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Abstract

We collected benthic macroinvertebrates, physitb@mi@l data, and habitat data123 wadeable
nonglacialstreams throughout the Alexander Archipelago in souteeestaska for the purpose of
developing an ecoregionhiological assessment indeXVe sampled within a twenfijve day window

in late April and May for three consecutive years starting in 2002. J6ifty percenof siteswere

reference sites, with the remaining sites representing a disturbance gradient including impacts from
urbanization, varying levels of timber harvest, and landfill runafimultimetric index and a

predictive (RIVPACS) model were developed for this data set and both methods performed similarly.
Neither method was able to consistently discriminate between reference condition and intermediate
levels of stress, including stims impacted by timber harvest. The multimetric index was therefore
calibrated using reference and most stressed (urbanized) sites and had an overall discrimination
efficiencyof 75%. The six metrics selected for the final multimetric index were irsegtrichness,
percent nofinsect taxa, percent EPT, percent intolerant taxa, clinger taxa richness, and scraper taxa
richness. Our data suggest that timber harvest on National Forest land had minimal effect on
macroinvertebrate assemblage structure,\likbg&ling to the mitigative effects of riparian standards, but
that urbanization was associated with highly altered macroinvertebrate assemblages in sputheast
Alaska.



Introduction

The central purpose of biological assessment is to determine how wellea bog supports life.
Biological assemblages integrake effects of different pollutant stressors such as nutrient enrichment,
toxic chemicals, increased temperature, and sedimentation, thus providing an overall measure of the
aggregate impact of ¢hstressorsBiological assemblagegspond to stresses of all degrees over time
and, therefore, of fer i nformation on perturbat
measurements or discrete toxicity testBioassessment allows direct aseirement of biological
integrity, a primary goal of the Clean Water Act (CWA). Biological data can be used by states to
monitor longterm water quality trends, list and-tist waters (303d CWA), establish biological water
quality criteria, prioritize stes for total maximum daily loadd'MDLs), test TMDL effectiveness,
monitor the effectiveness of restoration projeats] diagnose sources of water quality impairment in
addition to an array of other usésdure 1.

The aquatic ecologyprogram at theUni ver si ty of Al aska Anchorag
Resources InstituteENRI) has beenreceinng funding from theU.S. Environmental Protection
Agency USEPA and Alaska Department of Environmental Conservatisince 1996 for the
incremental developant of stream biological assessment e c hni qu e s etooegionsAl a s
Biological index development is partitioned into ecoregions to minimize the amount of climatic,
geologic, and biological variabilityithin a large area like AlaskaH(ighes et al. 199 Stoddard

2009. Field data collection began in 1997 on the Kenai Peninsula and then expanded to other areas o
the Cook InleBasinecoregion(Nowacki et al2007) over the following three years. These data were
used to calibrate the Alaska Stream @iton Index, a multimetric macroinvertebrate index for the
Cook InletBasinecoregion Concurrent with data collection on the Kenai Peninsaladeveloped

and tested standard operating procedures for assessing and monitoring the biological integrity of
Alaska streams based on USERApid Bioassessment Procedu(Barbour et al. 1999; Major and
Barbour 2001; Major et al. 1998). The standard operating procedures include macroinvertebrate
sampling, physicochemical water quality measurements, and visusdsasnt of instream and
riparian habitat; our approach closélowed the concepts outlined IBarbour(1997). From2002to

2004 the focus ofour field data collection shifted to southeast Alaska, where we collecteddata
toward a macroinvertebratevater quality index fomonglacial wadeable streams ithe Alexander
Archipelagoecoregion(Nowacki et al.2001), an area roughly corresponding to the Tongass National
Forest This report presents the resultglaé work and describes the calibratiordapplication of the
resulting biologicahssessmerdex

We tested wo different approaches for index developmewtth our Alexander Archipelago
macroinvertebrate datthe multimetricapproach, commonly used in the United StéesBarbour et

al. 1999, and predictive modelingthe approach commonly used in Europe, Australia, and New
Zealand(seeWright, Furse, and Armitage 199dawkins et al. 2000 Both approaches rely atata
collected atReferencesites streams that are minimally impacted loyman impactsuch as logging,
mining, and residential or urban developniémtepresent the expectedturallyoccurring conditions

across the ecoregion However, the two methods diffefundamentallyin the way biological
information is summarized Multimetric indices are based on a suite of metric scores, quantifiable
attributes of the macroinvertebrate assemblage that vary predictably with watershed disturbance.



Predictive modeling estimates the expected taxonomic richness that would occuitatira the
absence of any watershed disturbance; this expected richness is then compared to the observed richne
to quantify biological impairment.

During the index development process we also sought to identify the value of-lgesius
Chironomidae rfontbiting midges) identifications. This family of Diptera (true fliesyery common,

often comprising >50% of thenacroinvertebrateassemblage, andequires slide mountingf
specimensand specific expertise that can add considerable time and expbasadentifying at the
genus level. If data using familgvel chironomid identifications yield results similar to data using
genuslevel identifications, familjevel identifications would be preferable in order to reduce
laboratory expense. We addreékss concern by repeating analyses using data from both levels of
taxonomic resolution. Default analyses and metric names use family level identification for midges;
metrics and analyses calculated with gelewel midge data are noted as such.

This repat is organized to first give the reademaef overview of themultimetric and predictive
modelapproacheto biologicalassessmentWe then review our field data collection methodology and

our results as they pertain to calibration and application mulimetric water qualityindex using
macroinvertebrates Because the multimetric and predictive model approaches yielded very similar
results, we chose to focus on the multimetric index development in this report and refer the reader to
Jessup et al. @5) for details regarding calibration of the predictive model indé¥e made this
decision because the multimetric approach is intuitively more straightforward, is easier to use, and is
consistent with our work in the Cook Inlet ecoregiomhis report &0 provides highlights of our
statewide education and outreach effort, whi c
assessment work.

This projectds pri mar y phydicalechemical, end Wialaicaéfevence h a r .
conditions fo Alexander Archipelago ecoregi@treamsand to develop a benthic macroinvertebrate
biological water quality index based on conditions unique to this region. Additional objectives were to
compare the results given by the two major contemporary approachesiogical assessmerthe
multimetricindex and predictive modehnd to evaluate the relative merits of famdynd genudevel
taxonomy for Chironomidae.
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Methods

Study area

The Alexander Archipelago ecoregion (Nowacki et al. 200Lphly corresponds to thslands and
nearshore mainland of the southeasAlaskafi p a n h areat¢Hing fsom the Endicott Range and
Glacier Bay in the orth to Dixon Entrance in the soutiThe land masses are mountainous and the
climate is maritime and cool, with mean temperatures fi 4°C (20i 40°F) in winter and10i 16°C
(50-60°F)in summernFAA 1996). Precipitation is abundaf00' 500 cm/y; RA 1996 and greatest

at higher elevations; precipitation is highest during fall while spring is the seasonally driest period
(Host and Neal 2004 Lush temperate rain forests ®itkaspruce(Picea sitchens)swesterrhemlock
(Tsuga heterophylla western red edar Thuja plicata), and yellow cedarQallitropsis nootkatens)s
occur at low elevatiors on well-drained soils giving way to stands of red aldeAlqus rubrg in
disturbed areas. edtland fens sparsely forested with shore pli@us contortq occur onpoorly
drained soils. At higher elevationsforests give way to shrublands, alpine tundmad extensive ice
fields.

