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l. INTRODUCTION

Shenandoah National Park's (S\P) Natural Resource Inventory and Long-
Term Ecol ogi cal Monitoring System (LTEMD is the backbone of the natural
resources managenment program It provides the fundanental understandi ng of
natural resources and processes that is essential to the devel opnent of
nmanagenent and mtigating actions. More commonly, traditional resource
protection activities are not enough to retain the natural character of the
land. Aggressive nanagenent activities that go beyond Park boundaries and
innovative mtigating actions are needed to protect threatened values or to
restore inpacted resources to a natural condition. LTEM5S is a long-term
continuing process that stresses the use of standardized measurenents and
protocols. Wile neasurenents and protocols are standardized, priorities for
nonitoring wll need to be evaluated and perhaps adjusted periodically to neet
changi ng needs.

GBJECTI VES

The objectives of the Inventory and Monitoring (1&) programdefine what is to
be achi eved and assists in laying the foundation for establishing priorities.
It does not represent an end product because continual changes in natural
systens wll require that inventories be updated at sone interval and nonitor-
ing priorities be altered to neet newthreats or changing conditions. The S\P
| &M obj ectives are: -

1) btain and naintain a scientifically-based understanding of the type,
abundance, and distribution of natural resources.

2) Monitor resource condition and changes through tine.

3) Moni tor natural processes and ant hropogeni c influences that naintain or

af f ect ecosystem heal t h.

RELATI ONSH P_OF 1 NVENTCRY,  MONI TORI NG RESEARCH AND MANAGEMENT

The Park's inventory and nmonitoring programcontains two el ements: a program
to inventory the current resource base, and the Long- Term Ecol ogi cal Monitor-
ing System Inventory, nonitoring, and research are all critical, yet
different types of activities, each of which have specific roles in management
of the natural resources. It is inportant to have a thorough understandi ng of
the underlying concepts of these three activities, especially that of nonitor-
ing. The terns nonitoring and research are often used interchangeably, but
their neanings are really quite different. Mnitoring, in the context of
ecology, is the systenmatic sanpling and neasurement over tine of variables
that describe the distribution and abundance of bi ol ogi cal resources, the
distribution and concentrations of physical, geological, and chem cal
properties, or the location and rates of inportant processes (O Gonnor and
Flener 1987). It can be thought of as a descriptive status report on an
integral of time and space. The purpose of nonitoring is to obtain tine
series data sets that wll detect significant changes in the environment and
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to provide tinely warning and other inportant advice to nmanagers (Segar et al.
1987) .

Research can be defined as the systematic collection of data that produces new
know edge (O Gonnor and Flener 1987). The key word that distingui shes
research fromnonitoring is "know edge,” which inplies a greater understand-
+ing than can be obtained only by nonitoring. The purpose of research in the
context of ecology is to interpret facts, such as those obtai ned by nonitor-
ing, so that changes in the environment can be expl ained and the eventual
consequences of those changes predicted. Research involves the experimental
approach, in which the probable cause of an observation is detern ned by
formulating an hypothesis and testing it in situations with and w thout the
suspected cause. Research can be thought of sinply as the use of the
classical scientific method.

Wnfortunately, a "scientific snobbery" has devel oped in ecol ogy that disnisses
"nere nmonitoring” as though it were unscientific (Taylor 1989). Ecol ogi cal
studies that are not conducted by neans of specific questions, hypotheses, and
the experimental approach are often regarded as "pedantic or pedestrian”
(Likens 1983). A good exanple of this can be found in a review of the

Nat i onal Sci ence Foundation's Long Term Ecol ogi cal Research (LTER program
(Callahan 1984). He explains how the LTER programwas devel oped through a
series of workshops from 1977 to 1979 involving nearly 100 experts. During
this time the title of the programwound up being "research,” with "nonitor-

ing," "neasurenent,” and "observation and study" havi ng been consi dered and
rejected. The evolution of this title docunented the rejection by the
participants of "collecting data for the sake of collecting data." It

refl ected the insistence of the workshop participants that the only way to
expand ecol ogical theory and to solve problens of environnental resource
management is to organi ze research projects around ecol ogi cal questions and

hypot heses.

Wil e no one should argue that experinent has an inportant place in under-
standi ng ecol ogy (and that the LTER program is mnaki ng val uabl e contri butions
to ecology), the inportance of nonitoring has been greatly under-estinated
(Likens 1983, Taylor 1989). Many of the environnental concerns that we have
today, such as acid deposition, ozone depletion, toxic waste disposal, and
changes in global climate, were unheard of 30 to 50 years ago when sone of the
effective nonitoring prograns were being established. Wile nonitoring pro-
grans nay not be directed at specific questions originally, the long-term
records fromnonitoring prograns eventual ly provide the opportunity to fornu-

| ate hypot heses and to use the experimental approach for determning cause and
effect by using previous tinme series data sets as a conparison (Likens 1983).
Tayl or (1989) has taken this argunent a step further and has suggested that
the experinental approach often may not be appropriate for establishing

ecol ogi cal know edge, particularly at the community and ecosystemlevels. The
phi | osophy of science, with its enphasis on hypothesis testing, had its
origins in the physical sciences. There, scientists can presune that change
is not likely to be occurring, so experiments can produce scientific know edge
by proceedi ng from hypotheses to theories to laws within a reasonably short



period of tine (certainly within the span of a professional career). Perhaps
it is unreasonable to think that ecol ogical know edge can be established by
the classical scientific nethod, because biol ogi cal evolution and | andscape
geonor phol ogy are ongoi ng processes. The conplexity of interactions in
comuni ties and ecosystens al so nmakes the design of effective experinents
exceedingly difficult. Therefore, in ecology, observations and descriptions
over long periods (nonitoring) are necessary to fornulate meani ngful, testable
hypot heses.

The O ganic Act of 1916 established the National Park Service and gave it the
chal | engi ng nandate to conserve and allow for public use. A though the term
natural resource managenment did not appear in the original nandate, today this
is the termthat best describes the practice used by the Park Service to
acconplish its fundanental purpose. Gles (1978) gave an excellent expl ana-
tion of wildlife resource managenent, which is also applicable to the broader
concept of natural resource nanagenment. A resource supplies specific benefits
to people, and it is people who decide what is a resource. Natural aspects of
the | andscape, such as forests, nountains, streans, and wildlife, exist with
or wthout people, but they only beconme natural resources because of hunan
endeavors. These hunman endeavors do not have to be consunptive; sinply
enjoying the aesthetic qualities of a landscape unit can qualify it as a
natural resource. If people disappeared or stopped utilizing forests,

mount ai ns, streans, and wildlife, these things would no |onger be resources.

