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Foreword

This report is the product of an effort to
poll the scientific comunity about the nost
appropriate techniques to be used to nmeasure the
condition of wilderness ecosystems. These
techni ques recogni ze the constraints inposed by
the statutory designation of wilderness. They
are focused on nonitoring needed to support the
air resource managenment responsibilities of the
Forest Service and other nanagers of Cass |
areas, as mandated by the Cean Air Act.

This report was prepared as part of a
contract effort between the Rocky Muntain Forest
and Range Experinent Station, and Science end
Policy Associates, Inc. of Wshington, D.C. SPA
crafted a process that included a |arge group of
scientific talent (listed at the end of the
Qui del i nes) organized to devel op a concensus
product with an ever-w dening group of interested
parties. These CGuidelines specifically result
froma formal public review of earlier drafts.
Revi ew comments and the responses to themare
avail abl e from the Rocky Muntain Station.

Readers shoul d keep in mnd that w | derness
nmonitoring is conplex and controversial.
| nproverments are likely to result only through
experience with the application of these
guidelines in diverse locations over the breadth
of ecosystens that populate the WIderness system
inthe US. Toward that end the Rocky Mbuntain
Station is continuing to develop and record
experiences with the application of these
Guidelines. Three specific exanples are worth
ment i oni ng:

1. The Woning State O fice of the USDI
Bureau of Land Managerment is applying the
CQuidelines to selected wilderness study areas in
the western part of the State and eval uating
their utility. This work was initiated in 1987
and will be ongoing for 5years.

2. The ldaho National Engineering
Laboratory, a national |aboratory under the
Departnent of Energy, is conducting a 2 year
technical review and critique of the Guideline
methods. INEL work is focused on the Bridger
W | der ness.

3. The Atnospheric Deposition Effects
research unit at the Rocky Muntain Station is
conducting continued |ong term study of
wi | derness ecosystens using both direct
stress/response and general bi ogeocheni cal
procedures. A focus of this research is to

provi de Federal |and managers and regulators with
tools to discharge appropriate and effective
managenent of air resources as one of the
multiple natural resources of wlderness.

Thus, we recogni ze that the guidance provided
in this report will need periodic review It is
likely that versions of these CQuidelines will be
updated every 5years.

The Need for Guidelines

Qui delines for deternining current conditions
of sensitive resources in WIderness ecosystens
have several purposes. FLMs and regul ators need
i mpl ement abl e measures to deternine if
significant changes are occurring in WIderness
areas in order to conply with the law and
effectively steward these resources. Air quality
deci sions nust be nade now, they cannot await
full scientific understanding or devel opment of
i deal measurement end nonitoring techniques.

I nformation concerning current conditions al so
will be valuable in fulfilling FLMs' broader
stewardship functions for these special areas.

Cuidelines are essential to the FLMs' air
quality and managenent nmissions as well as to the
process of sound scientific research.

St andar di zed nethods are crucial so that
conparabl e data are produced fromdifferent
studies and sites. Cuidelines help ensure
reproduci bl e results and docunent the procedures
used so that future efforts can be related to old
data. Uniformity of technique also is critical
for appropriately extrapolating results.
Scientifically credible protocols provide the
needed basis for making sound regul atory, |egal,
and managenent deci sions.

(ne final note: These protocols were
originally devel oped to apply to al pine and
subal pi ne ecosystens in areas where the air
quality is considered to be clean. Follow ng
their devel opnent it became clear that nmany of
the neasures recomended were nore general ly
applicable. Nevertheless, caveats restricting
the protocols to al pine and subal pine conditions
are widespread in the document. The reader is
cautioned to use the protocols
accordingly.

Douglas G Fox
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Guidelines for Measuring the Physical, Chemical,
and Biological Condition of
Wilderness Ecosystems

Douglas G. Fox, J. Christopher Bernabo, and Betsy Hood

| NTRODUCTI ON

Backgr ound

This report presents appropriate scientific
protocols to neasure current conditions of air
quality related values (AQRVs) in WIderness
areas. These protocols are intended to be
guidelines for quantifying the existing status of
AQRVs, nonitoring for changes fromthese existing
conditions, end subsequently, evaluating whether
the changes are naturally occurring or the result
of man-caused air pollution/chem cal deposition.
Certain regulatory and managenent requirenents
have constrained the devel opnent of the protocols
presented in this report. These constraints are
explained fully in the first section.

The scientists and contributors that
devel oped this document (listed at the end of
these CGuidelines) were divided into six work
groups, with the Work Group Leaders responsible
for the devel opment of protocols for the five
technical areas: 1) Atmospheric Environnent, 2)
Soils and Geology, 3) Aquatic Chemistry and
Bi ol ogy, 4) Vegetation, and 5) Regulatory and
Managenent Constraints. A sixth group,
CGovernnment Applications, was added shortly after
the project began.

A neeting was held in Fort Collins, COin
January 1986 to bring scientists devel oping the
protocols together with sone of the federal |end
managers (FLMs) and regulator who will be the
users of the guidelines. Discussions of draft
lists of measures resulted in substantial
progress toward consensus. After further
internal review of the lists, the Wrk G oups
began to prepare their draft protocols.

A second neeting was held in June 1986 to 1)
provide en opportunity for the project teamto
refine the draft protocols; 2) widen the sphere
of participation in review ng and refining
protocol s by involving additional key external
users end scientists; and 3) aid in a smoth
transition to the larger consensus devel opnent
nmeeting, the Public Review  Consensus buil ding
among diverse stakehol ders and other interested
parties is an inportant conponent of this
project. Involving key industry, state, federal,
end environmental groups prior to the public
review neeting enabled the Wrk Goup Leaders to
address emerging technical concerns early in the
process.

The final teak of this phase of the project
was the Public Review of the draft document. As
part of this process, a Public Review Meeting,
announced in the Federal Register, was held in
Boul der, CO in Decenber 1986. The purpose of
this neeting was twofold: 1) to educate the
participants on FLMs’ needs and regul atory and
managenent constraints, end 2) to allow review

end di scussion on key technical issues, and to
devel op consensus on these issues. The comments
received during this neeting, and witten
comments fromthe coment period following the
nmeeting, were addressed by the Wirk Group Leaders
during the final revision of this docunent.

Protocol Devel oprent

Several basic project assunptions were
di scussed and clarified at the June neeting to
provi de gui dance in the preparation of these
protocol s:

1. The protocols are being devel oped
initially for application to high-elevation
western areas.

2. The neasurenents and protocols will be
used by FLMs end air quality permtting
authorities specifically for the protection of
“air quality related values” of national
W | derness areas designated as class | areas
under the Clean Air Act.

3.  The measurenments are not intended to be a
research project, but will be conducted to fill
specific resource managenent regulatory
information needs.

4. In nost cases, the |land
manager’' s/permtting authority's needs will be
nmet by the neasurenent of change in the nost
sensitive conmponent of the ecosystem The
deternmination of whether a change is adverse is
the responsibility of the FLM

Not all possible attributes can be neasured,
and the list nust be parsinonious and practical.
An attribute should have ecol ogi cal significance,
and should be likely to change as a consequence
of air quality effects. Ideally, it should
change only in response to changes in air quality
end nothing else; clearly an inpossibility! The
attribute measured and the nethod of measurenent
must be defensible to a consensus of the
scientific comunity. Non-destructive nethods
are preferable, not only because of WIderness
regul ati ons but al so because repeated
nmeasurenents of the same organi smor assenbl age
is advantageous. Attribute variables that can be
nmonitored with | ow frequency should be given
consi deration over those that require many
nmeasurenents at intervals of |ess then one year.
Only those attributes that can be readily
measured with high accuracy shoul d be considered.

Probl em
There are several inportant reasons for
systenatical ly establishing guidelines for
nmet hods end techniques for nonitoring current
AQRV conditions and tracking future condition
changes. These reasons include the followng:
1. To provide clarity internally for the



Forest Service in WIderness managenent,

pl anni ng, operations, and decisions, and
externally to States and prospective new air

pol lution sources about what the FLM considers
necessary in nonitoring the current conditions of
certain AQRVs and potential air pollution-caused
changes in those AQRVs

2. To reduce the period of time needed to
conpl ete AQRV inpact analyses during the air
quality permt review process;

3. To provide a standardized approach to
AQRV inpact analysis so that anal yses by
different parties can be conpared, and so that
analyses in different pernitting cases can be
conpared with one another;

4. To provide a framework for due process
with respect to both the Forest Service's AQRV
i mpact anal yses and findings and its broader
W derness protection mandate, thus enhancing the
defensibility of such analyses and findings in
regulatory and judicial proceedings; and

5. To the extent feasible, to mnimze
conflicts over technical issues surrounding AQRV
sanpling, nonitoring, and neasurenent, thus
limting disagreement where possible to value
judgrments about whether a projected AQRV effect
is considered an “adverse inmpact.”

CGeneral |ssues

Cui del i nes of several types are needed.

First, however, it nust be established what
shoul d be neasured to gauge man’s inpacts on
ecosystens.  Techni ques and sanpling and anal ytic
procedures then nust be determned that are
appropriate to the physical, regulatory, end
managenent constraints of WIderness areas.

These constraints include rugged, renote, often
high-altitude settings subject to extreme

physi cal conditions; WIderness Act statutory and
related regulatory prohibitions; Cean Air Act
requirenents for permtting; and managenent
constraints such as budget linmitations.

Maj or problems only touched on in these
gui delines, but still requiring further
consi deration, are:

1. Sanpling intensity and location are key
variabl es that nust be deternined, given the
degree of natural variability and physical limts
on practical nmeasurements. Not only in-depth
know edge of the natural systens, but also
statistical design considerations bear on this
i ssue. Technical approaches nust be devel oped
for the nost practical end representative ways to
nmeke the required neasurenents in WI derness
areas. Quidelines are needed for both on-site
and | aboratory analysis so that sources of error
can be nininized. A major challenge is designing
sanpling schenes that can adequately represent
the diverse physical, chemical, and biol ogical
vari abl es.

1. Cuidelines also are needed for data
reduction, analysis, and archiving. These
post - measurenment treatnents of data and sanples
are an inportant consideration for devel oping
results that will still be useful in the distant
future. A quality assurance plan should be
devel oped along with the other protocols to
ensure reliable and meaningful results. Quality
assurance/quality control (QV¥ QC) is essential to

characterize adequately the sources of error and
the inherent uncertainties in the data collected

2. Major concerns are how to address the
i nevitabl e tradeoffs between what neasurenents
ideally are desirable scientifically end what is
actual |y possible under the physical and |ega
constraints inposed by high-elevation WIderness
sites and limted resources. It could be argued
that not enough is known even to determ ne what
to measure, when, or how. This approach is not a
|uxury that FLMs can indul ge. The task at hand
is the art of the possible; the inmediate goal is
to determ ne the best possible approach, fully
docunent it, and then proceed to use it know ng
it is not ideal

The guideline protocols presented within this
docunent are not intended to represent all that
can be neasured within WIderness ecosystens.
Conversely, not all of the measurements suggested
here may be necessary for a given site or
situation. These protocols are presented se a
reasonabl e list of measurements for establishing
current conditions in alpine and subal pi ne areas
to aid in detecting changes in the future. In
addi tion, a nechani sm nmust be provided for the
integration of data collected on aquatic
chemistry and biota, catchnent soils, vegetation
and atnosphere. This integration will be
critical to maximze confirmng evidence for
measured effects

The high degree of scientific uncertainty
about how at mospheric chenicals influence natura
ecosystens means no single wdely accepted view
exists on many issues. Consensus building must
be part of the entire process so that the
greatest degree of scientific credibility
possi bl e can be achieved. Part of the purpose of
this project is to educate the research and
technical community on what the FLM needs are
the reasons the FLM cannot wait for idea
approaches to be devel oped, and the |egal and
managenent constraints under which the FLM nust
act. The best current scientific judgnment nust
be made, discussed, end agreed on to acconplish
our goals.

Organi zation of Docunent

The first section of this document presents
the paper prepared by Wrk Goup 5, Regulatory
and Managenent Constraints. The follow ng
sections present each set of protocols devel oped
by Work Goups 1 through 4. The menbers of the
Wrk Goups, including those in Wrk Goup 6,
Regul atory Applications, are |listed on page 48,
at the end of these Cuidelines.

REGULATORY AND MANAGENT CONSTRAI NTS

This chapter briefly explains constraints on
devel opnent and application of scientific
gui delines for the measurement and anal ysis of
“air quality related values” (AQRVS) in
wi | derness areas. These constraints are inposed
by the Clean Air Act (CAA) and the WI derness Act
(Wy), the physical location of renpote areas,
weat her, altitude, and other such factors. The
measures included in this document have been



shaped and linited in their approach by the
constraints Identified here. Therefore, this
chapter is intended to assist readers in

devel oping a full understanding and appreciation
of the possible constraints on the devel oprment
and inplenentation of the guidelines.

Cean Air Act Context

The Clean Air Act Amendments of 1977 included
a program for prevention of significant
deterioration of air quality, generally referred
to as the “PSD’ program In part, this PSD
program was intended to safeguard the air quality
related val ues (AQRVs) of W/ derness areas and
National Parks which the statute designates as
“dass | areas.” This “Class |“ designation
allows only very small “increnents” of new
pol l ution above already existing air pollution
levels within the area, and subjects each such
area’s AQRVs to special protection considerations
under the Clean Air Act.

Under the CAA, the appropriate Federal Land
Manager (FLM is charged with an “affirmative
responsibility” to protect the AQRVS of Cass |
areas fromadverse air pollution inpacts. In the
case of the Forest Service, the FLMs affirmative
responsibility to protect AQRVS has been
del egated to the Regional Forester |evel.

The FLM s “affirnmative responsibility” is
i mpl emented, in part, through the PSD new source
review process, a preconstruction review and
permtting program for major new or expanding
sources of pollution. Any major facility seeking
a new source pernit for location or expansion in
a Cean Air area nust neet several requirenents,
among themthe Class | and/or |l increnents, the
so-cal l ed AQRV “adverse inpact test,” and the
Best Avail abl e Control Technol ogy (BACT)
eval uati on. In the PSD permitting process, the
FLM det er mi nes whet her a proposed source’'s
em ssions will have an adverse inpact on Cass |
AQRVS.

New source permt applicants submt plans to
the permitting authority, who exam nes the
proposed | ocation of the facility, its general
design, projected air pollution enssions, and
potential inpacts. Wen a proposed source’'s
em ssions nay have an inpact on a Cass | area,
the permtting authority (EPA, or the State, if
EPA has del egated PSD authority to that State)
alerts the Federal Land Manager. The FLM then
conducts an “adverse inpact determnation” to
assess the inpact the projected pollution |evel
i ncreases would have on the Class | area. The
application review process may take as little as
30 days or, with conplex or controversial
projects, possibly longer than 1 year. The FLMs
adverse inpact determnation nust be conpleted
within this period.

W | derness Act Cont ext

Legal Direction for Managing W derness

Congress established the National WIderness
preservation Systemin 1964 “to secure for the
Anerican people en enduring resource of
wi | derness.“ The W/l derness Act describes the
basi ¢ purpose of wilderness, defines the

wi | derness resource end character. and

establ i shes managerment direction to preserve an
enduring wilderness resource. This directionis
the foundation for the inplenmenting regulations,
found in 36 CFR 293, 36 CFR 291, and Forest
Service policy in FSM 2320.

The preservation of w | derness character
means striving to preserve “untramel ed” natural
conditions and “outstanding opportunities for
solitude.” This neaning applies to all
wi | derness managenent activities, including
resource monitoring of all kinds. Mnimzing the
effects of human use or influences on natural
ecol ogi cal processes is the npost inportant
principle of wilderness nmanagement. To clarify
managenent direction, the Act spells out specific
prohibitions, while allow ng only mnimm
necessary exceptions:

Except as specifically provided for in this

Act, and subject to existing private rights,

there shall be no comercial enterprise and

no permanent road within any wlderness area
designated by this Act and, except as
necessary to neet mnimum requirenents for
the adnministration of the area for the
purpose of this Act (including neasures
required in emergencies involving the health
and safety of persons within the area), there
shal | be no tenporary road, no use of motor
vehicles, motorized equipment or notorboats,
no landing of aircraft, no other form of
mechani cal transport, and no structure or
installation within any such area. [Section

4(c)]

Forest Service wilderness g anagers must be
the leaders in demonstrating that wilderness
managenent tasks (including monitoring of air
pol lution inpacts on resources) can be done
wi t hout structures, installations, or the use of
motorized equipnment. The exception is to be
granted only when it is clearly shown there is no
other feasible way to gather information.

Criteria for Considering Exenptions to
Prohi bitions
Measurement protocols that require exenptions
to the prohibitions against structures,
installations, and motorized equi pment in
Wi | derness areas are not likely to be considered
favorably. The criteria for considering
exenptions are found in the Forest Service Manual
in the follow ng sections:
Structures - 2324.3. This section sets
criteria that are intended to limt
structures to “those actually needed for
managenent, protection, end use of the
wi | derness for the purposes for which the
wi | derness was established.” This section
al so requires docunentation of need for
structures, schedules for their renoval, and
sets specific standards for materials and
siting.
Research - 2324.4. \Wile “encouraging
research in wilderness that preserves the
wi | derness character of the area,” this
section requires that research proposals be
reviewed “to ensure that research areas
outside the w | derness could not provide
simlar research opportunities" and “to



ensure that research nethods are conpatible
with wlderness values.” Further, it
requires specific use stipulations in the
approval document. Requests for exenptions
to wilderness access/user restrictions cannot
be based on economc costs to, or the
conveni ence of, the researchers.

Mot ori zed Equi pment and Mechani cal Transport
- 2326. In an effort to “exclude the sight,
sound, and other tangible evidence of

notori zed equi pnent or mechanical transport
within wilderness,” this section lists the
specific criteria for exenption from

prohi bitions on the use of notorized

equi pnent and nechani cal transport in

wi | der ness.

In all likelihood, then, a request for an
exenption is likely to be refused unless it can
be denonstrated unequivocally that the data to be
gathered under the exenption are absolutely
necessary, and all possible alternatives to the
exenption have been consi dered.

I'n conclusion, the WIderness Act and the
Forest Service regulations require the use of
scientific protocols and neasurenents that
protect wi | derness values. This nmeans that the
nmeasurenents either must be easily obtainable
within the wilderness by primtive neans, or be
obtained fromrepresentative sites outside the
wi | der ness.

Sone Specific Constraints Considered in Protocol
Devel oprent

The following are exanples of specific
factors and issues that have constrained and
shaped the devel opment of protocols.

1. No guidance is given in the CAA as to how
much advance notice the FLM nust be given by the
permtting authority to allow proper assessnent
of potential AQRV inpacts of a proposed new
source of air pollution. Al though the FLM may
have nore than a year, in practice he may have as
little as 30 days for conducting this analysis.
Thus, FLM may not be free to begin a monitoring
study after he is presented with the permt
application. To be useful in the pernitting
process, data nmust have already been collected
under the protocols. Mreover, the data nust

have been gathered over a sufficient time period
to establish neaningful current conditions of the
resource in question.

2. The types of AQRV neasurenent and
anal ysis that can be performed may be seriously
constrained by certain physical and environmental
factors in the alpine and subal pine setting.
These factors may include weather, season, aninal
damage, renoteness, and lack of power.

3 The AQRV analyses likely will be
constrained by a lack of skilled personnel and
funding. In general the protocols call for
monitoring efforts that are sinple and cheap, use
current state-of-the-art methods and equipnent,
and do not push the boundaries of technol ogy.

4. Because the results of AQRV anal yses are
to be used in the new source permtting process
(and, potentially, in subsequent judicial review
a premiumis placed on the reliability of the
results and the subsequent ability to make and
defend “yes” or "Nno" decisions concerning whether
a proposed source will cause an adverse inpact.

5. The ranges of uncertainty in determ ning
potential |y neasurabl e changes in AQRVS (or in
deternmining the significance of any given change)
as the result of proposed source em ssions shoul d
be clearly identified and described. The
i mplications of such uncertainty should be
descri bed adequately for nontechnical decision
mekers.

Concl usi on

The constraints of the Clean Air Act, the
W | derness Act, managenent considerations, and
the physical and environnental factors seriously
limt the types of AQRV nmeasurenment and anal ysis
that may be performed in wilderness areas.
Qui del i nes were devel oped within these
constraints to insure realistic and feasible
techni ques.  Some conpromi ses have been necessary
between “ideal” or “preferred” AQRV neasurenent
and anal ysis techni ques and those which are
deened “adequate” for nmanagement and regul atory
purposes. Therefore, the guidelines may be |ess
than “state-of-the-art.” Nonethel ess, these
gui del ines and techniques are intended to be
scientifically sound and accurate enough for
reliable determnations of the current condition
of the area's air quality related val ues.



Atmospheric

Pur pose

A maj or objective of this atnospheric
conponent of these guidelines is to establish a
reference for assessing the inpact of airborne
pol lutants on sensitive ecosystems. To neet this
objective, this guideline includes measurenment
met hodol ogy for the anbient concentration of
certain gases and aerosols, and for the
concentration of pollution-related ions in
precipitation and snow pack. Dry and wet
deposition of pollution-related material
inferred fromthese anbient neasurenents.

Dry deposition fluxes can be conputed by
mul tiplying the anbient concentration of the
pol | utant above a surface by its deposition
velocity, which is assuned to vary with |and
surface type, tine of day, season, and several
other factors. Meteorological measurenments will
therefore acconpany the ambient concentration
measur ement s. This approach represents a highly
enpirical parameterization that relies heavily on
a relatively sparse data base of dry deposition
measur enent s.

Wet deposition can be estinmated by
mul tiplying the precipitation-weighted ion
concentration by the total ampunt of
precipitation, the latter measured by standard
met eorol ogical means. During the cold season,
snow pack measurements may be necessary for both
wet end dry deposition estinates.

Because of the difficulties of nmaking
aeronetric measurenments within a WI derness,
or nore sites will be established at the boundary
of the Wlderness, where the inflow and outflow
of pollution-related material can be nonitored.
Wthin the WIlderness area, passive nonitoring
techni ques can be used such as measuring the
total amount of precipitation, measuring the
total snow pack depth, retrieving representative
snow pack sanples for laboratory analysis, and
establishing a detailed inventory of land surface
type.

P The proposed protocols will provide estinmates
of airborne pollution material. Conpliance with
pol lutant regulations or with allowable air
quality increnents under prevention of
significant deterioration (PSD) regulations is
not being exanmined. These guidelines will not of
thensel ves establish air quality baselines for
permtting new sources under the Clean Air Act.

The gui del i nes make maxi mum use of existing
procedures and nethodol ogi es that have been, or
are being, field tested as part of a national
net wor k.

