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ABSTRACT

Myxaobolus cerebralis, the causative agent of whirling disease, has been a major
contributor to the loss of young trout in numerous sae®vithin the Intermountain West
(Colorado, Idaho, Montana, Utah, Wyoming). Currentlyelee no effective
management procedures for mitigating the effects of ibésade because it is not fully
known why the parasite has severe effects in somepogutlations while remaining
fairly benign in others. Characteristics of the paea hosts, environment, and their
interactions, may partially explain varying responsewitaf rainbow trout populations to
whirling disease. The goal of this study was to examissipte contributors to, and
indicators of, stream degradation and their relationshighiding disease risk.
Specifically, the objectives were to quantify relatiopshietween whirling disease risk
and 1) land use 2) biological stream integrity and 3) phys&moeaal parameters within
four major drainages in western Montana. The hypothessstimat whirling disease risk
is influenced by anthropogenic land use practices that deeateable habitat for the
oligochaete worm hosTubifex tubifex, which is reflected in the biological integrity and
physicochemical features of the stream. Whirling diseakevas quantified by the
severity and prevalence of infection in caged sentinett A geographic information
system (GIS) was used to model land use (e.g., agricuthimes) within drainages.
Bioassessment metrics specific to Montana (e.g., taxalrichness, sensitive taxa
richness) and those directly related to whirling diséase, density oT. tubifex) were
used to assess biological stream integrity. Physicoicla¢oharacteristics included those
associated with favorable tubifex habitat (e.g., substrate), and those that have been
associated with an increased incidence of whirling dis@age temperature).
Importance of predictor variables was assessed usingrSge@arrank correlation and
regression tree analyses. Final regression treesfieenhe proportion of riparian
forest, road density, oligochaete denditiynnodrilus hoffmeisteri density, Plecoptera
taxa richness, and the proportion of Plecoptera antis¢ important predictors of
whirling disease risk among drainages. A greater understaoflihg linkage between
land use, biological stream integrity, physicochemicalies and whirling disease risk
is needed before effective management techniques carpleriented in Montana
watersheds and elsewhere.



INTRODUCTION

Myxaobolus cerebralis, the causative agent of whirling disease, has beentedtec
in 24 states where salmonid populations exist (K. Strogn¢hirling Disease Initiative,
Montana Water Center, Bozeman, MT, personal commtuoima Many infected
salmonid populations have suffered little or no effemtrfithis parasite (e.g., California:
Modin 1998; Oregon: Sandell et al. 2001), whereas othershemredecimated (e.qg.,
Montana and Colorado: Nehring and Walker 1996; Vincent 1996hithe
Intermountain West (Colorado, Idaho, Montana, Utah, Wyg), whirling disease has
been identified as the main contributor to a decline inymwald rainbow trout
Oncorhynchus mykiss populations (Nehring and Walker 1996; Vincent 1996; Baldwin et
al. 1998) although not all populations have been sever@gtatf (Baldwin et al. 1998;
Hiner and Moffitt 2001; Sandell et al. 2001). For exampiejestributaries in Montana
have consistently tested negative for the parasite, eashsseverity has remained low,
despite their proximity to infected streams where raintsowt populations have declined
dramatically (E. R. Vincent, Montana Department ahi-\Wildlife and Parks, Bozeman,
MT, personal communication). Characteristics ofgarasite, hosts, environment, and
their interactions, may partially explain the varyiegponse of wild rainbow trout
populations to whirling disease (Kerans and Zale 2002).

Identification of the factors that exacerbate whgloisease is confounded by the
complex life cycle oM. cerebralis, which involves two hosts and two spore stages. The

two spores, the myxospore and the triactinomyxon (TAivH,produced within the



salmonid host and the oligochaete worm hbgbjfex tubifex, respectively (Markiw and
Wolf 1983; Wolf and Markiw 1984). The myxospore can liendant for an extended
period of time, possibly years, and is able to withstagelzing and passage through
avian and fish digestive systems (El-Matbouli and Hafim1991), whereas the TAM
remains viable for only a few days to weeks (El-Matbouile1999). The success of the
parasite in one or more of its life cycle stages taynfluenced by biotic and abiotic
features within the environment, which further adds to timepdexity of understanding
this organism.

Several features of the hosts and environment may influghiceng disease.
Factors such as rainbow trout life history traits (Dowret al. 2002), the ability to
propagate the parasite by different genetically definednstiofT. tubifex (Beauchamp et
al. 2002, 2005; DuBey and Caldwell 2004), and environmental chastice(e.g., water
temperature, conductivity, velocity, and substrate coripo¥i(Sandell et al. 2001;
Hiner and Moffitt 2001, 2002; McConnell and Vincent 2002; Kruegel.€2006) have
been correlated to whirling disease severity. Additignanthropogenic disturbances
within watersheds that alter these biotic and abiotézadteristics may influence
whirling disease risk (Zendt and Bergersen 2000; Allendaaf &001).

It has been suggested that many streams Whecerebralis is present have
altered or impaired habitat (Zendt and Bergersen 2000; ddiéet al. 2001; Kaeser and
Sharpe 2006). Anthropogenic alterations of the landscagpe ggricultural practices and
mining) can change the environmental characteristicssteam, modifying physical,

chemical, and biological processes (Karr 1991). Theseegses define the biological



integrity of the stream and when altered, revealiggiahips between human
disturbances and biological attributes (Kerans and X294; Karr and Chu 1999). The
cumulative effects of human activities within wated$ lower biological stream
integrity by altering water quality and flow, habitat sture, food sources, and biotic
interactions.

The Montana Department of Environmental Quality (MTDH&$ 9,826 miles
of the state’s streams as impaired, unable to fully digtig support at least one
designated beneficial use as defined by the state’s WaeClassification System (i.e.,
agriculture, industrial, recreation, drinking water, aquidee, and fisheries (cold and
warm) water supply), due to anthropogenic activities (MQCED04). The primary
impairment sources cited by MTDEQ (2004) are agriculturalsaadtultural practices,
construction, mining and milling processes, hydromodificatamd habitat modification
such as removal of riparian vegetation and/or streamblggriation. As a result of these
land use practices, increased nutrients and siltatiorm#henodifications, and alteration
of flow regimes have been cited as some of the nt@oses of impairment (MTDEQ
2004). All of these may influence whirling disease risk thgcéing salmonid
susceptibility and creating favorable habitat for incrédseubifex abundance, thus
providing increased host density fdr. cerebralis (Bartholomew et al. 2005). Focusing
efforts on maintaining and restoring habitats may be agiat component to alleviating
the effects of this disease on wild trout populatidtenfit and Bergersen 2000; Allendorf

et al. 2001).



The goal of this study was to examine possible contrisutgrand indicators of,
stream degradation and their relationship to whirling disesk. The purpose was not
to determine the specific causes and/or sources of impairma the biological stream
integrity indicators of that impairment, but ratheidentify broad patterns within and
among drainages. Specifically, the objectives were tatdyaelationships between
whirling disease risk and 1) land use; 2) measures of bi@lbgfieam integrity; and 3)
physicochemical parameters within four major drainagegestern Montana. The
hypothesis was that whirling disease risk is influenced dyapbgenic land use
practices that create favorable habitatTotubifex, which is reflected in the biological
integrity and physicochemical features of the stre@atchments that have more
anthropogenic land use (i.e., agriculture, residentiglidiance, mines and roads), low
proportions of forest, and streams with low biologictégrity will have a higher risk of
whirling disease than those with less anthropogenic lagdhigh proportions of forest,
and high biological stream integrity. Furthermore, ¢hstseams with physicochemical
features that provide favorabletubifex habitat will have a higher risk of whirling
disease than those streams that do not provide favdrabiet.

The a priori hypothesis was tested by the following predtist 1) whirling
disease risk is positively correlated to anthropogkamd use; 2) whirling disease risk is
negatively correlated to the proportion of forest; 3) drdisease risk is negatively
correlated to bioassessment metrics that indicatelhadgbgical stream integrity; 4)
whirling disease risk is positively correlated to bioagsess metrics that indicate low

biological stream integrity and 5) whirling disease risgasitively associated with



physicochemical features of the habitat that refled lase disturbance, low biological
stream integrity, and suitable tubifex habitat (e.g., low gradient, high organic content in
sediment, high conductivity, and increased temperatures)eaker understanding of the
relationship between whirling disease risk and land use peactneasures of biological
stream integrity, and physicochemical features is neededip explain the broad scale
variation in whirling disease risk and help contribute stesshed management policies
by identifying characteristics of the stream and waggtthat support the establishment

and proliferation oM. cerebralis.



BACKGROUND

The myxozoan parasitd. cerebralis is the causative agent of whirling disease.
Affecting only salmonids, whirling disease is characterizg blackened tails, skeletal
deformities, and whirling behavior for which it is named (Hedet al. 1998).

Myxobolus cerebralis is believed to have evolved in Europe as a parasitewfrbtrout
Salmo trutta (Hoffman 1970). The parasite was documented in GermamylO®eyears
ago after nonnative rainbow trout, introduced from Ndéutherica, displayed signs of the
disease (Kfer 1903). The parasite was first detected in the UnitatéSin 1958 at the
Benner Springs fish hatchery in Pennsylvania (Hoffmanh &0&2). The suspected
vector of infection was the import from Europe of frozeout infected with the parasite
(Hoffman 1990). Nearly 50 years later the parasite ha&adgp 24 states (K. Stromberg,
Whirling Disease Initiative, Montana Water Center, Boaa, MT, personal
communication) and is of particular concern within litermountain West (Colorado,
Montana, ldaho, Wyoming, Utah).

Major declines of rainbow trout populations, one of thestnwailnerable salmonid
species, have been documented in many rivers within teeriatintain West wherd.
cerebralisis present (Nehring and Walker 1996; Vincent 1996; Baldwin. €t98I8).

The Colorado, Delores, Cache la Poudre, Fryingpan, Guni@samh Platte, Rio Grande,
and Roaring Fork rivers in Colorado (Bartholomew and R#@®2) and the Madison
River (Vincent 1996), Rock Creek, Willow Creek, and Litleckly Pear Creek in

Montana have all documented rainbow trout population meshvithin the last decade



(Baldwin et al. 1998). However, not all rainbow trout popafes within and across
drainages in Montana and elsewhere have been sevieeled (Baldwin et al. 1998;
Hiner and Moffitt 2001; Sandell et al. 2001). For exampeyestributaries in Montana
have consistently tested negative for the parasite lmos@ disease severity has
remained low, despite their proximity to infected strearnsre rainbow trout
populations have declined dramatically (E. R. Vincent, MoatDepartment of Fish,
Wildlife and Parks, Bozeman, MT, personal communicatiofifhat causes the parasite
to be prevalent and have severe effects in some populativiie remaining fairly benign
in others is unknown. Rainbow trout life historytsgiDowning et al. 2002), the
differential ability to propagate the parasite by genetiaditinct strains oT. tubifex
(Beauchamp et al. 2002, 2005; DuBey and Caldwell 2004), and the engimtaim
parameters within the stream (Schisler et al. 2000) aterfathat potentially contribute
to the variation in whirling disease severity. Addiatly, anthropogenic disturbances
within watersheds that alter these factors may inflaevigirling disease risk (Zendt and
Bergersen 2000; Allendorf et al. 2001).

Identification of the factors that exacerbate whgloisease is further confounded
by the complex life cycle of the parasite. Although Vuingr disease was first described
over 100 years ago, the life cycle of the parasite wagully understood until the
alternate hoswvas identified (Wolf and Markiw 1984; Wolf et al. 1986). Thscovery
revealed that there are two distinct spore stages andadsts in the life cycle of the

parasite. This led to the nullification of an entiless (Class Actinosporea) within the



Phylum Myxozoa (Kent et al. 2001) and sparked many studiestey bederstand the
ecology and life cycle of the myxozoans.

The life cycle oM. cerebralis alternates between a salmonid fish and the
oligochaete worm hosT.. tubifex, from which the myxospore and TAM are released,
respectively (EI-Matbouli et al. 1992; El-Matbouli et B299). The myxosporie
released into the sediment upon decomposition of aatedesalmonid or through the
fecal matter of a predator which consumes the infecetbsa. The myxospore can lie
dormant for an extended period of time, possibly yearsjsaale to withstand freezing
and passage through avian and fish digestive systemsngetsited byl tubifex (El-
Matbouli and Hoffmann 1991). Once inside the worm, the paragaches to, and
penetrates between the intestinal epithelium cellsr@M. cerebralis multiplies and
matures into TAMs (Wolf and Markiw 1984; El-Matbouli and khaénn 1989). TAMs
are expelled into the water column through fecal m@&ébert and Granath 2001) or
upon death of the tubificid (EI-Matbouli et al. 1992). Unlike myxospore, the TAM
remains viable for only a few days to weeks (El-Matbouile1999). TAMs float in the
water column until they come into contact withshfi Upon contact, the TAM attaches
to the epidermis of the trout using polar filaments afects the sporoplasm of the
parasite. The infective germ cells of the parasite tpatgethe epidermis of the fish host,
then travel via the nervous system to the cartilagerevimyxospores form and the life
cycle is completed (El-Matbouli et al. 1995).

Rainbow trout life history traits such as size and agamgwarly rearing and

timing of emergence could significantly increase risk giosxire to the parasite and



disease severity. Although rainbow trout can becaorfeeted at any point during their
lifespan, manifestations of clinical signs in Erwiregtrrainbow trout were significantly
greater for rainbow trout fry smaller than 40 mm forglgnduring the first 9 weeks
posthatch (Ryce et al. 2004, 2005). A study conducted on tdesdfeRiver, Montana
by Downing et al. (2002) found that the emergence of rainbmut trccurred primarily
from late June to early July, coinciding with an irmse in stream temperature, decline in
flow, and an increase in disease risk (E. R. Vincemmntsina Department of Fish,
Wildlife and Parks, Bozeman, MT, personal communicatidnergence of rainbow
trout fry is closely associated with temperature (KwWE975), and seasonal changes in
water temperature are closely linked to seasonal chang#eation (EI-Matbouli et al.
1999). Furthermore, low flow could concentrate TAMseetikely increasing the risk of
exposure to the parasite (MacConnell and Vincent 2002).

Recent studies suggest that some genetically distimmswfT. tubifex are more
resistant tdMl. cerebralis than others (Kerans et al. 2004) and are found in differen
stream habitats (Beauchamp et al. 2002, 2005; DuBey and Cakfpdl. In the San
Juan River TAM-producing lineage M. tubifex were found in pool habitats, whereas
the parasite was not detected in lineage VI, which wenardmt in riffles (DuBey and
Caldwell 2004). In rivers of central Colorado, susceplibkeage IIIT. Tubifex were
more prominent in artificial habitat (e.g., reservoivghereas waters less affected by
anthropogenic activities were dominantd by the less susaptibhge V (Beauchamp et
al. 2005). Therefore, stream channel morphology may fuimfaence disease severity

by selecting for or against variolistubifex lineages (Anlauf and Neumann 1997).
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Resistant strains af. tubifex may possiblyimit prevalence of infection, which is
dependent upon myxospore abundance (Steinbach Elwellieipa¢paration), by
ingesting myxospores and in doing so act as biologicaldi(tel-Matbouli et al. 1999;
Beauchamp et al. 2006). Beauchamp et al. (2006) found thatpFédiction was
reduced by 70% when resistant and susceptible straingufifex were cultured
together. However, Steinbach Elwell et al. (2006) founad heither infection prevalence
nor parasite proliferation in susceptildletubifex was reduced when a susceptible
tubifex strain was cultured with a resistantubifex strain, although they did note a trend
for infection prevalence to decreaselatubifex abundance increased. Steinbach Elwell
et al. (2006) employed a response-surface competition disigoontrolled for both
increases in density and composition, whereas the desBgauchamp et al. (2006)
confounded density and relative abundance. Key diffeseincexperimental design
likely contributed to the conflicting results of thegadies; however, the effect of the
lineage ofT. tubifex on the disease in salmonids warrants further invegiigat

Environmental factors may exacerbate disease severihflbgncing parasite
success within both hosts and in the spore stages. Waitperature affects development
of the parasite withiiT. tubifex (EI-Matbouli et al. 1999; Blazer et al. 2003; Kerans et al.
2005), TAM viability (EI-Matbouli et al. 1999), and disease sityavithin the salmonid
host (Schisler et al. 2000). Higher temperatures (13-2G¢C)ncluce an earlier TAM
release and amplify the number of TAMs as compardaliter temperatures (5-10°C),
which delay the development of the TAM; however, ataased temperatures (>20°C),

TAM viability decreases (El-Matbouli et al. 1999; Blazerak 2003). Schisler et al.
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(2000) found that mortality among infected rainbow trout mash higher at 17°C than
at 12.5°C. In addition, Halliday (1973) found that whirling disesymptoms (whirling
behavior and blackened tails) were more prevalent andagegesooner at higher
temperatures (17°C) than at lower temperatures (12°C and Aitbpugh these
laboratory studies show a tendency for the parasfteudash at higher temperatures (13-
20°C), a field study of spring creeks in Montana detectedighest infection in rainbow
trout at temperatures ranging from 6°C to 12°C (Anderson 20Ddgse differences
among laboratory and field studies suggest that additiaotdrs influence the effect of
water temperature on infection Bftubifex and severity of disease in rainbow trout.
Other environmental characteristics such as conductsutystrate composition,
and water velocity have also been correlated to wgidiisease severity. Conductivity, a
measurement of ion concentration, was positivelyetated to infection of rainbow trout
(Sandell et al. 2001). Conductivity generally increasels mitrient enrichment of the
water (e.g., N@, NO3’), which can create ideal habitat fartubifex (Lestochova 1994).
Tubifex tubifex thrives not only in nutrient enriched waters but alsaréas of increased
siltation (Juget and Lafont 1994). Such areas are indécafilow velocity waters that
are generally inhabited by young trout. This is also wHeeal fish tend to be deposited
by the current and where myxospores are most likelyttle sato the sediment (Kerans
and Zale 2002) Areas possessing one or more of these environmentattdrdstcs,
such as impoundments and backwater/pool areas wherevwehteities are low and silt
can accumulate, may provide favorable habitat for thesparand its oligochaete host

(Krueger et al. 2006), in turn creating possible point sowtegection for trout
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(Nehring et al. 2003). Disturbances or changes withiretivronment that influence
these habitat characteristics may possibly influence mwhidisease risk.