Nat ural resource nmanagenent is the science and art of naki ng deci si ons and
taking actions to mani pul ate the structure, dynamcs, and relations of

popul ati ons, habitats, and people to achi eve specific human obj ectives by
means of the natural resources. Because, by definition, a natural resource is
used to supply benefits to people, it wuld be inpossible to maintain the
availability of natural resources w thout their nanagenent. Managenent is a
deci sion science. The object of this decision making is control. Unless
change results that is significantly different fromthat whi ch woul d occur

wi thout the presence of the manager, no managenent has occurred. There are
two kinds of managenent: active and passive. Active nmanagenent invol ves

taki ng positive measures such as increasing, stabilizing, or decreasing.

Passi ve nmanagement is achieved by preventing certain actions fromtaking pl ace
or letting natural devel opnents take their course. This is not to inply that
passi ve managenent is the easier of the two roads to follow It is
increasingly nore inportant and difficult for the NPS to "hold the line" on
certain activities already allowed in the Parks that result in resource
impacts and to actively oppose new activities that woul d conprom se sensitive
values than it is to carry out the above nentioned active nanagenent options.

There are feedback | oops between nonitoring, research, and nanagerment. It
woul d not be possible for the NPS to acconplish its nandate wi thout careful
attention to all three conponents. As an exanple, data are being acquired on

gypsy not h popul ations, conponents of stream ecosystens, and conponents of
forest ecosystens throughout the Park. By review ng the descriptive status
reports generated fromthe nonitoring program changes mght be detected in
the macroi nvertebrate communities of sone streans that are suspected of being



i npacted by gypsy noth defoliation of the forest canopy over the streans. |If
the changes were suspected to be a significant detrinent to the streans and
the inportant brook trout populations that reside in them resource nanagers
could imredi ately make the decision to take control of the situation and
change the outcone by closing the affected streans to fishing. A nore likely
scenario would be for the nonitoring programto generate a research program
that woul d provide sufficient know edge to explain the cause and effect and to
predict the eventual outcone of gypsy nmoth infestation on stream ecosystens.
The experimental approach could be used to answer questions such as: how does
defoliation of the riparian forest cause a change in nacroi nvertebrate conmmun-
ity structure and howw Il the changes in food and habitat affect brook trout
popul ati ons? An hypothesis for the forner question could be that the nacro-
invertebrate community will consist of fewer shredders because of |ess |eaf
input to the streans and nore grazers because of the greater abundance of

peri phyt on brought about by nmore sunlight reaching the stream An hypothesis
for the latter question could be that popul ations of brook trout will be
reduced because of less nacroinvertebrate food and increased water tenpera-
ture. If this know edge was acquired as a result of the research program
resource managers mght decide to take firner control of the situation and
make nore aggressive changes such as inplenenting integrated pest rranagerrent
to reduce gypsy noth popul ati ons.

If a managenent decision is nade, either to take action or not to take action,
the outcone of that decision nust be nonitored to determne if the decision
was correct. For exanple, if a streamis closed to fishing to inprove the
success of brook trout, those popul ati ons should continue to be nmonitored to
see if they do increase. Because of the conplexity of comunities and
ecosystens and their dynamc nature, it is difficult to determine if ecol og-
ical research results are accurate; therefore, nonitoring is necessary for
validation. |f research results suggest that nacroi nvertebrate shredders are
reduced by gypsy noths defoliating the forest canopy, the macroi nvertebrates
shoul d continue to be nonitored to determne if natural popul ation cycl es

m ght have been the cause. |If an active nanagement option is pursued, such as
the use of pesticides to reduce gypsy noth popul ati ons, then additional
research should be inplenented to determ ne the ecol ogical effects of that
deci si on.

REVI EW CF LONG TERM STUDI ES

There are nurrerous exanpl es that docunent the inportance of |ong-term studies
(rmonitoring and research) in ecology (see Likens 1983, Callahan 1984, Franklin
1989, Taylor 1989 for reviews and discussion). The explanation that is common
to all long-termstudies is that natural systens are conplex, so it takes
longer in ecology than other disciplines to build up enough useful background
i nfornmati on for devel opi ng meani ngf ul hypot heses (Likens 1983). Franklin
(1989) specified four classes of ecol ogi cal phenonena for which long-term
studies are essential: slow processes, rare events or episodic phenonena,
processes with high annual variability, and conpl ex phenonena. Forest

successi on, popul ati on dynam cs of long-Ilived organi sns, soil devel opnent, and



wood decay are exanples of inportant slow ecol ogical processes. Any ecol og-
ical phenomena that require nore than a fewyears to occur fall into the
category of rare or episodic. Mny long-lived species are episodic
reproducers. D sturbances, such as fires, floods, and extrene weather condi-
tions, are inportant because they reset ecosystens, but they occur occasion-
ally and irregularly.

Bi ol ogi cal phenonena linked to highly variabl e physical phenonena will also be
highly variable (e.g., plant productivity and precipitation).

Patterns of conpl ex phenonena, such as nutrient dynamcs, are often difficult
to distinguish fromthe |arger nunber of snall variations frequently found
W thin ecosystens.

There have been many success stories relative to long-termnonitoring and
studies. The Long- Term Ecol ogi cal Research (LTER program of the National
Science Foundation is a recent effort that probably has the broadest scope of
any long-term study (see Callahan 1984 for an overview. It was devel oped -
from 1977 to 1979, and funding began in 1980. Fifteen sites have been .
established out of a planned total of 20 (Franklin 1989). These represent a
di verse sanple of ecosystens in the United Sates: coniferous forest, oak
savannah, deciduous forest, salt marsh/estuary, desert, tall-grass prairie,
short-grass prairie, large rivers, alpine tundra/lakes, |akes, and swanp.
Conparability of data anong sites is a high priority. A nost sites, previous
data were available. The LTER programis strongly oriented toward the
experinental approach. The five core areas, which all funded prograns are
required to address, are: pattern and control of prinmary production, spatial
and tenporal distribution of populations selected to represent trophic
structure, pattern and control of organic matter accumul ation, patterns of
inorganic input and noverments, and patterns and frequency of di sturbance.