Several critical assunptions have been nade
during the devel opnent of the atnospheric
conponent of the guidelines, These include:

1. Procedures and neasurenent nethodol ogi es
to evaluate conpliance wth existing standards
for criteria pollutants are not discussed. The
concentrations for gases and particles within a
W | derness area are expected to be well within
existing standards. A notable exception may be

can be

one

Environment

ozone; its continuous neasurenent is therefore
recomrended at all sites as required for
conpliance testing. Should the need evol ve for
conpl i ance testing based on prelininary
assessments, taking into account results from
nodel cal cul ations and other efforts, then the
met hodol ogi es published in the Federal Register
by the EPA will serve as protocols.

2. Models can be used for guidance in
selecting regionally representative sites.

3. The meteorol ogi cal and aeronetric
measur enents shoul d be expanded spatially and
temporally if the representativeness of these
measurements is in doubt. Aircraft sanpling over
the Wl derness area and vertical profiles for
met eor ol ogi cal data are powerful tools for
docunenting regional air quality.

4. Athough large particle deposition
results in significant chemcal input to
ecosystens, we assume that such particles are
primarily fromlocal natural sources and hence
not man-caused. Thus no neasures are suggested
at this time.

War m Season Measurenent s

Gases and Aerosols

Table 1 summarizes the aeronetric paraneters
that are measured in this protocol. CQur
know edge of trace gas and aerosol exchange
bet ween the atnposphere end the earth’s surface
islinted to a small nunmber of gases (mainly
ozone, NO2, HNGs SO2, and NH8 ). This
gui del i ne suggests dry deposition may be

Table 1.-Aeronetric Measurements

' Qjantitative
T| me. det ect| on .
Anal yte metho resolution limt (QDL) Desired accuracy
0 W photoetry, At hourly Sppb  Lgr of QL or 10%
NGy filter pack Ipight’  O.ppb  Lgr of QDL or 20%
1(,TEA-i r ?nated ?Eﬂ H# geach) P oot @ '
|!ter oj ovrn or up to I wk
Teflon and nylo averaEe
Mass, SO, f(iTIe?F[rm)pack iziyz n| ghtz 0.2ppb  Lgr Of QDL or20%
o u
averaEe
i 0
e e e, 0w o
or up to I wk
average
0
TOta?Amnia f(lolxtaﬂc %%lfd rﬁ)ﬂghtz 0.2ppb  Lgr of QDL or 20%
R e
0
sQ 65; ?\%)Crkeo%gated igy‘]m% f 0.2ppb  Lgr of QDL or 20%
Il or ug wk
average

Optional . ,
Z\%)tf'n t%e option to measure over a 24-hr period only.



cal cul ated from neasured anbient air
concentrations.  Actual deposition is inferred
fromconcentration data end deposition velocities
that have been determined for specific gases end
surfaces. The following trace naterials are
measurenent  candi dat es

Sul fur dioxide (S02) is a key primry
pol lutant of concern in Wlderness. Dry
deposition of S02, especially to noist
surfaces, is considered a major sink, perhaps the
maj or sink of this species. Uptake of S0, by
vegetation end ecosystenms is an acid-producing
process

Ni trogen dioxide (NO2) is phytotoxic and
hence of direct concern in Wlderness. This gas
is relatively insoluble in water, but is highly
reactive with biological mterials. Chanber
studies as well as field measurenents indicate
that NO2 can dry deposit at noderate rates

Czone (Q) is formed in the atnosphere as a
product of reactions involving hydrocarbons and
nitrogen oxides. This connection with nitrogen
oxi des al one establishes its inportance to
W/l derness. Qzone has been dempnstrated to be
phytotoxic. Dry deposition is a major sink of

®; ozone is probably the best studied air
pollutant for this reason. Al of these reasons
place @ as high priority for measurenent

Nitric acid (HNG) is the final product of
at nospheric oxidation of nitrogen oxides. It is
a strong acid, highly soluble in water. Nitric
acid is thought to be dry-deposited at a high
rate, governed by atnospheric turbulence. The
high acidity of HN®B as well as its role
(often the case with nitrogen conpounds) as a
plant nutrient, establish the inportance of
characterizing its dry deposition

Amonia (NHB) is not considered a direct
pollutant. Sources of NHs are principally
biological: animl wastes, fertilizer, etc.

N is of interest in the Wlderness area
context because it is one of the principa

at nospheric bases available to neutralize
atmospheric acids. However it can contribute to
soi | acidification when taken up by vegetation
Reactions of NH3 with aerosol HSO: result

in gas-to-particle conversion that in turn
affects the deposition and fate of NHs.
Additionally, NH8 as an available nitrogen
species, is a nutrient to nitrogen-poor
ecosystens. Little is known about dry deposition
velocities of NHB, but they may be large in
view of the high solubility of NHs at acidic to
neutral PH.

Aerosol particles are a prinme cause of
visibility reduction as well as the neans by
which acidic material is delivered and hence are
of considerable concern in Wlderness. Mst of
the sulfate and nitrate associated with
at nospheric particles is found on particles of
0.05 to 5 micron dianeter, as a result of
gas-to-particle conversion. Because these
particles can travel over long distances (because
of their low gravitational settling velocities),
they are good indicators of distant pollution
sources, particularly of sulfur dioxide

Wet Deposition (Quality end Quantity)
Table 2 lists the paraneters to be nmeasured

in precipitation. Wt deposition is a mjor
pathway for the transport of nitrogen end sulfur
conpounds to the earth’s surface. Wt deposition
conbined with dry (gases and aerosols) represents
total deposition. Thus precipitation quality and
quantity is of major inportance in determning
pollution inpacts on ecosystens. Because of the
renote location of W/ derness areas from major
pol lution sources, a significant fraction of the
total deposition of pollution-related materia
will be delivered as “wet” deposition

Several national wet deposition networks have
been in operation for several years. The
installation, operation, and subsequent
| aboratory anal yses are well established and are
adapted for this protocol. Al of the analyses
listed in table 2 can be conducted at a centra
| aboratory. The only variables neasured at the
monitoring site after precipitation collection
(or within a few hours driving distance from the
nmonitoring site) are precipitation quantity,
field pH and conductivity

Met eor ol ogi cal Measurement s

To assess total deposition, both wet and dry,
a series of neteorological neasurenents are
required. Meteorol ogical variables to be
measured at a representative site (outside the
W derness area) during the warm season include

Table 2. --Summary of anal ytes-analysis netheds, and detection limits for
precipitation

Time resoluticn Quant. detectionl Desired

Amalyte Method  Wamm season  Cold sesson  limt (my/l) accuracy?

i electrode  weekly ave accumilation — 0.05 pH
over season wnits

Total .

alka-

linity titration weekly ave acamulation _— 20%
over season

Conduc-  bridge weekly ave accumilation - 20%

tavity over season

5042 xc3 weskly ave accumulation 0.2 1gr of oL
over seascn or 10%

NO5~ Iic weskly ave accumilation 0.2 1gr of QDL
over season or 10%

a” Ic weekly ave accumlation 2.0 lgr of QDL
gver season or 10%

NH anct weekly ave acamulatian 0.5 1gr of QDL
over season or 10%

Na® aa> weekly ave acamulaticn 0.2 1gr of QDL
over season or 10%

xt A weelly ave accumilation 0.2 igr of QDL
over season or 10%

ca2t 1cP8 weekly ave accumatation 0.2 1gr of QDL
over season or 10%

Mgt IcP weskly ave accumalation 0.2 1gr of QPbL
gver season or 10%

‘Defined as the minimumvalue that is likely to be detected by the
stated method when applied to actual precipitation sanples. This value is

|arger than the mininum detection linit that is achievable in the laboratory

for™ pure standard solutions.

Defined as the maxi mum difference between the measured and the true val ue
of the quanity in question.

‘lon  chromat ography.

‘Automated wet chenmistry. )

‘Graphite furnace/ Atomatic absorption.

‘I nductive coupl ed plasma spectroscopy.



tenmperature, pressure, precipitation, w nd speed
wind direction, surface wetness. and relative
humidity. Precipitation quantity is a
particularly inportant meteorol ogical variable
wet acidic deposition calculations are very
sensitive to estinmated precipitation amunts

Precipitation data measured at a single
W | derness area station during the warm season
cannot be representative of precipitation over
the entire area. It is inportant to consider
ot her mechanisnms to collect precipitation data
within the WIderness. Because topography and
ground cover vary widely in these areas it is not
possible to estimate how many collection points
mght be required in general. It may be possible
to estimate the anount of precipitation over the
W derness area fromthese conbined data, but the
reliability of any such effort will depend upon
the intensity and frequency of the sanpling
Questions such as sanpling design and reliability
and representativeness of the data are not
addressed in this docunent.

Wnd data are collected at the same location
to provide information necessary for
understanding the variability in the aeronetric
and precipitation chenmistry data, as this
variability often can be attributed directly to
sources upwind. Pressure and tenperature data
are needed for calculating volume flow rates for
aeronetric sanples. Tenperature and humidity
data may be needed, along with land use data
vegetation cover data, surface wetness, and other
parameters, to estimate dry deposition rates
Met eor ol ogi cal data are also useful for nodelling
studies that may be required in support of data
assessnent.

The instrunents proposed for this W/ derness
area program are listed in table 3. The
accuraci es specified by the manufacturers are
noted. This equi pment has been field tested and
has been routinely used in many nonitoring
prograns. No recommendations are made for a
specific manufacturer; other instruments may have
equal Iy satisfactory performance characteristics

Col d Season Measurements

Table 2 lists the analyses to be conducted on
snow pack sanples. The snow pack provides an
accunul ation and integration of deposition events
of natural and anthropogeni c water-sol uble and
particul ate inputs. Total deposition of
pol lution-related material averaged over the
entire cold season (wet and dry) can be estimated
for selected sites within the wilderness area
provided that snow nelt occurs only during the
nornmal spring nelt period and not intermttently
during the winter. Because of the
inaccessibility of most parts of the wilderness
area during the cold season, seasonal tota
deposition nmay be the only neasurenent paraneter
obt ai ned during this season

Dependi ng on the accessibility of the warm
season nonitoring site, neasurements of gases and
aerosol s should continue during winter. The
measurenent of “wet” precipitation by use of the
wet -only sanpl er depends on the ability of the
sanpler to operate effectively under existing

Tabl e 3. -Reconmended neteorlogical equipment list, warm season
Par anet er Measur ement  Met hod Range Accur acy
Wind speed Qp anemaneter 1-40 w/s 0.2 m/s up to
13 ny/s, and not
exceeding 0.5
n/s thereafter
Wind darection Vane 0-540 degrees 1-2 degrees
Temperature Two element ~30 to +50° C 1°c
camposite linear
thermistor
Relatave Dlelectric 0-100% 2%
humdity polymer
capac:l.tance
Pressure Capacitance 600~1100 mb 0.3 mb
aneroid
Precipitationt Weaghing 0-15 cm 0.01 ca
mechanism

Surface wetmess Ieaf wetness grid resistance

'At sites where a significant fraction og the precipitation is in the
form of snow, an Alter-type windshield will be added.

weat her conditions. Meteorol ogi cal neasurenents
shoul d continue throughout the cold season

Requi rement s

Sarmpling Program for Warm Season

In principle, the nonitoring sites cannot be
located within the wlderness area. The nunber
of required sites depends on the wilderness area
under investigation. The equi pment measurenents
detailed here are on a per station basis. A
further assunption is that a qualified centra
| aboratory(ies) will be responsible for preparing
all required materials (filters, collection
bottles, shipnent containers, etc.) for the field
sites and anal yzing the exposed filters and
col lected precipitation sanples. The equi pnent
needs for such a central |aboratory are not
detailed here, but table 4 presents an overview
of the expected concentrations in sanples as a
function of various analytical techniques
avail able for the analysis of both inpregnated
filters (fromfilter pack) and precipitation
sanples (rain and snow). Table 5 summarizes the
instrumentation requirements for the nonitoring
site. Al equipnent or support itens except the
filter pack are readily available fromsevera
manufacturers.  All equipnment and field
procedures for precipitation and snow pack
sanpl es should be (to the nmaximum extent
possible) identical to existing national or State
programs to insure maxi mum data conpatibility.

No standardi zed equi pment for filter pack
systems is in use today. Both EPA and EPRI are
pl anning the deployment of filter pack systens in
1987 as part of a nationw de gas sanpling network
to measure anbient concentrations. The equi pment
di scussion that follows assumes such networKks
will be inplenented, and filter pack equipnent
(with inpregnated filters) or annular denuders
wi |l becone comrercially available for this
wi | derness area monitoring protocol

The filter pack air sanpling nethod uses



Table 4.-Expected concentrations of rainwater contaninants, laboratory detection linits for selected constituents in

rainwater and filter packs (mn. detection level, ML, in ug/n, precisionin %

Typlcal Concentration Rande (uq/ml)

Observable Rural Remote 1cC act 1cPS a3 XRFE Electrode’ Titration8

5042 3.4l 0.8-1.2 0.025/5% 0.3/5% 0.04/2% (S)

NO3~ 2.3 0.7-1.0 0.015/5% 0.04/5% 0.4/5%

1~ 0.64% 0.152 0.007/5% 0.02/5% 0.02/2% 1.8/10%

N T 0.391 - 0.011/5% 0.005/5% 0.015/5%

Nat 0.312 0.0852 0.007/5% 0.002/10% 0.002/2% 0.05/2% 6.02/5%

" 0.0881 0.02-0.04 0.016/5% 0.01/2% 0.01/2% 0.04/5%

ca?t 0.21% 0.2-0.5 0.00007/5% 0.01/2% 0.007/2% 0.02/5%

Mgt 0.0571 0.03-0.08 0.00005/5% 0.001/2% 0.04/2%

H* 0.0741 —_ #0.1 umt

Total acadrty 0.11 — 0.002/3%

Conductivity 0.7 umhos bt 0.1
umhos/<10%

1AVeT.age of 8 sites. MAP3S/RAINE 1982.

2NADB/NIN sites.

3pesert. Research Institute Iab results.

“Techmican, Inc. specified limts.

2E‘asse1 and Knisely 1974.

Assumed 47 mm £ilter, 5 ml rinse using protocol 5
detecl7-.1.on limits as specified by NEA labs.

Orion specific ion electrode, MDL as specified.

Y average values from Chan et al. 1983.

selective filters within the filter pack to

col l ect specific pollutants over a 12-hour to
7-day period, depending on protocol. The filter
packs are sheltered in a sanple head, which is
pernmanently attached on a support pole at a
height of 7 neters.

Wth this pack of sequential absorbing
filters, the average concentration (12 hr up to
one week) of fine particles (S04, NG, NH4)
and gases such as SC, HNGs, NG, NH
can be nmonitored. Wen the airstreamis drawn
through a size selective inlet, particles of a
specified size range can be captured. Various
choices exist for the selection of filter media,
absorbent, flow neters, and size selective
inlets. Although filters are not considered an
equi pment item they are discussed because they
are an essential part of the system

Particles. Teflon nmenbrane filters will be
used to collect the particles before the air
stream encounters other filters. A cyclone is
included prior to all filters to remve particles
| arger than approxinmately 2 um and a short
length of Teflon tubing is used as a transition
flow reactor for the flow before encountering the
filter (Knapp, et al. 1986, Durham et al 1986).
Tefl on has been shown to quantitatively pass
HNOs (CGol den et al. 1983), although nitrate
particles collected on the filter may volatize
(Appel et al. 1984). A though these filters are
anal yzed only for sulfate and nitrate as part of
the wilderness protocol, they are selected and
sectioned so that nore extensive chenical
anal yses can be performed on themat some |ater
date. (X-ray fluorescence analysis for elenental
species might be useful, for exanple.) This my
be useful for visibility considerations.

Nitric Acid and Amonia. Nylon nenbrane

filters are used to capture nitric acid

(HNG).  The specificity of nylon for HNOs
capture has been deronstrated in both |aboratory
(Mller and Spicer 1975, Spicer et al. 1978) and
field studies (Spicer et al. 1982). Nylon does
not remove NO2 or PAN but may absorb NeGs

at high hunidities. Wen |ocated downstream of
the Teflon filter, it also absorbs any HNCs and
some of the SOz that may be volatized fromthe
particulate collection. Nylon menbrane filters
(Nyl asorb) have been used to trap nitric acid
quantitatively (Spicer 1979). Recently , citric
aci d coated glass-fiber filters have been
recomrended for collection of amoni a (NHS) as

a backup in the filter pack system This“allows
the collection of any ammonia fornmed from
ammonium nitrate particles collected upstream
(EPA 1987).

Nitrogen Dioxide. A glass-fiber filter
impregnated with triethanol am ne (TEA) absorbs
nitrogen dioxide (NQ). The TEA filter will
nmeasure tine-averaged | ow concentration NO
(Levaggi et al. 1973, Durham and Ellestad 1984,
Knapp, et al. 1986).

Sul fur Dioxide. A K2C3®-glycerol
i mpregnated cellulose fiber filter has been shown
to be an effective trap for sulfur dioxide
(SQ) (Hugen 1963). A glass-fiber filter
impregnated with triethanolam ne (TEA) has been
used to collect SO,(Knapp, et al. 1986).

Various options are available for a system
that passes sanples of the atnosphere through
these filters. For the wilderness area,
application of a heated Tefl on-coated cycl one
that renoves particles larger than 2 um
aerodynami ¢ dianeter is proposed. Figure 1
illustrates one of these systems (EPA 1987).

The cycl one assenbly is housed in an
instrument shelter. The cyclone inlet is
protected fromprecipitation but able to sanple
air directly. A mininumlength of Teflon-coated
pipe is used to direct the sanple streans to the

filter packs, located inside the shelter. The
mass flowreters and punmp are located in a

separate punp box. WWen replicate sanpling is



Table S.--Summary of basic equipment needs for momrtoring site.

Man days

requirement
Equipment Time resolution at satel

Warm season
Precipitation

Special bucket with 1i1d opened events averaged 0.4 per week

autamatically by rain over one week

Asrometrac

Falter pack?
Teflon day/maght (12-hr 0.3 per week
nylon schedule) averaged
TEA-1mpregnated for NO, over one week

KyO0;-1mpregnated for S0,
oxalic acid-impregnated

Ozone - uv photametry (1-hr schedule) 0.2 per week
Meteoroloqy

Wand speed:cup anemameter (all 15 mmn or 0.1 per week
Wind direction:vane 1-hr average)
Temperature: resistance
thermameter
Pressure:capacltance aneroid
barametar
Precipitation:weighing rain

gauge
Relative humdity:polymer
capacitance sensor

Support Equinment

Data logger for meteorology,
ozone

Triple beam balance

o meter

Conductance bridge

Calibrator for gas monitor
{ozone)

Supplies

Refrigerator/cooling chest for
sanple transportation

Shelter and Tower

10-meter tower for met
instrument and air intake

Instrument shelter with AC/heat
capable of maintaiming temp.

Security fence

Access road

Power access

Cold season
Snow Pack

seasonal average 1 week per
collection before station

Support Equipment snow melt

Refrigerator for
snow samples

Balance

Supplies

Standard Federal Sampler

lExclusive of travel to and from site.
2Requires fabrication for samplers, not yet routinely
available as an fioff the shelf* item.

necessary, a second conplete filter pack system
and shelter can be co-located.

Filters required for filter pack sanpling
nust meet the following requirements: 1)
nmechani cal stability, 2) chemcal stability, 3)
| ow flow resistance, 4) good retention wthout
cl ogging, 5) low and consistent blank val ues for
the species being neasured and those which mi ght
additionally be measured. and 6) reasonabl e cost
and availability.

EPA is currently devel oping protocols for a
transition flow reactor (TFR} filter pack as
illustrated in figure 1. Interested readers are
referred to the authors of this protocol for

further detailed information (Dr. Jack Durham
At nospheric Sciences Research Laboratory, Ofice
of Research and Devel opnent, US Environnental
Protection Agency, Research Triangle Park. NC
27711)

(zone. Anbient ozone (G ) concentration is
neasured with a W photonetric type instrunent
such as a Dasibi Environmental 1003- AH ozone
nmonitor or the equival ent nodel TECO 49P. The
Dasi bi W absorption photonmeter measures the
anmount of ultraviolet radiation absorbed by ozone
in a sanple of anbient air. The quantity of
|'ight absorbed is proportional to the
concentration of ozone in the air sample. Ozone
concentration readings are digitally displayed on
the front panel over the range of 0.000 to 1.000
ppm  An analog output of O 1 VDC also is
connected to the data |ogger.

Gas is continually supplied to the sanple
chamber by a self-contained punp and handling
system The intensity of the W beam traversing
the sanple cell is attenuated in proportion to
the ozone concentration in the sanple. The
signal is electronically processed for
presentation by the readout system and output to
the data logger. Two reference subsystens
provide a high degree of stability by correcting
for source intensity, optical path transmttance,
and detector response changes. Self zeroing and
interference renoval are acconplished by
conparison of sanple and reference readings. If
the operating parameters of the anal yzer are
within specifications. no span or zero drift
occurs and the analyzer is self-calibrating.

Col d Season -- Snowpack Sanpling

Several standardized tools are available for
sanpling snow cover. Table 6 summarizes the
properties of snow sanplers used in North
Areri ca.

Tests suggest that a sharp “Federal sanpler”
(or equivalent) is suitable for use in Oost types
and depths of snow cover. Cooperative testing by
North Anerican agencies through the Western Snow
Conference is continuing in an attenpt to devel op
a standard metric sanpler that will provide
accurate and repeatabl e nmeasurenments for deep and
shal | ow snow covers (Fames et al. 1980).
Currently, the “Standard Federal” is the
preferred choi ce throughout the western U S. and
Canada. Experience indicates that, in deep snow
packs (> 4-5 mdepth) with nunerous ice |enses,
the Standard Federal corer is not sufficiently
robust for repeated coring during a single field
trip. This is especially true for coring in
cold, continental snow packs such as those found
in the Rocky Muntain region. In such cases, a
McCal | corer should be used. Cross-calibration
to Standard Federal core sanmpling efficiency has
been reviewed by Fames et al. (1980).

For very dense, deep snowpacks, a combination
of a core and a snowpit may be necessary, since
it my be inpossible to extract the coring tool
(Dozier, pers. comm). Snow pits also allow much
nmore detailed examination of the snow  They
provide the only practical method of deternining
| ayer structure, ice |ense structure, and snow
microstructure avail able at the present tine.
Details of snow pit observations are found in
Perla and Martinelli (1976) and Jones (1983).
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Figure 1.~-Schematic of current filterpack design
for low concentration monitoring (EPA 1987).

Table 6.--Snow sampler properties.

Standargl Bowman3 Canadian®

Federal Federal? I-S Mccall?  MSC Adirondack®
Material aluminmum alumirkm  plastic heavy gage alumrum glass

or alumimm faber
alumimm

Iength 76.2 76.2 76.2 76.2 109.2 153.7
of tube’
(cm)
Theoretical 3.772 3.772 3.772 3.772 7.051 6.744
ID of autter
(cm)
Mumber of 16 8 16 16 16 None8
teeth
Depth of snow <5 <5 >3.5 >5 1.0 1.5
that can be
sampled (m)
Retains snow  yes yes yes yes no no

cores easily

1Standa:dsanplerusedintheW$ten1Umta:lstatsand(hnada.