Because environmental conditions within a stream are afenifestations of
activities within the watershed, anthropogenic altenstiof the landscape (e.g.,
agricultural practices, mining and construction) can chamg@atural stream habitat and
modify the physical, chemical, and biological procesgéisn a stream, thus altering
biological integrity (Karr 1991). Karr and Dudley (1981, pg 56in@ebiological
integrity as “the capability of supporting and maintainingkbced, integrated, adaptive
community of organisms having a species composition, diyeasd functional
organization comparable to that of the natural habitdtefegion.” The primary
mechanisms by which anthropogenic disturbances thrdadndlogical integrity of
stream ecosystems is through sedimentation, nutneigthenent, contaminant pollution,
hydrologic alteration, loss of large woody debris, ripaxdkearing, and canopy opening
(Allan 2004). For example, streams that drain deforestgdrgheds are often
characterized by higher water temperatures and elevated t&f nutrients and sediments
as compared to those draining forested catchments. Theamstalso have decreased
energy input in the form of allochthonous material aoeddy debris that influences
channel morphology, flow regimes, and provides coverdoaac life (Webster et al.
1992; Bourque and Pomeroy 2001; Scott et al. 2002). Additionallyeraus watershed
studies have documented relationships between an increaggedultural practices and a
decline in water quality, habitat, and biological assemklélgenat 1984; Sponseller et

al. 2001), which support fewer sensitive fish and insectttaata streams within forested
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watersheds (Genito et al. 2002). Fish and invertebrate blsgpa often respond
predictably to anthropogenic disturbances, making theamanonly used bioassessment
tool to indicate the biological integrity of a stream.

Aquatic invertebrates are the most commonly used indgafdrsiological stream
integrity (Rosenberg and Resh 1993). Invertebrates armooiy used because they
have relatively short life spans, cannot easily apoiution or other disturbances, and
are continuously responding to the cumulative effectaudfiple stressors within their
environment. Thus, they provide an indication of waterityydlabitat conditions, and
the potential causes and/or sources of impairment witleisystem. Streams lacking
invertebrate diversity and sensitive taxa, those intotevhpollution and other
disturbances, indicate low biological integrity. Eeample, high abundancesTof
tubifex are often an indicator of degraded habitat (Chapman ankliirst 1984),
associated with areas of increased sediment deposfgmd{ and Bergersen 2000) and
organic matter, low dissolved oxygen concentrations, wd\sater velocities
(Brinkhurst 1996). Often times however, matching a bioklgimmicator’s response to a
specific stressor is a complex task because streanieguently influenced by multiple
stressors that may interact (Allan 2004). Therefdwe primary purpose is often not to
link a specific response to a specific anthropogenic streisst rather to determine the
response of the system to the multitude of possible@mbigenic stressors within the
environment.

It has been suggested that many of the streams Wheeebralis is present are

those with altered or degraded habitat (Allendorf et al. 200hg water quality in 9,826
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miles of Montana’s streams is listed as impaired, urtabiiglly or partially support at
least one designated beneficial use as defined by th&s SMter-Use Classification
System due to anthropogenic activities (MTDEQ 2004). Deseyl uses are categorized
as water supplies supporting agricultural, industrial, recneatirinking water, aquatic
life, and fisheries (cold and warm) purposes. Water gquatipairments are primarily
due to increased nutrients and siltation, thermal motidics, and alteration of flow
regimes as a result of agricultural and silviculturalcpices, construction, mining and
milling processes, hydromodification, and habitat modikicasuch as removal of
riparian vegetation and/or streambank alteration (MT2B@Q4). Possibly, these water
guality impairments also result in increased whirling asgerisk.

A clearer understanding of the relationships between whuisease risk and
land use practices, measures of biological stream ityegnd the physicochemical
features of streams are needed to help explain the beasevariation in whirling
disease risk. By identifying possible contributors to, aitators of, stream
degradation and their relationship to whirling disease riskamsis can be identified that
are at the greatest risk of parasite establishment antepatibn. In addition, streams
that would benefit from remediation can be identifiad attempts to mitigate the effect

of this disease on wild rainbow trout populations canrimertaken.
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STUDY AREAS

The study area encompassed the mainstem and seleatiéal e of four major
drainages (Missouri, Madison, Blackfoot and Rock Crea#)in western Montana
(Figure 1). This study analyzed data collected in a margjet field monitoring project
that was initiated in response to the detection of wigrlisease within the state in 1994.
Two of the drainages (Blackfoot and Rock Creek) are ofaste continental divide and
two (Madison and Missouri) are east of the divide, ffnaviding a broad range of
environmental conditions. Physical, chemical, and inbeate data were collected from
1997 through 2000 and whirling disease risk (i.e., infection dg\aand prevalence in

caged sentinel trout, see Whirling Disease Rs#ts assessed from 1997 through 2004,

although the number of times sites within drainages wenplsd varied (see
METHODS; Appendix A). Selection of sampling sites wasdal on accessibility,
previous data, and opinions of Montana Department of Figd)il&/ and Parks (MFWP)
personnel. In most cases, the designated benefiegal(sspport of agriculture,
industrial, recreation, drinking water, aquatic life antidises (cold) water supply) of all
streams were assessed by MTDEQ (2004). The benefieid)ud some streams were
not assessed due to a lack of sufficient data or becaissaan was not designated to
support one or more specific uses. If any beneficiafarsa stream was not assessed it

is noted in that stream’s respective site description.
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Figure 1. The mainstem and select tributaries of theddis&iver, Madison River,
Blackfoot River and Rock Creek drainages within westerntiion

Missouri River Drainage

Tributaries of the Missouri River downstream of theteiloDam that were
selected for this study included Little Prickly Pear Créled,Dearborn River, and Sheep
Creek. Two tributaries of Little Prickly Pear Creelgpns Creek and Wolf Creek, and

two tributaries of the Dearborn River, the South andd\& Fork were also included.

Little Prickly Pear Creek

The mainstem of Little Prickly Pear Creek originateaproximately 1480 m at
the confluence of the North and South Forks of Littiekty Pear Creek, draining an

area of 1032 kA(USDA 1996). The creek is approximately 54 km long and ettters
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Missouri River 4.4 km downstream of Holter Dam (iGage MagCorporation 2002).
Six sites were located on Little Prickly Pear Creek.a (PR1), 18.3 (PR2), 28.3 (PR3),
34.3 (PR4), 37.7 (PR5), and 42.2 km (PR6) upstream from the ni€igting 2).
Catchment elevations range between roughly 2500 m in the upadwater reaches and
1050 m in the lowland plain areas. The predominant litho@ddiie watershed is meta-
argillite, quartzite, carbonate, diorite, and volcawickrwith alluvial deposits along the
creek (Stoeser et al. 2005). MTDEQ (2004) lists LittlelyiPear Creek as having one
or more beneficial uses impaired. Probable anthropoganges and sources listed are

numerous (Appendix B).

Lyons Creek

Lyons Creek is approximately 7.5 km long, entering Littieky Pear Creek 16
km above its confluence with the Missouri River (iGagapling Corporation 2002).
Lyons Creek originates at approximately 1260 m at the corduef the North and
South Forks of Lyons Creek and drains an area of 77 Eievations within the
catchment range from 2300 m to 1150 m. One site on Lyon& Qrgg approximately
1200 m upstream of the mouth, was selected for the study ¢R2yumMeta-argillite and
carbonate are the dominant rock types (Stoeser et al).208@bassessment of the creek’s
beneficial uses has been conducted. Thus, this stre@ohlisted on the state’s

integrated water quality report.
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Figure 2. Site locations (indicated by diamonds) witheaMissouri River drainage.
Sites shown from downstream to upstream on LittlekBrieear Creek are PR1, PR2,
PR3, PR4, PR5, and PR6. Sites shown from downstream teampsbn Wolf Creek are
WO1, W02, and WO3. Sites shown from downstream to upstosattme Dearborn
River are DB1, DB2, and DB3. Sites LY, SH, DBMF, andIpBare located on Lyons

Creek, Sheep Creek, Middle Fork Dearborn River, and dlghS-ork Dearborn River,
respectively.

Wolf Creek

Wolf Creek originates at approximately 1700 m and is 19 km l&age
Mapping Corporation 2002). The creek drains roughly 99before entering Little
Prickly Pear Creek 6.2 km above its confluence with tiesduri River. Elevations
range from 2100 m in the upper sections of the catchment tom h@@r its confluence
with Little Prickly Pear Creek. Sites selected oniM@week were 0.1 (WO1), 4.8

(WO2), and 10.9 km (WO3) upstream of the mouth (Figure 2). litftedogy of the
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catchment is primarily meta-argillite, carbonate, itgrand volcanic rock (Stoeser et al.
2005). No assessment of the creek’s beneficial usdsalesisconducted. Thus, this

stream is not listed on the state’s integrated watdityueport.

Dearborn River

The Dearborn River originates at 2260 m and is approximafi&ykm long,
draining an area of 1418 Krhefore entering the Missouri river 22 km below Holbam
(iGage Mapping Corporation 2002; USDA 1996). Elevations rangeekeet2700 m in
the upper-most sections of the catchment and 1050 m nddiss®@uri River confluence.
The predominant rock type is carbonate, clastic, volcamd meta-argillite, with
pockets of alluvium and quartzite in the headwater reg@tesser et al. 2005). Sites
were located 0.6 (DB1), 30.9 (DB2), and 47.3 km (DB3) upstrdaheanouth (Figure
2). The Dearborn River (Falls Creek to confluence MisisRiver) is listed as having
one or more beneficial uses impaired (MTDEQ 2004). Prebzhlises are related to

agricultural practices and hydromodification (Appendix B).

Middle Fork Dearborn River

The Middle Fork of the Dearborn River is 23 km long @&aapping
Corporation 2002) and drains an area of approximately 175W8DA 1996). The
Middle Fork originates at approximately 1675 m with catchmiemagions ranging
between 2200 m and 1250 m. One site on the Middle Fork (DBMFE selected
approximately 123 m upstream of the confluence with thelideaRiver (Figure 2).

The predominant lithology is meta-argillite, clastaerbonate, and volcanic rock (Stoeser
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et al. 2005). The Middle Fork of the Dearborn Riverstelil as fully supporting all uses

(MTDEQ 2004, Appendix B).

South Fork Dearborn River

The South Fork of the Dearborn River is approxima2élykm long (iGage
Mapping Corporation 2002) and drains an area of 108 kKbatchment elevations range
from 2150 mto 1210 m. The creek originates at approximately 1880Ch
predominant lithology is meta-argillite, clastic, cambte, and volcanic rock (Stoeser et
al. 2005). One site was selected on the South Fork [RBpproximately 5.6 km
upstream of the confluence with the Dearborn River (FigiwreThe South Fork of the
Dearborn River is listed as only partially supporting twodbigial uses (MTDEQ 2004).

Probable causes are related to agricultural practiogsei#dix B).

Sheep Creek

The mainstem of Sheep Creek enters the Missouri Riven38elow Holter
Dam, originating at the confluence of the North and S&otlks of Sheep Creek at an
elevation of 1060 m (iGage Mapping Corporation 2002). The&kate®ns an area of
roughly 93 krfi and is approximately 3.3 km long. Elevations within thelmaent range
from 2150 m to 1030 m and is comprised primarily of volcank reith a few pockets
of alkalic intrusive rock and some sandstone on the aorthoundary of the catchment
(Stoeser et al. 2005). The Sheep Creek site (SH) watetb 926 m above the mouth of
the creek (Figure 2). No assessment of the creek’dib@heses has been conducted.

Thus, this stream is not listed on the state’s intedratater quality report.
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Madison River Drainage

The mainstem of the Madison River between Hebgen bhakieEnnis Lake was
included in this study as well as two tributaries of thedidon River, the West Fork of

the Madison River and Squaw Creek.

Madison River

The mainstem of the Madison River drains an area of &68§USDA 1996)
and is approximately 193 km long. The river originate?0&3 m at the confluence of
the Gibbon and Firehole River in Yellowstone Natidpatk, Wyoming and terminates at
its confluence with the Jefferson and Gallatin Riverform the Missouri River.
Catchment elevations range roughly between 3436 m in podidhs Beaverhead
National Forest near the headwaters of Squaw Creek to 128amthe confluence with
the Jefferson and Gallatin Rivers. The dominant ropk tg clastic, metamorphic,
volcanic, and carbonate with pockets of glacial drift aandstone (Stoeser et al. 2005).
A large portion of the eastern section of the draimeege Ennis is comprised of diorite
and there are many alluvial deposits along the mainstéhe dadison River. Eight
sites (MA1-MAS8) were located between Hebgen Lake and Hrakis, Montana (Figure
3). Hebgen Dam controls the flow of the Madison Rivéth a required minimum
discharge of 17fs (Vincent 1996). The Madison River between Hebgen Bragin

Ennis Lake is listed as fully supporting all beneficial UB4EDEQ 2004, Appendix B).
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Figure 3. Site locations (indicated by diamonds) withenMadison River drainage.
Sites shown from downstream to upstream on the MadRsger mainstem are MA1,
MA2, MA3, MA4, MA5, MA6, MA7, and MA8. Sites shown from dastream to
upstream on the West Fork of the Madison River are WFBRIAA WFMAZ2. Site SQ is
located on Squaw Creek.

West Fork Madison River

The West Fork is approximately 61 km long and originatesughly 2800 m,
entering the mainstem of the Madison River 30 km bel@vgén Dam (iGage Mapping
Corporation 2002). The river drains an area of 574 (kiSDA 1996). The dominant
lithology is metamorphic and volcanic rock with pocketslattic, carbonate, and

sandstone near the headwaters (Stoeser et al. 2005ati@ls range from 3000 m in the



23

upper sections of the catchment to 1800 m near the confluéingo sites were located
on the West Fork, sites WFMAL1 and WFMAZ2, approximateBydhd 4.3 km above the
mouth, respectively (Figure 3). MTDEQ (2004) lists the Wresk of the Madison River
as not supporting one or more beneficial uses. Probabkes and sources reported are

numerous (Appendix B).

Squaw Creek

Squaw Creek is 12.5 km long and originates at 2800 m, enteargatiison
River 34 km below Hebgen Dam (iGage Mapping Corporation 200B¢. creek drains
an area of 47 ki Elevations range between 3436 m in the upper sectiaagahment
and 1780 m near the confluence. The Squaw Creek siten&Jpcated roughly 80 m
upstream of the creek mouth (Figure 3). The predominanidiyy is metamorphic and
clastic rock with a small pocket of volcanic rock née confluence (Stoeser et al.
2005). No assessment of the creek’s beneficial usdselesisconducted. Thus, this

stream is not listed on the state’s integrated watdityueport.

Rock Creek Drainage

Within the Rock Creek drainage, the mainstem along widtsgibutaries, the
East Fork, West Fork, Middle Fork, Ross Fork, Willoveé€k, Stony Creek, and

Hogback Creek, were included in this study.
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Rock Creek

Rock Creek originates at the confluence of the Weast\iddle Fork of Rock
Creek at approximately 1600 m. The Rock Creek mainstem is 8dnignfiGage
Mapping Corporation 2002) and drains an area of roughly 2364WU8DA 1996).
Catchment elevations range from 3183 m in the upper secfioins Biddle Fork
drainage and 1072 m near its confluence with the Clark Faoee.RFive sites in Rock
Creek (RO1-RO5) were selected for this study (Figure 4§ pradominant lithology is
guartzite and meta-argillite (Stoeser et al. 2005). Lpogdons of carbonate, glacial
drift, and granitoid are also present, with smaller paciétlastic and volcanic rock.
Alluvial deposits are found along the majority of theimatem and some tributaries. The
Rock Creek mainstem is listed as fully supporting all berzdfuses (MTDEQ 2004,

Appendix B).

East Fork Rock Creek

The East Fork of Rock Creek originates at 2150 m. The dregks an area of
207 knf before terminating at the confluence with the MiddlekfRock Creek (USDA
1996). The creek is approximately 23 km long with a dam IdcE3es km upstream of
the mouth (iGage Mapping Corporation 2002). Catchment éegatange from 3050 m
to 1644 m. The East Fork site (EFRO) was located approxyried6D m above the
confluence with the Middle Fork Rock Creek (Figure 4)e dbminant rock type within
the catchment is carbonate and quartzite (Stoeser2&iC#l). There are small pockets of

glacial drift, meta-argillite, and volcanic rock, andugial deposits are present along the
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stream. The East Fork (mouth to 14 km upstream) elligs fully supporting all
evaluated beneficial uses (MTDEQ 2004, Appendix B). Thekésesupport of aquatic

life and cold water fisheries was not assessed.

ROA Clark Fork Rjyer |
&
Rock Creek =
RO2 I .,5_’
3
Hogback = 1% @
RO3 2 25
HO z oE
§ wi
RO4 {
RO5 WFRO
ST EFRO
Stony Creek
East Fork Rock Creek
West Fork Rock Creek ROSS

Ross Fork Middle Fork Rock Creek
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Figure 4. Site locations (indicated by diamonds) withenRock Creek drainage. Sites
shown from downstream to upstream on the Rock Creek teairese RO1, RO2, RO3,
RO4, and RO5. Sites EFRO, MFRO, WFRO, ROSS, WI, 8d HO are located on
East Fork Rock Creek, Middle Fork Rock Creek, West FargkRCreek, Ross Fork,
Willow Creek, Stony Creek, and Hogback Creek, respectively



26

Middle Fork Rock Creek

The Middle Fork of Rock Creek originates at 2445 m. Thed\éi Fork is 34 km
long (iGage Mapping Corporation 2002) and drains an area of 316USDA 1996).
Elevations range from 3183 m to 1600 m. One site on iddI&Fork (MFRO) was
selected approximately 23 km upstream from the mouth (Figur&hk predominant
lithology is glacial drift and quartzite (Stoeser et28l05). There are small pockets of
carbonate and granitoid in the upper reaches of the cattlame alluvial deposits are
present along the majority of the creek. No assedsofi¢ine creek’s beneficial uses has
been conducted. Thus, this stream is not listed ortat@ssintegrated water quality

report.