Fromthe LTER program and others, certain basic requirenents and principles
have been derived. They are:

1) Conti nuous records nust be naintained and constantly updated,
scrutinized for errors, and rigorously analyzed. It is inportant to
standar di ze met hods and procedures. Careful attention nust be given to
what is the best frequency for sanples in a tinme series.

2) Pots and other study sites should be pernanently identified and marked,
with records kept in nore than one pl ace.

3) There nust be an appropriate admnistrative structure to guarantee
stability and continuity. Dedication to a study should be rewarded
appropriately so that the sane talented persons will remain at work for
as long as possible. Because of the duration of long-termstudies, it
is inevitable that there wll be changes in personnel, so there shoul d
be plans for making snooth transitions. Provisions should be nade for
| ong-term storage of some sanples, which could be useful for anal yses
that were overlooked initially or for which new techni ques mght becone



avai l abl e. Voucher specinens of the biota should be placed in nuseuns
where they will be guaranteed to recei ve pernanent curatorial care.

4) Fundi ng nmust be sustained and reliable. Responsible agencies and
institutions nust be willing and able to nake |ong-term commtnents.

H STORY OF | NVENTORY AND MONI TORI NG BY THE NATI ONAL PARK SERVI CE

The National Park Service (NPS has only recently nade an effort to develop a
sust ai ned, conprehensive nonitoring program The nonitoring that has been
done in the past largely reflects the changing priorities and phil osophi es for
managi ng natural resources in national parks. The follow ng review is based
upon publications by the Comm ssion on Research and Resource Managenent Policy
inthe National Park System (1989), Stottlenyer (1987), Franklin (1989, and
Sellars (1989).

Scenic preservation was the nmajor factor behind the establishnent of the
rsystem of national parks that began with Yell owstone in 1872, The aspects of
the scenery that appealed to the public were spectacul ar topography and

conspi cuous bi ol ogi cal conponents such as trees, wldflowers, |arge mammal s,
and attractive birds. The Gganic Act of 1916 established the NPS and gave it
dual responsibilities of preserving natural resources and providing for public
enjoynent in national parks. During the first 20 years of its existence, the
Park Service placed top priority on the latter responsibility. Most
activities were ained at pronoti ng and devel opi ng the parks to accommobdat e
visitors. Any preservation activities were prinarily for protecting scenery.
Forest fires were suppressed, predators of |arge nmammal s were eradi cated, and
forests were sprayed to prevent defoliation by insects.

There were no nonitoring prograns during this period. Because the accepted
practice of protecting scenery, which has been termed facade nanagenent, had

no foundation in science there was no need for ecological information. It was
believed that as |long as devel opnent activities did not change the scenery,
the parks were being preserved. In fairness to the NPS, ecol ogical science

was not well understood at that time and did not contribute information that
woul d have been useful for nanagi ng natural resources.

In the 1930s, the NPS first began to give consideration to scientific inforna-
tion for managi ng natural resources. Ecol ogy and other natural sciences had
advanced to the point where it was possible to understand that the natural
resources in parks were interrelated conponents of ecosystens. The |eader of
this effort was George Wight, an independently wealthy NPS biol ogi st who
personal ly funded the first biological survey of parks in the early 1930s.
Wight believed that science based nanagenment was essential to the success of
the NPS. The first nonitoring prograns were begun in this period. He and his
col | eagues began inventories and prepared nanagenent strategies based on their
findings (Wight et al. 1933, Wight and Thonpson 1935). Unfortunately, the
scientific novenent within the NPS was set back with Wight's death in an
autonobi | e accident in 1936. Mney and nmanpower for science in the parks were
greatly reduced during Vorlid War Il and the years imedi ately after the war.
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In the postwar years and continuing through the 1950s, NPS phil osophy reverted
to the original enphasis on devel opnent. Tourismincreased dramatical ly
during this period, and the Service responded with "Mssion 66," a billion
dollar programfor construction of new facilities. Science was not given high
priority during this period.

In the 1960s, scientists inside and outside the Service renewed George
Wight's efforts to establish science-based nanagenent in national parks. Two
reports released in 1963 were particularly influential. The National Acadeny
of Science's Robbins' Report (prepared by a coomttee chaired by Or. WIIliam
J. Robbins) reiterated that parks were part of ecosystens in which the conpon-
ents were interrelated and that managenent shoul d be based upon intensive
scientific research to assure preservation of natural resources. The Leopold
Report (prepared by a special advisory board chaired by Ir. A Sarker

Leopol d) has been the foundation for natural resource nmanagenent in the parks
for the past 25 years. The Leopold Report also indicated that credible
scientific information should be the basis for natural resource nmanagenent but
went a step further and described the biotic associations that shoul d be ,
maintained. It put forward the idea that national parks should be nmanaged as
"vignettes of primtive Arerica,” neaning that the biotic assenbl ages shoul d
be what existed, or would have evol ved, w thout the discovery of America by
Col unbus and subsequent European settlenent. Al though the "vignettes" concept
may have been unrealistic (Johnson and Agee 1988), the Leopold Report has been
a significant positive influence on natural resource nanagenent because of its
enphasi s on mai ntai ning overall biological integrity.

In spite of acceptance of natural resource managerrent based on principl es of
ecology, the NPS did not establish a conprehensive |ong-termmonitoring
programin the years following the Leopold Report. Serious scientific
endeavors have been undertaken, but nost of these have been short-term studies
directed toward solving i medi ate probl ens. There have been a few exanpl es of
long-termnonitoring prograns in national parks such as the unique narine
resource programat Channel Islands National Park and t he wol f-noose studies
at Isle Royale National Park. Several parks (e.g., dynpic, Sequoia, and
Rocky Mountain) have used their participation in the National Acid
Precipitation Assessnment Program (NAPAP) to initiate |long-term studies.

