retention
by the LTEM Program, and possible expansion to gther watersheds. This analyzis will
also consider whether Rock Creek is a viable long-term snrdy sice.

6. Address issues related (o scale. ADSC will evaluate whether protocols developed as pare
of the Rock Creek watershed effort are appropriate for use at larger scales or whethey
different approaches are needed, Vepstation, water resources {both bigtic and abiotic
variables) and meteorology will be used as prototypes for upscaling, modifying, or
enhancing existing protocoels to landscspe-level application,
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7.

Address issues related to siressors and crifical park resources. ABSC will provide the
functional relatipnship data needed to implement the “stressor™ elements of the desired
LTEM Program. ABSC will also look at developing linkages bepween watershed data and
critical park resources, such as cpopulation characteristies of key wildlife species.

Transition and Implementation of the LTEM Pragram

The National Park Service has primary responsibility for careying oui fong-tcom monitoring
activities. Documents detailing program operations will Jnchrde the Denali Resource
Management Plan, LTEM Program Operations Plan, Information Manpsement Plan, annual
Work Plans and Protocol Handbooks. With the goal of completing the transition phage and
entering full program opecations by the end of 2000, ¢the National Pack Service will focus irs
efforts on the following:

1.

Implement monitoring activities. Field operations for protocols already peer reviewed
will ooccur while FSGS-BRD vompleles an evalustion of their power and cost effectivencss,
Established long-tetn wildlife monitoring eperations will also continue, The NP3 will
provide operalonal funds for these aoivities.

Integrate monitoring activities. LTEM Program operattons will be fully meorporated into
the orgamzational structore and daily functioning of the Research and Resource
Preservation Division. Biglogical Science, Physical Science and Information Managernent
Eranch Chiefs will supervise the professional and technical staff who carry out field
activities, manage data, and generate vegular reports. Annual work plans widl identify
program goals which comply with the Government Performance and Results Act.

- Recruit employees for critical positions. The REP Division staffing plan ideatifies

positions that are critical to sustain e continuily and consistency of the program. A
permansnl full-nme esmployes will eosrdinates all LTEM activities. Key positions will be
filled with permanent professional staff o provide contipuoos geidance ever the long-tcrm
and mterpret information pained throvsh monitoring operations. Permancnt kechnical staff,
supplemented by s=azonai technictans, wilt carry out fisld activities.

. Solictt scfentific support, Denali staff will continwe to develop close ties with, sclentist

who have a strong personal and professional conumitiment eo long-term monitoring in
generat, and o the Denali peogram in particular. Whenever possible, the MPS wiil support
investigators whose research efforts conteibute directly to program development o
implemeneation,

. Build funding parinerships. The NP3 will actively seek opporunities to leverage funds

with academic institmtions and other agencies, and will encourage strong relationships with
potential cooperakors.
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Transition from a development phiase to a fulty gperational phase will require several years of
ledd time te recruit and fill posttions, train personnel, hand off program responsebilities, and
develop the infrastructurc needed 1o support the program. Dedicated funding is essencial to
ensure a successful teansitton.  fn anticipation of this need, the Denali staff submitted a
peoposal i 1996 to the Servicewide Inventory and Monitoring Prograin 6o revise our eSLmaes
of the funding and staff required to implement fhe LTEM Program.
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APPENDIX A.

Significant Natural Resources of Denali National Park and Preserve

Denali Narional Park and Preserve was created in 1930 with passage of the Alaska Mational
Interest Lands Congervation Act (ANILCA). This Act enlarged Mount MceKinley National
Park, originally established 1n 1917, from 2.1 million v 4.6 million acres and added 1.3
miliion acres of preserve lamts where sport hunting and trapping are allowed. ANILCA also
established a subsistence harvest priority on the new park and preserve fands and designated
the core of the park a3 wilderness. Congress mendated that Denali Mational Pack and Prescove
he manzaged o

s protect and interpret the entite mountain massif, dnd sdditional seeme mountain
- peaks and formations;

+ profect habitat for, and populations of fish and wildlife including, tue not limicsd
ta, brownfgrizzly Dears, moose, caribow, Dall sheep, wolves, swans and other
watcrfowl;

» provide conrinued opportunities. ... for mountain climbing, mountainesring and other
wilderness recreational activities CAMILCA, sec, 202 (3010,

Denali National Park snd Preserve proviles a uniue opportunity foe the study of ceosysem
dynantics in an mndismrbed subarctic landscape. The Alaska Range sepazates (he maniimes
climate of coastal Alaska from the continental climate of inkerior Alaska, Denali's placicrs,
50ils and plant commaunities reflect both climate regimes.

The park comains complex and diverse geological teatures, including ¥ount McKinley, the
highest mountain on the North American continent, and vast glacial landforms. The sheer ice-
covered peaks of the Alaska Ranze and its flanking foathills form the backdrop for a diverse
lendscape of river valleys, exeensive ourwash plaing and lowlands. These, in turn, support a
mosaic of welland, mpdra and horeal forest habitats. A full complement of historically present
wildlif: interact with the envirenment and with each other in this near pristing lapdscape.