West Fork Rock Creek

The West Fork of Rock Creek originates at 2200 m. Téekcis 39 km long
(iGage Mapping Corporation 2002), draining an area of approxin2@8lknf (USDA
1996). Elevations range from 2630 m near Mount Emerine to 16@amits confluence
with Rock Creek. The West Fork site (WFRO) was lotagproximately 300 m from
the creek’s mouth (Figure 4). The dominant rock typeglaal drift, granitoid, and
quartzite with pockets of carbonate, clastic, and votceotk (Stoeser et al. 2005).
Alluvial deposits are present near the lower reachtdseccreek. MTDEQ (2004) lists
the West Fork as not supporting its beneficial use as aimiyimkater supply. Probable
causes have been identified, yet the probable sourc&kmwn (Appendix B). Its

support of aquatic life and cold water fisheries was na&sassl.
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Ross Fork

Ross Fork is 37 km long and originates at 2310 m (iGage Magmngoration
2002). Catchment elevations range between 2710 and 1600 m. gkelicias an area
of approximately 221 ki(USDA 1996). The predominant lithology is glacial drift,
granitoid, and quartzite with pockets of carbonate andiclastk (Stoeser et al. 2005).
The Ross Fork site (ROSS) was located 13 km upstreanttfirmmouth (Figure 4). No
assessment of the creek’s beneficial uses has been cehddttus, this stream is not

listed on the state’s integrated water quality report.

Willow Creek

Willow Creek is 32 km long and originates at 2115 m, engettie mainstem 14
km below its origination (iGage Mapping Corporation 2002he €reek drains an area of
247 knf (USDA 1996). Elevations range between 2525 m and 1500 m within the
catchment. The Willow Creek site (WI) was located 30pstream from the confluence
with the Rock Creek mainstem (Figure 4). Quartzite igltirainant rock type with small
pockets of carbonate, clastic, meta-argillite, andamitcrock (Stoeser et al. 2005).
Alluvial deposits are present along the stream. MTREID4) lists Willow Creek as
having one or more beneficial uses impaired (AppendixiB)use as a drinking water

supply was not assessed.

Stony Creek

Stony Creek is 16 km long, originating at 1705 m and entefRdbk Creek

mainstem 20 km below its origination (iGage Mapping Caapon 2002). The site on
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Stony Creek (ST) was located 1050 m upstream from the miigtiré 4). Elevations
range between 2560 m at the catchment boundary and 1450 rheneantiuence with
Rock Creek. The creek drains an area of roughly 74 Krhe predominant rock type is
meta-argillite, with pockets of carbonate and volcaoek (Stoeser et al. 2005). Glacial
drift runs along upper reaches of the stream and alluvedsis are found near the
confluence. No assessment of the creek’s beneficialheebeen conducted. Thus, this

stream is not listed on the state’s integrated watdityueport.

Hogback Creek

Hogback Creek is 6.5 km long, entering the mainstem 42 knwhbtdarigination
(iGage Mapping Corporation 2002). The creek originates at 16&4@dndrains an area of
42 knf. Elevations within the catchment range between 2500 M ar@ m. The
Hogback Creek site (HO) was located approximately 100 m @psto¢ the mouth
(Figure 4). Meta-argillite is the dominant rock typeoger et al. 2005). Quartzite is
found in the upper portions of the catchment and alluleabsits are found along the
lower reaches of the stream. No assessment cf¢les’s beneficial uses has been

conducted. Thus, this stream is not listed on the stategrated water quality report.

Blackfoot Drainage

The mainstem of the Blackfoot River and several afibsitaries, Cottonwood
Creek, Chamberlain Creek, Warren Creek, and the Northdfdhe Blackfoot River

along with one of its tributaries, Kleinschmidt Creekrevselected for the study.
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Blackfoot River

The Blackfoot River originates at approximately 1650 miar&D0 km long
(iGage Mapping Corporation 2002). The river drains an areaughty 5990 krf
(USDA 1996). Catchment elevations range from 2860 m to 100€amits confluence
with the Clark Fork River. Three sites in the BlakfRiver were selected for this study
approximately 0.5 (BL1), 55 (BL2), and 150 km (BL3) upstream ofitbath (Figure 5).
The predominant lithology is carbonate, glacial drifistic, meta-argillite, quartzite, and
volcanic rock (Stoeser et al. 2005). MTDEQ (2004) listsBlaekfoot River as having
one or more beneficial uses impaired. Probable anthropogauses and sources listed

are numerous (Appendix B).

Cottonwood Creek

Cottonwood Creek drains an area of approximately 180(Kl8DA 1996). The
creek originates at 2190 m and is 28 km long (iGage Mapping Guigno2002).
Catchment elevations range from 2450 m to 1180 m near itsieon# with the
Blackfoot River mainstem. The Cottonwood Creek site (@@ located roughly 1.3 km
upstream of the mouth (Figure 5). The dominant rock typarlsonate and glacial drift,
with alluvial deposits along the lower reaches of theasn (Stoeser et al. 2005).
Cottonwood Creek is listed as fully supporting all benéficses (MTDEQ 2004,

Appendix B).
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Direction of
mainstem flow

Figure 5. Site locations (indicated by diamonds) withaBlackfoot River drainage.
Sites shown from downstream to upstream on the BlatiRover mainstem are BL1,
BL2, and BL3. Sites shown from downstream to upstreamme North Fork of the
Blackfoot River are NF1 and NF2. Sites KL, WA, CH, & are located on
Kleinschmidt Creek, Warren Creek, Chamberlain Creek, and@atiod Creek,
respectively.

Chamberlain Creek

Chamberlain Creek originates at 1850 m and is roughly 18 km(iGage
Mapping Corporation 2002), draining an area of 57.k@atchment elevations range
from 2070 m to 1180 m near its confluence with the Blackiftieeér mainstem. The
Chamberlain Creek site (CH) was located 200 m upstreahe ghouth (Figure 5). The

catchment lithology is predominantly quartzite (Stoesat.2005). MTDEQ (2004)



31

assessed the lower section of Chamberlain Creek (modtB tan upstream) and lists it

as fully supporting all beneficial uses (Appendix B).

Warren Creek

Warren Creek originates at 2160 m near Ovando Mountaig.cidek is
approximately 26 km long (iGage Mapping Corporation 2002) andslaairarea of 60
km?. Catchment elevations range from 2340 m to 1210 m near tfleamce with the
Blackfoot River mainstem. The Warren Creek site (WA} located approximately 80
m upstream of the mouth (Figure 5). The predominantlditjyis carbonate, glacial
drift, and alluvial deposits (Stoeser et al. 2005). Waereagk is listed as having one or
more beneficial uses impaired (MTDEQ 2004). Probable causedue to flow and

other habitat alterations (Appendix B).

North Fork Blackfoot River

The North Fork of the Blackfoot River is 62 km long,gimating at
approximately 2430 m (iGage Mapping Corporation 2002). The rivarsleai area of
812 knf (USDA 1996). Catchment elevations range from 2800 m to 1230 mitsiea
confluence with the mainstem of the Blackfoot River.oTsites were located on the
North Fork of the Blackfoot River, sites NF1 and N&@proximately 4.0 and 9.5 km
above the mouth, respectively (Figure 5). The litholofgthe catchment is
predominantly alluvium, carbonate, meta-argillite, queetand glacial drift (Stoeser et
al. 2005). The North Fork of the Blackfoot River (mowit2® km upstream) is listed as

fully supporting all beneficial uses (MTDEQ 2004, Appendix B)
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Kleinschmidt Creek

Kleinschmidt Creek is approximately 7 km long (iGage MappingpGation
2002) and drains an area of 42%krThe creek originates at 1320 m and catchment
elevations range between 2200 m and 1260 m. The Kleinschmgk €lte (KL) was
located 30 m upstream from its mouth (Figure 5). The domno&kttype is glacial drift,
carbonate, meta-argillite, and alluvium (Stoeset.€G05). MTDEQ (2004) lists
Kleinschmidt Creek (from mouth to 2.4 km upstream) as notastipg one or more
assessed beneficial uses. Probable causes and sepa#sd are numerous (Appendix

B).
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METHODS

Whirling disease risk was assessed at two spatial sedles each drainage: a
broad landscape scale (catchment) and a more localieestale (reach). At the
catchment scale, land use was quantified within the entivbasin and riparian area
upstream of the location where whirling disease risk @entinel cages, see Whirling
Disease Riskelow) was measured. At the reach scale, land ubelite subbasin and
riparian zone, measures of biological stream integaitg physicochemical parameters
were quantified between the upper and lower sites inch (ga., sentinel cages, see

Whirling Disease Riskelow). Land use was quantified at both the catchmentezath

scale to assess whether relationships to risk diffdredrging spatial extents. Biological
stream integrity and physicochemical parameters weesses at the reach scale only as
they are often more indicative of localized site abods than of broad landscape scale

conditions.

Whirling Disease Risk

Whirling disease risk was quantified at each site agtbetion severity and
disease prevalence in sentinel rainbow trout. Selrfish are commonly employed for
this task (e.g., Hiner and Moffitt 2001; Downing et al. 2002)yidiiag an index of
disease severity and an indirect measure of TAM abwed@ferans and Zale 2002).
Data from field exposures of sentinel rainbow trouhwelatively equal susceptibility to

whirling disease (Eagle Lake, Erwin, and Arlee strafi‘@cent 2002) were provided by
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MFWRP. Fifty rainbow trout fry between 40 and 60 mm imgiéh and 60 to 80 days old
were placed in each sentinel cage. Field exposuresl lest days and generally occurred
from mid-May through June from 1997 through 2004. After exposergjnel trout
were returned to either the Wild Trout Laboratory ire&man, MT or the MFWP
Laboratory in Pony, MT where surviving fish were saceifidoy exposure to 5% tricaine
methanesulfonate after approximately 90 days to allowcserfti time for myxospores to
develop. Gill arches and heads were removed and prdsandesent to the Washington
Animal Disease Diagnostic Laboratory for histologieaamination. Each fish was
scored on the MacConnell-Baldwin scale of zero to fiveetdaon the amount and severity
of cartilage degeneration and infiltration of leukocyt®aldwin et al. 2000). A score of
zero indicates no abnormalities and five, the higbeste, indicates severe infection
including bone displacement into the brain or spinal .cord

The sentinel cage with the highest mean histolog@aksamong fish was used in
these analyses to represent the maximum “risk” at aechBecause not all sites had
sentinel cages after the years of invertebrate sagpisk was quantified for two
temporal scales: 1) when invertebrates were sampléditparticular drainage and 2)
throughout the entire field exposure period (1997 — 2004). Bebtion severity and
disease prevalence were quantified at each temporal scdéction severity was
calculated as the proportion of infected fish with adhigjical score greater than or equal
to four during invertebrate sample years (SEVSAMP) and alVgears (SEVALL).
Disease prevalence was calculated as the proportiofected fish during invertebrate

sample years (PREVSAMP) and over all years (PREVALDjsease risk was measured
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as both infection severity and disease prevalence teseprthe two “extremes” of
whirling disease within a system and assess whetherdsatfithe environment that
permit establishment of the parasite within a systdfardrom those that promote severe
infection within the fish host.

It is likely that infection severity and disease prewak at sites within streams
are spatially autocorrelated; especially given that TAKIS potentially drift in the water
column farther than the distance between sentaggs To help minimize the effects of
some possible spatial autocorrelation for statisticalyses, a decline in SEVSAMP
values was used to classify sites into stream reacheecrease in the SEVSAMP value
of 0.15 was chosen as a decline in infection severityt greaugh to indicate a point
where sentinel fish were suspected to be unaffected lyeapssources of TAMs based
on the difference in average infection severity irflicape sentinel rainbow trout cages
(Erwin strain, mean = 0.077, standard deviation=0.107, n=3uleéd using data from
Anderson (2004)). SEVSAMP values were used to define redmhivgo reasons: 1)
severe infection represents the ultimate risk to figlath, and therefore should relate
more closely to fish population dynamics (E. R. Vingémbntana Department of Fish,
Wildlife and Parks, Bozeman, MT, personal communicatsng 2) not all sites had
sentinel cages after the years of invertebrate sagigherefore, the period of
invertebrate sampling represented sites when all had skcdiges. An exception to this
was the Missouri River drainage where many new locations added (i.e., sites DBSF,

DBMF, DB1, and DB3) after the period of invertebrate slamgp Therefore, stream
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reaches were defined separately for the period of invateebampling using SEVSAMP
values and throughout the entire field exposure period usiv\SEvalues.

Stream reaches within each drainage were defined by clasgifigngost
upstream sites in headwater reaches and tributariesafic then sites in a downstream
direction, the last site defined being the one closestetanouth of the drainage on the
mainstem (Figures 6-9). The most upstream site in a headseaich or tributary was
defined as the upper site in that reach. Subsequentogisged downstream were
considered to be part of the same reach as long aE¥®/AP values increased or
remained the same. Any decrease in the SEVSAMP walug5 (mean decrease = 0.36)
terminated that reach. The site where the SEVSAMPRedse> 0.15 occurred became
the beginning of the new reach, and the site abovelefased as the lowermost cage in
the terminated reach. Reaches in mainstems terminatedfauences, unless the
adjoining tributary was negative or its infection statas wnknown, and the next
downstream cage marked the beginning of a new reachtudtiens where only one site
was located on a tributary or headwater reach, itamasidered to be the lowermost site
in the reach under the assumption that at some poitreaps SEVSAMP values must

equal zero.
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Figure 6. Sites within the Missouri River drainage and tiespective SEVSAMP
values (proportions of infected fish with a histologicadre greater than or equal to four
during invertebrate sample years) and SEVALL values (ptmos of infected fish with
a histological score greater than or equal to four allgrears) used to define reaches for
each temporal scale; 1) when invertebrates were samwl@d the Missouri River
drainage and 2) throughout the entire field exposure period (12994). Stream
reaches were defined separately for the period of invateebampling (SEVSAMP) and
throughout the entire field exposure period (SEVALL) beeauany new locations were
added (i.e., sites DBSF, DBMF, DB3, and DB1) after theopesf invertebrate sampling.
Thus, a SEVSAMP value could not be quantified at alssitedicated by N/A. Reaches
comprised of multiple sites are designated by brackets.
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Figure 7. Sites within the Madison River drainage and thspective SEVSAMP values
(proportions of infected fish with a histological scgreater than or equal to four during
invertebrate sample years) used to define reaches. Reamherised of multiple sites
are designated by brackets.
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Figure 8. Sites within the Rock Creek drainage and theircegpesSEVSAMP values
(proportions of infected fish with a histological scgreater than or equal to four during
invertebrate sample years) used to define reaches. Reamherised of multiple sites
are designated by brackets.
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Direction of
mainstem flow
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Figure 9. Sites within the Blackfoot River drainage armd ttespective SEVSAMP
values (proportions of infected fish with a histologicadre greater than or equal to four
during invertebrate sample years) used to define reachesh&®comprised of multiple
sites are designated by brackets.

Whirling Disease Risk at the
Catchment Scale

Whirling disease risk was characterized by the valuesa$sd with the
lowermost site in a reach. The whirling disease risdites isolated by the reach
definition process (i.e., a site in between reackes site MA3 in Figure 7 for example)

were characterized by the risk values associated vétlstie.



41

Whirling Disease Risk at the Reach Scale

Whirling disease risk was characterized as the changekinalues between the
upper and lower site in a reach (hereafter, valuex@ased with the change in risk are
prefaced with\). Sites isolated by the reach definition process @.site in between
reaches, see site MA3 in Figure 7 for example) wereised in the reach scale analyses

because an upstream site for that reach was not defined.

Land Use

Land use and land cover data were assessed using the Geolyjrfapmation
System (GIS) program ArcView 3.2 (ESRI 1996-1999). Geospial, compiled by
state and federal agencies, were used to quantify propoatidensd use in each drainage
identified as conifer forest, agriculture, disturbancerastiential areas, as well as road
density and mine density (Table 1). The proportions of cofufest, agriculture,
disturbance, and residential area were derived frori9B2 National Land Cover
Database; a dataset based on 30 m resolution Landseitihenapper satellite data
resulting in 21 land type classes, nine of which were ustgdsistudy (Appendix C)
(USGS 2000a, 2000b). A detailed description of the classificatethods for each land
type class for this data set is available online (htgmditover.usgs.gov/classes.php/) and
Wickham et al. (2004) gives a detailed accuracy assessineath land type class.
Road density was quantified from 1:100,000 scale TIGER filedayithl line graph data
as the total road length (km) divided by the total are&)(kohS. Census Bureau 2001;

Geographic Information and Analysis Center and SpatialysmaCenter, Yellowstone
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National Park, unpublished). Mine density was quantifigth@sotal number of active,
inactive, and abandoned mines divided by the total ared (MiTDEQ 2005).