In the past three years, there has been the nost serious interest in the
history of the NPS for establishing long-termnonitoring prograns. Draft |1&M
guidelines (NPS-75) were prepared in 1989. This docunent includes the
Inventorying and Monitoring Policy Statement, which was put forward in the
Natural Resources Inventory and Monitoring Initiative of May 1987 (revised
July 1987): "It is the policy of the National Park Service to assenbl e
baseline inventory data describing the natural resources under its steward-
ship, and to nonitor those resources forever - to detect or predict changes
that nmay require intervention, and to provi de reference points to which
conparisons with other nore altered parts of the home of nankind rmay be nade."

Inportant definitions are given for natural resource inventorying: "the
process of acquiring, managi ng, and analyzing information on Park resources,
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i ncluding the presence, distribution, and condition of plants, aninmals, soils,
water, air, natural features, biotic communities, and natural processes;" and
| ong-term noni toring: "the systenatic collection and anal ysis of those
resource data at regular intervals, in perpetuity, to predict or detect

natural and hunan-i nduced changes, and to provide the basis for appropriate
managenent response. "

It would have been ideal if the scientific prograns begun by George Wight had
- been adopted as standard policy and continued to the present. Mre than

50 years of ecological data fromnational parks woul d now be availablel Even
though there has been a 50-year delay in recognizing the significance of

ecol ogical nonitoring for managi ng the natural resources of national parks,
the need has never been nore critical than at the present.

Many students of NPS history and nanagenent describe the national parks as
being at a crossroads. Significant nanagenent and protection probl ens were
listed in a 1980 report by the Park Service titled, "State of the Parks: A
Report to (ongress."” Seventy-three types of threats to the parks were |isted.
The sources of more than 50 percent of the problens were outside of the parks.
Industrial and conmerci al devel oprment on adjacent |ands, air pollution, urban
encroachnent, and roads were the nost frequently cited external threats.
Scenic resources were reported as threatened in nore than 60 percent of parks,
air quality in nore than 45 percent, and aninal, plant, and freshwater
resources in nore than 40 percent. A clear indication of the need for
long-termnonitoring prograns is that 75 percent of the perceived probl ens
were reported as bei ng inadequately docunented and in need of research. It is
doubtful that any of the threats have | essened since the State of the Park
Report, yet nost park databases are still considered to be inadequate to
docunent such environnental inpact (Stottlenyer 1987).

Quantification of ecol ogical changes brought about by anthropogeni ¢ causes is
difficult because ecosystens are continually changi ng, and these changes are
not al ways predi ctabl e (Johnson and Agee 1988, Brubaker 1988). It is now
recogni zed that a variety of natural disturbances play an integral role in the
long-term nmai ntenance of virtually all ecosystens (Christensen 1988). The
only hope for distinguishing natural and unnatural changes is to have a
reliabl e database of ecol ogi cal information.

Recommrendat i ons have been nade that national parks, because of their reason-
ably natural conditions and the diversity of ecosystens represented, can be
used to develop scientific know edge and to hel p sol ve environnental problens
beyond their boundaries. As protected areas dedicated to the preservation of
natural ecosystens, national parks present many advantages as sites for
conducting long-term ecol ogi cal studies (Parsons 1989). The |arge nati onal
parks rmay be particularly inportant to the ecol ogical health of the planet by
serving as reservoirs of genetic diversity (Sellars 1989). Wth appropriate
long-termnonitoring prograns, national parks can provi de benchnarks for
neasuring local or global environnental changes (Gommission on Research and
Resource Managenent Policy in the National Park System 1989).



The concept of ecosystem managenment has been suggested recently as the nost
effective neans for appropriate stewardship of national parks (Johnson and
Agee 1989, Agee and Johnson 1989). They explain this strategy as foll ows:
"ecosyst em nanagerrent involves regulating internal ecosystem structure and
function, plus inputs and outputs, to achi eve desirable conditions. It

i ncludes, wthin a chosen and not always geographic setting, the usual array
of planning and management activities but conceptualized in a systens frane-

work: identification of issues through research, public involvenent, and
political analysis; goal setting; plan devel opnent; use allocation; activity
devel opnent (resources nanagenent, interpretation); nonitoring; and

eval uation."

Wth regard to nonitoring, one of the principles of ecosystem nanagenent that
they enphasize is that high quality information is necessary to identify '
trends and respond to them

In 1988, the National Parks and CGonservati on Association (NPGY, wth funding
fromthe Andrew Mel | on Foundati on, established an independent 17-nenber )
Commi ssion on Research and Resource Management Policy in the National Park
System chaired by . John C Gordon. The comm ssion was charged to review
the Leopold Report and to becone its successor. In its report (Gonm ssion on
Research and Resource Managenent Policy in the National Park System 1989, the
comm ssion was generally conplimentary to the Leopold Report and did not
suggest that it be discarded; however, the comm ssion did suggest sone nodifi-
cati ons. I ncl uded was a reconmendation for the NPS to change its natural
resource managenent policy to the holistic approach of ecosystem nmanagenent.
A specific recomrendation was for "establishing an integrated inventory and
noni tori ng program"”

H.  SNP INVENTORY AND MONITORING PROGRAM

OVERVI EW

The deci sion was nmade in 1984 to devel op a conprehensive | &M program for
Shenandoah National Park. Realizing that this programwoul d take several
years to establish, it was divided into segnents or phases. The first phase
of this effort was to evaluate the existing natural resource inventory and to
design and inplenent a core nonitoring program

Park records were consolidated and a literature search was conducted to
deternmine the current status of the natural resource inventory. A plan was
devel oped to obtain the necessary data to fill in identified omssions and
limtations in the inventory. Various types of agreenents were devel oped with
cooperating federal and state agencies to assist the Park staff in the collec-
tion of a broad range inventory data. The inventory process will be an
ongoing activity. It will not be feasible to conduct an exhaustive search for
all possible species. However, we expect that a conprehensive inventory of
vascul ar flora and vertebrate fauna can be achieved within three years to
coincide with the conpletion of Phase Il of the nonitoring program Conti nued
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progress can be nade on the renaining taxa. The outline for species inventory
is simlar to that described in the section on |ong-term nonitoring.

The Phase | core of the Long-Term Ecol ogi cal Mnitoring System (LTEMB) was
designed to nonitor a basic set of ecological parameters that woul d character-
ize the broad types and rates of changes likely to take place in the Park.