The park i= 2 sipmiicant Class [ air qualiy area, which 15 the inost protected cawegory vhder
the Clean Air Act. [t pure air allows internatonally acclamed vistas largely enobseured by
the haze of indusirialization.

The Depali Wilderness, the largest continuously protected area in the world, provides premict
recreation opportunities while offering easy access relative to olher areas of Alaska.
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APPENDIX B.

History and Status of LTEN Pregram at Denali Naticnal Park and
Preserve 1992-1997

'Driginal Program Design: The Watershed Approach

Program design and protocol development began in 1992, Sinece 1994, the NFS and the
ISGS-BRD (nee NBS) have worked together to develop the program,  The original proposal
called for an ecosystems approach and a watershed sampling sirategy, The main premise iz
that techiigues o monitor basic resource attributes in one watershed can be replicated in other
watersheds 1o charactetize ecosystem components in large parks. The ¢onceptual model
meludes principles of the hydrofagical cycle, bypotheses of global ¢limate change. and
binlogical interactions of organisms oecupying jntermediate positions in Alaska food webs
{Thorsteinson and Taylor, 1947).

Rock Creek, a small headwater stream in ¢he eastern end of the park, has been the main smdy
area. Principal iovestigators have tested methodologies 1o measurc a suite of physicad,
chemical and biological attributes in four habitats characteristic of Denali. We selecied
communities for study based on prevalent wegetation from lowest to highest elevation wilhin
the watetshed. The seructure and dynamics of plant and aquatic communities, and
corresponding water apd soil characteristics, are monitored at a series of permanent plos, Co-
iocation of plors witlt weather stations, smail maental productivice grids, and bird produchyity
stacions will allow comparisens of Information gamed fhirough multiple disciplines.

Eatly results demonstrated that Rock Creelt watershed (s not 2 suitable site to apply standard
techiques for bird point counts, benthic macroinveriebrates, and the Montroring Avian
Productivity and Survivorship (MADPS) Program. We moved field testing for thess attributes
out of the Rock Creek watershed and tested these protocols at a larger spatial scale. Since
Fock Creek is an unglaciated watershed, development of glacier momtoring protocols also
oecurred at pther bacations in the park. Unlike most other attributes included in tive LTEM
Program, the glacier monitorieg steategy incorporates muliiple spatial scales from the outset.

Program Reviaw

In 1995, an interdiseiplinary review team composed of managets and scientists from the NP3
and the former National Biological Service evaluated the Dienali LTER Program. The team
recommended that the program develop stronger leadership, build  better concepal
framework, address issues of spatial scale bevond Rock Creek watershed, and forge links
between the monitoring program, management teeds and potential apphcations. Smee 1993,
scientists and managers have worked together o helg corrcet the problems noted by the review
teamy. Two workshops wers lield in 19946 that drew on the expertise of sclentists from multiple
apencies and institions. The workshops clavified program goals and objectives, and
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identitied key Denali resources and the major threats 10 them. This simtegic plan belps
address the review team's call for 2 betier descripsion of the soals and objectives of the
manitoring program.

Metwork Participation

The park participates 1 several nationat monitoring networks, wiich are now incorporated
into the LTEM Program. The Aiv Ouality Meonitoring Network (WPS-Air Respurces
Division), Headquarters Weather Station {MNational Weather Service) and Snow Survey
Merwork (Mational Resource Conservation Service) predare the LTEM Program.  We have
devcioped protocols which incorporare the standard operating procedures from these networks.

Denali's participation in monitoring networks and its status as a ACNIOTING Program prototype
are already paying off in the national arena, In 1996, the Environmental Protection Agency

- zelected Trenali to participate in its Demonstration ndex Site Project (DISPro), a component of
the Environmental Monitoring and Assessment Program (EMAT), DISPro investizates the
ecological effects of environmental siressors using a network of intensively monitered index
sites in national parks, Cureent DISPro cffores will enhance the park’s air quality monitoring
capabiiities to ipclude UV-E and dry deposition.

Monitoring Attributes and Protocols

So far, the LTEM Pregram has produced protocols (o monitor nine attributes: hydrology and
water chemistry, stream invectebrates, soils, vepetation, land birds, smalb mammals, air
quality; glaciers, and weather, While USGS-BRD coordinated peer reviews for these
protocols in 1957, NBS staff and contractors implemented most of them with Servicewide
[nventory and Monitering funds.