These land use types were chosen to represent undstortinatural” (i.e.,
conifer forest) and anthropogenic (i.e., agriculture udtgtnce, residential, roads and
mines) land uses for numerous reasons. Only one mezsuaural land use was
chosen because proportions of land use types are not indepehdaach other; if the
proportion of one land use type is increased it inevitadsylts in a decrease in
proportion of one or more other land use types (Van &2€803). Rather than include
all proportions of all natural vegetation in analyselsictv often summed to over 90% of
the land use within drainages, one type was selecte@ &eshrepresentative of natural
land use. Conifer forest was chosen as the bettesureeaf natural land use over
grasslands, the other dominant land cover type withimagais, because grasses are
more easily misclassified as anthropogenic land use &gculture) (Wickham et al.
2004). The land use types chosen to represent anthropcayahicde have been linked
to declines in biological stream integrity and adverseced in fish populations in many
previous watershed assessments (Barton et al. 1985; Badlidubert 1993; Harding et
al. 1998; Morley and Karr 2002; Bruns 2005). Furthermore, theagpdarided
consistent measures of the land use types acrosstiteestady area. Although other
measures of anthropogenic land use (e.g., proportiamggét forest) and more detailed
land use data were available, methods of classificatdguantification of local data by
various state and private agencies varied too much to provielguahcomparison of

land use across drainages.
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Land Use Type
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predictor variables used in analyses.

Description Source

Conifer Forest

Agriculture
(pasture/hay, row
crops, small
grains, fallow,

and
urban/recreational
grasses)

Disturbance

Residential
(Low- and high-
intensity
residential)

Roads

Mines

e e B yoos o
USGS (2000b)

Areas used for the production of crops or

for livestock grazing or developed for

recreation, erosion control, or aesthetic

purposes USGS (2000a);
USGS (2000b)

Areas that are sparsely vegetated (<25%
cover) and dynamically changing.
Change can be a result of natural or USGS (2000a);
anthropogenic activities (e.g., forest USGS (2000b)
clearcut, fire)

Low-intensity residential includes areas
where constructed materials account for
30-80% of the cover, representative of
single-family housing units. High-
intensity residential include areas where
constructed materials account for 80-
100% of the cover, representative of row
houses and apartment complexes

USGS (2000a);
USGS (2000b)

Hard-surface highways, local, city, U.S. Census Bureau
frontage and service roads, alleys, (2001);
driveways, and unimproved or dirt four-Geographic Information
wheel drive roads and pedestrian trails and Analysis Center
and Spatial Analysis
Center, Yellowstone
National Park,
unpublished
Active, inactive, and abandoned surface, MTDEQ (2005)

underground and processing mines
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Land Use at the Catchment Scale

Land use types at the catchment scale were quantifiedsbgdiculating flow
direction and flow accumulation from a 30 m resoludagital elevation model (USGS
2002) using the Geospatial Hydrologic Modeling Extension (HEEOHMS) (U. S.
Army Corps of Engineers 2003) to delineate the upstream suldrasi. The upstream
subbasin area was defined as the entire surface drainageithieahe catchment
upstream of a sample site (i.e., sentinel cage) (Fibdi®). A 400 m buffer of the
delineated stream extending upstream from each site seas@iverted to a polygon to
represent the upstream riparian zone (Figure 10 B). Pasan corridor width was
selected to prevent exclusion of any important processes@ated with the riparian area
due to inaccuracies associated with the catchment detinesid stream buffering
process (Morley and Karr 2002). The delineated subbasin am@dnigane for each site
were then converted to polygons. Polygons were superimhmyse the land coverage

data to determine land use proportions and densities withse @reas.

Land Use at the Reach Scale

To identify the area contributing to a reach, the detesaubbasin and riparian
area between the upper and lower sites in a reachoeeverted to polygons (Figure 10
C and D, respectively). Polygons were superimposed bgdahd coverage data to

determine land use proportions and densities within theas.are
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Figure 10. Diagram of spatial scales used in stuihe shaded area in A represents the
upstream subbasin area defined as the entire sulfamage area within a catchment
upstream of a sample site. The shaded area iprBgents the entire riparian zone (400 m)
within a catchment upstream of a sample site. sHaeled area in C represents the reach
subbasin, defined as the contributing subbasinlzet@een the uppend lower sample sitt

in a reach. The shaded area in D representsdlé rgparian zone, defined as the
contributing riparian area within the subbasin kewthe upper and lower sample sites in a
reach.
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Biological Stream Integrity

Within all drainages, a 42 mm diameter core sampler KBurst and Kennedy
1965) was used to collect six replicate samples of olgetels living within the upper 5
to 30 cm of soft sediment in depositional areas. Sawpdee collected from 1997
through 2000, although the number of time samples werected varied (Appendix A).
Samples were usually collected between 0-150 m upstredra eéntinel cage (<5% of
samples were collected at >150 m upstream of sentingldage) and preserved in
Kahle’s solution (Pennak 1978). Samples were returned falibeatory where they
were washed through a 125 um sieve, rinsed, and stored ieth@¥ol until sorted. All
oligochaetes were typically slide-mounted (in <5% ordybsample was mounted) and
identified using a Nikon Optiphot-2 compound microscope wlidspe contrast.
Oligochaetes were identified to the family level andurafl ubificidae were identified to
the species level when possible (Kathman and Brinkhurst 1998).

Within the Missouri and Rock Creek drainage four replicatepses of the
macroinvertebrate assemblage were typically colleatedch site and two replicate
samples were collected at each site within the Madi&ger drainage at 0, 50, 100, and
150-m upstream from the sentinel trout cage (<5% of sampdee collected at >150 m
upstream of sentinel trout cage) from 1997 through 2000 (Appéndiko
macroinvertebrate samples were collected within tlaelBbot River drainage. Samples
were collected along traveling D-frame kick net trarsé@etesh size of 500 um, time = 2

minutes), targeting macroinvertebrates living at the settisi@face and within
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interstitial spaces of riffle areas. Samples weesgnved in Kahle's solution (Pennak
1978) in the field and returned to the laboratory. Whensserg, a plankton splitter was
used to split the sample into fourths or eighths to redao®le size (~ 50% of all
samples were split). The sample or subsample veasdiored in 70% ethanol until
sorted and identified to the family level using standard taxon keys (Merritt and
Cummins 1996).

The biological integrity of each site was determined byntjfyeng characteristics
of the invertebrate community structure and compos(fi@ble 2). Metrics quantified
from the oligochaete samples (i.e., density oligoclsaekensity tubificids, density.
tubifex, and density.. hoffmeisteri) were selected because of their apparent relationship
to T. tubifex and whirling disease and because of their use as indsaaftanoxic or
eutrophic conditions (Milbrink 1994; Verdonschot 1996). The oiagertebrate
bioassessment metrics quantified from the kick sampétsatére selected are commonly
used to determine the biological condition of a stredengns et al. 1992; Kerans and
Karr 1994) and in western Montana streams, they haveussful in the detection of
impairment (Bollman 1998; R. Bukantis, Water Quality Divigi Department of
Environmental Quality, Helena, MT, personal communication
Biological Stream Integrity at the
Reach Scale

Mean bioassessment metrics were quantified from naftmaned data for each

reach from sites within reaches.



Table 2. Bioassessment metrics used in analyses tmaévdéhe biological condition of a
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site and their hypothesized direction of response toasecewhirling disease risk.

Metric

Hypothesized Dir ection

of Metric Changein

Response to Increasing

Description

Whirling Disease Risk

Density Oligochaetes
Density Tubificids
DensityT. tubifex
DensityL. hoffmeisteri
Total Taxa Richness
Ephemeroptera Taxa
Richness

Plecoptera Taxa
Richness
Trichoptera Taxa
Richness

EPT Taxa Richness
Proportion
Ephemeroptera
Proportion Plecoptera

Proportion EPT

Proportion Dominant

Shannon Diversity
Index

The total number of oligochadtédedi by the
surface area of the core sample
The total number of tubificids dividedthg
surface area of the core sample
The total number ofubifex tubifex divided by
the surface area of the core sample
The total number dfimnodrilus hoffmeisteri
divided by the surface area of the core sample
The total number of taxa identifiedeafamily
level
The number of Ephemeroptera (mayfly) taxa

The number of Plecoptera (stonefly) taxa
The number of Trichoptera (caddisfly) taxa

The number of taxa belonging torttero
Ephemeroptera, Plecoptera, and Trichoptera
The proportion of the sample comprised of
individuals from the order Ephemeroptera

The proportion of the samplepcizad of
individuals from the order Plecoptera

The proportion of the sample compriged o
individuals from the order Ephemeroptera,
Plecoptera, and Trichoptera

The proportion of the sample coredrif the
single most abundant taxon
This index characterizes diversity by accounting
for the abundance and evenness of taxa,
guantified at the family level. This index is
calculated as: H=:p In(p) where pis the
proportion of the total number of taxa made up
of theith taxon

Increase

Increase

Increase

Increase

Decrease

Decrease

Decrease

Decrease

Decrease

Decrease

Decrease

Decrease

Increase

Decrease
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Physical and Chemical Environment

At most sites where invertebrates were collectetiwithe Madison, Missouri,
and Rock Creek drainages the depth, width, velocity, prapooti organic matter in
sediment, temperature, conductivity, pH, and concentratialissolved oxygen were
recorded (Appendix A). Elevation and slope were quantibeall reaches within all
drainages.

Typically at each site, three measurements of deptlvalocity at 0.6 of water
depth were calculated using a Model 3000 Swoffer Instrumantrfieter (Swoffer
Instruments, Inc., Seattle, Washington USA) at thopedestant points along four
transects at 0, 50, 100, and 150-m upstream of each sexatgeel The width of each
transect was also recorded. The mean depth and veftocégch transect were
guantified and an overall mean depth, velocity and widtrevquantified for each site. A
mean discharge value in cubic meters per second (crssjal@ulated for each site as the
mean depth multiplied by the mean width multiplied byrtiean velocity for that site.

The proportion of organic matter in sediment wagssed by the dry weight
analysis of benthic sediments. Usually at each aite,sediment sample was collected at
each transect in soft sediment areas using a trawel total of four samples. Sediment
samples were returned to the laboratory and frozenproitlessed. The proportion of
organic material in each sample (30 g wet sediment) wasndieed as the difference

between the dry weight (105 °C for 24 hr) and the weadflet the sample was burned in
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a muffle furnace (550 °C for 2 hr), divided by the original @eight (Wetzel and Likens
1991). A mean proportion of organic material in sedimeag quantified for each site.

At most sites, temperature (°C), conductivity (mS/cm), @htl the concentration
of dissolved oxygen (mg/l) were recorded at two randamlgcted points within each
reach using a Yellow Springs Instrument meter (Yellgsir®s Instrument Co., Inc.,
Yellow Springs, Ohio USA). A mean of each parametes than quantified for each
site. Furthermore, the elevation (m) at each s#@e mentified from a 30 m resolution
digital elevation model (USGS 2002) in the GIS program Awwn8.2 (ESRI 1996-
1999).

Physical and Chemical Environment
at the Reach Scale

Mean discharge (cms), proportion of organic materiagédiraent, temperature
(°C), conductivity (mS/cm), pH, and concentration of aligsd oxygen (mg/l) were
guantified from untransformed data for each reach frites svithin reaches where data
were collected. Reaches within all drainages were deaized by the elevation of the
lowermost site in the reach. To quantify the slopeawh reach, an elevation profile for
each stream was created using HEC-GeoHMS softwar8. (Rkmy Corps of Engineers
2003). Slope changes within the elevation profile of estam were visually identified
to assess the slope at each site and the reach slegpiarified as the difference in
elevation (m) between the upper and lower site in thetréivided by the length (m) of

the reach.
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Statistical Analysis

Prior to analyses of bioassessment metrics and phy&iococal parameters,
differences among sampling dates were examined using snafysariance (PROC
GLM, SAS Institute 2004). Seasonal differences wereatledl for most bioassessment
metrics, temperature, pH, concentration of dissolved axyaed discharge. Because
seasonal variances were detected, seasons during whileinglst proportion of sites
were sampled were used in data analyses. Thus, bicassg¢sseetrics quantified from
fall 1998 data within the Missouri and Madison drainages, @ $ummer 1998 data
within the Rock Creek and Blackfoot drainages, were usaddess the relationship
between risk and biological stream integrity. Tempeeatpid, concentration of
dissolved oxygen, and discharge data collected in thensarof 1997 and 1998 within
the Missouri and Madison drainage and the summer of 1988wiite Rock Creek
drainage were used to assess the relationship betwkemdghese physicochemical
parameters. No seasonal differences were detectedriductivity and proportion of
organic matter in sediment; therefore, all availabla eathin each drainage were used in
analyses of these physicochemical parameters inaelatirisk.

Relationships between whirling disease risk and predicttablas were assessed
at the catchment and reach scale within and among desir{&igure 11). To assess risk
at the catchment scale, whirling disease risk valuesias$sd with the lowermost site in
a reach were correlated with land use within the upstsedupasin and riparian zone. To

assess risk at the reach scalehirling disease risk values were paired with land use
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within the contributing subbasin and riparian zone, reaean bioassessment metrics
guantified from the oligochaete community, reach mearsb&ssment metrics quantified
from the macroinvertebrate community, reach mean pbgise@mical parameters (i.e.,
discharge, proportion of organic matter in sedimentpeFature, conductivity, pH, and
concentration of dissolved oxygen), elevation, and slope.

All within-drainage analyses, as well as the among-drainagéy/sis of
physicochemical parameters, were conducted using Speamaak’sorrelation (PROC
CORR, SAS Institute 2004). Spearman’s rank correlatiatyaes were employed
because data did not exhibit a bivariate normal distribwim no appropriate
transformations of the predictor and/or response vasatiuld be identified to permit
the use of a parametric correlation analysis.

For each set of correlations between risk and predietgables within each
drainage, the alpha level of significance was adjusteddouat for multiple response
variables from a single sample using the Holm’s procediine. Holm’s procedure is a
modification of the Bonferroni procedure that is lesssepvative yet still retains the
experimentwise error rate (alpha 0.05 level of signiioeg (Wright 1992). In
accordance with the Holm’s procedure, unadjusted p-valuesavdered from smallest
to largest; the smallest p-value was compared to algha{i05) divided by the number
of correlations, then the next smallest p-value vaaspared to alpha divided by the
number of correlations minus one and so on, until asigpmficant test statistic result (a
p-value greater than the adjusted p-value) was obtainegl la3thcomparison resulting in

a significant test statistic represented the adjustemlyevor that set of correlations. P-
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values less than or equal to the adjusted p-value provaggstvidence against the null
hypothesis under traditional hypothesis testing. Nevieidbep-values close to this value
still provide supporting evidence that a relationship may exismnsidering the latter and
because this was an exploratory study, relationshipsigrbilp-values between the
adjusted alpha level of significance and the alpha @88 were considered to be
marginally significant.

Regression tree analyses were used to model relatiomstipeen the response
variable, whirling disease risk, and the predictor varialide®l use and biological stream
integrity, among drainages (package: tree, R DevelopmentT@ara 2005; Ripley
2005). Regression tree analyses identify important prediatiables by splitting the
data based on minimizing the squared residual deviance, aaralogous with variance
(Breiman et al. 1984). Regression tree models oftenfitvbe data so a 10-fold cross-
validation method was used to prune trees. The crdsk&atian is performed by
randomly selecting and holding out 10% of the data. fdeis fit to the remaining 90%
of the data, and the data that were held out are theppddj through the tree. This
process is repeated 10 times, holding out a different rayesetécted 10% of the data
each time, to identify the most parsimonious tree. lLessdat both the catchment and
riparian scale were included as predictor variables teaske importance of land use at
both scales in explaining whirling disease risk. A regjogstree analysis of
physicochemical variables was not conducted because otasseaf missing values,

which could have biased the model's results.
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Response Predictor
Severity and
prevalence
associated with Entire upstream land use

the lowermost
site in the reach

Reach land use

N
ASeverity and Reach mean bioassessment
Aprevalence . metrics
within a reach

_ Reach mean physical and

chemical parameters

Figure 11. Relationships between whirling dise&sdeand predictor variables assessed
at the catchment and reach scale within and amaaigadjes. Relationships between the
prevalence and severity values at the lowermastirsid reach and the land use within
entire upstream from that point were identifiedhvadl as relationships between the
change in the prevalence and severity values withieach and the land use that
contributes to that reach, reach mean bioassessnetnts, and the mean physical and
chemical parameters of the reach. The relationsétyeen risk and land use was
assessed within the entire upstream area andrasmntributing reach area to deternr
whether relationships differed at varying spatidkats. Relationships between risk and
the bioassessment metrics and the physical andichlgmarameters were assessed at the
reach scale only because these measures are afterindicative of localized site
conditions than of broad landscape scale conditions
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RESULTS

Missouri River Drainage

Whirling Disease Risk

Myxaobolus cerebralis was never detected in sentinel rainbow trout at the
uppermost site on Little Prickly Pear Creek (PR6), the uppst site on Wolf Creek
(WQO3), or the Lyons Creek site (LY) (Table 3). In 1998 lewels of infection were
detected at site WO2 on Wolf Creek and the Sheep Criee{Ssi), but since then
sentinel fish have remained parasite free. PREVALL saluere highx 0.80) at alll
other locations as were SEVALL values, except at an upfeeon Little Prickly Pear
(PR5) and the lowermost site on the Dearborn Riverl{D®here SEVALL values were

0.4 and 0.61, respectively.

Correlations at the Catchment Scale

Land Use The proportion of conifer forest was by far the dwamt land cover,
accounting for roughly 0.30 to 0.70 of the total area withiretitée upstream subbasin
and riparian zone (Appendix D). The proportion of landsifeed as agriculture within
subbasins ranged between 0 and 0.04 and between 0 and 0.11 witlpariha area.
Land classified as disturbance comprised a small propoofithe total subbasin area
(between 1.71E-03 and 3.77E-03) and land identified as disturbasceot present
within the entire upstream riparian zone. The propontif residential area and mine

density were also minor components of the landscap@8@xPwithin the entire upstream
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subbasin and riparian zone. The density of roads withinghe&an zone (0.18-2.82
km/knf) was often much higher than road density within the ssibt{8.07-0.80

km/knT) upstream of each site. Risk was positively assatiatih the proportion of
disturbed area within the subbasin, and the proportioestddential area and road density

within the riparian zone (Table 4).