The nonitoring of specific popul ations or discreet ecosystem paraneters woul d
be added later during Phase Il. O particular concern was the future inpacts
of the alien gypsy noth (Lynantria dispar) on forest systens. Therefore, much
of the early nonitoring design was focused on those ecosystem conponents nost
likely to be affected by w despread defoliation, such as forest conposition
and aquatic systens. Qher likely perturbations such as wildfire, acid
deposition, air pollution inpacts, and visitor use inpacts were al so con-
sidered when determning the nonitoring design and protocols. By considering
these other types of disturbances, the basic nonitoring design would capture a
range of change w der than those caused sol ely by gypsy noth.

The first three years of this effort (1985-1987) were focused on the

establi shment of the Park's nonitoring objectives, programdesign, selection
of monitoring protocols, and the field testing of data collection nethods.

Two key factors considered at this tinme were what to nonitor and howto do it.
This mght seemsinple on the surface but in reality it turned out to be the
most difficult issue to settle. It quickly became obvious that we coul d not
nmoni tor everything. Wiat was needed was a nethod to prioritize the |aundry
list of possibilities. The factors that were eventual |y selected to deternine
what woul d be rmonitored in the Park's & programincl uded the followng in
order of priority:

1) Resources specifically nentioned in the Park's enabling |egislation,
listed as threatened or endangered, or otherw se given special status by
| aw

2) Key ecosystem processes that can be well defined and accurately
accessed.

3) Species or processes that may inpact on public health or safety or are
locally controversial.

4) Events such as fire, flood, erosion, weather patterns, etc.

5) Resources being threatened by visitor use.

6) Basel i ne noni toring of species, populations or conpositions that enhance
our understandi ng of particul ar phenonena, relationships or popul ation
dynam cs.

7) Species or populations that are of interest but of no particul ar

nmanagenent or ecol ogi cal concern.



| NVENTORY PROGRAM

The prinmary focus of the natural resource inventory is to deternine the
presence or absence of species, their general abundance, and to delineate the
range of each species or group of related species. Sone inventory work has
been done over the years. During Phase |, the status of the current inventory
was defined, and an outline to guide the attainment of the total inventory was
determined. The following outline includes a code that describes the current
(1991) status of the inventory for each resource el enent.

The first character (letter) of the code identifies if a reasonable effort has
been made to determ ne whether or not the species is present in the Park. The
second character (nunber) defines the status of know edge regarding the
abundance, and the third character (nunber) defines the status of know edge of
t he range.

Qodes: Frst Character: (K = Presence/ absence known.

(P = Presence partially known
(U = Presence/ absence unknown.

Second Character: (1) = Abundance known (surveyed).
(2) = Abundance partially known.
(3) = Abundance not known.

Third Character: (1) = Range known (surveyed).
(20 = Range partially known.
(3) = Range unknown.

I NVENTCRY QUTLI NE |
1. VASCULAR PLANT SECTI ON
11 Forest Vegetation K|
1.2 Unique Vegetation Areas
1.2.1 The Big Meadow Kl |
1.2.2 B g Meadows Swanp K|
1.2.3 Linberlost Hemiock Gove U33
124 Natural Heritage Species K22
2. NON VASOULAR PLANT SECTI ON
2.1 Fungi K22

2.2 Ferns Ki12



2.3 Agae W33
2.4 Lichens P12
2.5 Mosses P13
VERTEBRATE FAUNA SECTI ON
3.1 Mamal s
311 Wite-tailed Deer Ki12
312 Bl ack Bear Kl
. 3.13 Eastern Bobcat K33
314 Natural Heritage Species K|
3.2 Bi rds
321 General Resident Breeding Birds
3.2.2 Mgratory Birds K22
3.2.3 Natural Heritage Species (NP
3.3 Fi shes
331 Eastern Brook Trout Kl
3.3.2 Fish (other) K13
3.4 Reptiles K22
3.5 Anphi bians K22
I NVERTEBRATE FAUNA SECTI ON
4.1 Mol [ usks P33

4.2 Qustacea P22

12

K12

4.3 Arthropods (1) (spiders, mllipedes, centipedes) 33

4.4 Arthropods (2) (terrestrial insects) P32

4.5 Arthropods (3) (aquatic insects) K22

GGy K
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6. saLs P22
The inventory of most elements is expected to be conpleted by the end of the
Phase Il inventory. Some of the difficult ones such as fungi and arthropods
may never be considered to be 100 percent conpl ete.
LONG TERMECAO. Od CAL MONI TORI NG SYSTEM
An evaluation of the seven najor priorities lead to a conceptual nodel of the
conplete &M program Divisions were made for sections and for individual
nonitoring elenents that require specific data collection protocols. The
outline for the nonitoring programis as follows:
1. VASOULAR PLANT SECTI ON
1.1 ~Forest Vegetation
1.2 Uni que Vegetation Areas
1.2.1 The B g Meadow
1.2.2 Bi g Meadows Swanp
123 Li nberl ost Hent ock G ove

1.2.4 Natural Heritage Species

2. NON- VASOULAR PLANT SECTI ON
2.1 Fungi
2.2 Ferns
2.3 A gae

2.4 Li chens
2.5 Mosses
3. VERTEBRATE FAUNA SECTI ON
3.1 ©Mamal s
311 Wite-tailed Deer
3.1.2 Bl ack Bear
3.1.3 East ern Bobcat

314 Nat ural Heritage Species



3.2

3.3

3.4

3.5

Bi rds

3.21 Ceneral Resident Breeding Birds

3.2.2 Mgratory Birds

3.2.3 NMNatural Heritage Species
F shes

3.3.1 Eastern Brook Trout

3.32 Fi sh (other)

Reptil es

Anphi bi ans

| NVERTEBRATE FAUNA SECTI CN

f 1 oods,

4.1 Mol | usks

4.2 Qustacea

4.3 Athropods (1) (spiders, mllipedes,
4.4 Arthropods (2) (terrestrial insects)
4.5 Athropods (3) (aquatic insects)
AR QUALITY

5.1 Gaseous Pollutants (ozone, S@)

5.2 Particul ates

5.3 Acid Deposition (rain, snow

54 VMsibility

METECROLGGY

6.1 Solar Radiation

6.2 BEvents (unusual storns, tornadoes,
6.3 Wnd (speed and direction)

6.4 Relative HUmdity

cent i pedes)

ear t hquakes)