27Gentical to "Standard Federal” but has an 8-tooth cutter.

3cutter has alternate cutter and raker teeth and may be mounted on
plastic or standard alumnum tubing. It is more an experimemtal rather
than operational sampler.

%Used 1n dense snow ar ce. It 1s a heavy gauge alumimm tube
with 5~cm cutter with straight flukes. It may be draven anto the pack
with a small slide drop hammer producing an icepick effect.

5Amos;i1er1c Enviromment Service large diameter sampler used in
shallow snow cover.

e diameter fiberglass sampler comuonly used in Eastern United
States.

"Most snow samplers in North America use inches and tenths as
their basic units of measurement. Values in this table are
correspording metric equivalents.

8Stainless steel circular cutter edge or small teeth.

Note: A special sampler is needed for snow sampling 1f snow 1s
analyzed for trace metals.

Whet her or not the increased information is worth
the increased work of digging pits depends on the
i ntended use of the information

Fi el d Procedures

Sampling Site Selection Criteria -- Warm Season
Regi onal considerations. --Because of the

10

vacuum
pump

difficulties in operating monitoring sites within
the wilderness area, “representative” |ocations
wi |l be chosen for sites at the periphery of the
area. “Representative” in this context refers to
the climtology of the region and to the synoptic
scale air nmass flowing over the wlderness area
Both of these overall meteorological parameters
shoul d be assessed in conjunction with nman-made
pol lution sources in a roughly 500-nmile zone
surrounding the wilderness area to determne
approximate | ocations for potential nonitoring
site(s). ldeally, such en assessnent shoul d
yield monitoring site(s) that can characterize
the flow of pollution-related material into end
out of the wilderness area. The number of
monitoring sites nust be established on a

case- by-case basis, end obviously depends on the
size of the wilderness area, the conplexity of
terrain, the acceptable level of uncertainty

etc. Determining an appropriate nunber of sites

is not en easy task. TAPAS nodels (Fox, et. al.
1987) are available to aid in this task
Local considerations. --The nost inportant

criterion is the availability of electrica
power, because nost of the atrmospheric samplers
require at least 110 V electricity. Wthin the
constraints set by the availability of power, the
sanpling site should be as close to the renote
area of interest as possible. The tenpora
variation of atnospheric concentrations of
interest is probably much greater than the
spatial variation, particularly in background
locations; however, very little data are
available to confirm this specul ation.

The selection of the atnmospheric sanpling

site al so shoul d depend on potential |oca
sources of pollution. Potential local sources
include home chimeys, vehicular traffic
auxiliary diesel generators, and local industria
activities. Seasonal changes in activities
produci ng potential pollution also should be

not ed.



Because of the size of some of the equipnent
and the need for servicing on a year-round basis
the site should have reasonable access: one
shoul d be able to drive close (0.5 km) to the
site during various weather conditions. Ideally,
the site should be | ocated where year-round staff
are available to service the equi pnent and change
the sanpling heads

The site should be protected from animals and
unaut hori zed human entry. The first line of
defense is to locate the site out of norma
view Oher ways to protect the site include
fencing, signing, or locating at a site with a
permanent resident on officially protected
property such as a ranger station, a university
field station, etc. Experience indicates that
the nost effective protection of a siteis to
keep it out of everyday view

Ideally, the site should have a conplete
ground cover to mininize resuspended materials
and dust fromthe |ocal area, but should never be
under or near overstory vegetation. As a rule of
thumb, the dianeter of the opening should be
about 10 times the average height of the
surrounding overstory vegetation. The site
shoul d be | ocated so that sampling will reflect
as accurately as possible, the chenica
constituency of air masses of fairly large
circulation

Because many sanpling sites will
of the desirable attributes, sone conproni ses
must be made. To evaluate tradeoffs, a
systenatic decision-neking process should be
used. For example, site criteria are divided
into those which nust be net, and those which are
desirable, Ranking is based first on “nusts”
then “wants”; a final decision is made by a group
of experts in atnospheric sanmpling

Site criteria are sunmarized in table 7. The
instruction manual issued by NADP (NADP 1984a)
provides further information regarding the
establishnent of a wet deposition site using the
wet/dry precipitation collector

not have all

Sanpling Site Selection Criteria for Snowpack --
Col d Season

Total deposition of pollutant-related
mat erial accunulated in snow over the entire cold
season will be rmonitored at sites within the
wil derness area. The nunber of snow cores to be
sanpl ed varies with the size of the wilderness
area, the extent of ecologically sensitive
regions, the conplexity of the terrain, and other
factors, but a mnimmof five sanples should be
taken at each site. These should be selected to
collect maxi num deposition

The snowpack shoul d be sanpled at maxi num
accunul ation, but before spring nelt starts
These ideal conditions are not always net. The
Cascade and Sierra Nevada Muntains have a warm
snowpack with tenperatures usually near 0°C
(Smith 1974) Because of air tenperature
variations, sone nelting of the snowpack may
occur during the winter, and depending on
tenperature conditions, rain may fall on the
snowpack and percolate through it. Such
percolation, if it continues through the entire
depth of the snowpack, can |each soluble materia
fromthe snow in concentrations disproportionate
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Table 7.—S1ite selection criteria for representative aerametric
station (warm seasan) outside of wilderness area.

General criteria

1. ‘The site(s) should be selected to give samples
representative of the wilderness area.

2. The site(s) must be accessible during the warm season
1n all weather conditions on a daily basis.

3. The site(s) mst be located in an area secure fram
damage by animals or vandals.

4. 'The site(s) must be serviceable by line pewer and
either have a smitable eguipment shelter or have room for a
suitable shelter.

5. Sampling site(s) should be situated no closer than 20
kn from areas enclosing cambined sources larger than 10,000
tonnes/yr S0, or NOk.

6. Sampling site(s) should be located at least 5 km from
population centers greater than 5,000, at least 10 km fram
population centers greater than 50,000.

7. All candidate sites must appear to meet the detailed
selection crateria listed below,

8. 'The landowner or custodian must be in full agreement
with the intended use of the site (including any restrictions on
access or use such as limitation on develomment) and willing to
grant the access ard space needed to fulfill the sampling
requirement for the lifetime of the network.

Specific criteria

1 Mo A av_o _aa o

i. ;\1 ldlge Qojects uiat mignc corntribute tf) e
contamination of precipitation samples must be farther than two
times their height fram the sample collector or fall below a 30
degree elevation angle when viewed fram the collection point.

2. small objects, such as vegetation or fences, that are
of camparable heyght to the height of the precipitation collector
opening must either be farther than two times their height fram
the collector or be at a distance equal to the height of the
collector opening—whichever distance is greater.

3. whenever possible, the precipitation sample and all
1mtakes to aerumetric monitoring equipment must be located a
minimm of 250 meters fram all public roads or other routing
mobile sources of atmospheric pollutants.

4. All sampling sites should be located a minimm of 250
meters from any fertilizer storage areas, feed lots, fuel storage
areas, stata.cnazy 1nternal combustion engines, or other similar
sources of potential contaminants.

5. Sources of dust, such as construction areas and tilled
farm lands, should be avoided whenever possible. If this
resiriction cannot be met, these sources should be kept at least
250 meters fram the sample locations.

6. All possible efforts shauld be made to locate
momtoring sites on level, naturally vegetated land or in grassy
areas. No site should have a slope greater than 20 degrees fram
the horizortal.

7. All sites must be accessible by vehicle.

8. All sites must be located outside the wakes of
buildings, trees, or abrupt changes in terrain.

9. All sites must have clean, temperature-controlled
working area set aside for sample . 'The area should be
dedicated to the handling of precipitation samples and it must
naot contain anv notentisl contamynants.

nat any poTentl:

to those in the snowpack (Johannessen et al.
1980) . In addition, atnospheric conditions under
whi ch the snow was deposited, the degree and type
of metanorphi smthe snow has undergone, and the
intensity of rain and/or nelt events all can
influence the rate at which inpurities can be
renoved from the snow (Shockey and Tayl or 1984)
Thus, the snowpack cannot be assuned to
accunul ate and hold all atrmospheric deposition
during the life of the snowpack

To lessen the possibility of rain and nelting
i mpacts, sanpling sites should be |ocated above
the freezing level for the particular geographic
region under consideration. \Wenever possible



the sanpling sites should be located in the

sout hwestern part. of neadows or in open areas
where shading mininizes surface nelting from
solar radiation. At lower elevations, the
temperature of the snowpack nay reach 0°C and
therefore endanger its integrity. Selective

| eaching of ions fromthe snowpack can be
identified by setting out waterproof boxes of
about 2 X 2 mand lined with pol ypropyl ene
plastic in the fall. Snow cores collected
outside the boxes can be conpared with cores plus
malt water frominside the boxes during the later
wi nter sanpling period.

Sampl e Col I ection Procedure -- \Warm Season

Filter pack. --Every seven days (when sanples
are removed fromthe precipitation collector),
the filter pack is removed and a new filter pack
is installed. The following is a preliminary
description of the procedures to be followed.
The final protocol will depend on the selection
made for the national prograns.

1. Check the flowrate as indicated on the
sanpler control nodule digital readout. Cbtain
the actual flow rate fromthe calibration sheet
that corresponds to the indicated value fromthe
sanpler. Record this value as the “OFF Fl ow
Rate” in the | og book and sanple record sheet.

2. Note the tinme on the data | ogger
display. Record this time as the “OFF tine” in
the log book and sanple record sheet.

3. Lower the sanple head by releasing the
camlock at the base of the tower and slowy
feeding out the line tied to the tower upright.

4. Renove the filter packs by pulling up on
the quick-connect fittings collar. Place the
filter packs in zip lock bags.

5. The quick-connect fittings seal

thensel ves off when no filter is installed: this

will check the system for |eaks. After one
mnute, check to see that no flow is indicated on
the control nodule digital readout.

6. Install the new filter packs by pushing
theminto the quick-connect fittings in the base
plate. The “sanple” filter pack should be
installed in the fitting marked SAVWPLE and the
blank filter pack in the fitting marked BLANK

7. Raise the tower by pulling on the line
attached to the end of the tower upright. Secure
the upright into the tower base plate and engage
the cam | ock.

8. Note the time indicated on the data
| ogger display. Record this tinme as the “ON
time” in the log book and sanple record sheet.

9. Check the flow as indicated on the
control nmodule digital readout. |f necessary,
adjust the flow to the value corresponding to a
flowrate of 1.5 liters per nminute fromthe
sanpler calibration sheet. Record this value as
the “ON flow rate” in the | og book and sanple
record sheet.

Filter pack handling and shipment.--After
removal , the conplete filter pack is sealed on
both ends with plastic screw caps, placed inside
a zip lock bag, tagged, end shipped inside a
padded box to a central analytical |aboratory.
The follow ng infornmation should be recorded in
the station log book and on the sanple
identification tag, which will be attached to the
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zip-lock bag containing the filter
nunmber, side | D nunber,
stop date and tine.

Standard Operating Procedures (SOPS) have
been devel oped for all phases of the field
sanpling collection by EPA and Atrnospheric
Environment Service, Canada.

Precipitation. --An SOP for the neasurenent of
wet deposition exists for all nmajor national
networks.  The SOP for NADP/NTN will be adopted
here. QOperational steps including bucket
changi ng and wei ghing, sanple storage, field
| aboratory analysis (pH end conductance
measurement ), shipnent and maintenance are
detailed in the NADP site operation nanual
1982) . :
In summary, the NADP/NTN protocol is the
foll ow ng:

1. An aerochem Metric Model 301 wet/dry
precipitation collector collects precipitation
sanpl es, and a Belfort recording rain gauge
nmeasures daily precipitation amunts.

2. Sanples are collected weekly.

3. The sanple is weighed at the site to
determne total precipitation volume. The
soi | -contami nated portion of sanple is carefully
renoved.

4. A 20 m aliquot
and pH measurenents.

5. Aformis filled out by the site operator
describing the sample and the collection
characteristics (see fig. 2).

6. The sanple is mailed in the sealed
col lection container along with the sanmple
reporting formto a central l|aboratory for
anal ysis.

Because of the dilute nature of precipitation

pack: filter
start date and tine, end

( NADP

is removed for |aboratory

sanpl es, handling procedures must be foll owed
carefully to prevent contamnation. These
procedures are presented in detail in the

NADP/NTN manual. This plan is adopted for the
operation of the nonitoring sites, with the
exception of those sections which refer
specifically to liaison with the NADP/NTN Central
Anal ytical Laboratory (CAL).

Qzone. --SOPS exist for all aspects of ozone
measur enent, calibration, and preventive field
mai nt enance. They are detailed in, and part of,
the owner’s manual supplied by the nanufacturer
(either TECO or Dasibi). The Muntain C oud
Chem stry Standard Operating Procedures can be
used for further guidance.

Snowpack Col I ection Procedure -- Cold Season
The snow sanpler is |owered vertically into
the snowpack with a steady thrust downward. A
smal | amount of twisting aids in driving the tube
end cutting thin ice layers, but considerable
force end twisting of the sanpler with a driving
wrench may be required to penetrate hard |ayers
of ground ice. Penetration to extract a soil
plug helps to prevent the loss of the snow core
fromthe tube, and a trace of soil or litter in
the cutter indicates no loss has occurred. A
qui ck conparison of the length of the snow core
agai nst neasured snow depth will show whether a
conplete core has been obtained. The amount of
conpaction of the snow core during sanpling will
depend on snow conditions. If the snow core
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NADP/NTN FIELD OBSERVER REPORT FORM L] |1
NATIONAL ATMOSPHERIC DEPOSTTION PROGRAM Send Completed Form With Each Bucket To BUIk LD
Vg SSTToolve eseorcn Pogrom o The Centrai Analytical Laboratory DA NA
ond orher Federal State ond Privote
& Research Orgonizalions & R 7 Q_A NN
¥ NS/Exclud SP
1.STATION Name 2.0BSERVER initlals 3.SAMPLE BUCKET
D 111 Chack — -
LIT 11t —Signature One  werBide Dry-Side
Date Time Chack Yes or No /. h stem for Wet-Sid I I
4. BUEEET MO [OAY]Y, ooo-2a05] | O+ SITE OPERATIONS  Check Yes or flo for each item for Wet-Side samples only
hd | | 1 1 PEANEL 1 Collector appears to have operated properly and sampled all precipitation events
—t— during entire sampling perlod
BU CKET Date Time — 2 Rain gage appears to have operated properly during the week
OFF | MO JDAY} YR 0000-2400 3. Collector opened and closed at least once during the week, other tan for testing
l l @m 6. S AMPLE COND|T|0N DC'(:gﬂt.:’(.e,’s' g’o:’?s{:: 3!L;s:r£ples contaming precipitation
These Times Are. I—_—]Standard : : 1. Bird Droppings
Check One =) Daylight z - 2 Cloudy or Discolored
Savings 3 Unusual amounts of soot or dirt for this site
7.SAMPLE WEIGHT 8. PRECIPITATION RECORD  For Wet-Side Samples Only
For all buckets contalning
pracipitation Bucket On To Bucket Off
I:Dm Bucket + Lid A g;j;f;;r,y Type TUES WED TJHUR_ | _FRI__| SAT | SUN__ [ MON | TUES
+ Sample M- Mirture Circleone [ S MUIR S MUJR s MUIR SMUIRSMU[RS MUIRS MUIR s M U
=~ Unknown
S B A [ LTI
MM - Missing or L]
R ——— cirglsone |12 T MMIZ T MMEIZ T MMIZ T MMIZ T MMIZ T MM T MMIZ T MM
= Sample Welght
D:III——-[E in grarm Total sampling perlod precipitation from rain gage - Inches
Total precipitation from sampler = Sample Weight x 0.00058 inches/gram Inches
9.SAMPLE CHEMISTRY 10. SUPPLIES
Only for Wet-Side buckets with Conductance in »S/cm pH Circle 1f needed
Precipitation Distillad Water FrIrri pH 4 Bufter
% D]j nEHn = Pracipitation Sample pH 7 Buffer
Aliquot Removed Standard Cortifled Standard Megsured Correction Factor pH Gheck Sample
in mls 75 uS/cm Standard
X = pH Check Sample Field Forms
Correction Factor Sample Measured Sample Corrected
11.REMARKS For example: Insect contamination, contamination by operator, equipment mallunction, harvesting in area, etc.

41984

Figure 2. --NADP/NTN field observer

beconmes bl ocked or frozen in the tube, preventing
snow fromentering, the core should be discarded
and another sanple taken. Snow may freeze in the
tube when the snow tenperature is bel ow 0°C and
the air tenperature is above 0°C. Wen a good
snow core has been obtained, the sample is

wei ghed in the tube and the comnbined weight (in
wat er equivalent units) is read directly with a
spring balance. The tare weight of the tube is
subtracted to obtain the snow water equivalent.

Figure 3 illustrates a convenient format for
recording snow survey information in the field.
Such a form also provides docunentation of any
probl ens encountered while surveying that may
affect the accuracy of the survey and the
Interpretation of the results.

Al snow sanpl es shoul d be doubl e-bagged in
pol ypropyl ene (after dirt or soil has been
carefully renoved from botton), heat seal ed,
kept frozen by mechanical refrigeration until
they are analyzed in a designated chenical
| abor atory.

end

report” form

Laboratory Sanple Analysis

Filter Pack

Devel oprment of an SOP currently is being

funded by EPA and EPR as part of the

i mpl ementation of a dry deposition network.

SOP wi |l describe the processing of filter
sanples frominitial
| aboratory analysis of the filter

acceptance testing is conducted wll
inthe SOP. Al
testing are then weighed, packaged,
sent to the sanpling sites.

Upon receipt at the |aboratory,

The

acceptance testing through
extracts.
acceptance criteria end the manner in which
be specified
filters that pass acceptance

nunbered, and

The

each filter

is weighed and a certain fraction (specified by

the SOP) is reweighed separately. Al

filters

passing quality acceptance tests are chemically
anal yzed by | aboratory processes anal ogous to

those used for precipitation sanples.
The prelinmnary anal ytical

procedures for

extracting and analyzing filter pack sanples are



FORMAT FOR RECORDING SNOW SURVEY INFORMATION
Saow Course No —_—

Name
Sampler Date.
Station Snow Weight Wi Tube Water Core
No. Depth Tudc & Only Before Equivalent Length
om Core Sampling cm m
Total
Average
Checked Date
am. am.
SNOW SAMPLING: Began o __p.m. Ended — __p.m.
Sampling Conditions
(Please cAeck itcms descriptive of p ditions)

Weather at time of sampling: Temp.— —___°C
—————Clear e Snowing
————Parily Cloudy ——Blowing
—————fvercast ——=— Freezing
—————Ralning Thawing

Snow Conditions a1 Snow Course

Crusted-supports man on skis/snowshocs

Breakable crust-breaks under man on skis/snowshoes.

Snow solt and powdery-not sticky.

Snow soft and wet-sticky.

Snow ples oblained easily

Snow ples obtained with mod| difficulty.

Snow ples oblained with difficuhty.

lce bayer on ground. How thick? [e—— )

Ground frozen under snow,

Ground mot frozen under snow.

Ground dry under snow.

Ground damp under snow.

Ground wet d) under snow.

General Snow Conditions

What clevation i snow-line g Iy? —m
13 asow ochiing oa north and easl slopes® —_——
Is snow enching on south and wet slopas? —_—
How many centimetres of fresh snow at snow course? —_—cm

i3 there evidence of snow-alida?
Westher conditions of past moath

ly and stormy.
—meme—genicvally cicar and cold
T Ily cicar and mching
REMARKS:

Figure 3. --Format for recording snow survey
i nformation.

contained in the following SOPs (U S. EPA)
1. EMBL/ RTP- SOP- QAD- 531, Extracting and
Anal yzing Dry Deposition Sanples, My 14, 1985.
2. EMSL/ RTP- SOP- QAD- 503, Anal ysis of Anion
Sanpl es by IC, January 30, 1985.

Precipitation

Al sanple aliquots arrive at a central
| aboratory in special containers on a weekly
basis. SOPS exist for all phases of analysis and
quality control. This wilderness area protocol
i ncludes the collection and anal ysis procedures
devel oped by the Illinois State Water Survey and
outlined in Peden et al. (19861.

Snowpack

Sanpl es shoul d be anal yzed at a central
| aboratory. To ensure uniform handling, the
melting, filtration, and bottling processes
should follow strict protocol (Shockey and Tayl or
1984). During nelting, the overall tenperature
of the sanple should never exceed 4°C. This
procedure will mininize any bacterial
deterioration of the nutrient constituents.
I mredi ately after thawing at the central
| aboratory, the sanples should be filtered,
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preserved, end bottled.

Because | ow, near-detection-limt
concentrations of solute are expected in the
snowpack fromrenote regions, extraordinary care
nust be taken in sanpling, processing, and
anal ysis, as well as in collection of many
sanples, if a valid picture of total deposition
is to be obtained. Such standard operating
procedures must be devel oped as part of a quality
assurance plan. The procedures for analysis of
the nelted snow are anal ogous to those used for
precipitation sanples.

Support Needs

Data Col | ection from Continuous Monitors

Measurements made by continuous monitors are
collected on a data |logger at each site with
back-up by strip chart recorder. The |ogger
shoul d be a Canpbell Scientific Mdel CR21X/L or
equivalent. The collection of continuous data is
designed to: 1) conpute accurate averages or
sums by regular sanpling of the data channel, 2)
al | ow checking of data on a regular basis to spot
devi ations from expected operation, and 3)
retrieve the data

efficiently.
The data acquisition systemis illustrated in
figure 4. One-hour averages (1-hr averages) are

conputed in the data | ogger from scans nade at
5-second intervals. The variables scanned are

wi nd speed and direction, tenperature (anbient
and shelter), relative humidity, pressure,
precipitation anount, and ozone concentration.
Status channels will indicate when calibrations
or zero/span checks occur, position of the Iid on
the precipitation bucket, and site service by a
door alarm (checked to assure that routine site
visits are being performed by the site
technicians). The averages are stored in the
data | ogger and on magnetic media for later
retrieval. The data are available for inspection
and retrieval both on-site and renptely by

tel ephone if a telephone link is conveniently

avai | abl e.

Flags will be placed on variables that have
yielded less than 200 valid observations for a
60-m nute period because this average is
considered potentially invalid. Mgnetic media
will be collected on a weekly basis (or daily by
tel ephone polling if available). Strip charts
serve as the final backup if the data | ogger
shoul d fail.

Strip charts will be changed every 2 weeks
and archived for referral as needed. Strip
charts are necessary if conpliance with standard
QN QC procedures are considered essential. The
pol | ed data shoul d be examined by experienced
personnel to detect any instrument problenms and
suspect data that need to be checked or validated
at the site. The data should be processed at a
desi gnated processing center and checked for
range validity, rate of change, and other
automatic checks programmed into the data archive
system Flags are assigned to suspect data. All
flagged data shoul d be exanmined by an experienced
data technician. The technician reviews the
[agnetic media or strip charts as necessary to
validate questionable data. The data are
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Figure 4. --Schematic of data logging for neteorol ogi cal and associ ated

neasur enents.

sunmarized each nonth. Quality control is
achi eved by checking in the field end at the
central location. Protocols for Q¥ QC are
avail able fromseveral field prograns.