Correlations at the Reach Scale

Land Use Once again, the proportion of forest was by fardin@inant land
cover, accounting for roughly 0.35 to 0.70 of the total arélaimihe subbasin and
riparian zone at the reach scale (Appendix E). Atdlaeh scale, proportions of
agriculture, disturbance, and residential, as well asi¢hsity of roads and mines, were
similar to those values identified at the catchmenesc8ignificant positive
relationships were identified betweansk and the proportion of disturbed area within
the contributing subbasin, the proportion of resideatial agricultural area within the
contributing riparian zone, and road density within thietcbuting subbasin area (Table
4). Significant negative correlations were identifietineenArisk and the proportion of

forest within the contributing subbasin and riparian zone.

Biological Stream Integrity The highest means for eight of the nine metrias th

indicate high biological stream integrity as their valinesease (e.g., total taxa richness,
EPT taxa richness) were recorded at sites and reaclees thle parasite has not been
detected or disease prevalence and severity has remain@celowsites PR6, LY, WO2,

SH) (Appendix F; Appendix G). Furthermofie tubifex was not detected at these sites.
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Significant positive relationships were identified betwaerhirling disease risk and the
mean density of. tubifex andL. hoffmeisteri (Table 5). Mean density values for these
species ranged between roughly 0 and 200 worms per square meber r@aches

(Appendix G).

Physical and Chemical Environmerfhysical and chemical data for sites and

reaches are summarized in Appendix H and Appendix |, regplyct No statistically
significant relationships were detected betwaehirling disease risk and any

physicochemical parameters (Table 6).



Table 3. Whirling disease risk within the Missouri Rivesidage. Whirling disease risk values recorded during the ebrate
collection period (1997 — 1999) are reported as the propsmibimfected rainbow trout with a histological scoregdde four or
greater (SEVSAMP) and the proportions of infected rainbowt (PREVSAMP). Whirling disease risk values recoritredughout
the study period (1997 — 2004) are reported as the proportionsthigth a histological score of grade four or greateM@&H.)

and the proportions of infected rainbow trout (PREVALMalues prefaced with & indicate the change in that respective value
between the upper and lower sites in that reach. pleisites within a reach are indicated by brackets andlantified by the
lowermost site in that reach, signified by boldfaqeety N/A for PREVSAMP, SEVSAMP, PREVALL and SEVALL vas indicates
that no samples were collected at that site duringithatperiod. N/A foAPREVSAMP,ASEVSAMP,APREVALL andASEVALL
values signifies that that reach was not defined duringithatperiod.

Catchment Reach

Site SEVSAMP SEVALL PREVSAMP PREVALL | ASEVSAMP ASEVALL APREVSAMP APREVALL
LY 0 0 0 0 0 0 0 0
WO3 0 0 0 0

{ WO2 0 0 0.09 0.09 8"0
WOo1 0 0.94 0.13 1 0 0.94 0.13 1
PR6 0 0 0 0
PR5 0.4 0.4 0.8 0.8
PR4 0.84 0.84 0.91 0.91
PR3 0.94 0.94 1 1
PR2 0.94 0.94 0.98 0.98
PR1 0.98 1 1 1 0.98 1 1 1
DBMF N/A 1 N/A 1 N/A 1 N/A 1
DBSF N/A 1 N/A 1 N/A 1 N/A 1
DB3 N/A 0.9 N/A 1 N/A 0.9 N/A 1
DB2 0 0.89 0 1 0 N/A 0 N/A
DB1 N/A 0.61 N/A 0.92 N/A N/A N/A N/A
SH 0 0 0.09 0.09 0 0 0.09 0.09




Table 4. Spearman’s rank correlation coefficientsufd p-values relating upstream land use (predictor variebiehirling disease
risk andAwhirling disease risk (response variable) within the MissRiver drainage. Whirling disease risk values recorded glurin
the invertebrate collection period are reported aptbportions of infected rainbow trout with a histologisebre of grade four or
greater (SEVSAMP) and the proportions of infected rainbtowt (PREVSAMP). Whirling disease risk values recoritedughout
the study period are reported as the proportions infedatbdavhistological score of grade four or greater (SEVAANd the
proportions of infected rainbow trout (PREVALL). Valuegfaced with a\ indicate the change in the respective value between t
upper and lower site in that reach. n =5 for PREVSABEVSAMP ,APREVSAMP andA\SEVSAMP correlations. n =9 for
PREVALL and SEVALL correlations. n = 7 fé&PREVALL andASEVALL. Statistically significant relationships atethdjusted
alpha level (p< 0.0006) are indicated by bold face type and an asterislatidtedhips considered marginally significant (0.0006< p
0.05) are in bold face type only.

Catchment Correlations Reach Corrdations
Land Use SEVSAMP SEVALL PREVSAMP PREVALL ASEVSAMP  ASEVALL APREVSAMP  APREVALL
Subbasin
Proportion -0.71 -0.42 -0.41 -0.41 -0.71 -0.77 -0.41 -0.76
Conifer Forest p =0.182 p =0.264 p =0.493 p=0.278 p =0.180 p =0.044 p = 0.4932 p =0.049 o
Proportion 0.73 0.23 0.34 0.14 0.73 0.74 0.34 0.37 ©
Agriculture p =0.165 p = 0.560 p =0.573 p=0.718 p =0.165 p = 0.058 p=0.573 p=0.414
Proportion 1.00 0.42 0.73 0.24 1.00 0.43 0.73 0.25
Disturbance p =<0.0001* p=0.261 p =0.165 p =0.527| p =<0.0001* p =0.338 p =0.165 p = 0.582
Proportion 0.79 -0.13 0.69 -0.29 0.79 0.02 0.69 -0.11
Residential p=0.111 p =0.746 p =0.199 p =0.452 p=0.111 p = 0.960 199=0. p =0.813
Road 0.71 0.66 0.67 0.50 0.71 0.82 0.67 0.58
Density p =0.182 p =0.051 p=0.219 p = 0.166 p=0.182 p=0.023 p=0.219 p=0.173
Mine 0.73 0.24 0.76 0.36 0.73 0.37 0.76 0.39
Density p =0.165 p =0.530 p=0.133 p =0.344 p =0.165 p =0.410 p =0.133 0.380=
Riparian
Proportion -0.35 -0.34 0.21 -0.30 -0.35 -0.92 -0.05 -0.76
Conifer Forest p = 0.559 p =0.370 p=0.741 p =0.438 p =0.559 p = 0.004 p =0.935 p =0.049
Proportion 0.79 0.37 0.34 0.23 0.79 0.87 0.34 0.52
Agriculture p=0.111 p =0.322 p=0.571 p = 0.556 p=0.111 p=0.012 p=0.571 p =0.236




Table 4 continued.

Proportion
Disturbance

Proportion
Residential

Road
Density
Mine
Density

09
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Table 5. Spearman’s rank correlation coefficientaifd p-values relating mean reach
biological stream integrity metrics (predictor varigldaedAwhirling disease risk values
(response variable) within the Missouri River drainage. rliigidisease risk values
recorded during the invertebrate collection period arerteg as the proportion of
infected rainbow trout with a histological score ofdgdour or greater (SEVSAMP) and
the proportion of infected rainbow trout (PREVSAMP) hivling disease risk values
recorded throughout the study period are reported asdpenton infected with a
histological score of grade four or greater (SEVALL) #mel proportion of infected
rainbow trout (PREVALL). The\ indicates the change in the respective risk value
between the upper and lower sites in the reach. forAPREVSAMP and
ASEVSAMP correlations and n = 4 faPREVALL andASEVALL correlations.
Statistically significant relationships at the adjdsédpha level (p< 0.0009) are indicated
by bold face type and an asterisk. Relationships camesidearginally significant
(0.0009 < px 0.05) are in bold face type only.

Reach Corréations

Metric ASEVSAMP ASEVALL APREVSAMP APREVALL
Density 0.71 0.95 0.82 0.95
Oligochaetes p =0.182 p =0.051 p = 0.089 p =0.051
Density 0.71 0.63 0.87 0.63
Tubificids p =0.182 p =0.368 p =0.054 p = 0.368
Density 1.0 0.82 0.72 0.54

T. tubifex p =<0.0001* p=0.184 p =0.165 p = 0.456
Density 0.73 0.95 1.0 0.95

L. hoffmeisteri p =0.165 p =0.051 p =<0.0001* p =0.051
Total Taxa 0.00 0.21 0.67 0.63
Richness p=1.00 p =0.789 p=0.219 p=0.378
Ephemeroptera -0.79 -0.83 -0.46 -0.50
Taxa Richness p=0.111 p =0.167 p =0.437 p = 0.5
Plecoptera -0.73 -0.33 -0.13 0.00
Taxa Richness p =0.165 p =0.667 p =0.833 p=1.00
Trichoptera 0.35 0.74 0.56 0.74
Taxa Richness p = 0.559 p =0.262 p =0.322 p =0.26
EPT Taxa -0.73 -0.32 -0.29 -0.11
Richness p =0.165 p =0.684 p = 0.636 p =0.89p
Proportion 0.35 -0.21 -0.15 -0.63
Ephemeroptera p =0.559 p =0.789 p =0.805 p =0.36
Proportion 0.00 0.11 -0.56 -0.32
Plecoptera p=1.00 p =0.895 p =0.322 p =0.684
Proportion 0.35 -0.21 -0.15 -0.63
EPT p =0.559 p =0.789 p =0.805 p =0.368
Proportion 0.00 0.21 0.67 0.63
Dominant p=1.00 p =0.789 p=0.219 p = 0.364
Shannon 0.00 -0.21 -0.67 -0.63
Diversity p=1.00 p =0.789 p=0.219 p =0.368
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Table 6. Spearman’s rank correlation coefficientaifd p-values relating
physicochemical parameters (predictor variableywiirling disease risk (response
variable) within the Missouri River drainage. Whirlingehse risk values recorded
during the invertebrate collection period are reporteth@ptoportion of infected
rainbow trout with a histological score of grade fougmrater (SEVSAMP) and the
proportion of infected rainbow trout (PREVSAMP). Whirlidgease risk values
recorded throughout the study period are reported asdpenton infected with a
histological score of grade four or greater (SEVALL) #mel proportion of infected
rainbow trout (PREVALL). The\ indicates the change in the respective risk value
between the upper and lower site in the reach. n ¥ dofoelation oAPREVALL and
ASEVALL with elevation and slope. n =5 for all otherretations. Statistically
significant relationships at the adjusted alpha leved Q0016) are indicated by bold
face type and an asterisk. Relationships considered ralygignificant (0.0016 < g
0.05) are in bold face type only.

Reach Corréations

Physicochemical
Variable ASEVSAMP ASEVALL APREVSAMP APREVALL
Discharge 0.35 0.31 -0.15 0.11

p =0.560 p =0.684 p =0.805 p =0.895
Proportion Organic 0.71 0.63 0.46 0.63
Matter p =0.182 p =0.368 p=0.434 p =0.368§
Temperature 0.35 0.11 0.41 0.32

p =0.560 p =0.895 p =0.493 p =0.684
Conductivity 0.71 0.95 0.67 0.74

p =0.182 p =0.051 p =0.219 p =0.262
pH 0.35 0.63 -0.21 0.21

p =0.560 p =0.368 p=0.741 p =0.789
Dissolved Oxygen 0.00 -0.11 -0.05 -0.32

p=1.00 p =0.894 p =0.935 p =0.684
Elevation 0.00 0.54 -0.56 0.40

p=1.00 p =0.208 p =0.322 p=0.373
Slope -0.35 -0.60 -0.10 -0.67

p = 0.560 p =0.155 p =0.870 p =0.101
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Madison River Drainage

Whirling Disease Risk

Within the Madison River drainag®lyxobolus cerebralis was never detected in
sentinel rainbow trout at the Squaw Creek site (SQ) dnding disease risk remained
low (< 0.10) at the uppermost site on the West Fork Madison RIVEMAZ2) (Table 7).
All other sites exhibited high PREVALL values 0.86) and SEVALL values were

variable, ranging from 0.16 — 1.0.

Correlations at the Catchment Scale

Land Use. The proportions of forested and disturbed area wergrdaominant
land uses within the upstream subbasin and riparian acoeunting for roughly 0.20 to
0.50 and 0 to 0.33 of the total area within the entire upstsedimasin and riparian zone,
respectively (Appendix J). The proportion of agricultaraa ranged between 0 and 0.05
within the subbasin and riparian zone. The proportioesitiential area and density of
mines were small components of the landscape (<0.001d dResity was much higher
within the riparian zone (0.87-1.30 km/Rnthan within the subbasin area (0.13-0.31
km/knf) upstream of each site. Significant positive relatijpswere identified between
whirling disease risk and the proportion of disturbanckrasidential area within the
subbasin and riparian area as well as the density of vaduds the riparian zone (Table
8). It is noteworthy here that these land use types a#significantly correlated
regardless of the value used to represent risk, excepelienship between risk and

the proportion of residential area, which was maigirsgagnificant.
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Correlations at the Reach Scale

Land Use. The proportion of forest was the predominant land icaoeaging
between 0.04 and 0.82 within the contributing riparian zodeda28 and 0.72 within the
contributing subbasin (Appendix K). The proportion of lagehtified as disturbed was
far less at the reach scale, ranging between 8.0E-05 @8\d As at the catchment scale,
road density was higher within the contributing ripazane than within the contributing
subbasin area. The proportion of agricultural area witirercontributing subbasin area
compriseck 0.05 of the total reach area and the proportion of neSad@area and mine
density comprised a small portion of the contributing ssiobarea (<0.001). Within the
contributing riparian area no land was classified asidiance or residential and no
mines were present. No significant relationships wenetiftkd between\risk and land

use at the reach scale (Table 8).

Biological Stream Integrity The highest means for six of the nine metrics that

indicate high biological stream integrity as their valinesease (e.g., Ephemeroptera
taxa richness, proportion Plecoptera) were recordeteatwshere the parasite has not
been detected or disease prevalence and severity haseéraav (i.e., sites WFMA2
and SQ) (Appendix L). The lowest densities of tubificidn indicator of high biological
stream integrity as values decrease, were detecteésat sites and reaches as well
(Appendix L; Appendix M). However, site SQ was onehef few sites where. tubifex
was collected. Two significant negative relationshipseweentified betweenwhirling

disease risk and mean Plecoptera taxa richness antetreproportion of Plecoptera
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taxa (Table 9). Mean Plecoptera taxa richness range@®&e®v00 and 4.50 and the
mean proportion of Plecoptera ranged between 0.01 and Odi®jasaches (Appendix
M). A significant positive relationship was identifiedlweenAwhirling disease risk and
the mean proportion of dominant taxa and two significalationships, contrary to their
predicted direction, were also detected betweehirling disease risk and mean total
taxa richness and mean EPT taxa richness (Table 9)mé&#e proportion of dominant
taxa ranged between 0.29 and 0.34 among reaches (AppendMédh total taxa
richness ranged between 18.50 and 25.00 and mean EPT taxa ricimgessbetween

11.00 and 12.00 among reaches.

Physical and Chemical Environmerfhysical and chemical data for sites and

reaches are summarized in Appendix N and Appendix O, resggctSignificant

positive relationships were detected betw&emirling disease risk and temperature and
pH; significant negative correlations were detected betiwhirling disease risk and
dissolved oxygen (Table 10). Temperature reach means rbatyegen 9.26 and
17.34°C; pH reach means ranged between 8.11 and 8.77; the eactlofaissolved

oxygen concentrations ranged between 8.14 and 10.26 (mg/l) (Apfg2nd



Table 7. Whirling disease risk within the Madison Riveirdage. Whirling disease risk values recorded during the irbraie
collection period (1997 - 1999) are reported as the proportiongected rainbow trout with a histological score of gréuie or
greater (SEVSAMP) and the proportions of infected rainbtowt (PREVSAMP). Whirling disease risk values recoritredughout
the study period (1997 — 2004) are reported as the proportionsthigth a histological score of grade four or greateM@&H.)
and the proportions of infected rainbow trout (PREVALMalues prefaced with & indicate the change in that respective value
between the upper and lower sites in that reach. pleiites within a reach are indicated by brackets andlantified by the
lowermost site in the reach, signified by boldface type

99

Catchment Reach
Site SEVSAMP SEVALL PREVSAMP | PREVALL | ASEVSAMP | ASEVALL | APREVSAMP | APREVALL
{ WFMA2 0.04 0.04 0.10 0.10
WFMA1 0.06 0.26 0.54 0.90 0.02 0.22 0.44 0.80
SQ 0 0 0 0 0 0 0 0
MAS8 0.10 0.98 0.68 1.00
MA7 0.06 0.71 0.56 1.00
MAG6 0.05 1.00 0.55 1.00
MA5 0.83 1.00 0.94 1.00 0.73 0.02 0.26 0
MA4 0.96 1.00 0.98 1.00
MA3 0.69 0.69 0.94 0.94
{' MA2 0.16 0.16 0.86 0.86
L MA1 0.41 0.41 0.93 0.93 0.25 0.25 0.07 0.07




Table 8. Spearman’s rank correlation coefficientsufd p-values relating upstream land use (predictor variebighirling disease
risk andAwhirling disease risk (response variable) within the MadRiver drainage. Whirling disease risk values recordedgluri
the invertebrate collection period are reported aptbportions of infected rainbow trout with a histologisebre of grade four or
greater (SEVSAMP) and the proportions of infected rainbtowt (PREVSAMP). Whirling disease risk values recoritedughout

the study period are reported as the proportions infedatbdavhistological score of grade four or greater (SEVAANd the
proportions of infected rainbow trout (PREVALL). Valuegfaced with a\ indicate the change in that respective value between t
upper and lower sites in that reach. n = 6 for PREVSASEVSAMP, PREVALL and SEVALL correlations. n = 4 for
APREVSAMP ASEVSAMP,APREVALL andASEVALL correlations. N/A indicates correlations nohdacted because land use at
that scale was not present. Statistically signiticalationships at the adjusted alpha levet (00006) are indicated by bold face type
and an asterisk. Relationships considered marginalyfisignt (0.0006 < < 0.05) are in bold face type only.