14
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6.5 Precipitation (rainfall, snowfall)
6.6 Dewpoi nt

6.7 Tenperat ure

7. csoNec ¢
8. Sa LS
9. WATER

9.1 Sream DO schar ge
9.2 _Witer Chem stry
9.3 Pol | utants (bacterial, chemcal)
10. ECCBYSTEM PROCESSES MON TCR NG SECTI ON
10.1 Forest Response to Gypsy Mith Infestation
10.2 Watershed Acidification
10.3 Deci duous Forest Vétershed Dynam cs
10.4 Stream Aquatic Habitat (physical structure, fish cover)

Following a rather lengthy period of study and analysis, a set of paraneters
that were both a high priority and were technically feasible within the
projected budget and staffing constraints were selected for Phase |I. These

i ncl uded broad paraneters that were nost likely to detect changes brought
about by gypsy noth defoliation and other naj or disturbances. Ghers were set
aside for inclusion in the programduring later phases. The next step was to
determine if the technol ogy existed to accurately nonitor the sel ected high
priority parameters. As an exanple, streammnacroi nvertebrate comunity
structure was high priority on the list of species populations to nonitor. It
was finally determned that the technol ogy did exist to nmake the neasurenents
and that it was feasible for us to do it. This process was continued for each
priority on the list. Numerous neetings and brai nstormng sessions wth
subject matter experts fromnearby academ c institutions, cooperating federal
and state agencies, and the private sector were held to assist with this
process. A literature reviewwas al so conducted for nmany of the nore critical
resources to be nonitored.
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PHASE |
The follow ng resource elenents were selected for nonitoring in Phase |:
11 Forest Vegetation
4.1 Mol | usks
4.2 Q ust acea
4.5 Arthropods (3) (aquatic insects)
9.2 Véter Chemstry
10.1 Forest Response to Gypsy Mt h Infestation
10.4 Stream Aquatic Habitat

A cooperative agreenent was established with Virginia Polytechnic Institute
and State University (MVAW&), to assist the Park staff in devel opi ng Phase |
of the LTEMB and in the witing of the first users nanual series.

Pilot measurenent protocols for the selected Phase | elenents were then
designed and field tested. Nunerous adjustrments were nade to perfect
techniques. A great deal of care was taken to assure that all neasurenents
woul d be both accurate and repeatable. Quality assurance and quality control
(N Q@ factors were devel oped along with the protocols. The Md-Atlantic
Regional Chief Scientist was consulted on numerous occasions for input on
critical issues and to arrange for peer review of draft protocols.

An extrenely inportant portion of the Phase | program devel opnent was the
structure and desi gn of the database nanagenent system It was recogni zed
fromthe onset that custom designed database progranms woul d be needed to
store, analyze, and process the large anmounts of data that woul d be coll ected
in connection with the LTEMS program and to prepare data summary reports.
The database for Phase | paraneters was desi gned during the sane tine period
as the protocols were devel oped so that as changes were nade to collection
protocol s correspondi ng changes would be nmade to the database system

The Park's Geographic Information System (@S is used to store and spatially
display the various inventory and nonitoring data sets as they are devel oped.
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The anal ytical capabilities of the @S have been used on several occasions to
determne where nonitoring plots should be |located. Themes that have been
particularly useful for this purpose include: forest vegetation, soils,

geol ogy, and topography. The @S wll be used to support the inventory
portion of the I& programby storing a spatial record of each species
recorded | ocations, densities, and critical habitats.

The goal of the second three-year period of Phase | (1988-1990) was to
establish the core forest vegetation and aquatic plot systens which woul d
facilitate the neasurenent of the selected elements. Since test plots were
al ready worked out during previous years, little further nodification was
necessary. Three hundred sixty terrestrial plots were established on

120 sites. Baseline data was acquired during this period and sone val uabl e
inventory information was collected in the process. Al of the 17 aquatic
plots on 13 streans were established in the first year. One third of the
forest plots were established each year so that the re-neasurenent cycle of
once every five years could be established. (The fourth year is to visit each
plot to re-establish any lost corners and acconplish any other needed '
mai nt enance. )

A nonitoring programof this nagnitude requires a considerabl e anount of
dedi cated staffing to naintain and operate. The staffing level for
Phase | activities included:

.5 FTE Natural Resource Specialist, G512

| &1 Program Manager: G511 Ecol ogi st

adsS Support: .5 FTE @ S Techni ci an

Field Technicians: 3 FTE Tenporary Bi ol ogi cal Techni ci an

Total expenses including contracts for sanple analysis to operate the Phase |
programin 1990 was $230, 000.

PHASE ||

Phase Il started in 1991, and includes the devel oprment or refinenent of
protocols and nmanuals for the followi ng elements (*). This list also includes
Phase | (Bold).

1.1 Forest Vegetation

1.2.1 The Bi g Meadow Ecosystem *
1.2.2 Bi g Meadows Swanp Ecosystem *
2.2.2 Ferns *

2.2.4 Li chens *



3.5

4.2

4.4

4.5

51

52

53

54

6.1

6.2

6.3

6.4

6.5

6.6

6.7

9.1

9.2

312 Wi te-tailed Deer

313 Bl ack Bear *

3.15 Natural Heritage Species (T8 vertebrat es)
3.21 Resident Breeding Birds *

3.2.2 Mgratory Birds

331 Eastern Brook Trout *

3.3.2 Fish (other)

_Anphi bi ans *

Mol | usks

O ust acea

Arthropods (2) (terrestrial insects)
Arthropods (3) (aquatic insects)
Gaseous Pol lutants *

Particul ates *

Acid Deposition *

Visibility *

Sol ar Radi ation *

Event s

Wnd *

Rel ative Humdity *
Precipitation *

Dewpoi nt  *

Tenperature *

St ream D schar ge

Water Chemistry

*

21



9.3 Pol [ ut ant s

10.1 Forest Response to Gypsy Mot h Infestation
10.2 Vatershed Acidification *

10.3 Deci duous Forest Watershed Dynamcs *

10.4 Stream Aquatic Habitat

22

Some of the actual monitoring of Phase Il elenents has already been initiated.
The asterisk followng the elenent indicates that nost, if not all,

managenent programnms have not been devel oped for nmany of them

our data franework.