Qual ity Assurance
The aeronetric, meteorol ogical,

precipitation, end snow core data collected by

the site personnel should be of a quality
consistent with the requirenment of inpact

assessment.  Archiving this goal will require a

wel | - conceived qual ity assurance plan and

rigorous adherence to this plan throughout all

operational phases of wilderness neasurenent
(NADP 1984b).

Qual ity assurance can be divided into two
types of activities: quality control end quality

audi ting.
Quality control consists of a set of

mandat ory procedures to be followed during the
design, collection, and anal ysis phases of a
measurenment program  These procedures are
designed to insure that the data fromthe program
nmeet a predetermned set of perfornance
criteria. Quality control activities also
provide the information needed to deternine the
uncertainty in the nmeasurenents, i.e., precision
and accuracy. (Quality control is therefore an
ongoi ng activity perforned by the persons
actually meking the measurenents.

The performance of instrunentation end
| aboratory procedures may be eval uated by
conparison with NBS-traceabl e standards or by the
analysis of blind sanples. The performance of
data processing procedures is tested by
i ndependent|y processing representative sets of
measurements by en auditor. \Whenever possible,
existing Q¥ QC protocols and SOPS are to be used.



Data Anal ysis

The rmonitoring protocol outlined for the
wi | derness area provides aeronetric and
precipitation data sets with known accuracy and
precision. The accuracy and precision of
anal ytical neasurenents of air or precipitation
sanpl es are evaluated, in principle, in the
following manner: 1) accuracy is determ ned by
anal yzing EPA and NBS reference sanples, unknown
reference sanples, and spiked sanples; 2)
precision is determned by analyzing replicated
filter or precipitation sanples.

The aeronetric measurements are reported as
concentration in parts per billion (ppb) by
volune and in m crograns per cubic neter
(ug/ni), averaged over a time period of seven
days. (The protocol is still open as to the
sanpling node, i.e., separate day-night sanples
averaged over one week or one week total
average.)

The precipitation measurements (warm season)
are reported as concentration in mcromles per
liter (unole/l) averaged over the weekly sanpling
period. The total precipitation volune
accumul at ed during one week is reported in
mlliliters (m). Precipitation anount is
recorded separately by the rain gauge as
mllimeters per day. The snowpack sanples are
reported as concentration averaged over the
entire accumulation tine. The total amount of
snow accumul ated is presented in snow depth,
water equivalent, and total volume of water
(liters).

Fromthese primary data, one can derive dry
and wet deposition data. In addition, the air
quality at the boundary of the wilderness area
can be established. Air quality within the
wi | derness area can be estimted by conbining the
local Iy neasured neteorol ogical parameters with
the synoptic scale air flow obtained from
standard weather stations.

Concern over the deposition of acidic
substances has led to an awareness of linitations
inthe current ability to nmonitor dry
deposition. At present, relatively few prograns
are designed to produce dry deposition flux
estimates, in contrast to the existence of
several networks that produce wet deposition
fluxes. The delay in setting up dry deposition
nmonitoring networks is due prinmarily to the
scientific uncertainty of the necessary
measur enent s. No unequi vocal |y accepted nethod
exists for monitoring dry deposition.

Because it is difficult to neasure fluxes at
the surface itself, dry deposition rates are
usual ly inferred fromdata obtained in the air
above the surface. The critical assunption in
this approach is that fluxes neasured above the
surface are the sane as those at the surface, an
assunption that depends on the hormpgeneity of the
sur roundi ngs.

The deposition velocity, v, if known,
provi des a convenient nethod for deriving the
deposition flux, F, from neasurenents of
concentration in air, C F = v,C. This
calculation is the basis for the inferential or
“concentration-nonitoring’” nmethod. However, the
deposition velocity is not fixed for each

pol l utant species and surface of interest. In
reality, values of v are site-specific and
time-varying. For this reason, know edge of the
| and use and vegetation cover within the

Wi | derness area is essential to associate
“appropriate” situation-dependent deposition
velocities with the neasured, anbient pollutant
concentration.

Since the air quality parameters have been
measured at another |location (at the periphery of
the wilderness area), the dry deposition flux as
derived in this protocol can only be used as a
rough guideline to indicate the influx of
pollutants. As a rough guess, the dry deposition
fluxes estimated on the basis of this protocol
may be accurate only to a factor of two, whereas
the concentration values are significantly nore
preci se.

On the other hand, wet deposition and total
deposition (snow pack) may be obtained with
uncertainties |ess than 50%, particularly if
local precipitation anount is known. Wet
deposition is derived as the product of
concentration and rainfall anount (warm season).
Total deposition accunul ated over the cold season
is obtained directly from snow depth (water
equi val ent) and neasured concentration of
pol lutant material in the snow pack.
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Visibility

Visibility (including site visual range,
contrast, color, plume blight) in Cass | areas
is protected under the provisions of the Cean
Air Act of 1977, which stipulates that the
visibility within Class | areas is not to be
degraded and, if possible, is to be brought back

to pristine levels. Only visual scenes within
Cass | area boundaries are protected; “integral
vistas” are not protected.

Visibility measurements can be nade by
several techniques. Since nonitoring equipnent
is not permtted within Forest Service WI derness
boundaries, the Forest Service has adopted the
policy of nonitoring visibility fromlocations
adjacent to the boundaries. It is assuned that
the measurements taken fromthe nearby site
| ooking into and across the WIderness are
representative of the Class | visual sir
quality.

A primary goal of visibility monitoring is to
quantify how well the image formng infornmation
inavistais transmtted through the atmsphere
to en observer some distance away. This requires
an under standi ng of atnospheric extinction (the
scattering and absorbing properties of the
at mosphere that influence the transm ssion of
light) .

Three primary operational electro-optical
moni toring techniques are available: integrating
nephel oneters (Charlson et al. 1967);

tel eradionetric techniques using natural targets
(Mai m and Mol enar 1984, Johnson et al. 1985); and
transm ssonmeters (Maimet al. 1986 Mai m and

Tombach 1986). Each nethod has advantages and
di sadvant ages. For nonitoring near wilderness
areas where access and manpower are |linited and
power is generally unavailable, the nost
successfully applied techni que has been

phot ogr aphy. Phot ography has therefore been
sel ected as a practical end econoni cal
measur ement  net hod.

Transmi ssonmetry techniques are currently
pl anned for several Forest Service WIderness
areas as part of the | MPROVE program (Interagency
Monitoring of Protected Visual Environnents,
Joseph et al. 1986). However, current

transm ssonmeter systens are experinental end have
power, data collection, installation, cost,
service, and logistics requirements that nake

theminpractical at nost wlderness sites.

Phot ographic Visibility System

The phot ographi ¢ techni que was first proposed
by Steffans (1949) end was |ater refined by
Hof fer et al. (1982) and Johnson et al. (1985).
Phot ography offers sinplicity and econony in data
acqui sition with the added advantages of 1)
qual ity assurance of the neasurenents during data
reduction sod analysis, and 2) a 35mm slide
archive available for future analysis and
ref erence.

The primary el ectro-optical
target/sky horizon contrast

nmeasur enent of
is made by
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m crodensitonetric analysis of the 35mm slides.
This technique emul ates tel eradi oneter

measur enent s. The technique is an indirect
neasurenent of the visual air quality because it
depends on the filmnedia to accurately depict
visual conditions. Sanpling is limted to

dayli ght hours.

The col or slides can provide the follow ng
i nformation:

1.  The general
terrain features.

2. The relative color of the sky and terrain
features, as well as the presence of |ayered or
uni form haze.

3. A target/sky horizon contrast that is
reduci bl e to standard visual range under optinal
condi tions.

4. Slide archives that provide an easily
interpreted and relatively permanent visual
record of conditions within the wilderness.

condition of the sky and

System Conponent s

A primary photographic nonitoring system
includes the follow ng conponents:

1. Rugged, reliable 35mm canera body with
automatic film winder. The canera’ s automatic
exposure neter must be designed so that it is on
only during the actual tinme of exposure end not
continuously operating.

2. 135mm lens with W filter.

3. Databack capable of inprinting the day
and time the exposure was taken on the film

4. Battery powered programmble tiner
capable of triggering the canera at |east three
tinmes per day.

5. The conplete systemnust be able be
housed in a small, stand-al ong environmental
closure, and operate within the anbient
tenperature range of -30° to 130°F unattended
for at least 10 days.

Figure 5.--Field installation of automatic
phot ographic visibility nonitoring used at
many Forest Service and Park Service sites

(photo courtesy of Air
Inc. , Fort Collins, CO

Resource Specialists,



A commercially available system (fromAir
Resource Specialists, Inc.) that neets all of the
above criteria is shown in figures 5 end 6.
Systenms are currently operating in over 25 Forest
Service sites. A variety of camera
configurations can be fabricated to neet specific
site requirements. For exanple, some existing
Forest Service sites operate dual canera systens
that take two exposures per day and are serviced
mont hl'y.

Phot ographic Siting Criteria

The overall configuration of the nonitoring
site depends on the characteristics of the site
and target. In nost cases, the site will be in
en undevel oped location with a quality view The
| ocation shoul d be reasonably accessible and
secure year-round. The nonitoring view should be
sel ected by personnel experienced in photographic
exposure techniques and famliar with the
practical aspects end linitations of slide
m crodensitonmetry. The nonitoring site end
target should be selected so that as nuch of the
sight path as possible runs through the
wi | der ness.

The view nust contain at |east one horizon
visibility target with as many as possible of the
following characteristics:

1. Large--subtend at least 0.1 degree of
solid angle (approximately 20% of the size of the
full noon.)

2. Easily identifiable on topographic maps
of the area.

3. Dark--preferably covered with coniferous
veget ation.

4. Distance--preferably in the range of 40%
to 60,% of the expected standard visual range.
CGeneral guidelines are: 30 to 70 kiloneters in
the western U S.; 10 to 40 kilometers in the
eastern U.S.

5.  Nurmber of targets--at |east one quality
target is required; two or three targets at
various distances are preferred.

6. Elevation angle--the site and target
shoul d be at approximately the sane el evation.

Figure 6. --A closeup view of photographic
visibility monitoring enclosure (photo
courtesy of Air Resource Specialists, Inc.).
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The observer-target elevation angle should be
within £1°.

7. Targets should be located in the center
of the canera view finder (center 30% of the
slide) .

8. For evaluation of regional air quality,
the observer-target sight path should not be
affected by local sources of visual air
pol [ ution.

9. Target should be selected to be es free
of snow during the winter nonths as possible
Standard visual range val ues cannot be cal cul ated
for snowcovered targets

10.  Avoid exceptionally bright or dark
foreground objects that would adversely affect
the canera’'s ablility to accurately nmeter the
monitoring view.

11.  Sun angle--it is best to orient the
target to avoid the sun shining directly into the
| ens.

System and Qperation Costs

System end operational costs depend on site
and sanpling requirenents. The approximate
equi pnent cost for a single canera site, fully
outfitted to include 35mm canera, 135mmlens, uv
filter, databack, programmable tinmer, batteries,
environnental enclosure, internal |ocks,
sunshield, nonitoring hardware, mounting post,
tripod head, cabling, documentation chart,
instruction manuals, and lens cleaning supplies,
woul d be about $2,100.

Operational costs depend on the sanpling
frequency end analytical services. An average
cost of contracted services that includes all
film film processing, data analysis, reporting,
end archiving is $5,250 per year (3 photographs
per day, 365 days per year). For first-tine
sites, a one-time site initialization charge of
approximately $1,000 is also charged to cover the
costs of preparing site specifications end
performng inherent contrast analyses. On-site
servicing by local personnel to change film and
verify system performance is required every 10
days, end on en average anmpunts to two to three
man- weeks per year including travel tine.

It is also suggested that sufficient backup
equi pnent be namintained to ensure continuous
network operations.

Fiel d Service Procedures

Routine operations and sanpling.--Local
personnel will serve as the site operators, end
wi |l be responsible for the routine operation of
the canera systems. Autonmtic canmeras will take
three photographs per day at 0900, 1200, end 1500
local time. Kodachrome ASA 25 color slide film
will be used. This filmwas chosen for its fine
grain end excellent color reproduction
qualities. For consistency, all filmwll be
devel oped at the Los Angeles Kodak |aboratory.
Phot ographs will be taken using the automatic
exposure capabilities of the canera.

At many sites, access linits nonitoring to
snow-free periods. A number of existing Forest
Service sites currently operate for limted
periods, such as fromlate June or July through
Sept enber .

Site visit/servicing protocols.--Filmshould



be changed every 10 or 11 days, based on three
shots per day and 36-exposure filmrolls. Asite
visit by the field operator will generally
include the follow ng:

1. Ceneral site/systeminspection

2. Renove canera; renove and replace film
(fill out ID label)

3. |Inspect and clean canmera |lens and box
w ndow

4. Check batteries and databack

5. Photograph film docurmentation board

6. Replace and align canera

7. Check canera and timer settings

8. Conplete Visibility Mnitoring Status
Assessnent Sheet

9. Cose and lock camera shelter

10. Muil filmand Status Assessment Sheet

Detail ed protocols and mai ntenance procedures
for canera systens have been applied throughout
exi sting Forest Service networks for several
years.

Col l ection, reduction end anal ysis of
phot ographic data. --The major steps in the
handl i ng of photographic data are summarized in
figure 7.

Al filmcollected at the sites must be
mai | ed as soon as possible to a Central
Processing Facility. Al rolls will be |ogged
and forwarded to Kodak for processing. Al
returned slides will be identified by a site code
and consecutively numbered. Any missing or
i nconsi stent sanples will be noted and corrective
action taken.

For qualitative analysis, the condition
observed on each slide will be assigned an
identification code. These codes identify
weat her conditions, observed hazes or plunes, and
visibility target illumnation conditions.
Appropriate qualitative summaries can be prepared
from these codes. For exanple: In 20 percent of
data the visibility target is obscured by clouds;
| ayered hazes were observed on 30percent of 0900
observati ons.

The basis for quantitative analysis is the
measurenent of the contrast (in the 550nm
wavel ength) between and sky end selected terrain
horizon features. This contrast measurenent can
be reduced to yield a standard visual range val ue
in kilometers. This quantitative measurement is
related directly to the site path between the
observer and the target. Only the conditions
within the path are quantified in this type of
analysis .

Reporting. --The results of qualitative and
quantitative anal yses can be reported in a
variety of formats. Most results will be
sunmmarized by nonitoring season. Exanple report
products coul d include:

- Site specifications sunmary, including:

site and target constants

data, and data collection statistics

sunmari es.

- Qualitative slide condition code summary

and statistics.

- Slide and scene contrast listing for each

slide.

- SVR listings for each day, tinme, and target

was wel | as 0900. 1200. and 1500 daily

geometric mean SVR.

DATA
COLLECTION

!

FILM MAILED TO
CENTRAL PROCESSING
FACILITY

|

ROLLS T CORRECTIVE
RoLLS RECETVED OR > ACTION l—
LOGGED PROBLEMS NOTED TAKEN

}

FILM SENT
T0 XODAK

v

SLIDES CHECKED EXTRANEQUS
SLl;’E“S’c:gsgNED IN ARRANGED SLIDES
AND REVIEWED REMOVED

SLIDES NUMBERED PROBLEMS
AND VERIFIED L NOTED

.

SLIDES
CODED

{

SLIDES SCANNED SLIDES
FOR TARGET/SKY » ARCHIVED
CONTRAST
SITE SPECIFICATION | oam reoucen
DATA AND ANALYZED
| ,
SEASONAL DIGITAL DATA
SYR DATA ARCHIVES

REPORTS

Figure 7.--Steps in the handling of photographic
dat a.

- Mnthly plots of daily maxi num mininmm

and geonetric nean SVR

- Seasonal standard visual range summaries,

statistics, and plots.

Al original slides will be archived by site
in a Central Processing Facility. Al
qualitative and quantitative results will be
archived in both digital and hard copy fornmats.

Quality assurance. --All applied procedures
will follow fully docunented quality assurance
procedures.  Procedures have been established and
operationally applied to account for: film
quality; film handling, processing, archiving,
and storage; camera operation; scanning; data
handl i ng; analysis; and reporting.



Transni ssonet er Measurement System

Transm ssonmeters are a direct method of
measuring atnmospheric extinction.

Transni ssoneters consist of a constant-output
l'ight source transnmitter and a conputer-

control | ed photoneter receiver. The two

i ndividual |y housed conponents nmust be separated
by a line of sight distance of approximately .5
to 10 km depending on the average extinction
coefficient. The irradiance at the 550 nm
wavel ength fromthe transnmitter can be determ ned
by neasuring the light loss fromthe transmtter
to the receiver. Data are collected on |ogging
systens end strip chart recorders.

Several transm ssonmeter installations are
pl anned for Forest Service w | dernesses as part
of the |IMPROVE program These initial
experimental installations will provide further
insights into the practical application of
transm ssonetry for nonitoring visual air quality
in wildernesses. The initial experinmental
systens are costly to purchase end install.

Power can be provided by solar panels at some
sunny locations; line power will be required at
the receiver at many sites. Both ends of the
transm ssoneter nust be serviced weekly by field
operators. Trained technicians nust visit the
site to replace components and calibrate at |east
every six nonths.

Siting transm ssonmeters near w | dernesses nay
be difficult since neither end of the system can
be installed in the wlderness. Sight paths nust
generally be elevated to reduce the effect of
turbul ence caused by surface heating on the |ight
beam

The advantages of the transm ssonmeter are
that the systemdirectly measures atnospheric
extinction, both day and night. Continuous
measurenents can be averaged for selected
sanpling periods. Disadvantages include high

cost, power requirenents, sheltering,
installation, and servicing logistics. In
general, it is recomended that canmera systems be

operated along with the transm ssoneter to
correl ate measured extinction wth visual
conditions, end as a quality assurance reference.

21

Ref er ences

Charlson, R J.; Horvath, H ; Pueschel, R F.
1967. The direct measurenent of atnospheric
light scattering coefficient for studies of
visibility and pollution. Atnospheric

Environment 1. 469.
Hoffer, T. E.; Schorran, D. E.; Farber, R J.
1982.  Phot ography as a technique for

studyi ng visual range. Science of the Total
Environment 23: 293-304.

Johnson, C. E.; Maim W C.; Persha, G; Mlenar,
J. V.; Hein, J. R 1985. Statistical

conpari sons between tel eradi oneter-derived
end slide-derived visibility paraneters.

Journal of the Air Pollution Control
Associ ation 35. 1261-1265.
Joseph, D. B.; Maim W C; Mstsa, J. C;

Pitchford, M 1986. Plans for |MPROVE. APCA
Specialty Conference on Visibility

Protection. Grand Teton National Park,
Woni ng.
Mim W C; Walther, E G; ODell, K; Klein,

M 198la. Visibility in the southwestern
United States from sumer 1978 to spring
1979. Atnospheric Environnment 15: 2031-2042.

Miim W; Kelley, K; Mlenar, J.; Daniel, T.
1981b. Human perception of visualair quality
(uni form haze). Atnospheric Environment 15:
1875- 1890.

Mim W C; Melnar, J. V. 1984. Visibility
measurenents in national parks in the western
United States. APCA Journal 34(9).

Maim W C.; Tonbach, |. 1986. Review of
techni ques for neasuring atnospheric
extinction. APCA Specialty Conference on
Visibility Protection. Gand Teton National

Park, Woning.
Maim W C.; Persha, G; Stoker, R: Tree, R;
Tonmbach, |. 1986. Conparison of atmospheric

extinction neasurenents nade by a

transm ssoneter, integrating nepheloneter,
and tel eradioneter with natural and
artificial black targets. APCA Specialty
Conference on Visibility Protection. Gand

Teton National Park, Woning.

Steffens, C. 1949. Measurenent of visibility by
phot ogr aphi ¢ photonetry. Ind. Eng. Chem 41:
2396-2399.



Soils and Geology

Purpose

Soil functions in the ecosystemin roles that
are inportant to the productivity and diversity
of the terrestrial end aquatic biota. In
addition, it has a self-contained biota, and is
an efficient trap or collection systemfor many
atnmospheric contanminants. A careful description
and a set of quantitative nmeasurenents of the
ware essential to estimating the sensitivity
or stability of the ecosystem end to determning
its response to atnospheric input. The goals of
this section are to provide a guide in selecting
areas to sanple, and to suggest nethods for use
inthe field and |l aboratory to acconplish the
fol l owi ng

1. Characterize the soil-geol ogic resource
end evaluate its sensitivity to internal change
and its ability to buffer the aquatic system
This information will be used to assist in
eval uating the susceptibility or vulnerability of
the soils to change due to changes in air
quality.

2. Determine the present condition of soils
interms of pH nutrient ions, metal load, etc
as a reference value to nmeasure future changes
against. This information will be used to
nmonitor the system for evidence of change via
repeated measurenents

One inportant factor that nust be considered
is response tine;, while soil end geol ogic
features significantly influence the aquatic end
terrestrial biological systens, their response to
air quality change is likely to be slow and
difficult to neasure in a time span of a few
years.

List O Measures

The assumed sensitivity of high elevation
systens is partially due to the expectation that
nuch of the area may be bare rock, the geologic
material is little weathered or perhaps resistant
to weathering, end the soils are coarse end
shallow, providing little buffer capacity. A
reconnai ssance survey of the geology is necessary

to focus the linmted resources for sanpling on
sites that are nost likely to be susceptible to

change. The soil physical end chenica
properties recommended for neasurenent here
shoul d not be considered limting. Oher

neasures will be appropriate when the particul ar
area or air source suggests them but those
included in table 8w Il be adequate and
reasonable in cost for noat areas. |f advanced
anal ytical techniques for soil extracts are used
the content of additional metals, for exanple
m ght be available at little or no extra cost.
Useful neasurenents such as bulk density and
perneability should be taken where soils contain
few stones end allow the extraction of intact
volumes with coring devices. Such neasurenents
may be prohibited by equi pment needs or excessive
tine requirenents in nost alpine areas. Wile

22

Table 8.—Measurements for characterizing soils and geology.