Streams are common and are generally short and steep, often wighaldient floodplain reaches just
above tidewater.Streams argyenerally cleaand circaneutral although some that drain extensive
peatlands are tannin stainadd acidic Some mainland riversrdin valley glaciersout, due to the high
inorganic sediment loads associated with glacial scouring, we did not inclefdeigers in this study.
Streams host Dolly Varden chasdlvelinusmalmg; steelheadand cutthroat trout@ncorhynchus
mykiss O. clarkii); pink, chum, coho, and sockeye salm@ndorbuscha, O. keta, O. kisuta@ndO.
nerka); and slimy, prickly, and @strange sculpirdottuscognatusC. asper andC. aleuticug.

This region offered a large number of pristine watersheds, allowing us to use true reference sites rathe
than the fAbest avail abl ed r ef eldowevereghissegionefierech e c e
very few stressed sitge.g., watershedseavily impacted by urbanization and associated rounoff),
precluding arigorous test of index efficacy based biological responses at andependenset of
stressedsites. The dominat forms of human disturbance are urbanization &nmber harvest
(including associated roads, stream crossings
topography, these tend to be confined to low elevatimuscomprise aelatively small poportion of

the total watershed areaMost of the ecoregion is within the Tongass National Forest wihnere
Tongass Timber Reform ACTTRA) hasmandated80.5m (100 ff) buffers on anadromous fish streams
since 1991 and the Tongass Land Management Plamaadated variable width buffers based on
stream process groups (Paustian 1992) in addition td TR&A buffers since 1997.The principal
townswithin the ecoregiorare Juneauppp. = 31,000 Ketchikan (pop= 9,000, and Sitka(pop. =

8,000; U.SCensus Bureau 20Q0)

Overview of Multimetric and Predictive Model Approaches

The two approachds multimetric index and predictive modelifigare similar in that they attempt to
discern biological differences betwesgierence sites (i.ehose siteshiat havdittle or nodisturbance)
and sites with increasing degreesdidturbance The two approaches differ in the way sites are
classified into similar natural groupings and in the way the biological information is summarized.



In the multimetric aproach, sites are classified irdistinctgroups based on biological similarities that
can be explained byaturallyoccurring environmental variablege.g., channel slope, substrate
composition, etc.) Such environmental variableg§f any) are detecteds clusters of sites with similar
environmental characteristics amultivariate ordination of Reference site assemblagel natural
amongsite variation is found to be predictably influencing macroinvertebrate assemiddgesare
partitioned intohomogeneouglasses accordintpese variable(sand index development procedds

each class individually This process produces biologically homogeneous groups of streams that
presumably respond similarly to watershed disturbance.

The metrics comprisgna multimetric index arquantifiable attributesf the benthic macroinvertebrate
assemblagand are generally classified infbgroupsbased on the assemblage attributes quantified
(sensu Barbour et al. 1999axonomic richness, taxonomic compositionjetance/intolerance,
feeding group, and habitA suite of candidate metrics is tested and those that are precise (both
spatially and temporally), not redundant with other metregresentative of different metric families,

and show predictable responses to watershed disturbance are selected for the final multimetric index
which isa mathematical combination thfese metrics

In the predictive modeling approach, sites are not classifimddistinct groups but are clasBed

along a natural gradient. Membership within a class is defined in terms of probability of membership,
based on discriminant function analysis of the biological diversityrebérencesites and the
environmental caracteristics of those sitesThe nodel is built such that the taxa occurring in the
referencesite classes are used to predict taxa that are expected to occur in sites with similar
environmental characteristics. Sites that are environmentally similareferanceclass are expected

to have the taxa that occur in that class to the degree of their environmental similarity, defined as the
probability of class membership. The prediction of expected taxa and observation of those taxa
actually occurring in the sample allows calculation of tiegree to which a site is attaining its
potential in biological diversitythis calculation ighe ratio ofobserved taxa (Qp expected taxa (E).

Site Selection and Human Disturbance Gradient

We selectedmany sites based on the recommendations bioassessment work grougmnvened to

guide the development of this project that inclute8. Forest ServicdJSFS, U.S. Fish and Wildlife
Service(USFWS),andAlaska Department of Fish and Gampersonnel. A large number of the sites

were chosen due &upport offered by cooperating agencies aase of accessI'o minimize among

stream biotic variation due to naturally occurring physical and chemical differences, the bioassessment
work group eliminated three types of streams from consideration in thjecp Since most
anthropogenic development in southeasflaska occurs at low elevations, sites at greater thamil50

(500 ft) elevation were eliminated from consideration. Because karst geology and glaciers can
dramatically influence the physical carchemical character of streams (and accommodating these
streams would require a much larger number of sites), streams bearing such influences were alsc
eliminated. Also based on bioassessment work group recommendationgjywacludedstreams

with the following USFS stream channeyges (i.e., process groups; Paustian 1982his study
floodplain, moderatgradient mixed control, moderatgadient contained, palustrine, highadient
containedand large containedrhe estuarine process group wamelated due to tidal influences; the
glacial outwash and alluvial fan process groups wigmgreteddue to naturally high sediment loads.



We designated alstreamsa priori along a disturbance gradient that indexed the degree of human
landscape disturlbae within the watershed. We used Reference sites to establish the ecoregional
reference condition (i.e., the expected fAnor ma
which is the benchmark for making comparisons and for detecting ealogjgairment. To measure
biological responseot environmental degradation, wellected data at a number of streams
watershedshat were highly impacted by urbanization, timber harvest, and landfill runoff. We expect
these streams to have an altenegicroinvertebrate assemblage due to these impacts and, as such, we
refer to them as Stressed sites. We also sampled a number of sites with intermediate degrees of hume
disturbanceClassed and 2) which we used to test metric and index responsivatesslerate levels

of watershed disturbance

Our watershediuman disturbancgradientincorporated four basiacale disturbance measuiesoad

density, streamoadcrossing density, aerial percentageatél timber harvest, and aerial percentafie o
riparian timber harvestriparian zones wergg e ner al | 00 @3from Bath streambanks
Southeast Alask&lIS Library, http://www.fs.fed.us/r10/tongass/gisinfo/pages/abouthamsl well as