BUDGET

The staffing and funding | evel needed to acconplish Phase |1

Program Manager, Supervisory Ecologist G11/12 = = = .

Dat abase Manager, Ecologist G59/11
AQ Monitoring Technician G 7/9 and support. . . . .
adSs Support, .5 FTE G5 7 Cartographic Technician = . = == =

F el d Supervision, 2 FTEE G5 7 Pernanent Bi o- Technician = .

Field Data Gollection, 5 FTE G55 Seasonal o- Techni ci an. . .

Support (vehicles, equiprent, supplies, utilities, etc.
[vehicl es and equi pnent anortized]). Annual estinmate = =

Contracts (water chemstry analysis, invertebrate
I.0, aerial photography, protocol R&D, etc.).

Publications Specialist, G57 (includes preparation of
pl ans, nanual s, special graphics, printing, etc.) . . .

of the

elenent is currently being nonitored. Some sort of witten protocols exist
for these el ements, however, they nay not be as conpl ete as they need to be,
have not been put in the Park's official nmanual series fornat,
been subjected to a peer review process. |In addition, standardized data

or have not

In sone cases,
t he nanagenent of data collected is being acconplished by the University staff
that is cooperating in the monitoring, and we only need to transfer

is as follows:



Adm ni strative Support, .5 FTE G55 Secretary. .
NR&S Division Ofice Expansion (Qhe-tine cost). = .
Total ; Qosts Frst Year

Total; Sustaining Qosts

$535. 000
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PHASE 111

Phase Il will include nonitoring of the remai ning resource el ements and
ecosystem process that are practical based on foreseeabl e budgetary and
technol ogi cal considerations. It is uncertain as to when Phase IlIl wll start
prinmarily because we do not yet know how long it will take to bring Phase II
on line. Qbviously, a lot will depend on future budgets. |[If long-term

nmoni tori ng beconmes a sustainable NPS primary operational programthat is
solidly placed in Park operations, we can estinate that it is feasible for
Phase Il to be fully inplemented within three years (by the end of 1994). The

conpletion of Phase IlIl will take a longer period of time to inplenent because
new protocols will need to be devel oped for alnost all of the elenents.

It is not reasonable at this tinme to estimate what it will cost to carry out
Phase 111. However, increnental costs should be less than for the increase
between Phase | and Phase Il. Host of the overhead costs, including trans-
portation and equi pnent, will not have to be substantially increased. Al so,

as the staff gains experience in nonitoring program devel opment, we shoul d be
abl e to nmake protocol decisions nuch nore quickly.

DATA MANAGEMENT

The Inventory and Mnitoring Programis prinmarily a data collection process.
It is an understatenent to say that there will be a very large volune of data
collected. Since nonitoring is an ongoi ng process, the data sets will
continue to grow indefinitely. The need to establish a good data nanagenent
process early on in the programis absolutely critical.

A very thorough and conprehensi ve database format and rmanagement system was
developed in Phase | as a nodel. The Phase | database systemis a custom zed
software programwitten in dBASE |11 PLUS and conpiled in Qipper. The
enphasi s of the Phase | database was to standardi ze the database vari abl es and
develop a user-friendly data entry system The programhas a set of menus to
guide the user through the various data entry and correction processes. Each
data entry screen is simlar in appearance to the specific data sheet which
data is being read fromand as the user enters the data, the program error
checks the entries for spelling errors and val ues which are out of range.
Data entry is easy and can be nastered by a field technician in a few hours.
The custom software programw || produce basic sunmary reports by plot. The
systemalso allows the user to download data for individual plots or a

conbi nation of plots based on a specified common variable or variabl es.

The database is housed in a Dell System 325 microconputer with a 327 M hard
drive. Data is backed up on 20 M Bernoul li cartridges after each data entry
or nmodification session. Backup copies of the database system and data are
housed in the safe at S\NP Headquarters. Additional |&data summari es and
analysis will be conpleted using SPSS Inc.'s SPSY PG+ Version 2.0 statistics
software or Ashton Tate's DBASE STATS program
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Each resource section will have a dBASE |11 PLUS dat abase (or dBASE |V when
the program has proven to be reliable) developed to store, analyze and produce
reports that are specific to the particular needs of the section. The initial
approach to nmanagi ng the Park's specialized database resulted in the present
custom software program Due to the dynam c process of nonitoring, there wll
be a continued need to add data values to existing databases. The current
software program does not allow for easy updating w thout having the original
software developer rewite the program Future database efforts wll concen-
trate on using sinpler data entry approaches or preferably using hand-held
electronic data entry devices in the field. Once the data is in a database,
sinple error checking prograns could be used to verify data quality. Onhce the
data is cleaned, error free data would then be surmmarized and anal yzed usi ng
statistical analysis prograns then appended to the original database for
future use. Additional summary reports could also be witten in dBASE |11
PLUS. Wth this procedure, an addition of one or nore new vari ables wll
require only slight nodifications to the summary prograns rather than rewit-
ing an entire data entry and sumrary program Data collected will be entered
into the conputer during the field season so that huge volunes of data do not
build up and becone overwhel m ng.

The AS wll continue to be used to store, analyze and display selected data
sets for which nmapped infornmation is useful.

QUALI TY ASSURANCE AND CONTRCOL

Efficient design and appropriate standardi zation of nonitoring nethods is
critical for valid integration, synthesis, interpretation, and assessnent of
results. The ability to inplement standardized measurenent procedures for
data collection greatly enhances the assurance of quality data and directly

i nfluences the |evel of confidence placed on assessment and nanagement
decisions that are based on the results obtained fromdata analysis. For the
LTEVMS program where the primary objective is to determine changes in the
ecosystens that occur over time, the use of standardi zed met hods and proce-
dures is an absolute necessity. Wthout standardi zed met hods and consi st ent
procedures for taking neasurenents across time, it will be inpossible to
deternmine if there are real differences in the attributes used to characterize
and quantify a particular community, or if the differences are due solely or
in part to the nethods and procedures used to neasure the attributes chosen to
quantify the ecosystens in question.