Reference

Attributes Methods no. 3

Pit at plot edge and extemt 1
checked by borings

Soll description
Horizons, depth,
field pH, texture,

structure, color,

Mineralogy (Mineral soil hor:.zons) 2,2a
sand, siit Microscoplc examination
clay X-ray diffraction

Laboratory analyses

carbon Comustion to 3
IOI (ash) Wt. after combustion @ 550 C 3
=zt 1:1 Hy0 and 1.IN Kcl 4
exchangeable ions 1IN NHsAC extract. 5
ca Atanic absorption
Mg Atomic absorption
K Atamic absorption
Al Ataonic
Na Atamic absorption
Cation exchange capacity Saturation with Ba repl. 6

with ¥g

Exchangeable acidity BaCl-triethanolamine extract. 7,7a
or titratable acidity

Pervent base satiration cCalculated from measures

above
Extractable 50, Water and phosphate extract. 8
ion chromatography
Total N in O horizon Micro-Kjeldahl 9
Total S in O horizon Leco cambustion to S0, 10

Sulfate retained Equilibrium with sulfate at 2 11

and 20 mg/1, ion

chramatography

Metal content HCl extractable 12

P Atomic absorption, flameless

od Atomic absorption, flameless

Zn Atamic absorption, flameless

Ni Atamic absorption, flameless

(o1} Atomic absorption, flameless
Inorganic carbonatesl 00, release, HCl treatment 13
Intact soil cores?

bulk density volume and mass 14

pore space calculated from b.d. 14

permeabitity tempe cell l4a

LThe test for amount of carbonates in the soil material can
bede_'l.etaiifsouy-xmwatermnaxtralm:acid
S}mldbetzjmwlmsonisrelativelysmme—fmeam
intact cores can be dbtained with reasonable effort with simple
cans or coring device.
eranesidem:lfiaiinbablelo

these additional physical neasurements are usefu
in characterization, they are not of the highest
priority since they are not likely to be
sensitive indicators of atmospheric changes
Bul k density concentrations in soil are to be
converted to mass-per-area basis

Table 8lists the measures to be used in both
the initial characterization and in the periodic
sanmpling. The soil description, mineralogy,
particle size analysis, end reconnai ssance
geol ogi ¢ survey would not be repeated. Table 9
lists the detection levels end |aboratory
precision of the measurenments



Table 9.—-Proposed detection limits and laboratory analytical
precision goals.

Detection Precision
Attributes Unats limits goals
Nitrogen a/kg 1.0 5%
Carbon a/kg 1.0 5%
Loss on ignition a/kg 1.0 5%
P P umts —_ 10.1
Exch. calcaum cmole/ky T 0.02 5%
Exch. magnesium anole/ky 0.02 5%
Exch. potassium awle/kg 0.02 5%
Exch. alumirmum cole/ky 0.02 5%
Exch. sodium cnole/ky 0.02 5%
Cation exch. cap. cmole(+)/ky 0.1 5%
Exch. acidity cmole/ky 0.1 5%
Sulfate ma/ky 0.5 5%
Sulfur mg/ky 0.5 5%
Lead mg/Kg 0.1 5%
Cadmium mg/kg 0.1 5%
Zinc mg/kg 0.1 5%
Nickel g/kg 0.1 5%
Copper ng/kg 0.1 _5%
Other metals mg/kg 0.1 5%
Bulk density g/cm? 0.1 5%
Fore space ml/ml 0.01 5%
Permeability ay/hr 0.1 5%
Carbonate a/xg 1.0 5%

Requi rement s

Initial characterization of the geol ogy end
soils, including witing descriptions, requires

the services of two highly trained individuals--a

soil scientist and a geologist--both with field
experience. Subsequent field sanpling of soils
can be acconplished by technicians
Approxi mately one day per site is required for
the geol ogi st and soil scientist, assunming the
goal is to characterize an area of less then 3
kni.  Subsequent periodic sanpling can be
acconplished in one day per site

Field equi pnent to be transported into the
area is listed below. Al equiprment needed for
the soil and geol ogi c characterization and
sanpling is transportable on one pack aninal

Soi | auger

Sanpling tube

Spade

Kni fe

Topogr aphi ¢ maps end aerial photographs
Field pH kit

Soi | col or book

Not ebook

Measuring tape

Pol ypropyl ene sanple bottles (1 L)
G oth end plastic bags

Conpass

Abney | eve
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Table 10.—References for analytical techniques.

Reference Citation

no.

1 8o0il Survey Staff. 1981. Soll Survey Mamual. UsDh—
Scs, Agriculture Handbock No. 430, U.S. Govermment
Pramting Office, Washington, DC. Chapter 4.

2 Robarge, W.P. and I. Fermandez. 1986. ILaboratory
Analytical Methods Marual (draft). U.S. EPA, Washi-
ngton, DC. pp. 102-105. -

2a Klute, A. 1986. Methods of Soil Analysis, Part 1.
2rd Fditaon, ASA Monograph No. 9, American Soc.

Agronamy, Madison, WI. pp. 185-186,,336-356.
3 Page, A.L., R.H. Miller, and D.R. Keeney. 1982.
Methods of Soil Analysis, Part 2. ASA Monograph No. 9
(2nd ed.), American Soc. Agronamy, Madison, WI. pp.
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Field Procedure

Site Selection Process and GCeol ogic
Characteri zation

The site selection process will be the
responsibility of the land nanager, and quite
specific for each region. W suggest a
hi erarchi cal approach working fromvery |arge
land areas, such as the entire wilderness area
down to selecting the |andscape units (snal
wat er sheds, for exanple) that will be



characterized and sanpled. Al of the available
information from nunerous disciplines should be
integrated in the | andscape unit selection

process. Information on geol ogy, soils,

aquatics, vegetation, and general know edge of
the area, including public concerns and proximty
to known or potential contamination sources, wll
be useful.

After landscape units are selected, plots,
| akes, end streans are selected for nore
intensive characterization and long-term
monitoring. Each watershed or |andscape unit
selected is mapped for bedrock and surficial
geol ogy on a reconnai ssance scale. The soils are
mapped at the sane scale and differentiated at
famly or subgroup level, or napped by soil
associations if recognized soil series are
available. Since these napping procedures are
somewhat subjective and require a trained
scientist follow ng established procedures comon
to the discipline, they are not included here.

Sanpling Strategy

Conceptual 'y, a few carefully chosen plots
can be considered, representative of sensitive
areas, even though they may not be truly

representative of the entire area of concern. A
few plots thoroughly characterized for soil and
vegetative properties can be monitored for change
nore easily end result in higher probability of
detecting adverse inpact then a sanpling scheme
directed at whol e watersheds or whol e wilderness
ar eas.

Sel ection of plots begins with a map survey
(using aerial photographs) and the selection of
specific |andscape units thought to be the nost
sensitive. The sanpling plots thenmselves should
be representative of major soil-geol ogic-
vegetative types within the | andscape unit
chosen. \Whenever possible, the sanple plots
shoul d be coordinated with those for aquatics end
veget ation. In addition, the choice of |ocation
shoul d al so consider proximty to pollution

sources, public concerns, and area coverage.
Location of plots. --Due to size, diversity,
and spatial variability, permanent plots will be

established in selected geol ogy-soil-vegetation
associ ations within najor watersheds surrounding
| akes and/or streans that are being sanpled.
This strategy will provide the opportunity for
nore precise characterization of smell,
representative segnents of the area under study,
rather than attenpting to characterize current
conditions throughout the area. Because of the
lack of any prior classification scheme in which
“associations” in these regions are recognized,
on-the-spot classifications and descriptions wll
usual ly be necessary.

Size of plots. --Al pine nosaics, whether
recogni zed es patches or es changes al ong
gradients, are usually finer grained than even a
tenth of a hectare. Therefore, plots will by
necessity often include nore than one vegetation
“type” in order to provide adequate size for
repeated sanpling wthout destruction of the
site. Although some flexibility in sizeis
necessary to accommodate differences in fineness
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and conplexity of the soils-geol ogic-vegetative
types, we reconmend a target size of 1000 nf.

Sanpl e Location, Number, and Frequency

The reconnai ssance geol ogi ¢ survey maps and
aerial photographs will be used on-site to select
plots for detailed characterization. These plots
will be limted in nunber, depending on the size
end conplexity of the watershed or other geol ogic
unit selected. The plots should be the sane as
those used in the vegetation studies. Plots
shoul d be pernmanently marked at four corners with
flush nmarkers | ocated on photographs by reference
to promnent |andmarks.

For the initial characterization, a single
soil pit is dug at the edge of the plot for
detail ed descriptions, and approximately |-liter
sanpl es are collected, horizon by horizon, to a
depth of 15meters or to a limting |ayer.
Borings (which nininze disturbance) are taken
around the periphery of the plot to ensure that
the pit is representative of nmost of the soil
over the plot.

Because one goal is to neasure tenporal

trends, the enphasis is on surface soil sanples.
Deep sanples are needed for conplete
characterization of the site. Wthin each

per manent plot,
horizon(s), if
m ner al
interval.

Sanpl es taken to detect changes shoul d be
collected on a 5-to 10-year cycle. Mre
frequent sampling is unlikely to show changes,
even in severely contamnated areas.

12 sanpl es each of the O
present, and top 2 cm of surface
horizon are taken at each sanple

Sanpl e Col |l ection Procedure

Sanpl e pH should be determined imediately in
the field by the dye technique (table 8).
Organi ¢ horizons can be placed directly into
bottles or plastic bags after separation of the
mneral soil. The O horizon sanples should be
collected fromwithin a known surface area by
cutting around the inside of a 20 cm X 20 cm
frame. Mist mineral soil sanples gently crushed
and passed through a 2 mm stainless steel screen
should be placed in 1 L polypropyl ene bottles for
transport. Bottles should be pernmanently
nunbered. A record of bottle nunber, sanple
| ocation, depth, date, and remarks should be kept
and es much information as possible al so recorded
on the bottles. An estimate of percentage of
materiel above 2 mm (that screened out) should be
recorded. Sanples of the coarse material should
be taken in cloth bags for m neral ogical
analysis. Initial sanples taken fromthe pit
shoul d include undisturbed core sanples,
representative of each horizon, for bulk density,
pore space, end perneability tests.

Field Storage and Handling

Soi | sanples for pH extractable sulfate, end
nitrogen should be naintained as moi st and cool
as possible until thet/) reach the laboratory,
where the sanple can be split. An aliquot for
the above anal yses is stored at 4°C end the
remainder is air-dried for physical end chenical



anal yses. Air-dried sanples can be stored
indefinitely at room tenperature.

Hydr ol ogi ¢ Sanpling

In remote areas, the sanpling of springs and
seeps offers the best approach to sanpling soil
water. Sites are permanently marked for
sequential sanpling, and subjected to anal yses
prescribed for |akes and streams. Alternatively,
tube lysinmeters could be installed for periodic
sanpling if groundwater neasurenents are
essential, but the procedures are not described
here.

Laboratory Anal ysis
Only the initial

sanples will be subjected to

bul k density, perneability,
textural classification.

The characterization sanples and the surface
hori zons col |l ected repeatedly should be anal yzed
for the chemical properties shown in table 8.
The nethods to be used are found in the
references cited in table 8 and listed in table
10.

m ner al ogi cal , and

Support Needs

Because the soil sanpling should support the
veget ation anal yses and the aquatic
characterization. their |ocations must be
coor di nat ed.

Aquatic Chemistry

Pur pose

The objective of this section is to provide
gui dance for determning current chem cal
characteristics of surface waters in al pine and
subal pine wilderness areas. The proposed
guidelines are essentially limted to sanple
acquisition, stabilization, and analysis.

Devel opment of a detailed sanpling program
for application in all potential study areas is
not feasible. Area-specific information,

i ncluding the expected nature of potential

i mpacts, and the spatial and tenporal variation
in nmeasurabl e response paraneters, nust be
considered. Al though design issues cannot be
pre-specified, in general a two-stage strategy is
recomrended for determ ning current chen cal
characteristics of surface waters. Stage | would
deternmine the presence end spatial distribution
of sensitive surface water systens. The |evel of
effort required at Stage | will depend on the
amount of existing information. Stage |l would
then involve the selection of sensitive systen(s)
for nore intensive study end |onger-term
moni t ori ng. If information on historical
of deposition is required,
be a component of Stage I,

rates
sedi ment coring could
and would require

addi tional protocols.
The fol lowing protocol is proposed as a
practical approach to obtaining an initial

characterization of current chemstry of |akes
and streans in remte high-elevation wlderness
areas. In conjunction with a sanpling design
appropriate to local conditions, these attributes
and this sanpling and anal ysis nethodol ogy shoul d
nmeet a Stage | objective of establishing the
range and distribution of chemcally differing
aquatic systems. A sufficiently reliable basis
woul d be provided for establishing classes of
aquatic systens according to sensitivity of
response types. Depending upon further
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definition of objectives, a nore rigorous

sanpl i ng and anal ysis protocol could be

i mpl emented for the Stage |l sanpling programto
identify tenporal variation end trends.

Land managers nay view the nethods of
investigation described within this protocol as
general guidance rather than detailed
requi rements.  Methods actually enployed woul d
depend upon the potential AQRV inpacts, the
resources available for the task of
characterization, and the specific managenent
obj ecti ves.

Li st of Measures

Maj or lons in Water (including Al)

Tabl e 11 provides a general list of
nmeasurenents inportant for characterizing surface
water conposition. The list includes the ngjor
m neral species comonly present in |owionic
strength surface waters, and the basic paraneters
associated with nutrient status and bi ol ogical
productivity.  The list of measurenents may be
consi dered optimal, though not all-inclusive,
dependi ng upon case-specific conditions. Sone
constituents, including alumnum fractions,

di ssolved organic carbon, fluoride, and ammmnium
are commonly present at very low concentrations.
After confirmation of |ow concentrations, these
neasurenents could be del eted, or obtained on a
less frequent basis then other constituents.

Di ssol ved oxygen and transparency neasurenents
woul d only be obtained when md-lake sanpling is
conduct ed.

Table 11 also lists the recommended nethods
of sanple analysis. Accuracy end precision goals
are listed in table 12. Sanple container and
preservation requirements,are listed in table
13.  Sanple holding times are listed in table
14, Specific analytical procedures are provided
by reference to the National Surface Water Survey



Table 11.,—Measurements required for characterizing wator quality
conditions.

Attributes Methods

Alkalwmity Gran's method

Atomic absorption spectrophotametry

Alumirum
(lablle and total) (grapmte furnace)}

Ammonatm Standard indophenol blue technique

Calcium Atomic absorption spectrophotametry
or ICP

Chloride Ion chramatography

Chlorophyll al Methanol extraction/flucrescence

Dissolved organic carbon Infrared spectrophctametry

Fluoride Tan—selective electrode ard meter

Magnesium Atamic absarption spectrophotametry
or ICP

Nitrate Yon chramatography

pH PH electrode with expanded-range

tH meter (closed system)

Phosphate Standard molybdemum blue technigque

Potassium Atamc absorption spectrophotometry

silica Standard molybdemm blue technique
or ICP

Sodium Atamc absorption spectrophotometry

Sulfate Ion chramatography

Corductance conductavity cell amd meter

Dissolved oxygen Dissolved-axygen meter

Transparency Secch1 disk

1d]loroplyll a determinations are included to support the
aguatic biology protocol in the following section.

(NSW8) , a regional-scale survey of stream and
| ake chemistry conducted by the U S. EPA The
NSWS provi des the nost credible end
wel | - docurent ed protocol for determ nation of
chem stry in natural, lowionic strength waters
This project includes a Western Lake Survey
conducted in cooperation with the Forest
Service. The results of this work shoul d provide
an inproved perspective on sanpling and analysis
met hods as well as on the degree of precision end
accuracy attainable

O specific interest is the conparative study
of pH neasurenents, including the devel opnent and
use of a closed system pH determination
Prelimnary results favor this nethod based on
precision and accuracy levels. Inclusion of this
nmethod in the proposed protocol would elimnate
the need for in situ pH determ nations, which
woul d greatly expedite the sanple collection
process. The NSW5 is ongoing, wth inportant
met hodol ogi cal findings still energing. The
nmet hods proposed may not fully reflect the
current information status; the proposed protoco
shoul d be considered tentative and subject to
modi fication as results of the NSWS end ot her
current studies supporting nethods assessnent
becone available

The recommendation for use of NSWS nethods
shoul d be viewed se guidance rather than
prescribed requirenents. Any alternate methods
enpl oyed shoul d attain equival ent |evels of

Table 12.—Proposed detection limits ard analytical precision and
acamracy.

Relative Acamracy
Detection standard  maximum

Attributes Units limits  deviationl bias
Alkatimity veq/1 5 10% 10%
Alumirem, total mg/1 0.005 20% 20%
Alumivam, mg/1l 0.005 20% 20%
extractable
Ammonium ng/1 0.01 5% 10%
Calcium mg/1 0.01 5% 10%
Chiloride my/1 0.01 5% 10%
Chlorophyll a2 uwy/l 0.02 5% 10%
Dmlﬁved organic my/l 0.1 10% 10%
Dissolved oxygen my/l - 5% 5%
Fluoride my/1 0.005 5% 10%
Magnesiun my/1l 0.0 5% 10%
Nitrate my/l 0.005 10% 10%
pi
Fleld pH units - - -
Lab H units - - +0.1 pH
Phosphate, g/l 0.002 20% 20%
total dissolved
Potassium mg/1 0.0% 5% 10%
silica my/1 0.05 5% 10%
Sodium my/l 0.01 5% 10%
Sulfate my/1 0.05 5% 10%
at 259 ¢ us/en i ® *

1RSD at concentrations 10X above detection limits.
2chiorophyll a determinations are included to support the
agquatic blology protocol in the following section.

preci sion and accuracy, or be otherw se
justified. Detailed documentation of any nethods
used should be considered a necessity

Trace Metals in Sedinents

Trace netals in sedinments can provide
historical deposition records. Studies in Rocky
Mountain National Park and in the Wnd River
Range indicate a history of atmospheric input of
sone heavy netals (nost notably Pb) over a
+100-year period. Collecting this record is a
vi abl e research goal to deternine the history of
the input of atnospheric pollutants that are
preserved (not necessarily in proportion to
atmospheric flux) in lake sedinent or peat
(There are probably few onbrotrophic bogs
suitable for such studies.) Briefly, we suggest
the following in conjunction with Stage |
sanpling if information is needed on historica
deposition rates

1. Coring of |ake sediment from selected
| akes.

2.  Abbreviated analysis of sedinents to
establ i sh approxi mate chronol ogy and conpare
pre-1800 to nmodern cheni cal - bi ol ogi ca
characteristics.

3.Sanple intervals: 1-2, 5-6, 10-11
15- 16, 20- 21, 25-26, 30-31, 35-36, 40-41 cm
4. Chenical paraneters: 210Pb activity,



Table 13,--Recamended sampling aliquots, comtainers, and
preservation.

1 2 3
(1000 mi)
IDPE bottle

Kept cold

i dark H-SO
in darkX H:

NOTE: As stated in text, concemtrations of DOC, Al, and m14are

tmin T Ters amd ety mere emenrdses emba—e amaTaren e Ty #habk ~aoa

usually low and may not © e TGutire analysis. In that case,
only two aliquots, (1) and (3), would be collected.

pi2 = laboratory pH, open system measurement, cbtained at lab
temperature with an open system.

pH3 = closed system pH.

a1l = laboratory extractlm of closed system sample for orgamc and
inorganic fractions.

Al2 = total Al.

: Fieldextmctsaredutmnedawc:dirgtoﬂo]m—ihnsm

and Riemann (1578).

HO and organic content, major nmetals (Cd, My,

K, Na, Al, Fe, M), trace netals (Pb, Zn, Cd, Cu,
B), polycyclic aromatic hydrocarbons, charcoal,
end soot.

5. Biological parameters: diatons,
chrysophytes, end pollen

It will also be possible to evaluate the flux

of anthropogenic material (atnospheric
pol lutants) to the sedinents

Coring of |ake sedinment is difficult, end is
even nore difficult given the constraints inposed
in wilderness areas. |If sediment coring is
deened necessary, a well-devel oped protocol will
be necessary.

Trace Metals in Water
We recomend that only labile end tota
al um num be determned in the surveys because
alumnumis biologically inportant, it is very
sensitive to changes in pH and natural levels
can be rmeasured with fair precision and accuracy
We do not recomrend that other netals be
measur ed because none have been identified as
having effects on biotic systens at natura
| evels, natural variability is high end therefore
trends will be difficult to discern, and trace
nmetals are difficult (and expensive) to collect
and anal yze at natural |evels.
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Table 14.—Analysis time frame.

on Same One Four
site B day week weeks
il e 3 5042
] a1t NO3"*
Doc 5105
N n2
specific gt
conductance ca2e
M‘,"2+
Nat
K
a-
—
Total PO43~
Alkalimity
pH Options: 1. In situ pH, open system measurement cbtained

at field temperature.

2. Iaboratory pH, open system measurement,
abtained at lab temperature.

3. Closed system pH.

al Iaboratory extraction of closed system sample for organic
and inorganic fractions.

A12 Total Al.

* Tha NSWS holding time is 1 week, but same evidence indicates
stability for 2-4 weeks if maintained at 4° C in the dark.

s drm s o f Fhaan mamslre - cas Halm-tancon and
Maximim of thrse wesks ses Holm-Hansen anc

Riemann (1978).

11T A
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Requirenents

Manpower

The level of effort required to collect the
reconmended sanples has two components: 1)
traveling to the sanpling site. and 2) sanpling
the water end sedinent. The amount of time
required to get to the sanpling sites will be
site-specific and cannot be prescribed except to
say that enough travel tine should be allocated
so that field operators can perform careful work
at the sanpling site

The amount of tine required to take the water
sanples is approximately 0.5 day, although

individual sites may require longer. To take
sedi ment cores, en additional 0.5 - 1 day is
necessary.
Equi prrent

Backpacks

Sanpling containers for each location: 1
1000-m LDPE (| ow
density pol yethyl ene) bottle,
LDPE bottle, and 2 60-n
syringes
pH and conductivity neters
Ice and cool ers for sanples
Raft when taking mid-1ake sanples
Van Dorn bottle, dissolved oxygen neter, end
Secchi di sk when taking md-lake sanples

1 125-m



Fi el d Procedures

Sampling Strategy

Stage | in a two-stage sanpling strategy
woul d be conducted to determine the distribution
of sensitive lake and stream systems. The |evel
of effort required at this stage will depend upon
the value of existing data. Existing data would
be adequate if determned sufficient to identify
the nost sensitive |andscape units and place the
watersheds in sensitivity classes. synoptic
survey data shoul d be obtained that reflect the
spatial scale and distribution of response
controlling landscapes. Records of existing
surface water chemstry, as well as maps of
surficial materials (soils and geol ogy) end
vegetation, should be enployed in identifying
| andscape units and in deternmining additional
data collection needs. Even where surface waters
can be lunped into general sensitivity
classifications, a nore detailed survey focused
on individual classes may be useful for
identifying the nost sensitive class nenbers.

Stage Il would require selection of the nost
sensitive class, or classes, of |akes and streans
for nonitoring and more intensive study.
Ideally, one small, well-defined watershed would
provi de an excel lent study area for measurenents
of aquatic chem stry end biology, end al so
vegetation end soils. These nmeasurenents are
easier to perform interpret, and subsequently
noni tor when they are made within the sane known
wat er shed.