the USE P A @@d habitat assessment protod@aibour et al1999 indexed at the time of field data
collection We used noibiological criteria as indices of human disturbance to avoid the circularity
inherent in using a biological classification system to predict a biological respRaetence sitedy
definition, had zero or negligible human disturbance within the waterdh@dnonreferencesites, we

ranked each disturbance measure and the habitat assessment score according to the range of valu
observed among neReferencesites, where a value of zero svassigned to watersheds that lacked the
disturbance and values of 1 to 3 were assigned in correspondence to the trisected range of non
referencesites. For each site, we averaged the scores for each disturbance measure to yield a tota
watersheescale dsturbance score then averaged this number with the habitat assessment score to yield
the final disturbancegradient score. As such, all nogferencesites were ranked from 1 tq ®ith

higher numbers indicating more watershed disturb@nee Classl, Class2, and 3 =Stressefl We

ranked somesitesas Stressed(i.e., streams drainingandfills and urbanzed areasthat would have
otherwise been scored @tassl or 2when we thought thevatershedtressor gradieninderestimated

the true level of distrbance. Figure 2 graphically depictthedi st ur bance gradi e
indices for each of the 4 stream disturbance classes.

We sampleda total 0f123 stream sites during April and May of 202204 including 13 sites which

were sampled across multiple years and 12 sites at which macroinvertebrate samples were collected i
replicateto estimate the temporal variability and precision in biological assessment sObtes 123

sites 64 hadno or negligible humamfluence within the watershdde., Reference sitgs52 sites had

some degree of timber harvest and associated road lguihd/or small amounts of urban
developmentwithin their watershedClassesl and 2) and 7sites had watersheds thaere heavily
impacted by urbanization, municidahdfills, and/or timber harvest (i.eStressediteg (Appendix 2).
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Field Sampling and Macroinvertebrate Processing

We collected biological and associated environmental data from wadeable streams throughout
southeastrn Alaska during late April and May of 2002, 2003, and 2004. This sampling period
corresponded to seasdlgalow rainfall and stable weather and also allowed us to avoid the
confounding influence of substrate disturbance and nutrient enrichment associated with spawning
salmon, which are abundant during summer in most souéne@daska streams. Our field rids
followed the sampling methods of Major and Barbour (2001), a modification of the USEPA Rapid
Bioassessment Protocols for use in Alaska.

Classifying an ecor egnitsosnoten necdssary tomeduce natural vasiatcn | |
among site (Barbour et al. 1995). For example, stream gradient and substrate particle size strongly
influenced stream biota in southcentral Alaska (Major et al. 2001); as such, three different biotic
indices were calibrated to accommodate different combinatiogsadfent and substrate. Anticipating

the need taeducenatural variation among southeast Alaska streams during index calibration, we
compiled a suite of physical attributes for each stredife measured discharge by the incremental
crosssectional area method using an electronic flow meter (MéBirney model 2000). We
measured channel slope over the sample reach using a clinometer and classified stream channe
morphology using USFS (Pdis 1992) and Rosgen (Rosgen and Silvey 1998) methodolddg.
estimated percent coverage of streambed substrates at each sample reach in five size classes: bedro
boulder (>256 mm), cobble (64256 mm), gravel (264 mm), sand (0.6&.00 mm), and silt{0.06

mm). We notedhe color of each streatns  w(gaet, elear vstanninstained. In the lab, w
characterized each siteb6s basin area, |l atitude

We measured water physicochemical parametersd@htjuctivity, temperature, total dissolved solids,

and dissolved oxygen) in situ at each site using a Hydrolab Surveyor 4 and Minisonde that was
calibrated daily. We expected some of these parameters to be influenced by watershed disturbance
and, if so, ¢ indicae potential mechanisms by whictandscape processes influence stream
macroinvertebrates. As suchewsedonsvay ANOVA (U = 0-hot ®sts toatestdor L S D
significant differences in water physicochemical parameters among Refe@as®], Class2, and
Stressed sites.

Our field methods followed the sampling methaafsMajor and Barbour (2001% modification of the
USEPA Rapid Bioassessment Protocols for use in Alaska. We colleatmdinvertebrate samples
throughout a 100n reachat each site with a 350 mmesh Dframe net. Each sample was a
composite of 20 subsamples collected from var
abundance. Riffles were the predominant substrate sampled, with large woody debrisgesdibmer
streambanks, and emergent vegetation, in turn, comprising increasingly smaller portions. For riffle
samples we disturbed an area of streambed approximadty (1350cn?) to a depth of 4 in (10 cm)

and rubbed each cobble andulier by hand to emse all macroinvertebrates were dislodged and
swept into the net by the streamds curr &fit .
(1350 cm?) area of wood immediately upstream of the net. We sampled streambanks and emergent
vegetation bynaking three successive sweepshaf net across a3 ft? (1350cn¥) area while rapidly
jabbing the net into the substrad/e preservedlbsamples in the field with ethanol and returrieem

to ENRI &6s | a.bin thelab, wersubsamples ieati@croinvertebrate sample to a fixed

11



count of 300£20% organisms to standardize the taxonomic effort across all sites. In addition, we
conducted a ninute search through the remaining sample to select any large and/or rare taxa that
may have been missedurthg subsampling. We identified all insects to genus (or lowest taxon
practical) and notfnsects to higher taxa (usually family or order) using standard taxorkeyi
(Weiderholm 1983, Pennak 1989, Merritt and Cummins 1996, Wiggins 1996, Thorpe armth Covi
2001, Stewart and Stark 2002).

Multimetric Index Development

The multimetric index development process occurs as a series of steps:

The data were delivered for analysis in the Ecological Da
Application System. EDAS$an answer data queries and
calculate metricsThese data were generally transferred t
other programs for analysis (€&d, PCOrd, and Statistica).
QC issues were adesed before finalizing analyses.

1. Data organizatioand
metric calculation

Biological samples fronReferencesites were examined for
2. Site Classification evidence of natural variability that could be explained by
environmental variables recorded in the database.

Correlation analysis was performed to identify metrics the
3. Correlation Analysis may be redundant, and therefore should not be included
simultaneously in an index.

Metric precision was investigated using analysis of variar

4. Precision Analysis techniques with replicate sanegl

The degree to which metric values indicate a difference
5. Discrimination Efficiency amongReferencendStressegamples was calculated so
that discriminating metrics could be considered for the in

Combinations of metricaere tested to find a relble,

6. Metric Combination discriminating index forautheastrn Alaska streams.

Data organization and metric calculation

All macroinvertebrate and field data were enteréd E N R IEGo®gical Data Application System, a
relational databasdesighedfor aquatic biologicahssessmemtata EDAS wasused to query data and
to calculate biological metricshése data were generally transferred to other programs for analysis
(Excel, PGOrd, and Statistica)We subjectedlbdata to quality assurance checks prior to data
analysis.