Phase | of the I&M program establ i shed standardi zed net hods and procedures for
monitoring forest ecosystens, aquatic ecosystens, and gypsy noth popul ati ons
so that data quality is docunented and can be assessed, and that future
measurenents will result in valid conparisons. |In order to ensure that the
most appl i cabl e techni ques and met hods were used, the Park contracted wth

| eading researchers to devel op those techniques which are nost reliable and
have the greatest precision. An exanple of this approach can be found in
Appendi x 11-D of the forest section of the "Shenandoah National Park Long-Term
Ecol ogi cal Mnitoring System UWser Manual " where standard operating procedures
(Sas) for individual measurement techniques are described. Wse of SOPs
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shoul d reduce inter- and intra-site variability, reduce docunentation require-
ments for future nonitoring el ements, and provi de the nmanagenent teamwth
information on defined and docunented quality. Standard operating procedures
were based on the docunent "Quality Assurance Met hods Manual For Forest Ste
Qassification and Fi el d Measurenents” by S M Zedaker, and N S N chol as,
Novenber 1989. The standard operating procedures outlined for other forest
neasur enent instrurments have been used as a standard for other measurenents
not listed in the LTEMS manual .

One of the first steps in assuring quality data and repeatabl e neasurenents is
an intensive training programfor the enpl oyees who will collect the nonitor-
ing data. Before each field season begins, a training session is conducted
whi ch not only shows each participant the SOPs but also requires that each
person denonstrate that they can carry out the procedures. Each crew menber
is also required to have a copy of the SOPs with them for reference when
performing nonitoring duties. Project managers also work with the crews on a
regul ar basis to ensure that standard techni ques are bei ng adhered to and to
resol ve any discrepancies that arise in the field. Feld technicians are al so
checked for accuracy on a. regul ar basis.

During Phase Il of the nonitoring program standardi zed net hods and procedures
as well as accuracy tolerance limts wll be established for measurenents
associ ated with each resource elenent that will be nonitored. Quality control
gui del i nes are paranount for the success of a nmonitoring program |f accuracy
limts are not adequate then it rmay be inpossible to docurment change in the
syst em bei ng noni t or ed.

A maj or concern for nonitoring data is not only the quality but al so conpati -
bility. HEforts will be nade to ensure that the data collected from new
monitoring efforts will be conpatible with information already coll ected or
with other research being done. New nonitoring protocols will be devel oped
with the help of |eading researchers and scientists through both contracts and
informal consultation. Qher outside researchers and resource nanagers wil |
be used to review and critique the newy suggested nonitoring protocols.

m. REPORTS AND PUBLICATIONS

An active & programis inconplete if the data that has been carefully
collected and stored is not summarized and the results published and
distributed and the informati on gai ned applied to managenment of the resources.
The initial result of an inventory is a species list wth abundance val ues and
a set of locations that results in a range or distribution. The initial
result of nmonitoring is usually a characterization of the resource el ement.
The long-termobjective of monitoring is to docunent changes in abundance,
range or a relationship with an ecosystemprocess. It is recognized that
several years or even decades of high quality nonitoring data nay need to be
coll ected and anal yzed for some el ements before any significant trends can be
detected. In spite of the long-termnature of nonitoring, a programgoal is
to conpile and anal yze all data sets annually.
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Phase | provided a basic resource inventory and the data necessary to charac-
terize the forest vascular flora, and the several elements of the aquatic
ecosystens. The next step is to generate the appropriate species lists and to
conpl ete a basic resource characterization. This process is underway and is
schedul ed for conpletion by the end of 1991. The same process wll be used
for Phase Il, and Ill data sets.

The results of the Park's &M programare and will continue to be distributed
to a wide range of audiences. The follow ng types of publications have been
identified as potential outlets for I&Mresults:

1) Each year an annual report will be produced that wll docunent the
progress of the & program This will be a sunmary report pro-
viding information of a general nature for internal and infornal
external infornational uses.

2) Following the conpl etion of an inventory project or the sunmary
and analysis of a nonitoring elenent, a special report wll be
witten in an informative style and presented to the DO vision of
Interpretation and Misitor Services (I&S. The purpose of this
report would be to provide a steady streamof infornation to the
interpretive staff to be included in Park publications and
interpretive activities.

3) The information summari zed in nunber 1 and 2 above, as well as
additional progress reports, wll also be communicated to the
public through short informative articles published through | ocal
newspapers and popul ar nagazi nes. The objective of this effort
woul d be to provide the public wth pertinent information on the
status and health of Park resources as well as to provide
informati on about present and future threats. An ongoing effort
will continue to be made to work with reporters and correspondents
as they pursue stories which are of interest to the news nedi a.

4) | &M pr ot ocol s i ncl udi ng net hodol ogy, techniques, and quality
assurance requirenents wll continue to be published through the
NPS Publications Gfice. New manual s woul d be added to the
"Shenandoah National Park Long-Term Ecol ogi cal System User
Manual s" seri es.

5) The characterization of Park resources and eventual |y the docuren-
tation of trends wll be published, when considered appropriate,
as peer reviewed nonographs, or wll be submtted for publication
in one of the nore recently established popular journals. In this
way, basic ecological information will be shared with other
prof essional s dealing wth research or managenment of natural
areas, parks, rare species, and land preservation.

6) & results can potentially lead to uncovering new scientific
infornmation, the docunentation of ecol ogical cycles, and the
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val i dati on of ecological theories. Any new scientific infornation
resulting fromthe 1&M programwoul d be published in peer reviewed
articles in the appropriate scientific journals. The typical -
journal s where sone of the informati on woul d likely be published
woul d be Castanea, Bulletin of the Torrey Botanical d ub, Ecol ogy,
and Journal of WIldlife Managenent. Benefits associated with
publishing in peer reviewed journal s include: increased
recognition that the NPS is producing scientifically-critiqued
research and nonitoring, a broader dissenination of scientific
results to the scientific community, and the establishrment of

i nfornmati on which could potentially encourage additional research
or nonitoring in NPS areas. The additional activity that nay be
encouraged woul d highly benefit the SNP, especially since many of
the research projects may be funded through grants from outside
the NPS. _ -

The other outlet where &V infornati on woul d be di ssem nated woul d
be through the B ennial SNP Natural Resources and Sci ence Research
Synposi um and other professional |evel neetings. A typical

product associated with such a neeting would be the conpil ati on of
abstracts in a synposi um summary docunent . g
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