Catchment Correlations Reach Correations

Land Use SEVSAMP SEVALL PREVSAMP PREVALL | ASEVSAMP ASEVALL APREVSAMP APREVALL

Subbasin

Proportion -0.14 -0.12 -0.09 -0.12 -0.80 0.00 0.20 0.63 o))
Conifer Forest p =0.787 p =0.827 p =0.872 p =0.827 p = 0.200 p =1.00 p =0.800 p = 0.368 ~
Proportion 0.43 0.49 0.37 0.49 0.60 0.40 -0.40 -0.32

Agriculture p =0.397 p=0.321 p =0.469 p =0.321 p = 0.400 p = 0.600 p = 0.600 p =0.684
Proportion 0.94 0.99 0.83 0.99 -0.80 0.00 0.20 0.63

Disturbance p=0.005 p=0.0003* p = 0.042 p = 0.0003* p=0.20 p =1.00 p = 0.800 p =0.368

Proportion 0.89 0.93 0.77 0.93 -0.63 -0.32 -0.95 -0.39

Residential p =0.019 p = 0.008 p =0.072 p = 0.008 p = 0.368 p = 0.684 p =0.051 p=0.611

Road 0.49 0.52 0.31 0.52 0.80 0.20 0.80 0.11

Density p =0.329 p =0.289 p =0.544 p =0.289 p=0.20 p =0.800 p=0.20 p =0.895

Mine 0.58 0.62 0.46 0.62 0.26 0.77 -0.26 0.27

Density p=0.228 p=0.191 p =0.354 p =0.191 p =0.742 p =0.225 p=0.742 p =0.[728
Riparian

Proportion 0.14 0.09 0.31 0.09 -0.40 0.60 0.40 0.94

Conifer Forest p =0.787 p =0.870 p =0.544 p =0.870 p = 0.600 p =0.400 p = 0.600 p =0.051
Proportion -0.26 -0.23 -0.37 -0.23 0.00 0.20 -0.80 -0.32

Agriculture p =0.623 p =0.658 p =0.469 p =0.658 p =1.00 p =0.800 p =0.200 p = 0.684




Table 8 continued.

Proportion
Disturbance

Proportion
Residential

Road
Density
Mine
Density

0.93
p = 0.008

0.93
p = 0.008
0.94
p = 0.005

-0.13
p = 0.805

0.97
p =0.001

0.97
p =0.001

0.99
p = 0.0003*

-0.13
p = 0.802

0.81
p = 0.050

0.81
p = 0.050

0.83
p =0.042

-0.13
p = 0.805

0.97
p =0.001

0.97
p =0.001

0.99
p = 0.0003*

-0.13

p = 0.802

N/A
N/A

N/A
N/A

0.40
p =0.60

N/A
N/A

N/A
N/A

N/A
N/A

-0.40
p = 0.600

N/A
N/A

N/A
N/A

N/A
N/A

0.60

p = 0.400

N/A

N/A

N/A
N/A

N/A
N/A

-0.

p =0.789

21

N/A

N/A

89
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Table 9. Spearman’s rank correlation coefficientaifd p-values relating mean reach
biological stream integrity metrics (predictor varigldaedAwhirling disease risk values
(response variable) within the Madison River drainage. Mvgidisease risk values
recorded during the invertebrate collection period arerteg as the proportions of
infected rainbow trout with a histological score ofdgdour or greater (SEVSAMP) and
the proportions of infected rainbow trout (PREVSAMRYhirling disease risk values
recorded throughout the study period are reported asdpentons infected with a
histological score of grade four or greater (SEVALL) #mel proportions of infected
rainbow trout (PREVALL). The\ indicates the change in the respective risk value
between the upper and lower sites in the reach; n zatistially significant
relationships at the adjusted alpha levef (20009) are indicated by bold face type and
an asterisk. Relationships considered marginally sigmfi¢0.0009 < g£ 0.05) are in
bold face type only.

Reach Corréations

Metric ASEVSAMP ASEVALL APREVSAMP APREVALL
Density 0.80 0.20 0.80 0.11
Oligochaetes p =0.200 p = 0.800 p =0.200 p=0.89
Density 0.80 0.80 0.20 0.21
Tubificids p =0.200 p =0.200 p = 0.800 p =0.789
Density -0.21 0.32 -0.73 -0.06

T. tubifex p =0.789 p =0.684 p =0.262 p=0.944
Density 0.63 0.95 0.32 0.50

L. hoffmeisteri p =0.368 p =0.051 p =0.684 p = 0.500
Total Taxa 1.00 0.40 0.40 -0.11
Richness p =<0.0001* p = 0.600 p = 0.600 p =0.895
Ephemeroptera -0.74 -0.21 0.32 0.50
Taxa Richness p =0.262 p =0.789 p =0.684 p = 0.50
Plecoptera -0.40 -0.40 -1.00 -0.63
Taxa Richness p = 0.600 p = 0.600 p =<0.0001* p =0.368
Trichoptera 0.20 0.80 0.80 0.95
Taxa Richness p = 0.800 p =0.200 p =0.200 p =0.05
EPT Taxa 0.40 1.00 0.40 0.74
Richness p = 0.600 p =<0.0001* p = 0.600 p =0.262
Proportion -0.80 -0.80 -0.20 -0.21
Ephemeroptera p =0.200 p =0.200 p =0.800 p =0.74
Proportion -0.40 -0.40 -1.00 -0.63
Plecoptera p = 0.600 p =0.600 p = <0.0001* p =0.368
Proportion 0.20 0.80 0.80 0.95
EPT p =0.800 p =0.200 p =0.200 p =0.051
Proportion 0.40 0.40 1.00 0.63
Dominant p = 0.600 p = 0.600 p = <0.0001* p =0.368
Shannon -0.20 -0.80 -0.80 -0.95
Diversity p = 0.800 p =0.200 p =0.200 p = 0.051]
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Table 10. Spearman’s rank correlation coefficientarfd p-values relating
physicochemical parameters (predictor variableywiirling disease risk (response
variable) within the Madison River drainage. Whirlingedise risk values recorded
during the invertebrate collection period are reporteth@ptoportions of infected
rainbow trout with a histological score of grade fougmater (SEVSAMP) and the
proportions of infected rainbow trout (PREVSAMP). Whirlgigease risk values
recorded throughout the study period are reported asdpentons infected with a
histological score of grade four or greater (SEVALL) #mel proportions of infected
rainbow trout (PREVALL). The\ indicates the change in the respective risk value
between the upper and lower sites in the reach. rordlfcorrelations except
temperature, pH, and dissolved oxygen (n = 3). Statistisghificant relationships at
the adjusted alpha level §00.0016) are indicated by bold face type and an asterisk.
Relationships considered marginally significant (0.0016<<0@5) are in bold face type
only.

Reach Corréations

Physicochemical
Variable ASEVSAMP ASEVALL APREVSAMP APREVALL
Discharge 0.80 0.80 0.20 0.21
p =0.200 p =0.200 p =0.800 p =0.789
Proportion Organic -0.80 0.00 0.20 0.63
Matter p =0.200 p =1.00 p = 0.800 p =0.368
Temperature 1.00 0.50 0.50 0.00
p =<0.0001* 0.667 p =0.667 1.00
Conductivity 0.40 -0.60 -0.40 -0.95
p =0.600 p =0.400 p =0.600 p =0.051
pH 0.50 1.00 1.00 0.87
p =0.667 p =<0.0001* p =<0.0001* p =0.333
Dissolved Oxygen -0.50 -1.00 -1.00 -0.87
p =0.667 p =<0.0001* p =<0.0001* p =0.333
Elevation 0.00 -0.20 0.80 0.32
1.00 p =0.800 p =0.200 0.684
Slope -0.80 -0.80 -0.20 -0.21
p =0.200 p =0.200 p =0.800 p =0.789




71

Rock Creek Drainage

Whirling Disease Risk

Myxobolus cerebralis was never detected in sentinel rainbow trout at the klidd
Fork Rock Creek site (MFRO), the Hogback Creek site (l4Odhe Stony Creek site
(ST) (Table 11). Low levels of infection were detectethatRoss Fork site (ROSS).
PREVSAMP and PREVALL values were high@.97) at all other locations. SEVSAMP
and SEVALL values were also high at these site8.82); except for the West Fork

Rock Creek site (WFRO), where values were 0.61.

Correlations at the Catchment Scale

Land Use The dominant land use was the proportion of foresgunting for
roughly 0.25 to 0.95 of the total area within the entire upstiaeébbasin and riparian
zone (Appendix P). No land was identified as residewitain the entire drainage and
disturbance was not present within the riparian zdree proportion of agricultural area
ranged between 0 and 0.01 within the entire upstream sularasletween 0 and 0.08
within the entire upstream riparian area. The propomif disturbance within the
subbasin, as well as mine density within the subbasin andamnperne made up a small
component of the total respective areas (>0.001). Roadidemanged between 0.01
and 0.62 km/krhwithin the entire upstream subbasin and between 0.15 and 2/6&%m
within the entire upstream riparian zone. Signifigaoditive correlations were identified
between risk and the proportions of agriculture andigmsities of roads within the

subbasin (Table 12). Significant negative correlationgwhntified between whirling
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disease risk and the proportions of forest within the asibkand riparian zone. Similar
to the Madison River drainage, relationships were spanti regardless of the value used

to represent risk.

Correlations at the Reach Scale

Land Use Land use values identified at the reach scale weriéasito those
described at the catchment scale (Appendix Q). As artiire catchment scale, positive
correlations were identified betweawhirling disease risk and the proportion of
agricultural area and road density within the contribututghasin. Furthermore,
negative correlations betweawnhirling disease risk and the proportion of forested area

were identified within the contributing subbasin (Table 12).

Biological Stream Integrity The highest means for four of the nine metrics that

indicate high biological stream integrity as their valinesease (i.e., Plecoptera taxa
richness, proportion Ephemeroptera, proportion Plecappeoportion EPT) were
recorded at the Stony Creek site (ST) where the panass never detected (Appendix
R). However, this site did have the highest proporibdominant taxa (0.48), which is
an indicator of low biological integrity as its valuerneases. These trends also held
when mean values were compared among reaches (AppgndiiShermore, the East
Fork Rock Creek site (EFRO), a highly infected site, hadhighest means for four of
the five metrics that indicate low biological integr#s their values increase (i.e., density
of oligochaetes, tubificidsl. tubifex, andL. hoffmeisteri). Significant positive

relationships betweefrisk and the density of oligochaetes were identifiedb(d43).
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Furthermore, positive relationships betwegisk and Shannon diversity were identified,
which was contrary to the initial predictions. Meaigathaete densities ranged between
480.58 and 7.54E+04 and mean Shannon diversity values rangedrbété2and 2.08

among reaches.

Physical and Chemical Environmerthe physical and chemical data for sites

and reaches are summarized in Appendix T and Appendixpectvely. No
statistically significant relationships were detectevieenAwhirling disease risk and

any of the physicochemical parameters (Table 14).



Table 11. Whirling disease risk within the Rock Creek dranaghirling disease risk values recorded during the invextebr
collection period (1998 - 2000) are reported as the proportiongected rainbow trout with a histological score of gréuie or
greater (SEVSAMP) and the proportions of infected rainbowt (PREVSAMP). Whirling disease risk values recoritedughout
the study period (1997 - 2004) are reported as the proportionsethfeth a histological score of grade four or greateM&LL)
and the proportions of infected rainbow trout (PREVALMalues prefaced with A indicate the change in that respective value

between the upper and lower sites in that reach. pleisites within a reach are indicated by brackets andlantified by the
lowermost site in a reach, signified by boldface type.

Catchment Reach
Site SEVSAMP SEVALL | PREVSAMP | PREVALL ASEVSAMP ASEVALL APREVSAMP | APREVALL
EFRO 0.98 1 1 1 0.98 1 1 1
MFRO 0 0 0 0 0 0 0 0
WFRO 0.61 0.61 0.97 0.97 0.61 0.61 0.97 0.97
ROSS 0 0 0.04 0.04 0 0 0.04 0.04
WI 0.98 0.98 1 1 0.98 0.98 1 1
ST 0 0 0 0 0 0 0 0
HO 0 0 0 0 0 0 0 0
RO5 0.92 0.92 1 1
RO4 0.94 0.94 1 1 B‘
RO3 0.84 0.98 1 1
RO2 0.82 0.82 1 1
RO1 0.92 0.92 0.98 0.98 0 0 -0.02 -0.02




Table 12. Spearman’s rank correlation coefficientarfd p-values relating upstream land use (predictor varigbiehirling disease
risk andAwhirling disease risk within the Rock Creek drainage. Wigrllisease risk values recorded during the invertebrate
collection period are reported as the proportions ottefitrainbow trout with a histological score of grad# for greater

(SEVSAMP) and the proportions of infected rainbow trétREVSAMP). Whirling disease risk values recorded througtiezu

study period are reported as the proportions infectedantiistological score of grade four or greater (SEVALLJ #re proportions

of infected rainbow trout (PREVALL). Values prefacedmatA indicate the change in that respective value betweeupiper and
lower sites in that reach. n = 8 for all corrielas. N/A indicates correlations not conducted becarse use at that scale was not
present. Statistically significant relationships &t dldjusted alpha level §p0.0007) are indicated by bold face type and an asterisk.
Relationships considered marginally significant (0.0007<<0@5) are in bold face type only.

Catchment Correlations Reach Correations

Land Use SEVSAMP SEVALL PREVSAMP PREVALL ASEVSAMP  ASEVALL APREVSAMP APREVALL
Subbasin

Proportion -0.93 -0.94 -0.82 -0.82 -0.87 -0.87 -0.58 -0.58

Conifer Forest p=0.0007*  p =0.0006* p = 0.012 p =0.012 p = 0.005 p = 0.005 p =0.134 p=0.134
Proportion 0.99 0.97 0.95 0.95 0.92 0.90 0.69 0.69
Agriculture p =<0.0001* p=<0.0001*  p =0.0002* p = 0.0002* p = 0.001 p = 0.002 p = 0.057 p = 0.057
Proportion 0.63 0.70 0.60 0.60 0.13 0.20 -0.17 -0.17 ~
Disturbance p=0.096 p=0.055 p=0.114 p=0.114 p=0.750 p=0.641 p= 0.690 p=0.69 O
Proportion N/A N/A N/A N/A N/A N/A N/A N/A
Residential N/A N/A N/A N/A N/A N/A N/A N/A

Road 0.91 0.89 0.85 0.85 0.87 0.85 0.68 0.68

Density p=0.002 p=0.003 p=0.008 p=0.008 p=0.005 p=0.008 p=0.066 p= 0.066

Mine 0.01 -0.03 -0.14 -0.14 0.04 0.00 -0.09 -0.09
Density p=0.976 p=0.95 p=0.748 p=0.748 p=0.922 p=1.00 p=0.839 p=0.839
Riparian

Proportion -0.87 -0.85 -0.75 -0.75 -0.70 -0.68 -0.43 -0.43

Conifer Forestf  p=0.005 p=0.008 p=0.033 p=0.033 p= 0.053 p= 0.063 p=0.288 p=0.288
Proportion 0.66 0.58 0.63 0.63 0.67 0.59 0.60 0.60
Agriculture p=0.078 p=0.131 p=0.092 p=0.092 p= 0.066 p=0.124 p=0.114 p=0.114




Table 12 continued.

Proportion
Disturbance

Proportion
Residential

Road
Density
Mine
Density

N/A
N/A

N/A
N/A

0.05
p= 0.904

-0.21
p=0.619

N/A
N/A

N/A
N/A

0.03

p=0.953

-0.25
p= 0.556

N/A
N/A

N/A
N/A

-0.05
p=0.910

-0.34
p=0.411

N/A
N/A

N/A
N/A

0.05
p=0.910

-0.34
p=0.411

N/A
N/A

N/A
N/A

0.16
p=0.700

-0.07
p=0.877

N/A
N/A

N/A
N/A

0.13
p= 0.747

-0.10
p=0.811

N/A
N/A

N/A
N/A

0.05
p=0.908

-0.06
p=0.890

N/A
N/A

N/A
N/A

0.05
p=0.9

0.06
p=0.8

D8

D0

9/
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Table 13. Spearman’s rank correlation coefficientarfd p-values relating mean reach
biological stream integrity metrics (predictor varigldaedAwhirling disease risk values
(response variable) within the Rock Creek drainage. Whbidisease risk values
recorded during the invertebrate collection period arerteg as the proportions of
infected rainbow trout with a histological score ofdgdour or greater (SEVSAMP) and
the proportions of infected rainbow trout (PREVSAMRYhirling disease risk values
recorded throughout the study period are reported asdpentons infected with a
histological score of grade four or greater (SEVALL) #mel proportions of infected
rainbow trout (PREVALL). The\ indicates the change in the respective risk value
between the upper and lower sites in the reach ; nSt&istically significant
relationships at the adjusted alpha levef (20009) are indicated by bold face type and
an asterisk. Relationships considered marginally sigmfi¢0.0009 < g£ 0.05) are in
bold face type only.