Location of Sanpling Sites at Lakes and Streans
If md-lake sanples are to be taken, |akes
shoul d be sanpled 1.5 nmeters below their surface
in the middle of the lake. Sanples of the outlet
and a mgjor inlet also should be sanpled at a
| ocation with appreciable water flow (i.e., no
stagnant pool s).
Streams shoul d be sanpled md-streamin areas
of appreciable flow

Nunber of Water Sanples end Frequency of Sanpling

Two to four aliquots should be taken at each
site, depending upon the suite of analyses. Each
aliquot has its own preservation end treatment
protocol (table 13). This sanpling protocol
generally is adopted from the NSWS. Qur protocol
differs fromthe NSWS protocol in that it does
not recommend filtering (because of contam nation
problens end the |ack of |arge amounts of
suspended particulate in the high elevation
surface waters) end sampling treatnent is
mninmzed. This recomrendation does not preclude
filtration warranted by site conditions (e.g.,
high turbidity) or enphasis on a specific
paranmeter (e.g., concentration of dissolved
phosphat e) .

At least 10 percent of all sanpling and
anal ysi s shoul d be done in duplicate to provide
an indication of the uncertainty associated with
the sanpling and analysis procedures. Additional
qual ity assurance protocols should be used as
described in the quality assurance plans
devel oped for the NSWS (see Drouse et al.
1986) . At a mininum quality assurance should
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include analysis of sampling replicates,
and NBS traceable reference standards.

Sampl e frequency shoul d include 3-4 sanpl es
per year taken between early spring end early
autum. The exact date of the first sanple will
depend upon field conditions.

bl anks,

Water Sampl e Col | ection Procedures

The | ake and stream water sanpling procedures
of the NSWS (1986) should be used. In general.,
| ake and stream sanpl es should be collected with
LDPE sanpling containers that have been
aci d-washed end copiously rinsed with deionized
water. At the sanpling site, the bottles end the
caps should be rinsed 3 tines with the |ake or
stream water before taking the sanple. The
syringes should be rinsed three tines prior to
sanpl e collection. Sanples should be placed on
ice imediately after collection.

Field Measurenents

W recomrend that specific conductance
neasurenents be taken each time sanples are
collected. Dissolved oxygen and transparency
woul d be measured on site when mid-1ake sanpling
is conducted. In situ pH measurement (pH in
table 11) can b taken if the closed system
measurenent (PH) nethod is not used. W
recomrend cl osed system pH nmeasur ement because of
the low precision associated with in situ open
system neasurenents. If in situ pHopen
measured in lieu of the closed system pH, we
recomrend that en open system | ab neasurenent
(PH) also be made.

Water Sanple Storage and Transport

I mediately after collection, the sanples
shoul d be packed in an insulated container with a
refrigerant, and thereafter maintained in the
dark at approximately 4°C until analyzed.

Laboratory Sanpl e Anal yses

The recommended nethods for analysis of water
samples are listed in table 11. (Note preceding
statenment concerning use of alternate nethods.)
These nethods are described by Hillman et al.

( 1986). The appropriate units of measure are
listed in table 12.

Support Needs

No bi ol ogi cal neasurenents are required to
support the chenical measurenents.
In addition to the physical neasurenents

already nentioned (e.g., transparency),
addi ti onal physical neasurenents are water
tenperature and, in the case of streans, water
flow .

Data Anal ysis

Data anal ysis that would be required in
addition to standard statistical analyses to
deternmine data quality, depend on the objective
of the study and how well it is realized in the
sanpling design and, thus, cannot be prescribed
here.



Aquatic Biology

Pur pose

The primary objective of monitoring aquatic
biota in wlderness areas is to provide
information on the status of sensitive biologica
comunities over time. Men-induced change or
| ack of change can then be inferred fromdata
patterns. This general goal nust be considered
within the context of limted nonitoring
resources (constraints of tine, noney, access to
sanpling sites) which, for exanple, may preclude
the study of seasonal biological dynamcs
Cause-and-effect relationships between
ant hr opogeni ¢ di sturbances end bi ol ogi ca
responses al so cannot be delineated (except for
catastrophi ¢ change) in conpl ex ecol ogi ca
systenms by nonitoring alone. Mreover, the
sensi- tivities of specific aquatic biota to
different anthropogenic stresses generally are
poorly known in subal pine and alpine regions
Consequently, the monitoring activities described
here represent our best approximtion of a
m nimal array of sensitive conponents that, if
nmonitored with reasonable intensity and
frequency, will provide an estinate of the health
of aquatic comunities in renmote wilderness
regi ons

Al t hough sanpling error undoubtedly will be
high (i.e., high variance among replicate end
time series data), we have little alternative to
accepting high error short of sinple
presence/ absence surveys or no nonitoring at
all. Although present monitoring nmethods may be
crude, it is obvious that the alternatives are
undesirabl e from a resource nanagenent
perspective

The bi ol ogi cal conponents that constitute a
mnimal set for detecting change in al pine and
subal pine waters are Chlorophyll a, salnonid
fisheries, and nacroinvertebrates. Chlorophyll a
(tables 11 end 12, Aquatic Chemistry) is the best
readily measurable attribute of phytoplankton
bi omass (prinary producers) related to the
trophic status of surface waters, which may be
stinulated (fertilized) or reduced by atnospheric
deposition.  Macroinvertebratea end salmonid fish
are sensitive to many types of anthropogenic
di sturbances; are not typically ephermeral in a
given | ake or stream (although specific
life-cycle periods are ephemeral): can be
quantitatively nonitored by routine field
practices: and in the case of fish, are highly
val ued conmponents of wilderness surface waters

Monitoring of other aspects of |ower trophic
l evel s (such as phytopl ankton end zoopl ankton
comunity structure) presently is not reconmended
as part of the miniml set for the follow ng
reasons

1. these lower trophic |evels have high
natural variability, both seasonally and
year -t o- year

2. we do not understand the conpl ex of
factors that drives the shifts in community
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structure or biomass during early stages of
ant hropogeni ¢ di sturbance (e.g., |ake and stream
acidification) especially in | ow productivity
syst ens;

3. they have | ow or unknown sensitivity to
change during early stages of anthropogenic
di sturbance; and

4. archiving of biologica
future analysis is not

sanpl es for
likely to be feasible.

However, anthropogenic stress affects a broad
variety of aquatic organisms. The wilderness
resource nmanager shoul d consider expanding the
m ni mal nonitoring program suggested in this
protocol as resources permit. Studies that may
be particularly useful include studies of
attached al gae, macrophytes, zoopl ankton
anphi bians (particularly salamanders).

As previously noted, these protocols are
intended to be general guidelines rather than
detailed field manuals or research directives
Al though we recogni ze that alternative nmonitoring
approaches such as renote sensing of the trophic
status of wilderness |akes have great potentia
to increase the accuracy and geographic extent of
the nonitoring effort, such devel opnenta
approaches are not discussed here

and

Sal moni d Fi sh

The following protocol is constrained by
limtations of access, time, manpower, and
transport of equipment inherent in sanpling of
hi gh-el evation | akes in renote w | derness
regions. Such limtations dictate that only a
smal | set of basic data be collected to
characterize fish stocks. Further assunptions
used to develop this protocol are described in
the follow ng paragraphs

The general objective of this protocol is to
correl ate independent fishery variables with
changes in surface water quality. However
quantitative assessnent of fishery stocks in
remote |akes for long-termtrend analysis is not
wel | devel oped. Most nmonitoring of
hi gh-el evation fisheries has been biased toward
general nmanagement goals that do not require a
hi gh degree of accuracy or precision of
technique. For exanple, the efficiency of
sanpling effort using specific gear is a function
of fish species, standing stock, seasonal
behavi or, habitat, and norphometric features of
| akes, end is not quantified for high-elevation
salmonid fisheries. Little guidance on the
quantification of alpine salmnid fish stocks can
be derived from existing data. Consequently,
coll ection of unbiased fishery data in wilderness
lakes is unlikely (Thornton et al. 1986)

Because the availability of sanpling gear at
each lake will be linmted, sanpling for target
fish species will be enphasized. This may
preclude conplete characterization of the fish
comunity in sone |akes. However, many al pine
end subal pine | akes did not historically contain



fish, and existing fish popul ati ons have been
established by stocking

Therefore, many high-altitude fisheries
contain only one or two species of introduced
sal nonids.  For exanple, only a few cutthroat
popul ati ons were found historically in the
hi gh-el evation | akes of the Wnd River Muntains
in Woning. Oher fish species associated with
ol igotrophic conditions are not conmonly found
For exanple, sculpins, suckers, and date are not
found in high-elevation | akes in Woning due to
hi gh gradient streans, although sculpins are
occasionally found in nid-elevation |akes
Speckl ed date end |ong-nose suckers are found in
some al pine lakes in Colorado but their
occurrence is not common; both of these species
have probably been introduced

The | akes selected for long-term nonitoring
should, if possible, also be used for chemica
monitoring (see Aquatic Chenistry section)
However, nonitored |akes nust be capable of
sustaining fisheries over periods of many years
(e.g., probability of winter kill nust be Iow)
and the |akes nust not exhibit a high degree of
heterogeneity of fish habitats (e.g., selected
| akes shoul d be relatively circular and not
contain coves) which tend to devel op
sub-popul ations of fish. Lake norphonetry should
be relatively uniform conducive to random
di spersal of active fish populations. Harvest by
angl i ng shoul d be insignificant conpared to
natural sources of nortality, end be relatively
constant year to year. The potential for
over-harvesting by fishernen nust be considered
during |ake selection

Ideal ly, lake fisheries that are nonitored
shoul d be sustained by natural reproduction
because early |life stages of sal nonids are very
sensitive to changes in water quality. This may
be an inpractical constraint, however. because
many | ake fisheries in alpine wlderness regions
are maintained by periodic stocking. In
addition, the availability of spawning habitat
has been found to be positively correlated with
popul ation strength and size of individual fish
in wlderness |akes (Hudelson et al. 1980)

Sal nonid fisheries are assuned to be of
primary interest. Such fisheries are to be
sanpl ed once during a sanpling year over a 2-3
day period using equipnment that can be
transported to the site. The field crew shoul d
consist of 2-3 individuals using an inflatable
raft. A requirement for non-destructive sanpling
in wlderness |akes will be adhered to es nuch as
possi bl e, but conplete elinination of sanpling
mortality is difficult

Experi ence has shown that absol ute nmeasures
of fish stocks are difficult and time-consum ng
in the alpine (e.g., mark-recapture techniques
require at |east one week of sanpling). Thus
the specific objectives here are to quantify
relative indices of fishery status. These
i nclude (beyond presence of a specific fishery)
the following:

1. catch per unit effort (CPUE),

2. population age structure,

3. condition factors

4. growth and nortality rates, end

5, absence of year classes or week year
cl asses
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Field Sanpling

Sarmpl ing design.--Coll ection of
representative, random sanples of individuals
froma fish stock optimally should be based on a
stratified random sanpling design where strata
represent different habitat types. In alpine
| akes that have restricted sanpling area (due to
st eep morphonetry, boul der fields, or other
mor phonetric features), site-specific judgenent
on net placement may be based on experience with
collecting nobile salnonids if experience
dictates that a representative sanple of fish
from the total stock will be collected

Sampling frequency.--I1t is generally
recormended that the frequency of fish sanpling
be related to the potential rate of change of
surface water chemistry (Lambou et al. 1985).
For intensively nonitored | akes where close
observation of fishery status is desired in the
event that such lakes undergo rapid change (e.g.
dilute headwater |akes), fish should be sanpled
at 1- to 2-year intervals. For |akes not
expected to exhibit rapid chemcal change (e.g.
larger or less dilute subalpine |akes), fish
shoul d be sanpled at 3- to 4-year intervals
(Lanbou et al. 1985).  Fish should be sanpl ed
once during md to late sumer so that
young- of -year may be observed. This time will

vary fromlate July to |ate August, depending
upon whether fish spawn in fall or spring
Sampling intensity. --Sanpling intensity

shoul d involve both mniml sanpling effort and
mniml sanple sizes. Mninal sanpling effort
shoul d be expended at each nonitored | ake
according to the recommended nunber of net sets
for lakes of given sizes (see Net Placenent)

M ni mal sanpl e size should be collected according
to the following protocols

For each nonitored species, 100-150 fish
should be collected, with 150 being preferred
Sone field experience suggests, however, that as
few as 30 captured individuals may be adequate to
characterize fisheries with linmted stock size
(Renmick 1984). O her recomendations include
sanpling at least 10 fish per 2 cmsize length
over the size range of naxinum accuracy for
i ndividual fish statistics (see discussion
below) . Lanbou et al. (1985) recommend that at
| east 60 fish evenly distributed across size
cl asses be nmeasured for devel oping fishery
statistics (see also Thornton et al. 1986)

It should al so be noted that stressed fish
popul ati ons contain the fewest individuals and
require the greatest effort to achieve popul ation
estimtes of known variance

Fiel d Procedures

Sanpling gear. --Because collecting unbiased
fishery data is difficult, more than one type of
sanpling gear should be used. However
experience has shown that nonofilament gill nets
are effective in collecting most fish species
found in renmote Rocky Muntain |akes (e.g.
Hudel son et al. 1980) and are easily
transported. Trap nets are presently being
designed that are nore portable than previously
available (e.g., nodified Al aska trap net; ALSC
1985).  Such nets may becone useful in the future
to supplenment gill netting, although portable
trap nets did not prove effective for surveying



fish stocks in small Mine |akes (Haines et al
1985) .

Swedi sh gill nets (standard 150 ft length, 6
ft depth with 5 panels of 1/2, 3/4, 1, 1 1/2 inch
bar nmesh) should be used because they are
especially effective in capturing nobile sal nonid
species. These nets are capable of capturing
fish es small as 7-8 cmtotal length. Thus, the
gill netting should be effective on age | fish
and ol der, but should not catch young-of-year

Net placenent. --Analysis of trends in fishery
status based upon results of gill netting will
only be as reliable as the reproducibility of
sanpling technique for each monitored |ake
Location of nets, orientation along the bottomin
relation to shoreline, time of placenent end
col l ection, and season of placenent nust be
standardi zed for each lake. Because |ake
sanpling programs will be site specific
standardi zati on nust be within a given |ake end
not necessarily between |akes

Fi sh captured by nets operated in a sinilar
manner and tinme each sanpling year should provide
reasonably conparabl e estimtes of popul ation
characteristics (Hubert 1983). d ose adherence
to standard coll ection procedures for each |ake
will mninize total variance in catch statistics
due to unknown or uncontrollable biotic end
abiotic factors.

Each | ake has a uni que norphonetry, and net
pl acement nust be carefully considered according
to lake characteristics and target species
CGenerally, gill nets set along the bottomin
shallow waters not exceeding 5-7 m depth will
capture a representative sample of the total fish
stock if crepuscular activity periods are
sanpled. Salnonids in al pine |akes in the Rocky
Mountain region are typically found in relatively
shal | ow waters, end in general are closely
associated with the benthos as the prinary food
resource (e.g., golden trout are found in close
proximty to sediment). Nets should be placed
perpendi cular to the shoreline in shallow water
or at 45° angles in deep water, with the smal
mesh nearest shoreline. If the initial sampling
effort yields fewor no fish, the sanpling
stations should be nmoved and the sanpling effort
repeat ed

A rough guideline for number of nets to use
is as follows:

Number of 150
ft. Swedish gil

Lake size nets required
Less than 10 acres 1
10-25 acres 2
25-50 acres 3
50-100 acres 4
Each additional 100 acres add 1 net
Three gill nets set in different habitat my

be the maxi mum nunber effectively operated by a
field crew of 2-3 persona

Sampling nortality should be minimzed in
wi | derness | akes, especially in those with
relatively small fish populations. Thus, gill
nets shoul d be depl oyed by midday in

hi gh-el evati on | akes where foraging by sal nonids
is more or |ess continuous. These nets should be
tended every 1 1/2 to 2 hours to mininize capture
nmortality. The nets should be run until after
dusk to bracket one crepuscular activity period
I f fish are abundant, and sone sanpling nortality
is acceptable, one net set over night Oay be
useful to sanple larger, night-feeding

i ndivi dual s. Overni ght sets where the dusk (one
hour before sunset) end dawn (one hour after
sunrise) activity periods are bracketed generally
will capture a representative sanple of fish, but
such long sets may produce nortalities above 50%
in captured fish

Fish processing. --Fish in unproductive
hi gh-el evation | akes generally grow very slowy
in the older age classes due to food linitation
CGenerally, rapid growth occurs in such |akes only
to approximately 20-25 cmin total length. Thus
ol der fish are nmore difficult to age accurately
by scale readings. Obtaining accurate weights in
the field on fish smaller then 12-15 cmalso is
difficult due to variations in water content end
from wind effects on weighing devices
Additionally, the nore nunerous individuals in
the younger age cl asses place |arge demands on a
| ake ecosystem to provide habitat end food
Therefore, it is appropriate to obtain
wei ght-l1ength neasurenents for all fish captured
unl ess sub-sampling is required due to large
nunbers of individuals captured. But fish'in the
12-25 cmtotal length range only shoul d be used
to determne the popul ation paraneters di scussed
bel ow.

Handl ing time should be mnimzed once fish
are renoved from the net. Fish should be kept in
a live-car attached to the side of the raft
during handling, end be released as soon after
capture and measurenent as possible. Handling
mortality should be recorded if observed
Procedures for reducing handling nortality have
been reviewed by Stickney (1983).

Fish col | ected should be carefully renmoved
fromthe gill net (using a small polished hook to
mninmze damage to fish end technician)
identified to species, measured to nearest nm
wei ghed to nearest gm (by vol une displ acenment for
fish less then 50 gmend by spring scale for fish
greater then 50 gin), and scale sanples taken (on
| eft side just posterior to and bel ow dorsal fin
end above the lateral |ine)

Recording of field data.--Field data
recording shoul d be standardized, and include the
fol l owi ng

- | ake;
- sanpling date;
- gear type

- net location, shoreline orientation,
depth, placenent tine, and collection
intervals

- species, weight (gin), total length (cnm,
and | ocation of scale collection site
for each individual fish collected

- observations of parasites, wounds
deformities, or other abnornalities; and

- capture nortality end injury

Lake tenperature at sanpling location and other



pertinent chemcal condition information such as
di ssol ved oxygen or pH shoul d be recorded on
field sheets, if neasured.

Addi tional fish surveys.--A reconnai ssance-
| evel, qualitative assessnent of reproductive
success can be made by |ooking for juvenile fish
in shallow habitat end in shoreline cover. Snall
hand seines and dip nets may be used to find
young- of -year, but capture success may be
limted. Small baited hardware cloth ninnow
traps have not proved effective in capturing
young- of -year sal nonids (T. Haines, personal
comuni cation ). Alternatively, trapping of
drifting fry in outlet streams during sanpling
for macroinvertebrate drift my be possible.

Laborat ory Procedures

Use of scales to age individuals fromwld
sal moni d popul ations during the early rapid
growt h phases of ages I-1Vis the nost accurate,
non-destructive technique available. However,
aging by scale analysis is not as accurate for
stocked fish due to possible interruption of
growh in the period imediately followng
stocking. Stocking may produce a growth check
simlar to en annulus. Fall-spawning species
such as lake trout produce a better annul us
during age O in conparison to species that spawn
in late spring such as cutthroat and gol den
trout. The latter sonetines do not get a good
scale growth before the first winter, and produce
en indistinct first annulus.

Techni ci ans shoul d be carefully trained using
scales fromthe nmonitored species that are from
fish of known age end conparabl e growth
envi ronnent . Random recounting of approxinately
5% of fish scales by a second trained technician
is appropriate es a quality assurance check. An
80-90% conpari son of scal e readings between two
technicians typically is good (Thornton et al.
1986) . If possible, fish scales should be aged
by the sane personnel over the life of the
nmonitoring effort to ninimze error.

Supporting Data

As noted above, the fisheries nonitored
shoul d be in | akes whose water chemstry is also
being nonitored. Better resolution of ongoing

envi ronnental change or stability will result
from such integrated studies.
Data Anal ysis

Catch Per Unit Effort (CPUE) .--Catch per unit

effort is a relative measure of population
strength. Theoretically, it should be linearly
proportional to the abundance of fish stock:
catch = capture efficiency x fishing effort x
fish abundance. However, capture by passive
fishing techniques is a function of fish
movenent.  Consequently, CPUE is not dependent
fully on stock size (Hubert 1983), end has
frequently been found to be non-linear (Bannerot
and Austin 1983). Fishery biol ogists have |ong
recogni zed variability in CPUE results from
probl ens of gear efficiency due to interacting
biotic end abiotic factors that affect fish
nmovenent .

Conmon problems with CPUE studies include
spatial correlation anong sanpling units, inverse

32

non-linear relationships between capture
efficiency and popul ati on abundance, end skewed
frequency distributions for CPUE with zero catch
being nost frequently recorded. (See review in
Thornton et al. 1986) . The high variability
anong units of sanpling effort (catch per net
hour or per net night) may result in poor
statistical resolution of stock neans or patterns
of popul ation fluctuations (Bannerot and Austin
1983, Thornton et al. 1986).

CPUE will therefore provide only
senmi-quantitative estimates of fish abundance.

Transformed catch data and the relative
frequency of zero CPUE have been denpbnstrated to
be the best indicators of population abundance.
Catch data shoul d be reported as catch per net
hour or per net night (means end variances) for
each species captured (Bannerot and Austin 1983).

Popul ation age structure.--Eval uation of
popul ati on age structure depends on obtaining a
representative sanmple of the overall population.
As noted above, passive fishing techniques using
gill nets tend to produce skewed data, wth ol der
end younger fish being less efficiently
captured. Additionally, aging of fish by reading
of scales is nost accurate in the age I-1V
classes for alpine salnonid fisheries. Thus ,
age-frequency data for y-o-y end ol der age
classes generally will be qualitative. Age
frequency distribution within the I-1V age
classes will be nost quantitative.

Captured fish should be aged by scale
readings using standard techniques (Lagler 1956,
Jerald 1983). As with CPUE, age frequency data
may be transfornmed to achi eve independence of
variance and nean.

Condition factors. --Wight and length are
quantitative attributes of individual fish that
can be easily measured in the field.

Rel ationshi ps between wei ghts end | engths
i ndicate the relative abundance of food end
relative quality of habitat for growh.
Condition factors for each age class |-1V should
be calculated. For exanple,

CF = (Wx109) / L°
wher e: CF is condition factor
Wis weight in pounds
L is total length in inches
Condition factors are typically reported in
English units. For comparison with existing data
from State gane end fish departnents, it probably
is best to continue using English units (Remm ck
1984.)

Rel ative condition factors or analysis of
covariance anong wei ght/length data for specific
subgroups captured (for exanple, grouped
according to same species, sex, year-class, and
physi ol ogi cal condition relative to spawning)
al so may be used to assess the general growth
environment (Anderson and Gutreuter 1983: w
Nel son, Colorado Div. of Fish and Wldlife,
personal  conmmuni cation).