The NFPS also produced a Data Management Protgeol and established a Geographic
[nformarion 3ystem. Principal investigators have been responsible for managing the data
specific o their srady. In 1957, NPS seaff started a data inventory to determing the location
and status of LTEM data. We also verified and validated (he dats that has becn pmdun:ed by
the vegetation, water cherizery and Ideclogy monitoring studies,

Orver the years, a number of research and monitoring studies have evolved to address specific
management isues. Many began as short teem tactical projects to investigat: the stats of
wildlife speeies of special public inteeest. The monitoring componcntz of on-going saudies of
caribou population dynamics, predator-prey relationships, and golden eagle reproductive
success have been aperational longer than most other activities under the LTEM Program, We
also monitor moose and alt sheep populations. Warious fending sovrces, including NEPS and
USGS-BRD base funds, sppport these activities, While standard mel:‘rmdulugms XI5 [0
measure these atributes, protocols still need o be written.

Sone progress has been made in identifying and quantifying stressors themselves, The air
quality network fracks (he magnimde and timing of comaminants deposition. A threc-year
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water quality invetory throughowt e park, completed in 1994, provides intoomation on the
background levels of aquatic nurients, ions, metals, and water-borne contaminants. Daily
monitoring and mapping of wildland fices helps quantify the role of fire as an inteinsic stressor
o0 vegetation communities, air resources and other £COSYSIEN COMPONents.

Table 1 shows the current statas of manitoring activities associaled with the LTEM Program,
regardless of funding source. The table includes ondy those attributes for which some protocol
develapment or implementation activities are occurring. Ttalicized entrics indicate network
affiliations. Phase refers to the stage of development or implementation of 2 particular
menitoring activity. In many cases, field operations are on-going concurrent with fipal
development work on some aspect of a pacticular protocol, For example, NFS has
implementad vegetation mopitoring at Rock Creek whifc USGS-BRD prepares to complete
power anglysis of the data, and detetinine costs and strategies to expand the technique’s spatial
scale, This stage is referved o as transitional.

Table 1. 1987 Status of LTEM Program Components

START FINAL
RESDURCE ATTRIEUTE DATE PHASE PROTOCOL STATUS FROTOCOL®
Meteorology
dlicro-Bet. Network 1953 Tranzition Peer Reviewed Draft' 1509
Meso-Met, Menwark 1952 Transition Peer Reviewed Draft' 1999
National Weather Service 1325 Ciperational Network Hardbook! 1995
Meteorological Network 1985 Operational Network Handbook' 1G03
Snow Conrse Survevs 1951 Cinerationnl Network Handbook! NEEN
Air Resources Networks Peer Revigwed Draft’
War Depasition (NADF?) 1980 Operational | Neswork Hardbook' 1998
Particatates [(IMPROVES) 13866 Operational Nerwork Handbook! 1005
Ozone 1987 Operational | Network Handbook' 1998
Dry Deposition (NDDN') 1997 Trunsition Network Hundbook 1998
L-B 1997 Tramsiront MNetwork Hardboak FO08
Waler Resources
Water Chemistry/Hydrology 1902 Transition Peer Reniewed Draft 19600
Bentiue Macroinvertebrales 152 Development | Peer RBeviewsd Dicaft 20600
Soils
Soils Inventory 1992 Oparattonal Not Applicable NA
Soils Processes 1905 Devefopment | Draft in Progress 2000
SoaisWaler Interactions 1904 Development | Diraf} in Progress 2000
Glaciers
Benchmark Wetwork 1994 Transition Pzer Reviewsd Draft 1955
Secondary Network, 199] Devefopment  § Diraft in Progress 2000
Wildiand Fire
Fite Mapping, 1982 Operaiional Mot Applicable WA
Vegetation
Piant Communities 19492 Transition Pzer Beviewed Drafl 1594
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Tahble 1 Continued.

START FINAL

RESOURCE ATTRIBUTE DATE PHASE FROTOCOL STATUS PROTOCOL®
Land Birds _

Productivity and Survival 1992 Transition Peer Reviewed Draft Foog
Painl Counl Surveys 1902 Transition FPeer Reviewed Dvaft 1594
Bregding Bird Surveys 1954 Cperational LSFWS FProrocal 1908
Raptors

Golden Bagles . 1981 Transition Mone 1940
lerlin 19873 Transitton Dizaft 15435
Srmall Mammals

Microtings 1992 Transition Pear Reviewsd Draft 1959
Ungmiiates

Caribou 1674° Qperational Mane 1008
Moose 1976 ‘Myansitign Mone 2000
Dall Sheep 1974 Transition None - 2000
Large Uarnivares

Wolves 1970° {yperational MNone 1998
Dears 199" Development | None 1999

ADrates listed represent approximate vear of protocol finslization. Assessment ducing
preceding years may remove the atribote from the program or add other atlobures,

"Peer reviewed drafis for overall network include standard handbooks

"reational Atmospheric Peposition Program

Nnteragency Monitoring of Protected Yisual Enviconments

‘Nasional Dey Deposition Network

*Monitoring Avian Productivity and Survivorship (MAES)

*Starting dates for consistent monitoring efforts; surveys at irregular intervals or surveys using
different medods were carried out prior to these starting dates
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