Reach Corréations

Metric ASEVSAMP ASEVALL APREVSAMP APREVALL
Density 0.89 0.89 0.70 0.70
Oligochaetes p=0.041 p=0.041 p =0.188 p =0.188
Density 0.75 0.75 0.67 0.67
Tubificids p=0.144 p=0.144 p=0.215 p =0.215
Density 0.66 0.66 0.66 0.66

T. tubifex p =0.150 p =0.150 p =0.150 p =0.150
Density 0.69 0.17 0.17 0.17

L. hoffmeisteri p =0.132 p=0.745 p=0.745 p =0.745
Total Taxa 0.67 0.67 0.40 0.40
Richness p=0.215 p=0.215 p = 0.505 p = 0.50p
Ephemeroptera -0.13 -0.13 0.11 0.11
Taxa Richness p=0.841 p=0.841 p =0.858 p =0.838
Plecoptera -0.67 -0.67 -0.80 -0.80
Taxa Richness p=0.215 p=0.215 p =0.104 p=0.104
Trichoptera 0.29 0.29 0.56 0.56
Taxa Richness p =0.640 p =0.640 p=0.322 p =0.322
EPT Taxa -0.67 -0.67 -0.50 -0.50
Richness p=0.215 p=0.215 p =0.391 p =0.391L
Proportion -0.11 -0.11 -0.30 -0.30
Ephemeroptera p =0.858 p =0.858 p =0.624 p =0.624
Proportion -0.67 -0.67 -0.80 -0.80
Plecoptera p=0.215 p=0.215 p =0.104 p =0.104
Proportion 0.34 0.34 0.40 0.40
EPT p = 0.581 p =0.581 p = 0.505 p = 0.505
Proportion -0.78 -0.78 -0.60 -0.60
Dominant p=0.118 p=0.118 p=0.285 p = 0.284%
Shannon 0.89 0.89 0.90 0.90
Diversity p=0.041 p=0.041 p =0.037 p =0.037
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Table 14. Spearman’s rank correlation coefficientarfd p-values relating
physicochemical parameters (predictor variable\viirling disease risk (response
variable) within the Rock Creek drainage. Whirling dise@sevalues recorded during
the invertebrate collection period are reported aptbportions of infected rainbow trout
with a histological score of grade four or greater (SEM®) and the proportions of
infected rainbow trout (PREVSAMP). Whirling diseasé& nglues recorded throughout
the study period are reported as the proportions infedtedavhistological score of grade
four or greater (SEVALL) and the proportions of infectashibow trout (PREVALL).
TheA indicates the change in the respective risk valuedstwhe upper and lower sites
in the reach. n =4 for temperature, dissolved oxygahpél correlations. n =5 for
discharge and proportion organic matter correlations.7ror conductivity correlations.
n = 8 for elevation and slope correlations. Statilyicagnificant relationships at the
adjusted alpha level (0.0016) are indicated by bold face type and an asterisk.
Relationships considered marginally significant (0.0016<<0@5) are in bold face type
only.

Reach Corréations

Physicochemical
Variable ASEVSAMP ASEVALL APREVSAMP APREVALL
Discharge -0.11 -0.11 -0.30 -0.30

p =0.858 p =0.858 p =0.624 p =0.624
Proportion Organic 0.34 0.34 0.20 0.20
Matter p =0.581 p =0.581 p =0.747 p =0.747
Temperature 0.26 0.26 0.60 0.60

p =0.742 p =0.742 p = 0.400 p =0.400
Conductivity 0.02 0.10 -0.20 -0.20

p =0.966 p =0.834 p =0.667 p =0.667
pH -0.77 -0.77 -0.80 -0.80

p =0.225 p =0.225 p =0.200 p =0.200
Dissolved Oxygen -0.77 -0.77 -0.80 -0.80

p =0.225 p =0.225 p =0.200 p =0.200
Elevation 0.16 0.19 0.44 0.44

p =0.696 p =0.651 p=0.273 p =0.273
Slope -0.21 -0.16 0.01 0.01

p =0.624 p =0.699 p =0.977 p =0.977
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Blackfoot River Drainage

Whirling Disease Risk

Myxobolus cerebralis was detected at all sites within the Blackfoot Rikeinage
(Table 15). Whirling disease risk increased beyond the pefimdertebrate sampling at

all sites sampled.

Correlations at the Catchment Scale

Land Use The proportion of forest was identified as the domtinend cover,
accounting for roughly 0.20 to 0.85 of the total area withiretitée upstream subbasin
and riparian zone (Appendix V). The proportion of langsileed as disturbance ranged
between 0 and 0.01 within the subbasin and riparian zone, Wwaif@aoportion of
agricultural area accounted for as much as 0.17 of therijpaaian area. The proportion
of residential area and density of mines comprised gragibns of the total landscape
(>0.001). Road densities within the entire upstream subbasi riparian zone ranged
between 0.10 and 1.83 km/kmSignificant positive relationships were identified
between whirling disease risk and the proportion of adurcaillarea, disturbed area, and
road density within the subbasin (Table 16). Significagatiee correlations were

identified between risk and the proportion of foreshimitthe subbasin and riparian area.

Correlations at the Reach Scale

Land Use. Land use proportions and densities identified at thehreeale were

comparable to those described at the catchment scale ([@pMh No significant
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relationships were identified betweawhirling disease risk and land use within the

contributing subbasin or riparian zone (Table 16).

Biological Stream Integrity The lowermost site on the North Fork Blackfoot

River (NF1) had the highest mean density of oligochaeté® aarious taxonomic levels
(Appendix X). No oligochaetes were detected at the uppesiteson the Blackfoot
River mainstem (BL3) (Appendix X; Appendix Y). No signifitaelationships were
identified betweemwhirling disease risk and any of the bioassessment méTiatde

17).

Physical and Chemical Environmerfite elevation and reach slope data are

summarized for sites and reaches in Appendix Z and App&wirespectively. No
statistically significant relationships were detectevieenAwhirling disease risk and

elevation or reach slope (Table 18).



Table 15. Whirling disease risk values within the BlackfoeeRdrainage. Whirling disease risk values recorded durig th
invertebrate collection period (1998) are reported as thaoptions of infected rainbow trout with a histologisabre of grade four or
greater (SEVSAMP) and the proportions of infected rainbtowt (PREVSAMP). Whirling disease risk values recoritredughout
the study period (1997 — 2004) are reported as the proportionsthigth a histological score of grade four or greateM@&H.)

and the proportions of infected rainbow trout (PREVALMalues prefaced with & indicate the change in that respective value

between the upper and lower sites in that reach. pleisites within a reach are indicated by brackets andlantified by the
lowermost site in a reach, signified by boldface type.

Catchment Reach
Site | SEVSAMP SEVALL PREVSAMP | PREVALL ASEVSAMP ASEVALL APREVSAMP | APREVALL
KL 0.42 1 0.90 1 0.42 1 0.90 1
NF2 0 0.03 0 0.64 0 0.03 0 0.64
NF1 0 0 0.12 0.12 0 0 0.12 0.12
WA 0 0.2 0.19 0.89 0 0.2 0.19 0.89
CH 0 0.86 0.08 0.98 0 0.86 0.08 0.98
CcoO 0.88 0.96 0.94 1 0.88 0.96 0.94 1
BL3 0 0.25 0 0.94 0 0.25 0 0.94
BL2 0.07 0.59 0.52 0.97
BL1 0 0 0.14 0.14 -0.07 -0.59 -0.38 -0.83

18



Table 16. Spearman’s rank correlation coefficientarfd) p-values relating upstream land use (predictor varigblehirling disease
risk andAwhirling disease risk (response variable) within the BiaakRiver drainage. Whirling disease risk values recodiguhg

the invertebrate collection period are reported aptbportions of infected rainbow trout with a histologisebre of grade four or
greater (SEVSAMP) and the proportions of infected rainbtowt (PREVSAMP). Whirling disease risk values recoritedughout

the study period are reported as the proportions infedatbdavhistological score of grade four or greater (SEVAANd the
proportions of infected rainbow trout (PREVALL). Valuegfaced with a\ indicate the change in that respective value between t
upper and lower sites in that reach. n = 8 for PREVSASEVSAMP, PREVALL and SEVALL correlations. n =7 for
APREVSAMP ASEVSAMP,APREVALL andASEVALL correlations. N/A indicates correlations nohdacted because land use at
that scale was not present. Statistically signiticalationships at the adjusted alpha levet (00005) are indicated by bold face type
and an asterisk. Relationships considered marginaltyfisignt (0.0005 < p< 0.05) are in bold face type only.

Catchment Correlations Reach Correations
Land Use SEVSAMP SEVALL PREVSAMP PREVALL ASEVSAMP  ASEVALL APREVSAMP  APREVALL
Subbasin
Proportion -0.34 -0.28 -0.80 -0.29 -0.43 -0.50 -0.74 -0.49
Conifer Forest| p =0.406 p = 0.509 p =0.017 p =0.490 p=0.331 p =0.253 p =0.058 p =0.268
Proportion 0.34 0.07 0.71 0.02 0.43 0.32 0.58 0.31
Agriculture p =0.406 p = 0.866 p =0.050 p =0.955 p=0.331 p =0.482 p=0.175 p = 0.504
Proportion 0.77 0.58 0.61 0.63 0.32 0.38 0.28 0.42
Disturbance p =0.026 p=0.133 p =0.110 p =0.100 p =0.487 p =0.403 p =0.540 p=0.351
Proportion -0.43 -0.26 -0.08 -0.22 -0.61 -0.59 -0.39 -0.60 %
Residential p =0.290 p =0.533 p =0.846 p =0.601 p =0.147 p =0.162 p =0.390 p =0.158
Road 0.34 0.34 0.71 0.36 -0.10 -0.07 0.18 -0.09
Density p = 0.406 p = 0.417 p = 0.050 p =0.382 p = 0.834 p =0.879 p = 0.699 p=0.848
Mine -0.43 -0.51 -0.40 -0.49 -0.54 -0.40 -0.67 -0.40
Density p =0.289 p =0.199 p =0.329 p =0.214 p =0.210 p=0.373 p =0.100 p =0.368
Riparian
Proportion -0.48 -0.36 -0.80 -0.37 -0.33 -0.32 -0.58 -0.31
Conifer Forest| p=0.225 p =0.382 p =0.017 p = 0.365 p = 0.463 p = 0.482 p =0.175 p = 0.504
Proportion 0.17 0.01 0.53 -0.06 0.06 0.11 0.18 0.04
Agriculture p =0.685 p =0.978 p =0.180 p =0.888 p = 0.900 p =0.819 p =0.699 p =0.939




Table 16 continued.

Proportion
Disturbance

Proportion
Residential

Road
Density

Mine
Density

0.27
p =0.523

-0.33
p =0.430

-0.02
p=0.971

-0.33
p = 0.430

0.14
p=0.733

-0.37
p =0.370

0.11
p = 0.800

-0.26
p =0.536

0.16
p = 0.700

-0.26
p = 0.536

0.16
p=0.713

-0.37
p = 0.370

0.22
p = 0.606

-0.30
p =0.474

0.16
p=0.713

-0.20
p =0.628

-0.16
p=0.733

-0.66
p =0.104

-0.43
p =0.331

-0.54
p =0.210

-0.02
p = 0.970

-0.53
p =0.216

-0.28
p =0.535

-0.40
p =0.372

-0.28
p =0.540

-0.74
p = 0.056

-0.34
p =0.452

-0.67
p =0.100

0.00

p=1

-0.54
p=0

-0.31
p=0

-0.40

p=0

00

212

504

368

£8
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Table 17. Spearman’s rank correlation coefficientarfd p-values relating mean reach
biological stream integrity metrics (predictor varigldaedAwhirling disease risk values
(response variable) within the Blackfoot River drainag¢hirling disease risk values
recorded during the invertebrate collection period arerteg as the proportions of
infected rainbow trout with a histological score ofdgdour or greater (SEVSAMP) and
the proportions of infected rainbow trout (PREVSAMRYhirling disease risk values
recorded throughout the study period are reported asdpentons infected with a
histological score of grade four or greater (SEVALL) #mel proportions of infected
rainbow trout (PREVALL). The\ indicates the change in the respective risk value
between the upper and lower sites in the reach; n zatisti®ally significant
relationships at the adjusted alpha levef (2003) are indicated by bold face type and an
asterisk. Relationships considered marginally signifi¢@@03 < p< 0.05) are in bold
face type only.

Reach Corréations

Metric ASEVSAMP ASEVALL APREVSAMP APREVALL
Density 0.06 0.21 0.34 0.14
Oligochaetes p = 0.900 p =0.645 p =0.452 p =0.758
Density 0.06 0.25 0.34 0.18
Tubificids p = 0.900 p =0.585 p =0.448 p =0.700
Density -0.54 -0.22 -0.40 -0.22

T. tubifex p =0.210 p =0.631 p =0.368 p =0.628
Density 0.03 0.16 0.20 0.23

L. hoffmeisteri p =0.945 p=0.736 p =0.799 p =0.622
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Table 18. Spearman’s rank correlation coefficientarfd p-values relating
physicochemical parameters (predictor variableywiirling disease risk (response
variable) within the Blackfoot River drainage. Whirlingelase risk values recorded
during the invertebrate collection period are reporteth@ptoportions of infected
rainbow trout with a histological score of grade fougmrater (SEVSAMP) and the
proportions of infected rainbow trout (PREVSAMP). Whirlgigease risk values
recorded throughout the study period are reported asdpentons infected with a
histological score of grade four or greater (SEVALL) #mel proportions of infected
rainbow trout (PREVALL). The\ indicates the change in the respective risk value
between the upper and lower sites in the reach. rosallfcorrelations. Statistically
significant relationships at the adjusted alpha level Qu006) are indicated by bold face
type and an asterisk. Relationships considered mangsighificant (0.006 < g 0.05)

are in bold face type only.

Reach Corréations

Physicochemical
Variable APREVSAMP ASEVSAMP  APREVALL ASEVALL
Elevation 0.14 0.35 0.27 0.32

p =0.758 p =0.435 p = 0.558 p =0.482
Slope 0.52 0.24 0.18 0.14

p =0.229 p =0.610 p =0.700 p =0.76(
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Among Drainages

Correlations at the Catchment Scale

Land Use Final regression trees constructed with land uskeasxplanatory
variables accounted for 42 - 51% of the variation in wigrtisease risk (Table 19). The
land use variables identified as most important (thek#ithat appears first in the
regression tree model) in predicting whirling diseasewiste the proportion of forest
within the riparian zone and road density within the sulbb@sgure 12). Whirling
disease risk was predicted to be lower in areas witioortion of upstream riparian
forest greater than 0.59 by the regression tree moddisSkElVSAMP, SEVALL, and
PREVSAMP as the dependent variables. Whirling diseds¢RREVALL) was
predicted to be lower in subbasins with lower road diessj0.29 km/krf), and a smalll
reduction in deviance was further accounted for by the ptiopasf forested area within

the riparian zone.

Correlations at the Reach Scale

Land Use Final regression trees constructed with land uskeasxplanatory
variables accounted for 25 - 56% of the variationwhirling disease risk (Table 19).
Once again, the land use variables identified as mostriemgan predicting risk were the
proportion of forest within the riparian zone and roadsdgnvithin the subbasin (Figure
13). AWhirling disease severity was predicted to be greatessmfbrested riparian areas
(<~0.60). AWhirling disease prevalence was predicted to be greasebimasins with

increased road densities (>~0.40kmPkniThe proportion of forested riparian area
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accounted for a further reduction in deviance after subbaathdensity in the

APREVSAMP regression tree model.

Biological Stream Integrity Final regression trees with metrics quantified from

the oligochaete community as explanatory variableswated for 14 - 36% of the
variation inAwhirling disease risk (Table 20). The density of oligocksaind..
hoffmeisteri were identified as the most important explanatoryades (Figure 14).
AWhirling disease severity was predicted to be higheraohes with densities af
hoffmeisteri greater than 168.21fmAWhirling disease prevalence was predicted to be
higher in reaches with greater oligochaete densitie3@¥00 oligochaetes/3n

Final regression trees with metrics quantified fromrtiaeroinvertebrate
assemblage as explanatory variables accounted for 27 —fah&\wariation inAwhirling
disease risk (Table 21). The most important predictoamar identified by regression
tree models to account for variationAwhirling disease risk during the period of
invertebrate sampling was Plecoptera taxa richness (Figyre\Whirling disease risk
was predicted to be higher in areas with less than 2e¢®Btera taxa present. Over the
entire field exposure period, the proportion of Plec@ptaxa present accounted for the
largest reduction in deviance Awhirling disease risk AWhirling disease risk was

predicted to be higher in areas with a proportion ofdfleera taxa less than 0.01.

Physical and Chemical Environmeritlo significant relationships were detected

betweemwhirling disease risk and any physicochemical parametelsq 22).



Table 19. Predictor land use variables included in (indidageX) and the amount of variability explainedf(Dy each regression
tree. Whirling disease risk values recorded during the inwatie collection period are reported as the propartidrinfected
rainbow trout with a histological score of grade fougmrater (SEVSAMP) and the proportions of infected raintvout
(PREVSAMP). Whirling disease risk values recorded througtimustudy period are reported as the proportions infeatacaw
histological score of grade four or greater (SEVALL) #mel proportions of infected rainbow trout (PREVALL). Ias prefaced
with aA indicate the change in the respective value betweeopper and lower sites in that reach.

Regression Tree

Catchment Reach

Predictor Variables SEVSAMP SEVALL PREVSAMP PREVALL ASEVSAMP ASEVALL APREVSAMP APREVALL
Subbasin
Road Density X X X
Proportion Residential

Proportion Agriculture
Proportion Disturbance
Proportion Conifer Forest X
Mine Density

Riparian

Road Density
Proportion Residential
Proportion Agriculture
Proportion Disturbance
Proportion Conifer Forest X X X X X X
Mine Density
D? 0.43 0.42 0.48 0.51 0.40 0.40 0.56 0.25

88
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Fiparian Forest < 0.39 Eiparian Forest < 0.39
.38 0.05 0.77 0.21
n= 14 n=13 n= 18 n= 13
C D
Fiparian Forest<0.59 Road Density < 0.29
Eiparian Forest < 0.39
0.2
n= 10 | !
0.74 0.12 0.97 0.67
n= 14 n=13 n=13 n==a

Figure 12. Final regression trees for whirling diseagewith land use within the entire
upstream subbasin and riparian zone as explanatorplesiaWhirling disease risk
values recorded during the invertebrate collection pemedeported as the proportions
of infected rainbow trout with a histological scoregodide four or greater (SEVSAMP)
and the proportions of infected rainbow trout (PREVSAMWBJhirling disease risk
values recorded throughout the study period are reportée gsdportions infected with
a histological score of grade four or greater (SEVALWJ #éhe proportions of infected
rainbow trout (PREVALL). The response variable facleregression tree model is as
follows: A) SEVSAMP, B) SEVALL, C) PREVSAMP, and IREVALL. Text and
value at split indicates criteria for branching. Nursharterminal nodes indicate the
estimated value of whirling disease risk and the numbebsérvations in that group.
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Figure 13. Final regression trees fawhirling disease risk with land use contributing to
the reach subbasin and riparian zone as explanatorpleaiaWhirling disease risk
values recorded during the invertebrate collection permedeported as the proportions
of infected rainbow trout with a histological scoregodde four or greater (SEVSAMP)
and the proportions of infected rainbow trout (PREVSAMWBJhirling disease risk
values recorded throughout the study period are reportéé gsdportions infected with
a histological score of grade four or greater (SEVALWJ #éhe proportions of infected
rainbow trout (PREVALL). A indicates the change in that respective value bettheen
upper and lower sites in that reach. The responsebl@f@ each regression tree model
is as follows: AASEVSAMP, B)ASEVALL, C) APREVSAMP, and DAPREVALL.