Gowth and nortality rates.--1f sanpling has
been random anmong age cl asses, determ nation of
growh end nortality characteristics will reveal
i mportant characteristics of the fish stock for a
particular lake. The dependent variabl es nost



commonly related to water and habitat quality
include average annual growth increnent,

i nstantaneous growth rate, average length of a
given age-class, and instantaneous age-class
mortality. Again, age classes |-1V should be
used to provide the nost accurate calcul ations.

The variable stocking rates of different
age-cl asses in some wilderness lakes will affect
accuracy when estimating fish nmortality from
catch data. Thus, the mathematical structure
used to estimate nortality will depend upon the
specific conditions related to annual recruitment
(Everhardt and Youngs 1981). For those |ake
fisheries not sustained by natural reproduction,
know edge of stocking rates (species, nunbers,
sizes, dates) should be obtained from appropriate
fishery managenent groups. Adjustnent of catch
data by weighting according to stocking records
shoul d foll ow general recomrendations in
Everhardt and Youngs (1981). If stocked I|akes
are extensively nonitored, marking of each
stocked year-class is feasible and should be
considered to inmprove the accuracy of popul ation
paraneter estimates.

Average annual growth increnent between
growth intervals of 1-2 cmcan be determ ned by
back-cal cul ation techni ques using length at age
i, deternmined by scale analysis (Lagler 1956,
Wi tney end Carlander 1956, Carlander 1981).
Fish growth rates al so should be cal cul ated using
| engt h-wei ght regression assumng allonetric
growth: W= alL’, where a and b are growth
coefficients.

I nst ant aneous growth rate is cal culated as
the difference between natural |ogarithns of
wei ght for consecutive age groups (Everhardt and
Youngs 1981). If annual fish surveys are
conduct ed, instantaneous age-class nortality (2)
may be cal cul ated fromthe slope of the
regression of age versus frequency:

N = N-1e" where N is nunber
of individuals captured of ith age for a
particul ar year-class.

Mssing or weak year classes. --Chservations
of mssing or weak year classes in a fish stock
may indicate changing habitat conditions or
density-independent nortality, resulting
primarily from weather. Mssing or weak year
cl asses are common occurrences in wild fish
popul ations: gear inefficiency and poor age
deternminations preclude accurate estimates of
ol der age class strength. Thus, for a given
| ake, the occurrence of mssing or week year
classes in catch data is neither a definitive
characteristic of the fishery, nor necessarily en
i ndi cator of anthropogenic change related to
atnospheric deposition. However, patterns of
simlar age-frequency distributions (nunber and
sequence of |ow frequency year classes) anong
nonitored | akes in the same region may be
i ndicative of regional conditions or change
(Thornton et al. 1986).

Detection Goal s

Presently, there are no standard references
that quantitatively define detection goals for
changes in the indices discussed for
hi gh-el evation salmonid fisheries. Conparable
anal yses of fishery data fromrenote |akes using
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stock assessnent by gill netting are being
conducted by the U S. Environnental Protection
Agency as part of the National Surface Water
Survey. Results of these anal yses, which are
expected in several years, will help define
realistic detection goals for some sal nonid
species with restricted stock sizes and for
limted sanpling.

It must be stressed that, due to inherent
variability in gear efficiency between |akes,
fishery statistic cannot be conpared between
different nonitored |akes, but only within a
given |ake over a sequence of years.

Based upon reasonabl e age determ nation of 1-
to 4 year-old fish, changes may be detected in
relative growth and nortality indices on the
order of 20-50%for specific year-classes, but
achi evenent of these goals is uncertain.
Estimates of changes in absolute characteristics
of an alpine fish stock will be less precise.
Changes in the nei ghborhood of only 2-3x will be
consi dered valid on the basis of reasonable
adherence to assunptions of random sanpling of
fish stock end independence of variances and
means. Estimates of age will be particularly
troubl esome.  In general, aging by scale reading
produces estimates of higher nortality rates than
actual ly are present due to poor aging of ol der
fish (on the order of 10-20%too high; Jerald
1983) . Precision of age determinations should be
estimted according to Chang (1982).

Additional protocols for sanpling fish nay be
found in Arnour et al. (1983) and fromthe EPA
National Surface Water Survey (Fabrizio et al.
1987. Hagley et al. 1987).

Macr oi nvert ebrat es

Aquatic macroinvertebrates are animals
wi t hout backbones that live in streams end | akes,
and are big enough to be seen without a
nm croscope when in advanced stages of
devel opnent.  They have been observed to be
sensitive to |ow pH conditions in | akes end
streans (Napier and Hummon 1976; Parsons 1968:
Warner 1973; Nichols and Bul ow 1973; Tonki ew cz
and Dunson 1977; Wtters et al. 1984; Havas and
Hut chi nson 1982; Bell 1971; Hall and |de 1987;
Hall and Likens 1985; Singer 1981, 1984).
Tol erances of aquatic invertebrate species vary
according to their specific anatonical,
behavi oral, end physi ol ogi cal adaptations (Hynes
1972) . Since some nacroinvertebrates are nore

tolerant to acid conditions then others (Parsons
1968, Warner 1973, Bell 1971, Robak 1974, Eilers
et al. 1984, Hall and Likens 1980, Sutcliffe and

Carrick 1973), they may be used as a functional
part of the warning system established to nonitor
possible effects of air pollution in

high-el evation ecosystens.

The foll owi ng equi prent and procedures are
being used by federal and State agencies in
western regions of the United States, and may
provide a common basis for collection of
macroi nvertebrate data.

Equi prrent
Modified Surber net (see fig. 8)
Standard 8“ diam full height 250 m cron nesh

Tyl er sieve



Nitex 280 micron mesh netting

1*x3/16" aluminum frame

Figure 8.--Mdified Surber sanpler for use in
macr oi nvertebrate sanple collection (from
USDA 1985).

8 OZ., wide-mouth plastic bottles with strip
of masking tape attached
for identification data
Preserving solution: ethyl
cup 10% formalin per
gal l on of 70% al coho
Hip boots
Saturated salt-water solution
Two al umi num bread pans
Wt er proof gl oves (scuba diving or rubber
el ectrical types
recomrended )
Laundry pen (waterproof marker)
Long- handl ed 250 nicron nesh kick net
Wite plastic tray--2.5" x 10" x 12"
Fi ne-poi nted forceps

al cohol plus one

Sanpling Station and Site Selection

Stations shoul d be established in the inlet
and outlet streans of the |lake ecosystemto be
moni t or ed. In a literature review, Eilers et al.
(1984) observed that, with few exceptions, taxa
were found in |akes at |ower pH values than were
taxa in the same order or famly in streams. This
was nainly because species in streams may
experience more short-term PH depression. The
sanpling station should be in a riffle area having
uni nbedded rubbl e substrate (3-12" rocks) if
possible. If rubble substrate is not found
what ever substrate is present in the riffle should
be sanpled. Mst of the macroinvertebrate species
present will be found in the rubble substrate
whi ch has been called the “breadbasket” of the
stream (Bell 1969, Cairns et al. 1971, Hart and
Brusven 1976, Pennak 1977).

Nunmber and Frequency of Sanpling

Quantifying stream benthic macroinvertebrates
is difficult due to the spatial and tenpora
variation in species abundance (Needham and
Usinger, 1956). As a minimum three random
sanmpl es should be taken at each station
I deal ly, sites should be sanpled with as nany
sanples as possible. Followng the
recomrendations of Elliott (1977). enough sanples
shoul d be taken such that the standard error is
equal to or less than 20 percent of the nean.
The needed nunber of sanples should be
established for each site for each sanmpling
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season. Under ideal conditions with good access
sanpl es should be taken at |east nonthly
Year-to-year variation in benthic comunity
conposition requires that a site should be
monitored for several years

Modi fied Surber Net Sanples

The nodified Surber square foot sanple net is
recormended for use, because it perforns better
than alternative sanpling devices. The 3-ft-long
net and 18-in-high upper frame (fig. 8) reduces
the backwash probl em often experienced with the
original Surber net (USDA 1985).

Sanpling Procedure

Streans. --The foot-square nodified Surber
frame is placed over the gravel-rubble substrate
in the streamwth the net downstream As the
rocks within the frane are scrubbed, the
macroi nvertebrates are carried into the net by
the flowing water. The substrate underlying the
gravel -rubble is also stirred to a depth of 3-4
in (7-10 cm, if possible.

After the water drains fromthe net, the net
is inverted into en alum num pan containing a
saturated salt-water solution. As the salt water
is poured into a second pan, the organic
materials thus floated are caught in a 250-mi cron
sieve. The salt water is then poured back into
the first pan, the contents again vigorously
stirred, and the floating materials and speci nens
are poured for a second tine into the sieve. The
sanple may require sieving two, three, or nore
tims. It is inperative that the pan material be
i nspected carefully so that non-floating benthos
are hand picked and collected. Cans, snails
and cased caddisflies will not float and nust be
hand picked and added to the sanple. Large clans
will also not float into the net, and should be
sanpled from within the Surber frame by hand

The sanple in the sieve is then washed from
the sieve pan into the sanple bottle with an
al cohol solution. Enough al cohol shoul d be added
to the sanple bottle to cover the sanple

Lakes. --Macroinvertebrate sanpling within a
| ake shoul d include qualitative |ake-shore
sanples for sensitive indicator mayfly, stonefly,
caddisfly, and anphipod species. These sanples
can generally be taken with a | ong-handl ed kick
net used in a sweeping notion through vegetation
or over the |ake bottom substrate

Portions of the net contents can be placed in
a white tray with a snmall amunt of water in the
bottom for detection and rermoval of invertebrate
fauna with forceps. If the net contains plant
q aterials, put nore water in the tray and
vigorously wash the plants in the tray. The
water and its contents are poured into the 250
mcron sieve and then transferred to the sanple
bottle. The sanple data on the bottle shoul d
include the words “Qualitative Lake Sanple”

Identification of Taxa Coll ected

The sanpl es collected shoul d be sent for
identification by qualified persons. Taxa should
be keyed to the highest taxon possible: fanily
genus, or species, depending on the group
Voucher col | ections shoul d be maintained and
identifications should be checked and verified.



Once the identity and nunber of individuals in
each sanple are known, a variety of analysis
methods are available.

Data Eval uations

The resultant data (numbers of individuals of
each taxon per sanple) may be anal yzed by a
nunber of nethods. Analysis may include the use
of indicator species, comunity conposition,
synthetic “biotic indices,” biomss, abundance,
speci es richness, species diversity, and
functional group analysis. The aimis to
quantify existing conditions and identify and
interpret changes in the stream benthic
community. No one nmethod will suffice. It is
nost inmportant that the data be collected
properly w th adequate sanpling end accurate
taxononi ¢ deterninations. The nmethod of analysis
is not as inportant as the data quality itself.

Hel pful guidelines for sanpling and data
anal ysis of stream benthos can be found in Platts
et al. (1983). Sources of materials, and an
extensive taxonomc literature review of insects,
can be found in Merrit and Cummins (1978).
Pennak (1978) provides a scholarly guide to the
identification of fresh-water invertebrates and
Hynes' (1972) tome remains a classic introduction
to the ecology of streams. A conprehensive
review of statistical methods can be found in
Elliott (1977) and a review of the use of indices
is found in \ashington (1984).
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Purpose

These gui del i nes have been prepared to assi st
the Federal Lend Manager (FLM in designing a
measur enent program capabl e of deternining
current, and rmonitoring future, responses of
vegetation to atrmospheric pollution. They are
general guidelines rather than specific nethods
They are flexible, and guide the FLMin the
devel opnent of a programsuitable for a specific
permt and wilderness area

These guidelines are built on the ongoing
progranms of several regulatory agencies that
assess the effects of pollution on native plants
(see Bennett 1984, 1985), but they represent a
new synthesis and approach to the problem The
gui del ines are based on the acceptance of the
principle that changes should be detected in “the
nmost sensitive part of the ecosystem” They are
presented as the nost efficient and parsinoni ous
steps to make decisions involving present or
future effects of atmospheric pollutants

A primary goal is to obtain measurenents of
plant air quality related values (AQRVs) within a
short period (one grow ng season), which can be
used in the permtting process. However, if
funding and the nanagenent policy of the O ass
area under consideration allow, a secondary goa
woul d be to establish subsequent trends end
changes via long-term nmeasurenents.

Constraints and Philosophy of Approach

Bi ol ogi cal AQRVs worthy of measurement are
inherently nore difficult to identify than
abiotic AQRVS. Further, the significance of
their neasured value as an indicator of air
quality is often ambiguous, The follow ng points
provide the background for this comrent:

1. No finite list equivalent to that of
criteria pollutants exists for organisns and
comuni ties

2. Because of the lack of adequate controls
and experinental design, any field observation or
sanpling will lead only to correlations and
inference, not to an established cause and effect
of a pollutant on a biological AQRV unless
chronic levels of pollution are present

3. There are no known functional attributes
that respond only to specific changes in air
quality. The mgjority, if not all, functiona
attributes also will be affected by severa
pol lutants and by natural environnental factors

Pl ant s
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Wldlife Mnagenent 20: 21-27.
Wtters, H; Vangenechten, J. H D.; Van
Puynbroeck, S.; Vanderborght, O L. J. 1984.

Interference of alum numand pH on the
Na-influx in aquatic insect Corixa punctata
Bull etin of Environnental Contamination and
Toxi col ogy 32: 575-579

Synergismw || occur between the various
controlling factors. Further, sone synptons nay
have nore than one cause, including those other
than pollution

4. Species end individuals vary in their
response to environnental stress because of
genetic or ecotypic variability. Again.
interactions can conplicate the picture. For
exanpl e, stresses can be mitigated or anplified
by tenporal patterns of the plants or by
invol vement with pathogenic organisns.

5.  Even the functional attributes that may
be reasonably related to changes in air quality
are poorly described and quantified.

Furthernmore, even if the dose-response
experiments have been done, extension to the
field is tenuous. An overall ignorance of the
norm nekes many attributes, especially
physi ol ogi cal ones, of little value

Measurements in these western high-elevation
and nontane Class | areas present further
difficulties because of the follow ng:

1. These areas tend to be large
i naccessi bl e, diverse, end spatially
het er ogeneous

2. The air quality history or current status
may be poorly known

3, The effects of air quality on the native
plants, communities, or hiotic systems are not
fully known

The protocol has two key elenments. The first
is the decision to deal with the population |eve
of the plant systemrather than higher attributes
of the ecosystem The second key el enent is the
flexibility and general nature of these
protocols, which do not provide exact sanpling
and neasurement schemes. Plants, rather than
vegetation, provide the operational perspective,
whi ch focuses on the presence end performance
(health) of individual plant species and their
popul ations, rather than on attributes of
vegetation, comunities, or ecosystens. The
scope of measurenent is further reduced by the
restriction only to known sensitive taxa and
their sensitive organisnmic systems. The
conpl exity of higher-order ecological units such
as community and ecosystens and the difficulty of
measuring change in these units, provide anple
reason for a popul ation perspective to take
precedence over a vegetational or total system
perspective

Nonvascul ar plants such as nosses and |ichens



are considered because of their known sensitivity
to air pollution end their established useful ness
es indicators. Al gae, bacteria, and fungi are
not included because they would require special
net hods that woul d be beyond any realistic budget
for the task. The flexibility of the protocols
is justified on the basis that unique prograns
have to be designed by the FLM end contributing
experts to meet the unique characteristics of
each permt, each area, end each flora.

There are two parts to the protocols: 1) a
flow diagramor decision tree with text explain-
ing the step-by-step process for designing a

specific program and 2) sonme general guidelines
for sanpling and anal ysis procedures. Although
the decision regarding permt denial or approval

is beyond the scope of these protocols, the

position of the permitting decision process is

shown in the flow diagram
Prot ocol Design

The flow diagramin figure 9 shows the data

sets required at the start of the design process,
end the decisions necessary to design a

measurement program The required data are shown
in lettered boxes, and the processes end
deci sions, here called steps, in numbered boxes.

A nunber of data sets are required to decide
what, when, and where to neasure the flora.
These may be available in the literature or
specific archives pertaining to the Cass |
under consideration. If not available, they
should be conpiled by the FLM Avail able
information seldomwill be adequate, end
preparation of this information will be a nandate
and prescription for collection. These
conpilations may require assistance from
experts. The data sets required for each Cass |
area are described in the sequence of the
lettered boxes of figure 9. This protocol is
demanding of time end effort; there are no short
cuts .

| and

Floristic List

A complete |ist of vascular plants, |ichens,
and nosses is needed. This list should show for
each speci es a commonness rating (abundant,
frequent, rare) and distributional information
(habitat, soil preferences, vegetation
associations ). Fairly good lists of vascul ar
plants are available for many Class | areas. If
these are not available, local floras, herbarium
collections, and consultation with |ocal
systematic botanists can supply fairly conplete
lists that include estimtes of comonness.
Available lists of lichens and nosses are rarely
available, and their conpilation would not be
easy without field surveys by specialists.
Distributional information seldom may be
pre-conpiled but can usually be derived from such
sources as florae, plant ecology dissertations,
and plant comunity descriptions fromsinlar
nearby regions. This list is nmeant as a guide in
the selection of taxa to be studied, and not as a
definitive |ist against which future | osses can
be detected.
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Land Cover Map

A nmap of land cover units at a scal e between
12,00 and 100,000 woul d be satisfactory. The
|and cover units should be based primarily on
vegetation assenmblages. [Each vegetation unit
shoul d be described by species content end
abundance, and may be additionally defined on the
basis of other attributes such as geol ogy, soil,
and habitat. Mps of species distribution, if
available, would be particularly useful,
especially for a rare species whose distribution
is difficult to interpret from a vegetation map.

Adequat e | and cover and/or vegetation maps
will only be available for a few areas. Forest
i nventory maps, soil surveys, and geol ogy neps
may be nore readily available end nay provide

background data for land cover naps. Mst C ass
| areas will have reasonable aerial photo
coverage, and a skilled aerial photo interpreter,

with the help of a local plant ecol ogist, can
produce adequate |and cover maps overlaid on USGS
t opographi ¢ maps (1:24,000 or 1:63,360). The
conpr ehensi ve nethod of Kuchler (1967) is
recormended.  The description of vegetation in
terms of its conposition is critical to the
proposed protocol. According to the Kuchler
nethod, this information is gathered as the
groundtruth of the map is verified and revised.

Rel ative Sensitivity Tables

A fundanental assunption of nonitoring air
pollution effects on plants is that not all
species are sensitive to a given pollutant.
Therefore, candidate test species nust be
sensitive to a given pollutant. Furthernore, we
agree with Cairns (1986) that there will also be
no single reliable mst sensitive indicator
species for specific pollutants. Therefore,
several test species nust be selected. Lists of
relative sensitivity of plants to specific
pollutants nmay be found in the literature
(Applied Science Associates 1976, Davis and
Wl hour 1976). The EPA Criteria Docunents for
each pollutant are a useful source of lists.
National experts are useful contributors of
information at this point. Wwen information is
not available for the actual species on the study
area, related taxa or growth-fornms (which often,
but not always, have simlar sensitivities to a
pol lutant) mght be considered.

Air Quality Information

This is required to identify the probable
pol lutants of concern. Sources of these data
will be any previous nmonitoring, the direct
nonitoring provided as part of the total protocol
(Atnospheric Environment Section of this report),
end from the permit application itself. The nost
desirable data set would contain tenporal end
spatial distribution of pollutants, and also the
frequency concentrations of each pollutant over
the area. Atnospheric nodeling is often the best
source of this distributional information.
Research is ongoing on species sensitivity.

Li st of Responsive Attributes
It is necessary to nmeasure only those



A List of Flora with commonnass c. Relative Sensptivity Tables
estimates and diatribution of species for each pollutant

by vegetation and/or habitat

1. Ident1fy sensitive species for
the area of concern

D Air Quality Information on
temporal and spatial distibu-
tron of predicted pollutants

2 Identify those pollutants which
may exceod acceptable limits or
known dose thresholds,

B Lapnd Cover Map of vegetation,
geology, and habitat. Vegaeta-
tion units muat be described

3 Identify species at risk and
s1tes/plots within the area for
measurement

E. List of Respopsive Attributes
for appropriate taxa and each
pollutant of concern

4. Ident1fy which measurements are
to be made.

F Sampling and Analysis Method
with acceptable QA/QC stan-
dards and appropriate for taxa
and pollutants of concern

5. Identi1fy appropriate potential
methods of measurement

6 Select final 1list of methods and
measurements from among candi-
date lists.

7. Conduct the survey and analyze
data to assess the condition of
sensi1tive species.

8. If possible, set up long-term
measurement stations, archive
records, and analyze data

G. Other Evidence of change to
non-plant AQRVs,

9. Daetermine 1f changes have been
demonstrated and/or are likel . .
to ooour. e Shkely Figure 9.--Flow diagram for use

in designing a nmeasurenent
programto assess effects of
I pol lutants on plant AQRVs.

[:0. Deny or approve permit

attributes of sensitive species that clearly show and Blauel (1980), and Thonpson, et al. (1984).

di agnostic responses to pollutants. Injury Table 15 illustrates the type of information
atlases illustrating damage and stress synptons required for each pollutant of concern.

are a good source of clues as to appropriate

attributes to measure; for exanple, Jacobson and Sanpling and Anal ysis Procedures

Hll (1970), U S. Forest Service (1973), Malhotra For each species and attribute, there nust be
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Table 15.—Examples of the kind of measurement and methods required for the
detection of changes 1n atmospheric pollutants.

Pollutant

Sensitive Responsive
& reference taxa

Measurement Sampling
attrinte method

Sulfur dioxide Lichens (e.g., D Former and From published
Xanthroparmelia

ia of taxa present lists and maps,
(LeBlanc ard Quberlandia) range fram herbarium
Rao 1975, Hale searches, and
1982, Wermore Frequency of Present broad areawide
1983) occurrence range and surveys, dis-
frequency tribution mapping
Lichens to be
Sulfur content Tissue collected from
analysis relocatable plots
Ozone Pimus contorta Foliage % leaf Plots located
(lodgepole flecking within the spe-
(Heath 1975, pine) cles range using
Stolte and Representa- vegetation map
Bennett 1986) tive leaf They should be
1 accessible to
trails or rvads,
% leaf have more than 30
retention ‘trees which are
healthy and large
enough to allow
ted sam-

repeal

pling. 5 branches
are sampled from
each tree.

an appropriate nethod of assessment of pollutant

effect. The fifth colum of table 15 lists such
nmet hods. Handbooks with acceptable nmethods nust
be found or devel oped end refined as necessary.

These methods and sources are discussed later in
this section.

Changes in Non-Plant AORVs

This information is included in the decision
tree to illustrate a conplete permtting
process. Procedures are outlined in other
sections of these protocols to neasure
non-floristic AQRVSs.