We calculated a suite of standard bsessment metrics that quantiéijfferent attributes of the
macroinvertebrate ssemblageand that were expected to respond to habitat degrad@iesh and
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Jackson 1993,enat and Barbour 1998arbour et al. 1999)We used a number of metrics from each

of 5 metric categoriegrichness, composition, tolerance/intolerance, feeding group, and. h&mbte

metrics generally express multiple assemblage ate#h(e.g., Ephemeroptera richness simultaneously
expresses diversity, composition, and tolerance), these groupings are somewhat arbitrary and use
mainly for convenienceSeeJessup et al. (2005)r a complete list of metrics calculated.

Site Classification T Non-metric Multidimensional Scaling ordination

The ability to detect changes in assemblage composition due to ‘indueed disturbances would be
confoundedf naturallyoccurring environmental variation among our sample ¢g&gs, channel slope,
latitude, etc.)was strongly influencing macroiertebrate assemblage composition. This situation
would require the partitioning of our study sites into two or more clgsgdsn each of which the
confounding variable is held réikely constant and the calibration of a separate index for each .class
To test for any naturaltpccurring environmental variables influencing macroinvertebrate taxonomic
composition, v used nommetric multidimensional scaling (NMS) ordinatiomhe NMS ordination

first calculated BrayCurtis similarity measures for each sample pair then arranged the samples in an
ordination diagram that placadxonomicallysimilar samples close together and dissimilar samples
further apart. Examination of the diagraam reveal the environmental and taxonomic characteristics
of sample groupings in relation to the ordination axes and to each other. Potential site classes woulc
be evident if an environmental variable is found to explain the arrangement of the ondihadji@am.

This analysis included onlyReferencesite data and tested for the influenceregion (Juneau vs.
Ketchikan vs. Wrangell, et¢.stream color (i.e., clear vs. stained), channel slope, watershed area,
substrate composition, channel morpholoBgggen classification, Rosgen and SiNi&@8, latitude,
longitude, and riparian vegetation type.

We examined four different NMS ordination schemes: relative abundance of macroinvertebrate taxa
with Chironomidae identified to genus, relative abundamfe macroinvertebrate taxa with
Chironomidae identified to family, presence/absence of macroinvertebrate itax&hronomidae
identified to gnus, and presence/absence of macroinvertebrate data with Chironomidae identified to
family. Prior to ordinationwe developed ayational taxonomic unit® ensure thamacroinvertebrate
taxonomic distinctions wereconsistent across all samples and eliminated rare thgaeWwith <5
occurrences among reference gitdge to the potentially confounding influensampling raretaxa

merely by chance SeeJessup et al. (200%pr additional details regarding the NMS ordination and
supplementary analyses.

Correlation and Precision Analyses

We constructed adarson orrelationmatrix to check for correlations betweeachpossiblepair of
metrics. If any twometrics were correlated at0.85,one of the metrics would be eliminated from the
final multimetric index

Precision analysis gives an indication of the agreement among multiple measures, such as replicate:
from the same sitgs.e., sampling errorpr from different yeargi.e., interannual variation)Likewise,

the wmefficient of variation (CV) can be calculated, which standardizes variability on the mean of
measures (CV oot mean square erforean), albwing comparison of relative precision among

13



metrics and among treatment grougddetrics were precise enough for inclusiontle multimetric
index if the CV was less than 50%

Discrimination Efficiency

At this point in the index developmewe randomly separatdRleferencesite data into calibration and
verification setsallowing us to test theepeatability of the final multimetric index on an independent
data set.Calibration samples included 57 of the 81 sampl2sge to the small numberf Stressedites
(n=8), dl Stresseditedata were usefbr index calibration

We calculated idcrimination efficiencies for all metrics by comparing metric values f&inessed
sites withthe calibration seReferencemetric values.Discrimination éficiency (DE) was calculated
asthe total number oBtressedites that fell below the lower quartitd the Referencesites(or above

the upper quartile for metrics that increase with stress) and dividing by the total nunSisrsstd
sites. Only metics with discrimination efficiencies of >50% were considered for inclusion in the final
multimetric index.

Metric Combination

A multimetric index is composed @f suite ofnonredundantmetricsthat show high precision, high
discrimination efficiency, ah that quantify different attributes of the macroinvertebrate assemblage.
Although quantitative standards for precision and discrimination efficiency were used to screen
potential metrics, we usedgiessional judgment to ensure that metrics includedhénindex have
understandable response mechanisms and have sufficient ranges of values to make scoring meaningfu

Seventytwo (72) indices were compiled by selecting different suites of metrics from as many
categories as possible and averaging the stom@stain a final index score. The scores obtained from

the Stressedsites were then compared to thé"2frcentile ofReferencesite scores and the DE was
calculated the same way as for the individual metrics. The best performing indices were screened for
correlation among the selected metrics. If any two metrics had a correlation coefficient of greater than
0.85, one metric wasmitted from potential selection.

Metrics were scored on a 1@0int scale using either thé"Sr 93" percentiles of all samples,
depending on how each metric responds to stress. For metrics that decrease with stre$s, the 95
percentile of althe samples was considered an optimal metric vahe netric values greater than or

equal to optimal were given a score of 100. For the metrics that increase with stre8geteestile

of the distribution was useghd & metric values less than theastlard were given a score of 100. The
remaining metrics were scored using the following formula:

max

ax_ -x0
score= V’“ﬁx 100
G Xmax ™ X5 83

where x is the observed value, iz the %' percentile, and nx is the maximum possible value (e.g.,
100% for percentage metricsp Xor Hi | s e n Biatid Ihd@xs Hilsenhoff 198%. For richness
metrics, the maximum observed value was used.
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Results and Discussion

Physical Characterization

Appendix 4 provides sitby-site physical characterization data. Stream physiology ranged from a
steep, bouldedominated stream (20% slope and 60% boulder; unnamed stream near Benjamjn Island
Juneau areao a lowgradient, sitdominated stream (0.5%ope, 55% silt; Duck Creelkluneay The
extensive siltation observed in Duck Creek was likely related to watershed erositinerastr@ams

with similarly low channel slop@enerallyhad coarser substrates. Discharge ranged more than three
orders of mgnitude, fromfour headwater streamsf <0.1 cfs to 151 cfs at Ward Creetear
Ketchikan A range of Rosgen stream types was represented, with B and @Ilshkaing the most
common: A (19sites),B (66 sites), C 82 sites),F (3 sites),and G @ sites). Duck Creek has been
extensively channelized, which precluded classification by this metd&S stream types were Nve
represented by floodplain (48ltes) and moerategradient mixed control (24ites) and, to a lesser
degree, by moderatgradient cordined @O sites), low-gradient contained (18ites), high-gradient
contained13 sites), and palustrine @tes).