The Deci sion Process

Wth the assenbled data and information sets
on hand, the measurement nethods can be
selected. The flow diagram (fig. 9) illustrates
this process with nunbered steps. At step 1, the
potential study species are identified by
conparing the list of the flora (A) with the Iist
of sensitive species given in the sensitivity
tables (B). At step 2, the potential
pol | utants--those which may increase to
unaccept abl e | evel s--can be derived fromthe air
quality information (D), and at step 3, a match
of this information with a list of species with
known sensitivity to the appropriate pollutant
(C) helps to set priorities-for studies in the
area of concern and leads to the identification
of sites at which nmeasurement could be made.

Sites where the sensitive species are present
may be deternmined fromthe land cover and species
distribution maps (B). Site selection should
al so consider predicted or known pollution
patterns (D). If pollutant distribution data are
not available, then the sensitive species nust be
monitored over its entire range. If the areas
over which elevated pollutant levels are expected
to occur overlap with the distribution of
sensitive species, these areas should be
intensively nonitored. Those areas which are
less likely to be inpacted should al so be
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monitored. Final placement of study plots or
| ocation of sanples will depend on which plant
attributes are to be nonitored.

Step 4 decides which measurenent are to be
made. Table 15 provides an exanple of data for
set E, and lists--for two pollutants and some
sensitive taxa--those attributes which are
responsive or readily affected by the pollutant.
For exanple, needle Iength and needle retention
in Pinus contorta are affected by ozone |evels.
Simlarly, step 5 decides the methods of
appropriate neasurement. For exanple, for Pinus
foliage, the nethod of Stolte end Bennett (I986)
using | arge-scal e random sanpling woul d be a good
candi date.

Step 6 involves final selection of nethods
and neasurenents fromanong a candidate |ist
derived in steps 4 end 5. Final selection wll
depend on many considerations: for exanple, the
presence of sensitive species end attributes, the
availability of effective methods, available
| abor and time, end coordination with other
ongoing monitoring prograns. Often the pernit
deci sion nust be made in a very short tine
frame: less than a growing season. In such a
case, the FLM would need to proceed to step 7.

An inportant decision included in step 8 is
whet her only short-term studies are mandated or
whet her long-termnonitoring can be attenpted.
(Stategies for long-term nonitoring sites are
discussed later in this section.) From
scientific and protection points of view,
long-term studies (step 8) are desirable. They
wi |l provide the nost reliable assessnent of
effects and al so easier decisions in the case of
future new pernit applications and permt
reviews. Therefore, it is recomended that,
within constraints of funds and tine, step 8 be
given serious consideration. This step can be
done concurrently with short-term assessnents, or
to build on short-termdata sets gathered during
expediently made pernit assessnents.

Fol | owi ng the surveys and anal yses (steps 7
and/or 8) the FLM must review the information and
determine, as per step 9, the health and risk of
the plant conponents of the class | area. O her
evidence (G will be brought to bear on this by
the FLM during the PSD permitting decision
pr oper.

CGeneral Cuidelines for Sanpling and Analysis
Sampling and analysis will depend on the
species and attributes selected in the search for

sensitive systens, and al so upon whet her
long-term monitoring or only short-term survey
studies are being conducted. Wthin reason, we
recomrend that both monitoring and survey methods
be as simlar as possible--simlar with regard to
sanpl e size and permanent marking or accurate

| ocation of sanpling points or plots. Sanple
size should always be adequate. Methods nanuals
shoul d provide information on sanple size, but if
new nmet hods are devel oped, a conpetent
statistician should be consulted.

Sampling along gradients of airflow, and thus
al ong possible gradients of pollution, provides
better, although never incontrovertible, evidence
for cause and effect. If long-term sanpling is



initiated, the pollutant can be regarded as an

i ndependent variable, and the effects of other
factors such as naturally fluctuating climtic
factors can be taken into account. Further
information on cause and effect devel ops as the
dat abase grows over time, and when reliable
co—neasurenents of physical and chemical factors
are collected. The re-sanpling of permanent
plots and tagged individual plants over tine
reduces the problem of spatial variability. Most
growt h and physiol ogical activities decline in
late sumrer and early fall; sanpling at this tine
will be the sumtotal of the current season’s
growth end can reduce sone of the seasonal end
tenporal variability

In nost cases, potential gradients of air
flow or pollution will not be known or pronounced
enough to suggest where to | ocate sanple points
Therefore, we generally favor the random
pl acement of plots or transects within the system
whi ch contains the species of concern. Pernanent
marking is to be preferred and, if necessary,
stubbornly lobbied for in those Cass | areas
where nanagers nay object. There are markerless
met hods but they are costly end not al ways
reliable. Methods of marking with mninum inpact
are discussed in Zedaker and N cholas (1986). W
recomrmend that each study plot be thoroughly
descri bed by the nethods of Wl ker et al
( 1979). These descriptions form a necessary
dat abase end give clues as to factors controlling
pl ant stress other than pollutants. Photography
of plots and individual plants is a valuable
supplement to plot description. Photographs can
record for posterity what the observer has not
yet learned to spot, or what does not seem
inportant at the tine

Table 15 illustrates the types end nethods of
measur enent whi ch coul d be used for the two
pol | utants-- ozone and sul fur dioxide. The table
further illustrates the kinds of considerations
that FLMs and experts will need to nmake in
deci ding en appropriate neasurenent and its
sanpling nethod. The annotations concerning
ozone and sul fur dioxide effects help illustrate
the process of nethod selection

Ozone does not |eave a residue within the
plant to be neasured, whereas sul fur dioxide may
be retained as sulfate or some other sul fur
conpound.  Therefore, tissue chemistry is not
useful for ozone detection; assays of products of
oxi dation fromozone injury are not appropriate
in field techniques since the products are
epheneral .  Lichens and bryophytes have not been
shown to be sensitive to ozone and woul d not,
therefore, not be used in an assessnent of ozone
effects.  Some pines, however, are sensitive to
both sul fur dioxide and ozone, and assessnent
nmet hods coul d be conbined (see Stolte and Bennett
1986). W& recommend the M| kweed measurenent
nmet hod of Bennett and Stolte (1985) as a nodel of
en assessnent nethod.

Analysis of tree rings for accunulated trace
nmetal s (Berish end Ragsdal e 1985) and anal ysis
for reduced growth resulting from poor air
quality (Nash et al. 1975) are attractive methods
since they have the potential to show previous
regimes of effects of pollutants on growth.
Cenerally, however, we caution against tree ring
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analysis since it is technically denmanding end
expensive. Al so, cross-contamnation of tree
rings is possible and any reduced growth effects
can seldom be related to specific pollutants

Perhaps the nost difficult part of the plant
protocols will be the deternination of the
significance of observed plant responses, and
what the continued or ultinate consequences or
those responses inply for the plant population
It is upon these prognoses that the pernitting
decision wll rest.

Long- Term Monitoring: Measures and Basic
Sanpl i ng Design

Wen a specific pollutant is not identified
or for such concerns as acid deposition that may
cause ecosystem|evel effects, it is reconmended
that a basic and long-termnonitoring effort be
conduct ed

The original list of the flora (data set A)
should be field checked. Special care should be
taken to have correct identification and
herbarium archiving to avoid incorrect
concl usions about future |osses of species

Table 16 lists the principal attributes
recommended for neasurenent. Tables 17 and 18
and figures 10, 11, and 12 provide some sanple
forms and scales for plot description by the
releve nmethod (Walker et al. 1979). A releve is

Table 16.—Measurements for vegetation ard plant momtoring.

Attribute Method Reference
Vegetation Map Units
Species camosition  Releve Walker et al. 1979
Site factors Releve” Walker et al. 1979

Soils and geology
Permanent Plots (50X50m)

See Work Group 2

Photographs Walker et al. 1979
Site factors Walker et al. 1979
Soll See Work Group 2

Species Camposition
- Cgver value for
shrubs, herbs, and
ground layer
- Density and diameters
for trees

Fruticose and Foliose
Tichen Plots (20X25 cm)

Walker et al. 1979

Photographs 35 mm camera Hale 3962

Species check last Listing Hale 1982

Plant

- Pb, ad, 2n, Ni, Atamic absorption Allen et al. 1986
Qu, Mn ashing and HNO3
= Sulfur Ieco canustion to See Work Group 2

S0
Evergreen Plants

Ieaf necroses and
chloroses

Comparison with
color standards

e.g., Jacabson and
Hill 1970
Elemental analysis

Atomic absorption Allen et al. 1986

ashing and HNO,
Ieaf retertion by age See text
class
Trees
Tree ring Tree coring and Nash et al. 1975
analysis for derndroecology
each site

Historical record of
pollutant depesition Eb,
od, 7Zn, Ni, Qu, Mn,

Ashing and HNO3,
atamic absorption

Berish et al. 1985




Table 17.—Subjective envirormental gradient scales to be used for campletion of figure 10,

Site Site Soil Summer Air Snow Wind
scale moisture moisture temperature
1 Very dry, little or Very dry, no Very cold sites, Little or no Campletely
no moisture within apparent moisture, high altitude snow cover  sheltered
10 am of surface, no clumping with north-facing in winter, from the
exposed to strong slopes ridge rop wind
winds sites
2 Very dry, little Very dry, same Cold sites, high ILittle or no Exposed to
moi near sur- moisture but altitude with snow cover occasional
face, somewhat less doesn't clump moderate solar in winter, very light
exposed sites exposure, north- exposed (1-Sknyhr)
facing coastal slopes winds
plain sites or
flat sites
extreme arctic
coast
3 Dry, same moisture Dry, clumps but Cold sites, Slopes Very light
near the surface, then crumbles moderate alti- usually snow winds cammon
very exposed tude flat coastal covered in
plain sites winter

Dry, some moisture
near the surface,
sanewhat less exposed
sites

Moist, top 10 em

continually moist to can be taken apart

wet, moderately well-
drained sites

Moist, top 10 cm
near saturation,
less well-drained
sites

Wet, contimually

Dry, clumps and
stays in a ball

Moist, binds but

Moist, binds
campletely into
gooey ball

Wet, can squeeze

Cool sites, flat
surface in Arctic
Foothills

Moderate temp—
eratures, south-
facing slopes on
Arctic Coastal
Plain or high
mountains

Moderate temp-
eratures, south-
facing slope,
Arctic Foothills

Moderate temper-
atures, flat site

Slopes snow Occasional
covered in  light (5-10
winter, snow km/hr) winds
melt by late

May

Shallow de- Light winds
pressions, common
somewhat

prolonged

snow cover,

melt by

early June

Snow Occasional
patches, moderate
snow melt by (20-30km/
late June or hr) winds
early July

Snow patches Moderate

saturated soil but same water out samewhat winds cammon
no standing water at intermediate later snow
altitudes south melt by late
of Brooks Range July
8 Wet, usually with Wet, can squeeze Warm tempera- Snow Occasional
standing water early 1lots of water out tures, flat site, patches, strong winds
in summer lower altitudes later snow  (40-50km/hr),
south of Brooks melt, early winds cother-
Range wise laight
9 Very wet, usually Very wet, totally Warm, south- Snow Strong winds
with standing water saturated facing slopes at patches, cammon, winds
late in summer intermediate very late cotherwise
altitudes in snow melt, moderate
interior Alaska late August
10 Very wet, deep Very wet, soil Warmest south- Snow Strong winds
standing water year taken from under- facing slopes at patches, common,
round water lower altitudes very late occasional
in interior snow melt, very strong
Alaska sametimes (>60km/hr)
wmay have winds
all year
AO
e & ]
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Figure 10.--Sample form for releve site factors.

Releve No. Map Name
Observer Date

Master Map Code Map Uit No.

Site Description and Site Factor Code (see Table 4-7)

Figure 10.—-Contirnued

Releve No.

Animals:

Name Scale (0-3) Evidence

Tall shrubs(>2m)
Medivm shrubs(.5-2m)

Pwarf shrubs(10-15cm)
Prostrate shrubs(<10cm)

Sample Area Depth of Thaw
Slope Aspect inclination® _____ Depth of Water
Site Scale (1-10):
(see Table 4-3) Relief:

site moistire Microrelief:

soil moisture Type

temperature Heaght Width

snow Mesorelief:

wind Type

atface Height Width

stapility

c:g'utm:batim

fire (fire evidence
Yegetation:
Aga of Vegetation: Estimate Evidence
Percentage Cover: Height:

Al}l vegetation Tree layer (m)

Trees(>2m) Shrub layer(m)

Herb layer(cm)
Graund layer (cm)

Biomsa (scale 1-10):

Plant Phenoloqgy:
Species

Stage

Soil type

Parent material

Description (include horizon names, depths, color, texture,
structure, character of boundaries, %rocks, ¥fiber,

fmottles):

Soil sample top 10 cm

Age

CharkTighks
(84 =0 i1

"{ ) Mark location on photo

( ) Mark location on map
( ) Soil sample

( ) Tree core

( ) Vegetation photo

( ) Soil photo

( ) Vasaular plant sample

( ) Moss sample

( ) Lichen sample

( ) Permanent plot staked & marked

several equival ent |andscape units, such as small
al pine basins, to be surveyed and mapped. These
units should be sel ected, wherever possible,
al ong known or predicted airflow paths where

Graminoids Overall

Forbs Tree layer

Bryophytes Shrub layer

Lichens Herb layer

Rocks Ground layer

Bare soil

Water Photo Nos.

Table 18.—General landforms.

20 Dunes 55 Valley
21 actave 56 depositional
22 inactive 57 erosional
25 Basin/depression 60 Mesa
26 basin 61 footslope
30 Plains 62 s1deslope
31 deposational 63 crest
32 erosional 70 Hills
35 Flood plain 71 footslope
36 72 sideslope
a7 actave Kl crest
38 abandoned 80 Mourtain
39 river par/island 81 footslope
40 Ruver terrace 82 sideslope
41 depasitional 83 crest
42 erosional 98 Water
45 small delta
50 Alluvial fan
51 active

52 1nactive

literally a “picture” of a plot or stand. These
tables and scal es were designed for an Al askan
research program and serve only as a starting
point for the FLM and nust be modified for each
new area. The basic sanpling design calls for
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gradients of pollution might be expected.
Permanent plots that contain the growh forms
bei ng studi ed shoul d be established within each
basin. These growth forms are fruticose and
foliose lichens, evergreen plants, and trees.

I ndi vidual plants or plant parts must be
permanently tagged or able to be reliably
re-identified.

Requi rement s

Estimates of person-day and field equi pnent
requirements are given in tables 19 and 20.
These estimtes may be rather |ow, and may need
to be increased for sites with poor
accessibility.

Field Methods

The initial regional survey of plot
establ i shment. should be done during the first
growing season. Plots should be accessible but



Figure 11.—Plant taxa form.

Releve/Plot Number

| |
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away fromnmain trails and access points. Plots

and plants are tagged as inconspicuously and
unobtrusively as possible. Botanical sanpling
can be conveniently done in late summer and early
fall after plots and plants have been sel ected
and appropriately worked, recorded, and

posi tioned. In subsequent years, field work can
be restricted to resanpling the attributes with a
frequency of about three to ten years

Table 19.—Manpower estimates for long-term studies 1n a
wilderness area with average access.

Personnel Number of person-days/year
Year 1 Years 2-10
Plant Ecologist 50 5
Plant Taxonamist 1s 5
Fleld Assistant 50 20
Chemistry Techinician 30 25
Draftsman/Cartographer 10 0
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Figure 12.—Collection label for p'iarrt specimens.

Collection No. Herbarium No. 2

Plant Name L sarw

Field Name

Iocality Releve/Plot No.

Longitude Latatude Altitude

Ecol. Notes: Moisture Slope

Community

Collectors

Survey and Plot Establishnent

Landscape Unit Mapping.--Aerial survey, |loca
interviews, and snall-scale topographic maps are
used t-o select candidate landscape units. This
sel ection should be nmade in cooperation with
Soi |'s end Geol ogy and Aquatic Chenistry and
Biology. Small, well-defined valleys containing
forests and meadows with surrounding upl ands
woul d provide the required sanmple plots
Reconnai ssance visits are required to make fina
unit selections. Several (at least five)
| andscape units shoul d be sel ected al ong known
airflow paths. Additional (up to five) units
could be located in a cluster at the center of
the airflow path. These additional units would
serve to establish spatial and other natura
variation of attributes.

CGeobot ani cal mapping of each | andscape unit
using the Kuchler (1967) conprehensive nethod is
preferred. Prelininary |andformand vegetation
boundaries and classification are made on acetate
overlays of suitable aerial photographs. Col or
infrared photography at 1:60,000 works well

Table 20.—Field equipment and materials.

Mapping

Topographic maps (1:24,000), color infra-red aerial
photographs (1:60,000), mylar overlays for photographs with
provasional and classification boundaries, map umt releve forms,
plant collection bags, plant tags, local flora, plant press,
acetate pens, pencll and notebook.

Permanent Plots

Transit and stadia rods, 50 m steel tapes, PVC pipe or steel
re-bar stakes, metal plot tags, engraving tool, 35 mm camera,
color film, diameter tape, releve forms, plant collection bags,
plant tags, plant press, pencil and notebook.

Lichen Plots

Hammer and star-rock drill, 20X25 am quadrat frame, 35 mm
camera, color film, stainless steel plot tags, engraving tool,
collecting bags, species check list forms.

Everdreen Plants
Notebock and pencil, stainless steel plant tags, engraving

tool, plant pathology camparison charts, 30 cm rule graduated in

mm, notebook and pencil, collecting bags.

Irees _

Teflon-coated increment corer (16"), solvent and distilled
water 1n squart bottle, plastic drinking straws, carrying case
for wood cores, metal tree tags, engraving tool, 35 mm camera,
£ilm, pencil and notebook.




Fol l owi ng field checking end appropriate
updating, boundaries can be easily transferred to
a 1:24,000 USGS topographic base nap.

Each final map unit shoul d be characterized
for vegetation and |andform cover. The method of

Nl ker et al. (1979), which uses the releve
techni que (Westhoff and Maarel 1978). is quick
figs. 11 and

end appropriate (tables 17 and 18,
12) .

Voucher col I ections should be made when rare
plants or plants of uncertain identity are

encountered.  Standard herbarium techni ques
should be used. Figure 11 gives the needed plant
col lection information.

Soil information can be readily added to
these geobotanical maps.

Mappi ng of each basin will require about 0.25
men days of aerial photo interpretation and 4
person days of field effort. Final plant
deternminations and drafting should be done in the
| aboratory.

Large plot location and description. In each
| andscape unit, large 50 X 50 m permanent plots
should be located and established. These should
contain good stands of fruticose and foliose
l'ichens, evergreen plants (both shrubs and
trees), end mature forest trees. In each unit a
m ni num of five plots should be set up to provide
access to the required taxa. Al taxa mght be
contained in a single plot. Plots should be
staked, tagged, |ocated precisely on the
geobot ani cal naps, end reference sightings made
to prominent terrain features. A series of
obl i que phot ographs shoul d record general aspect
and vegetation of each plot. Each plot should be
described with the releve nethod, which wll
provide a conplete inventory of flora and
estimates of individual species abundance.
val ues shoul d be recorded for shrubs, herbs,
ground layers. Trees should be recorded by
speci es, nunber, and dbh (dianeter at breast
hei ght) .

Set-up and description of each plot should
take about 0.25 person-day.

Cover
and

Attribute Sanpling end Mnitoring

Lichens. Ten small 20 X 25 cmmicroplots
should be set up in each of the five larger (50 X
50 m) nmmcro-plots to record ground and rock
lichen communities. The plots can be marked with
smal | stainless steel stakes or small holes in
rock surfaces using a star-rock drill and
hammer.  The basic nethod is that of Hale
(1982) . Vertical whole plot photographs and
obl i que aspect phot ographs shoul d be taken for
each plot. A conplete as possible listing of
lichens is made. Voucher collections should be
made outside of the nicroplots. A large handful
(5-10 g) of each conmmon fruticose or foliose
lichen is collected fromw thin each 50 X 50 m
plot for elenental analysis (see table 16).

Sanpl es shoul d not be collected into brown kraft
paper bags because of the possibility of sulfur
contamination. Sinilarly, zinc contam nation my
result fromusing ordinary plastic bags.

Synthetic bags nmade of materials such as tyvek
are preferable. The bags should “breathe” end
the lichens should be dried in the bag. Foreign
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material (other lichens, insect cases, npss,
etc.) should not be remved fromair-dried
specinens.  Speci mens shoul d not be oven-dried or
washed.  Sanpl es should be ground in a Wley mll
to pass a 20-nesh screen.

Setting up and recording 10 nicroplots in
each macropl ot and sanpling for elenental content
of lichens takes about 0.5 of a man day.

Evergreen foliage. Evergreen species should
be sanpled within the macroplots available.
Evergreen shrubs or trees are best; evergreen
herbs are of dubious value. \Wen possible, the
sanme speci es should be used throughout a
wi | derness area. Ten individual plants should be
tagged and their locations recorded in a
macropl ot.  Ten individual branches should al so
be tagged on each plant to allow for replication
and future repeated neasurenents. Photographs of
each individual plant should be taken.

Each branch is exani ned agai nst standard
color charts and photographs of |eaf damage from
known pol lution effects, and scored for signs of
necrosis (flecking, tip-die-back, etc.) and

chlorosis. Further literature and nethod
devel opnent is needed here. A good start is
MIler and MBride (1975).

Sanpl es of |eaves of each age class (about 20
grans fresh weight) should be taken from
nei ghboring unmarked plants. Dead and |iving
| eaves should be collected separately. Five
sanmpl es per macroplot are recomended.

A record should be made of |eaf numbers per
age class for each marked branch.

Tree wood. Methods of tree coring and wood
trace element analysis are well worked out by
Berisch end Ragsdale (1985). Wthin the 5
macropl ots, 10 trees of each doni nant species
shoul d each be cored 3 times at breast height.
™o of the three cores are used for elenent
anal ysis in 5-year increments, and the renaining
core is used for growth analysis. In subsequent
years, only short cores will be necessary. Each
tree shoul d be photographed, tagged, and its
|ocation recorded. Coring of 20 trees takes
about 0.5 man day.
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U S. Departnent of Agriculture
Forest Service

Rocky Mountain Forest and
Range Experiment Station

The Rocky Mountain Station is one of eight
regional experiment stations, plus the Forest
Products Laboratory and the Washington Office

Staff, that make up the Forest Service research
organization

RESEARCH FOCUS

Research programs at the Rocky Mountain
Station are coordinated with area universities and
with other institutions. Many studies are
conducted on a cooperative basis to accelerate
solutions to problems involving range, water,
wildlife and fish habitat, human and community
development, timber, recreation, protection, and
multiresource evaluation

RESEARCH LOCATIONS

Research Work Units of the Rocky Mountain
Station are operated in cooperation with
universities in the following cities.

Albuguerque, New Mexico
Flagstaff, Arizona

Fort Collins, Colorado*
Laramie, Wyoming
Lincoln, Nebraska

Rapid City, South Dakota
Tempe, Arizona

* Station Headquarters 240 W Prospect St., Fort Collins, CO 80526
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