Water Physicochemical Variables

Appendix 5 provides the complete water physicochemical results. Conductivity, a measure of
dissolved eletrolytesthat often increase in associationith landscape disturbance and urban runoff
(Ometo et al. 2000)@veraged37.8 (x38.9) us/cm at Reference sites, 2386.9) us/cm atClass1

sites, 40.0 (x28.5) pus/cm @ass?2 sites, and 97.1 (£66.8) ps/crh Stressedsites(Figure3). Duck

Creek, a highly urbanized stream in Juneau, slbtlie highest conductivity (24is/cm)while four
Referencesites showed the lowest conductivity (approaching zef@dnductivity was significantly
higher atStressedites than at ReferenamdClassl sites(ANOVA and LSD posthoc test natural log
transformed to homogenize varianpe; 0.038 Figure3).

Dissolved oxygen was near saturatiormlhiReferenceandClassls i t es ( mean a 94 %)
concentratios averaged ~12mg/L (Figure 3. Stressed sites showed loweisablved oxygen
saturation(mean = 88.6%)and concentratior{10.7 mg/L) than didReference andClass1 sites.
Dissolved oxygen levels #&tlass2 siteswere intermediate relative to the othéneam classesLow

oxygen levels are often associated with high water temperatures and/or organic enrichment (Wetzel
2001; Wilcock et al. 1995). The lowest dissolved oxygen was measured at Duck Creek if8ineau
mg/L).

Temperature angH showed no gnificant difference among theur a priori watershed disturbance

classes Most streams were cirageutral, but several streams that draipedtland fendad tannin
stainedandacidicwater (pH values <6).
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Multimetric Index Development

Site classification

Non-metric multidimensional scaling ordinatiorevealed only minor differences in macroinvertebrate
assemblage composition amoRgferencesites from the 9 regionsampled (i.e., Juneau, Admiralty
Island, Couverden, Kake, Petersburg, Wrangell, Ketchikan, Prince of Walesl, Islad Sitka)
Although 4 ordination schemes were conducted (i.e., relative abundance with Chironomidae at genus
and family as well as absolute abundance with Chironomidae at genus and family), the results from
relative abundance with Chironomidae at geoffer a good examplef the other threanalysesand,
therefore arethe only data presented heFagure 4. The horizontal axis of the ordination was driven

by the relative abundance &aetis bicaudatusand Baetis tricaudatus two species of generalist
mayflies. There was relatively little overlap between Prince of Wales and Juneau samples due to a
greater relative abundance Bf tricaudatusat Prince of Wales sites and a greater relative abundance

of B. bicaudatusat Juneasites a pattern that may be related to the higher stream water conductivity
observed at the Juneau siteSouverden and Wrangell sites grouped relatively closely, but near the
center of the plot and with considerable overlap with other regions. Iticadth the ordinations

coded by region, ordinations coded $tyeam color (i.e., clear vs. stainedhannel slope, watershed

area, substrate composition, channel morphology (Rosgen classification, Rosgen and 99i§ey
latitude, longitude, andiparian vegetation type showed ndistinct groupings. Based on these
ordinations we concluded that variation in macroinvertebrate assemblage composition was not driven
by location within the study area or by any natural variation in stream or riparian haBisatich,

there was ndasisto partition our streams into distinct classesminimize amonsggite biological
differencesandone index wasalibratel to represent all sitesSeeJessup et al. (200%5r more details

and data regarding site classificatio
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Correlation and precision analyses

Correlationsbetween metricsvere found where expected.q., between total taxa and insect faxa
insect taxa and EPT taxand chironomid percent and burrower percentiCoefficients for all
correlated metrics are given iessup etl. (2005) no correlated metrics were included in the
multimetric index. Precision analysis showedl large degree of variatiom precision among the
various metrics. For the 104 metrics calculated in this study, replicate CV (i.e., CV of duplicate
sampes collected at the same site on the same date) ranged from 6 to 490 while annual CV (i.e., CV of
samples collected at the same site but on different years) ranged from 10 to 270. Replicate CV was
positively correlated with annual C{? = 0.36, P < 0.001), suggesting that some metrics were
inherently imprecise while others were relatively preci®aly metrics whose annual CV and replicate

CV were bothless than 50%71 of the 104 metrics calculatedere considered for inclusion in the
multimetric incex. Replicate CVs were similar or slightly lower in metrics calculated with geued

midges compared to their counterparts at fai@lhel. Precision datafor all metricsare given in

Jessup et al. (2005)

Discrimination efficiency

Metrics that distinguished betwe&eferenceand Stressedites were found ill 5 metric categories
(sensu Barbour et al. 1996chness, compositigrtolerance/intolerancdeeding group,and habif).

Those metrics showing the greatest discriminatiditiehcy (75%) weretotal taxarichness non

insect percent of taxa, EP(Ephemeroptera, Plecoptera, and Trichoptéaap richness EP taxa
richness % Oligochaeta, Clinger taxachness % clingers (and % clinger genera), intolerant taxa
richness(and it ol er ant gener a), B e ¢ k/GEphenieromidral. Althoughhad e x
number of metrics distinguished betweReferenceand Stressedsites, discrimination efficiencies
between Reference arntermediatelystressedsites(i.e., Classesl and 2)were low (generally less

than 40%). Because individual metrics did not effectively discriminate between Reference sites and
Class 1 and 2 sites, waecided to calibrate the index based solely on the discrimination between
Reference and Stressed sitd3iscrimination efficiencies for all metrics tested are givedessup et

al. (2005)

Metric combination

Six metrics representingl 5 metric categorietsensu Barbour et al. 199@kre selected for inclusion

in the final multimetric indeXFigure 3. Insecttaxa richnesswhich is generally held to decrease with
environmental degradatiofiResh and Jackson 199%erans and Karr 1994was lower atStressed
sites relative toReferencesites The noninsect proportion of the assemblagmnsidered to be
relatively pollution tolerant(Deshon 1995 was greater abtressedites Two metrics indicative of
macroinvertebrate tolerance to environmental degradation, the proportion of the macroinvertebrate
assemblage as EPT (i.e., the orders Ephemeropterapiex; and Trichopter&8arbour et al. 1999
and the proportion of the assemblage as intolerant tdse(hoff 1987 Barbour et al. 1999 were
lower atStressedites relative tdReferencesites. The number of clinger and scraper taxa was lower at
Stressedsites than aReferencesites. These taxa require wellygenated, sedimeifitee substrates
and, as such, can be indicative of organic pollution and/or excessive sedimefat®et(al.1996
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Barbour et al. 1999 Functional feeding group €., scraper) and habit (i.e., clinger) classifications can
be found inMerritt and Cummins1996. Tolerance values can be found in Barbour et al. (1999).
Appendix 6 presents the complete macroinvertebrate metric results.

To apply the index, theix individual metric scoreare calculatedising the formulagh Tablel, any
scores greater than 1@0e reseto 100, andthe scores araveragd. As a preliminaryscreening
criteria, the index scorés comparedo the 24' percentile ofReferencescores (8.8), higher scores
indicate samples similar teferenceconditions and lower scores indicate possible impairment.

For each promising multimetric index tested during the development process, we tested two
complimentary indices: one where insects within the family Chironomidae were identified to genus
and one where they were simply grouped at the family level. We ctattithese analyses to test the
influence of varying taxonomic resolution for chironomids, a speciose family for which generic
identifications are difficult and time consuming, on the discrimination efficiency of the various
metrics. Indices usinggenericmidge data generally performed slightly worse than tfamily-level
counterpartsindicating that the added expense of generic identification for Chironomidae may not be
necessaryor biological assessmeint this ecoregion

Multimetric index performance

Discrimination efficiency for thdéinal multimetricindexwas86% (i.e., 6 of 7 Stressecdample scores
were lower than the #5percentile ofReference The 2 high-scoringStressed samples werem the

only sites classified aStressedbased solely on the extent of timber harvest (i.e., no urbanization
within the watershed), suggesting thabanization had a stronger influence on index scores than did
intense levels of timber harvestOf the subset oReferencesites that were withheléfom index
calibration for use as a validation data sétsamples (100%)veregreater than the 35percentile of
calibration Referencesamples(Figure 6) No data were available for verification of responses in
Stressedsamples because the entire eétStressedsites was required for calibration. However,
Medveje Creekoffers aninsightful test of index efficacy. This streanvhich has a salmon hatchery
upstream of the sampling siteras withheld from the data set used for index calibradiush die to
hatchery effluent, we expected this stream to have an altered macroinvertebrate asseittidage
multimetric ndex scordFigure § and each of the constituent metric scores for Medvejie Creek were
below the median score observed at Stressed siggesting that thenultimetric index was reflecting

an altered macroinvertebrate assemblage at this site

Precision of the indexvas high; the coefficient of variation CV) for metrics calculated from
simultaneoushcollected replicate samples w&7% and the detectableifference with 90%
confidence wag8.2 index units around an observation. Variability over ya@ssomewhat higher
thanamong replicates in the same year. The CV faomuallyreplicated samples wd$.3% and the
detectable differeze at 90% confidenagas+17.1 index units around an observation

Since the dominant form of landscape disturbanc€lass1 and 2 sitesvas timber harvest and
associated road building activityhese sites offer test of the extent to whichmacroinvertberate
biologicalassessmemandetect habitat changes associated with logglBgme ptential mechanisms
for alteredmacroinwertebrate taxonomicompositionat logged sitesre (1) increased abundance of
algae scraping taxa due to decreases in streadinghd2) increased detritivore abundance due to a
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shift from coniferous forest to red aldélusrubra) in disturbed riparian areas, and (3) a decrease in
taxa intolerant to fine sediment loadinglhe macroinvertebrate metrics tested generally faibed t
detect differences between Reference sites and sites with intermediate levels of watershed disturbanc
(Classl and 2 sites) Additionally, the 2 highest scoring Stressed sitese designated as such solely

due to timber harvest, whereas other Stresged had watershed urbanization. Most stsiths were

on anadromous fish streams on USFS land and, as such, were either subject to riparian buffers or were
logged greater than 12 yearsioprto sampling. The Tongass Timber Reform Act (TTRA) has
mandaed 100 ft buffers on anadromous fish streams since 1991, and the Tongass Land Managemen
Plan has mandated variable width buffers based on stream process groups (Paustian 1992) in additio
to the TTRA buffers since 1997Additionally, physicehemical data suggest that impairment was
relatively subtle aClassl and 2 sites, as only dissolved oxygen diffesgnificantlyfrom Reference
sites(Figure 3. Therefore, it is possible that changes in macroinvertebrate assemblages at logged sites
were either nonexistent or so subtle that bioassessment metrics could not detect them. Although our
data precluded a direct comparison of streams logged with and without riparian buffers, the relative
lack of biological and physicochemical impact at loggeies suggests that riparian buffers are
mitigating stream habitat damage associated with loggseg Nlurphy and Milner 199 Other

studies havéound similarmacroinvertebrate assemblage compossitneams with and withotimber

harvest (Duncan andrBsven 1985, Herlihy et al. 2005However, a number of studies have shown
thattimber harvestanimpactsalmonidpopulationan southeasirn Alaska streams, primarily through
increased sedimentation, increased temperature, and reduced winter capguity ¢aee Murphy and

Milner 1997 for review) This stuly was not designed to assess changéshrnabitat associated with

timber harvest and should not be interpreted as such.

Macroinvertebrate metrics consistently detected altered macroinvertédoxateomic compositiorat
sights with highly altered watersheds (i.e., Strességy. As such, biological assessment holds
immediate promise for the detection and management of impaired urban water bBdiestial
mechanisms for thebserved macroinveebrate patternsiclude increases in nutrient and toxin loads
associated with urban amahdfill runoff (as evidenced by thabserved increased conductiviigure

3), decreased dissolved oxygen levels associated with increased biological oxygen @eguaad),

and increased sedimentation (observed at numerous sites but not meaBiokxd)ical benchmarks
based orReferencesite biota could be used to screen stream sites for listing (303d CWA) and to
prioritize sites for TMDL development. Biologicdata could then be used as a criterion felistang,
testing TMDL effectiveness, and loiblgrm monitoring.
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Table 1. Metricand scoring formulae for the final multimeti@ex (with Chironomidae identified to
the family level)

Index Metrics Metric Category Scoring Formla
Insect taxa Richness 100*X/25
Non-Insect % taxa Richness 100*(60- X)/55.5
% EPT Composition 100* X /92
Scraper taxa Feeding Group 100*X /8
Clinger taxa Habit 100* X /14
Intolerant % taxa Tolerance 100* X /75

23



Literature Cited

Barbour, M.T. 1997. The fi@avention of biological assessment in the UERiman and Ecological
Risk Assessmeri:933 940.

Barbour, M.T., J.B. Stribling, and J.R. Karr. 1995. The multimetric approach for establishing
biocriteria and measuring biological condition. Pageis/63n W. S. Davis and T. P. Simon,
eds. Biological assessment and criteria: tools for water resource planning and decision making.
Lewis PublishersBoca Raton, FL

Barbour, M.T., JGerritsen, B.D. Snyder, and J.B. Stribling. 1999. Rapid bioassessment protocols for
use in streams and wadeable rivers: periphyton, benthic macroinvertebrates and digh. 2
Office of Water, U.S. Environmental Protection Agency, Washington, DC. &R/A-99
002.

Deshon, J.E. 1995. Development and application of the Invertebrate Community Index (ICI). Pages
217-243in W. S. Davis and T. P. Simon, edBiological assessment and criteria: tools for
water resource planning and decision makibgwis Publishers.

Duncan, W.F.A. and M.A. BrusverL.985. Benthic macroinvertebrates in logged and unlogged low
order southeast Alaskan streams. Freshwater Invertebrate Biology 43225

Federal Aviation Administratio(FAA), Alaskan Region. 1996nww.alaska.faa.gav

Fore, L.S., J.R. Karr, and R.W. Wisseman. 1996. Assessing invertebrate responses to human
activities: Evaluating alternative approachdsurnal of the North American Benthological
Societyl5: 212 231.

Hawkins, C.P., R.H. Norris,N. Hogue, and J.W. Feminella. 2000. Development and evaluation of
predictive models for measuring the biological integrity of stredt®logical Applications
10:1456 1477.

Hayslip, G.A. 1993. EPA Region 10-stream biological monitoring handbooki(fvadable streams
in the Pacific Northwest). U.S. Environmental Protection Agdregion 10, Environmental
Services Division, Seattle WA. EP#L0-9-92-013.

Herlihy, A.T., W.J. Gerth, J. Li, and J.L. Bank&005. Macroinvertebrate community responee t
natural and forest harvest gradients in western Oregon headwater streams. Freshwater Biology
50:905 919.

Hilsenhoff, W.L. 1987. An improved biotic index of organic stream pollution. Great Lakes
Entomologist 20:30139.

24



Host, R.H. and E.G. Neal. 200Baseline Characteristics of Jordan Creek, Juneau, Al&3ganFile
Report 20041220

Hughes, R.M., S.A. Heiskaryv.J. Matthews, and C.O. Yodet994. Use of ecoregions in biological
monitoring Pages 25 151in S.L. Loeb and A. Spacie, ed8iological monitoring of aquatic
systems.Lewis Publishers.

Jessup, B., C. Hill, and S. Moegenburg. 2005. Development of biological indices for southeast
Al aska. TetraTech report pr agmaantacd Natwal t he
Resources Institute and the Alaska Department of Environmental Conservation.

Kerans, B.L. and J.R. Karr. 1994. A benthic index of biotic integritiBIB for rivers of the
Tennessee ValleyEcological Applications4:768 785.

Lenat, D.R. and M.T. Barbour. 1994Jsing benthic macroinvertebrate community structure for rapid,
costeffective water quality monitoring: rapid bioassessment. Pagé218in S.L. Loeb and
A. Spacie, edsBiological monitoring of aquatic systemkewis Publishers.

Major, E.B. and M.T. Barbour. 2001. Standard operating procedures for the Alaska Stream Condition
Index: a modification of the U.S. EPA Rapid Bioassessment Protodbled 5 Environment
and Natural Resources Institute, UniversityAtdska Anchorage, Anchoragék.

Major, E.B., M.T. Barbour, J.S. White, and L.S. Houston. 1998. Development of a biological
assessment approach for Alaska streams: a pilot study on the Kenai Peninsula. Environment
and Natural Resources Institute, Usmsity of Alaska Anchorage, Anchorage, AK.

Major, E.B., B.K. Jessup, A. Prussian, D. Rinella. 208kska Stream Condition Index: biological
index development for Cook Inlet 192000 summary Environment and Natural Resources
Institute, University of Alaska Anchorage, Anchorage, AK and Tetra Tech, Inc. Owings Mills,
MD.

Merritt, R.W. and K.W. Cummins (editors). 1996. An introduction to the aquatic insects of North
America. Third edition Kendall/Hunt, Dubuque, IA.

Murphy, M.L. and A.M. Milner. 1997. Alaska timber harvest and fish habitat. Page2e3a
A.M. Milner and M.W. Osgood, edg:-reshwaters of Alaska: ecological synthes8pringer,
New York.

Nowacki, G., P. Spencer, Mleming, T. Brock, and T. Jorgenso2001 Unified ecoregions of
Alaska: 2001. [Map of Alaska and neighboring territories.] Scale 1:4,000,000. U.S.
Geological Survey. Opehile Report 02297.

Ometo, J.P. H.B., L.A. Martinelli, M.V. Ballester, @essner, A.V. Krusche, R.L. Victoria, and M.

Williams. 2000. Effects of land use on water chemistry and macroinvertebrates in two streams
of the Piracicaba River basin, southeast Brazieshwater Biology4:327 337.

25



Paustian, S.J., ed. 1992. A chahtype users guide for the Tongass National Forest, southeast
Alaska. Alaska Region, Region 10, U.S. Forest Service. Technical Paper 26.

Pennak, R.W. 1989. FresVater invertebrates of the United States: protozoa to mollusca. Third
edition. John Wey & Sons, Inc.

Resh, V.H. and J.K. Jackson. 199Rapid assessment approaches to biomonitoring using benthic
macroinvertebrates. Pages 1933in D.M. Rosenberg and V.H. Resh, edgeshwater
biomonitoring and benthic macroinvertebrat&uwer Academic Publishers, Norwell, MA.

Rosgen, D. and L. Silvey. 199&ield guide for stream classificatio2d ed. Wildland Hydrology,
Pagosa Springs, CO.

U.S.Environmental Protection Agency, Office of Water. 2002. Biological assessments and criteria:
crucial components of water quality programs. EPA-BZ2-006.

Stewart, K.W. and B.P. Stark. 2002. Nymphs of North American stonefly genera (Plecoptera).
Second edition. The Caddis Press, Columbus, OH.

Stoddard, J.L. 2005. Use of ecological regions in aquatic assessments of ecological condition.
Environmental Management 34 (supplement 1)iSg0.

Thorpe, J.H. and A.P. Covich (editors). 2001. Ecolmgy classification of North American
freshwater invertebrates. Second edition. Academic Press.

Weiderholm, T. 1983. Chironomidae of the Holarctic region: keys and diagnoses. Part 1, Larvae.
Entomologica Scandinavica 19457.

Wiggins, G.B. 1996.Larvae of the North American caddisfly genera (Trichoptera). Second edition.
University of Toronto Press.

Wilcock, R.J., G.B. McBride, J.W. Nagels, and G.L. Northcott. 1995. Water quality in a polluted
lowland stream with chronically depressed digedloxygen: causes and effects. New Zealand
Journal of Marine and Freshwater Rese@@h277 288.

Wright, J.F., M.T. Furse, and P.D. Armitage. 1993. RIVPACS: a technique for evaluating the
biological wate quality of rivers in the UKEuropen WaterPollution Control3:15 25.

Wetzel, R.G. 2001Limnology: lake and river ecosystem3rd ed. Academic Press, San Diego, CA.

26



Appendices

Appendix 1. Mapstowingstream ges in theareassampled:JuneauAdmiralty Island, and
Couverder(Figure 1), Ketchikan Area (Figure 2), Juneau Area (Figure 3), and Admiralty Island
(Figure 4).
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Site ID Codes

conwc01 18 juducO1
cohicO1 19 jupedO1
cowc301 20 jujor01
cohb301 21 juvanO1
cohb401 22 jufisO1
cohb201 23 jusall1
cohb101 24 ju1tr01
coscodl 25 jupetO1
jusaw01 26 aibeal1
10 jusmt01 27 amwyb01
11 jusbcO1 28 aieyb01
12 jubenO1 29 aisti01
13 jumon01 30 aigccO1
14 jumecg01 31 aidccO1

OO~ 0O = WA =

15 jumit01 32 aisfm01
16 juste01 33 ainfm02
17 julako1

20

20 Mile ¢

A Priori Classification

® Reference

= Class 1
Class 2

A Stressed

Area
of Detail

Figure 1. Juneau, Admiralty Island, and Couverden area sites.
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Area of
Detail

Figure 2. Kake, Petersburg, and Wrangell aitss.
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1 kaptm01
2 kaptwO1
3 kagun01
4 katsit01
5 kaslo01
6 kathro1

Site ID Codes

7 peest01
8 pewn101
9 pesko01
10 pedum01
11 pewsc01
12 peefh01
13 pefre01
14 pefal01
15 pe3lc01
16 pe3luo1
17 peseo01
18 pehw701
19 peefm01
20 pesfs01
21 peccc01

22 wrcrt01
23 wrefc01
24 wrpor01
25 wigla01
26 wrpat01
27 wrmec01
28 wrskc01
29 wrskn01
30 wrmar01
31 wrana01
32 wrefal1
33 witom01
34 wrunmo01

A Priori Classification

L Reference
Class 1
Class 2

A Stressed




Area
of Detail

20 0 20 Miles

Figure 3. Ketchikan and Prince of Wales Island area sites.
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Site ID Codes

1 pwluc01
2 pwyat01
3 pwnau01
4 pwsta01
5 pwshal1
6 pwush08
7 pwhra01
8 pwira01
9 pwsal0d1
10 pwenf01
11 pwwnt01
12 pwsli01
13 pwdee01
14 pwlay 01
15 pwfal01
16 pwdit01
17 pwrib01
18 pwscall
19 pwnew01
20 pwrir01
21 pwchal1
22 pwpau01
23 pwpig01
24 pwslto1

25 pwand01
26 pwmcg01
27 pwssl01
28 pwlkt01
29 pwpoo01
30 pwson01
31 pwlinDd1
32 pwmbs01
33 pwhar01
34 pwfub01
35 pwceah01
36 pwtom01
37 pwleidl
38 pwnch01
39 pwsun01
40 pwnecs01
41 kelun01
42 kewhi01
43 kewar01
44 kehoaO1
45 kefac01
46 kesch01
47 keket01

A Priori Classification

Reference
Class 1
Class 2

Stressed




Figure 4. Sitka area sites.

Site ID Codes

1 sista01
2 sigra01
3 siwrio1
4 stir01

5 siwfi01
6 siefi01

7 sisaw01
8 siher01
9 simed01

A Priori Classification

Reference

Class 1

Class 2

Stressed

Area

of Detail




Appendix 2. Names and descriptions of stredass

A priori
disturbance | Basin area

Stream name Region Station ID class (ha) Latitude Longitude
Bear Creek Admiralty Island aibea01 Reference 2939 58.27796 -134.78566
Doty's Creek Admiralty Island aidcc01 Reference 1346 58.12620 -134.24251
NNT to East Young Bay Admiralty Island aieyb01 Reference 1036 58.16407 -134.62732
NNT to Green Cove Admiralty Island aigcc01 Reference 870 58.14359 -134.27766
North Fork Michael Creek Admiralty Island ainfm02 Reference 1832 57.80103 -134.56212
South Fork Michael Creek Admiralty Island aisfm01 Class 2 2412 57.80023 -134.57327
Stink Creek Admiralty Island aistiol Reference 1475 58.16727 -134.43843
NNT to West Young Bay Admiralty Island aiwyb01l Reference 1109 58.15828 -134.67686
NNT (West Howard Bay Creek) to
Howard Bay Couverden cohb101 Reference 926 58.29197 -135.10367
NNT (NW Howard Bay Creek) to
Howard Bay Couverden cohb201 Reference 858 58.29922 -135.09772
Howard Bay Creek Couverden cohb301 Reference 726 58.31982 -135.08835
Point Howard Creek Couverden cohb401 Reference 1724 58.31530 -135.0901
NNT (South Golub Creek) to W
Lynn Canal Couverden cohicO1 Reference 1580 58.44942 -135.10959
NNT (South Lynn Sisters Creek) to
W Lynn Canal Couverden conwc01l Reference 247 58.48705 -135.13881
NNT (Dick's Creek) to Swanson
Harbor Couverden cosco01 Reference 1014 58.23549 -135.11293
NNT (2 miles N of Robinson Creek)
to W Lynn Canal Couverden cowc301 Reference 201 58.41168 -135.08968
Peterson Creek, tributary 1 Juneau jultrol Reference 193 58.28432 -134.65973
NNT (1 mile NE of Benjamin Island)
to E Lynn Canal Juneau juben0O1 Reference 142 58.57645 -134.89148
Duck Creek Juneau juduc01 Stressed 97 58.38513 -134.57633
Fish Creek Juneau jufis01 Class 1 3488 58.33040 -134.59240
Jordan Creek Juneau jujor01 Stressed 692 58.37532 -134.57474
Lake Creek Juneau julako1 Class 1 724 58.39558 -134.63286
McGinnis Creek Juneau jumcg01 Reference 1665 58.44013 -134.64613
NNT to West Mendenhall Lake Juneau jumltol Reference 94 58.42640 -134.58532
Montana Creek Juneau jumon01 Reference 962 58.44067 -134.64726
Pederson Hill Creek Juneau juped01 Class 2 70 58.37132 -134.6203
Peterson Creek Juneau jupet0l Reference 602 58.28263 -134.66592
Salmon Creek Juneau jusalol Class 1 2520 58.33186 -134.46875
Sawmill Creek Juneau jusaw01 Reference 2184 58.71427 -134.94062
NNT to South Bridget Cove Juneau jusbc01 Reference 238 58.61870 -134.93385
NNT to Sawmill Creek Juneau jusmt01 Reference 125 58.71176 -134.93860
Steep Creek Juneau juste01 Class 1 532 58.41585 -134.54842
Vanderbilt Creek Juneau juvan01 Class 1 93 58.35343 -134.48833
Gunnuk Creek Kake kagun01 Class 2 3765 56.98000 -133.92912
Point Macartney Creek Kake kaptm0O1 Class 2 3339 57.01801 -134.01448
Point White Creek Kake kaptw01 Class 2 310 57.00159 -133.97719
Sitkum Creek Kake kasit01 Class 2 1356 56.93719 -133.83636
Slo Duc Creek Kake kaslo01 Class 2 1524 56.92312 -133.81987
NNT to the Hamilton River Kake kathr03 Reference 191 56.93744 -133.58392

32