Text and value at split indicates criteria for branchibgimbers at terminal nodes
indicate the estimated value mivhirling disease risk and the number of observations in
that group.
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Table 20. Predictor oligochaete bioassessment metrablasiincluded in (indicated by
X) and the amount of variability explained3by each regression tree. Whirling disease
risk values recorded during the invertebrate collection gexie reported as the
proportions of infected rainbow trout with a histologicadr® of grade four or greater
(SEVSAMP) and the proportions of infected rainbow tr&*REVSAMP). Whirling
disease risk values recorded throughout the study period@reed as the proportions
infected with a histological score of grade four or gnreg@&VALL) and the proportions

of infected rainbow trout (PREVALL). Th& indicates the change in the respective risk
value between the upper and lower sites in the reach.

Regression Tree
Reach

Predictor Variables ASEVSAMP ASEVALL APREVSAMP APREVALL
Density Oligochaetes X X
Density Tubificids
DensityT. tubifex
DensityL. hoffmeisteri X X
D? 0.36 0.36 0.27 0.14
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A B
Density L. hogffineisieri < 16321 Denzity I Agffineisieri < 16821
0 0.62 0.18 0.8
n=16 3 n=12 =5
C D
Denszity Oligochastes < 343326 Density Oligochastes < 272972
0.14 0.61 0.32 0.72
n=13 n==8 n=121 n=3%

Figure 14. Final regression trees fawhirling disease risk with reach mean
bioassessment metrics quantified from the oligochaetencomty as explanatory
variables. Whirling disease risk values recorded duringnirextebrate collection period
are reported as the proportions of infected rainbow trath a histological score of grade
four or greater (SEVSAMP) and the proportions of infectedbow trout (PREVSAMP).
Whirling disease risk values recorded throughout the studycpare reported as the
proportions infected with a histological score of grade @ureater (SEVALL) and the
proportions of infected rainbow trout (PREVALLA indicates the change in that
respective value between the upper and lower sites ingaelh. The response variable
for each regression tree model is as followsASEVSAMP, B)ASEVALL, C)
APREVSAMP, and DAPREVALL. Text and value at split indicates critefioa
branching. Numbers at terminal nodes indicate the esttnatlue oAwhirling disease
risk and the number of observations in that group.
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Table 21. Predictor macroinvertebrate bioassessmentmaatiables included in
(indicated by X) and the amount of variability explaiti®d) by each regression tree.
Whirling disease risk values recorded during the invertelokection period are
reported as the proportions of infected rainbow trout wihiiseological score of grade
four or greater (SEVSAMP) and the proportions of infecsadbow trout (PREVSAMP).
Whirling disease risk values recorded throughout the studycpare reported as the
proportions infected with a histological score of grade @uwreater (SEVALL) and the
proportions of infected rainbow trout (PREVALL). Thendicates the change in the
respective risk value between the upper and lower sitég ireach.

Regression Tree

Reach

Predictor Variables ASEVSAMP ASEVALL APREVSAMP  APREVALL

Total Taxa Richness
Ephemeroptera Taxa Richness

Plecoptera Taxa Richness X X
Trichoptera Taxa Richness
EPT Taxa Richness
Proportion Ephemeroptera
Proportion Plecoptera X X
Proportion EPT
Proportion Dominant

Shannon Diversity Index

D? 0.27 0.40 0.61 0.47
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A Plecoptera Taxa Richness < 2. 43 Proportion Plecoptera < (.01
0.52 0.11 (.63 0.
n=>35 n==5 n=3 n=3
C Plecoptera Taxa Richness <2 48 D Proportion Plecoptera < 0,01
F
0.60 (.06 0.7 (.1
n=3 n==9 =3 n==5

Figure 15. Final regression trees fawhirling disease risk with reach mean
bioassessment metrics quantified from the macroinvatelsommunity as explanatory
variables. Whirling disease risk values recorded duringnirextebrate collection period
are reported as the proportions of infected rainbow trath a histological score of grade
four or greater (SEVSAMP) and the proportions of infectedbow trout (PREVSAMP).
Whirling disease risk values recorded throughout the studycpare reported as the
proportions infected with a histological score of grade @ugreater (SEVALL) and the
proportions of infected rainbow trout (PREVALLA indicates the change in that
respective value between the upper and lower sites ingaelh. The response variable
for each regression tree model is as followsASEVSAMP, B)ASEVALL, C)
APREVSAMP, and DAPREVALL. Text and value at split indicates critefioa
branching. Numbers at terminal nodes indicate the estthatlue oAwhirling disease
risk and the number of observations in that group.
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Table 22. Spearman’s rank correlation coefficientarfd p-values relating
physicochemical parameters (predictor variable\viirling disease risk (response
variable) among drainages. Whirling disease risk valuesdedaluring the invertebrate
collection period are reported as the proportions ottefirainbow trout with a
histological score of grade four or greater (SEVSAMR) e proportions of infected
rainbow trout (PREVSAMP). Whirling disease risk valuesorded throughout the study
period are reported as the proportions infected with altwgt@al score of grade four or
greater (SEVALL) and the proportions of infected rainbowit (PREVALL). TheA
indicates the change in the respective risk value bettheeupper and lower sites in the
reach. n = 12 for temperature, dissolved oxygen, and pidlabons during the period of
invertebrate sampling; n = 11 for correlations over th#eestudy period. n = 14 for
discharge and proportion of organic material in sedirf@arsgampling period
correlations; n = 13 for correlations over all yeans= 16 for conductivity correlations
during the sampling period and n = 15 for correlations dweettire study period. n =
24 for elevation and slope correlations during the periaaveftebrate sampling and n =
26 for elevation and slope over the entire study periddtis8cally significant
relationships at the adjusted alpha levef (20016) are indicated by bold face type and
an asterisk. Relationships considered marginally sigmfi¢0.0016 < £ 0.05) are in
bold face type only.

Reach Corréations

Physicochemical
Variable ASEVSAMP ASEVALL APREVSAMP APREVALL
Discharge 0.26 0.07 -0.09 -0.22

p =0.364 p=0.814 p =0.768 p =0.462
Proportion Organic 0.23 0.25 0.24 0.32
Matter p=0.421 p =0.407 p =0.417 p = 0.283
Temperature 0.49 0.26 0.48 0.18

p =0.109 p=0.444 p=0.117 p =0.602
Conductivity 0.18 0.36 0.15 0.13

p =0.497 p =0.185 p = 0.580 p =0.648
pH 0.17 -0.10 -0.14 -0.40

p = 0.605 p=0.761 p =0.675 p =0.227|
Dissolved Oxygen -0.45 -0.14 -0.37 -0.05

p =0.147 p =0.684 p=0.241 p =0.892
Elevation 0.36 -0.05 0.20 -0.14

p =0.087 p =0.818 p =0.337 p =0.505
Slope -0.16 -0.31 0.02 -0.20

p =0.452 p =0.123 p=0.914 p =0.326
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DISCUSSION

The goal of this study was to examine the relationshipgdas whirling disease
risk and possible contributors to, and indicators ofastrdegradation to help explain the
broad scale variation of disease prevalence and sgwattiin Montana watersheds.

Land use such as roads and agriculture can degrade streaitering the physical and
chemical regimes of streams (e.g., increase sedati@miand nutrient input, decrease
flow), which may increase whirling disease risk by creatanvgrable habitat for.

tubifex, and therefore, favorable habitat fdr cerebralis. Although high proportions of
rainbow trout infected witi. cerebralis have been documented in stream reaches
considered to be less than optimatubifex habitat (i.e., cold, oligotrophic, sediment-
poor) (Allen and Bergersen 2002); many studies have suggestedtizgic systems
influenced by anthropogenic activities may exacerbatdindnidisease (Zendt and
Bergersen 2000; Nehring et al. 2003; Beauchamp et al. 2005; kKaeks8harpe 2006).
For example, Kaeser and Sharpe (2006) found that high oigteland'. tubifex

density were associated with proximity to cow pastureso#mel sources of organic
enrichment. Similarly, Zendt and Bergersen (2000) repaniad . tubifex abundance,
relative to other species, was higher in areas influebgadcreased sediment input due
to anthropogenic land use and water management practicethtise areas unaffected by
anthropogenic activities. Reducing erosion, the input ofricgaaterial, and mitigation
of other contributors to stream degradation may reduceaba&oinditions that promote

high densities of. tubifex, resulting in a decrease in whirling disease (BrinknL@st6).
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The hypothesis in this study was that whirling diseagesisfluenced by
anthropogenic land use practices that create favorablahtdiT. tubifex which is
reflected in the biological integrity and physicochemieakures of the stream. Streams
that drain catchments with a greater amount of anthrepotend use (i.e., agriculture,
residential, disturbance, mines and roads), low proportbfeest, low biological
integrity, and physicochemical features that provideabiethabitat foif. tubifex will
have a higher risk of whirling disease than those wih &nthropogenic land use, high
proportions of forest, high biological stream integragd physicochemical features that
provide less suitabl&. tubifex habitat. Within drainages, all land use types except mine
density exhibited numerous significant relationships with hmigidisease risk and
Awhirling disease risk. Several of the bioassessmemtanetiso exhibited statistically
significant relationships withwhirling disease risk within drainages, although some
were significant in the direction not predicted. Aduaiglly, significant relationships
were detected betweanvhirling disease risk and physicochemical features (i.e.,
temperature, pH, and dissolved oxygen) within the MadiswarRirainage.

Although correlations were identified within each drainage number, type and
strength of the correlation varied significantly amaoimg drainages. The number of
relationships identified between measures of risk angradlictor variables was greatest
within the Madison River and Rock Creek drainages. Glo$® were detected within
each drainage; approximately 20 of those relationships weszetdd between risk and
land use. Within the Madison River drainage the strorggestlations, those the

adjusted p-value, were identified between risk and theoptiop of disturbance within
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the subbasin and roads within the riparian zone, whileeirRock Creek drainage, the
proportion of agriculture and conifer forest provided tinergest correlations. The
greatest number of significant correlations betweslnand bioassessment metrics were
also detected within these two drainages. Roughly five weeetee within each
drainage, although over half were significant in theatiioe not predicted and those
within the Rock Creek drainage were only marginally sigarftc Furthermore,
significant relationships between risk and physicochermpaedmeters were only
detected within the Madison River drainage.

Far fewer correlations were identified within the Miss River and Blackfoot
River drainages. Fewer than 10 relationships betwskm@and land use were detected
within each and within the Blackfoot all relationshigentified were only of marginal
significance. Only two relationships were detected betwisk and bioassessment
metrics within the Missouri River drainage, though highgyngicant in the direction
predicted, and none were identified within the BlackfoeeRdrainage.

Although numerous relationships were detected betweeahnghilisease risk
and land use (except mine density) at both the catchmémeaoh scale, the most
important predictors of risk among drainages were the ptiopmf forested riparian area
and road density within the subbasin. The riparian zatiegugh only a minor
proportion of the total catchment area, plays a substaole in regulating many stream
processes. Forested riparian areas act as buffedgratimg temperature, flow regimes,
and the amount of nutrients and sediment transportee ttridg'am from the surrounding

landscape (Gregory et al. 1991). Therefore, intacttiedagparian areas may help
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reduce disease risk by influencing parameters of the stredrinmit the amount and
suitability of available habitat for increased abun@snafT. tubifex and success of the
parasite at various stages within its lifecycle.

Riparian forest influences water temperature, whicectdfthe availability of
oxygen and nutrients, and also the variability of strd&wharge (Barton et al. 1985).
The riparian canopy reduces the amount of solar radia¢giaching the water’s surface,
minimizing temperature fluctuations and extremes (Malcetial. 2004). Increased
temperatures decrease the oxygen-carrying capacity ofnstiggad increase the rate at
which nutrients become available to biota (USEPA 2006). a/adability of nutrients is
also determined by the amount transported to the streamthe surrounding landscape.
Streams draining deforested riparian areas often have highéble discharge (Barton et
al. 1985), characterized by low baseflow levels and high gisakarges during storm
events. During peak discharge events, increased loadsrgfims, and the sediment to
which they are attached, may be delivered to the stred@BRA 2006).

The riparian forest essentially acts as a filterimk,geducing the input of
nutrients and sediment to the stream from the surroundicyrment. Forested
streambanks physically trap sediment as it is transpmits overland flow and also
stabilize the bank, reducing the process of erosion (&taemd Decamps 1997).
Nutrient input to the stream is further reduced by the upidkessolved nutrients by
plant roots in the shallow subsurface zone. Lowranet €1984) found that riparian
forests retained more than 65% of the nitrogen and 3a¥eqfhosphorus contributed

through overland and subsurface flow from surrounding dgural lands. Therefore,
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the riparian forest may indirectly affect worm populasidy reducing the amount of
sediment and nutrients that reach the stream.

Forested riparian areas do not provide favorable habitalitcans for the worm
host or the parasite. Increased abundancéstatbifex are often found in areas of
reduced oxygen conditions, increased siltation, and orgailigtion, due to a tolerance
to anoxia, lack of competition, and an increased food syBpigkhurst and Jamison
1971; Brinkhurst et al. 1983; Juget and LaFont 1994; Brinkhurst 1%26)hermore,
increased temperatures (Halliday 1973; EI-Matbouli et al. 1968isler et al. 2000;
Blazer et al. 2003; Kerans et al. 2005) and low flow (KerasZale 2002; Krueger et
al. 2006) may contribute to the success of the parasaesdf and Sharpe (2006) found
that sites occupied bly. tubifex were associated with a lower proportion of upstream
riparian forest. Therefore, forested riparian araayg significantly reduce the
proliferation ofT. tubifex andM. cerebralis, possibly reducing the risk of disease to
rainbow trout populations.

The presence of roads within catchments has also besstated to changes in
the chemical, physical, and biological processes eéstrsystems. Road maintenance
procedures and automobile emissions contribute sedimeaty Imetals, salts, and
nutrients to the surrounding land and water (Gjessing 89&4; Grayson et al. 1993).
Additionally, roads can alter the direction of rundiie flow of surface and subsurface
water (Wemple et al. 1996), and intensify erosion (Rid$@m et al. 2001). Roads have
also been identified as vectors for the spread ofdoited species (Schedl 1991). For

whirling disease, the increased stream accessibilitytlaals provide could facilitate the
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transport of the parasite on angler gear. The nunflerglers, the extent and frequency
of their movement among waters, the amount of sedithahis typically transported on
gear, and the myxospore’s propensity to readily adhegedosuch as felt-soled boots
suggests that anglers could be a vector of transpo@G&kes, Montana State University,
Bozeman, MT, personal communication). Unfortunat@lgtes was unable to verify this
hypothesis because current methods are too insensitiveetd dg/xospores in sediment
at levels thought to occur “naturally” within systems.

Although this study does not identify the exact mechatwgnvhich roads affect
whirling disease risk, numerous other studies have linkeddWerse effects of roads to
fish populations. The standing stock of trout (sthO0 mm total length) was negatively
correlated to the density of stream-road crossingsmé portion of the Medicine Bow
National Forest, Wyoming (Eaglin and Hubert 1993). WithinGb&imbia River Basin,
bull trout populations were predicted to be lower iraar@ith increased road densities
(Reiman et al. 1997) and the number of bull trout reddiserSwan Basin, Montana was
negatively correlated to the density of logging roadpawsing tributaries (Baxter et al.
1999).

Even at the reach scale, subbasin road density wasicigmly correlated to
Awhirling disease risk, suggesting that risk may be influencatidgeleterious effects
of roads within even a relatively small portion of thersunding catchment. Possibly,
localized sources of degradation are enough to sustaintpgrapulations by providing
favorable habitat foT. tubifex. Lenat et al. (1981) documented shifts in the invertebra

community to sediment-tolerant taxa in response to ase sediment input from road



102

construction. In the Madison River, Montana, Kruedexl.e(2006) found that fine
sediment substrate in side channels was a strong predtictdectedT. tubifex density
and, in turn, the density of infect@dtubifex was the best predictor of the site-specific
contribution to whirling disease risk. Furthermore, rlglotighout the entire system was
found to be greatly influenced by these highly infected didmicels.

At the reach scale, regression tree models identiBeidws bioassessment
metrics quantified from the oligochaete and macroinveatelrommunity as the best
predictors ofAwhirling disease risk among drainages in their respectigéy/sis. Of the
bioassessment metrics quantified from the oligochaetencomity, oligochaetes at the
subclass (density oligochaetes) and species (dengibffmeisteri) level were identified
as important predictors afwhirling disease risk. Oligochaetes at various taxonomic
levels are often used as indicators of stressorsasiahoxia or organic pollution in
ecosystem assessments (Boreham et al. 1989; Milbrink 19¢dionNshot 1996;
Weerasundara 2000) ahdhoffmeisteri, in particular, often co-occurs with tubifex in
natural settings (Brinkhurst et al. 1972). Interestinghly one significant correlation
was identified betweeawhirling disease risk and. tubifex density in the within-
drainage analyses aidtubifex density was not included in any of the regression tree
models which was surprising and warrants further investigation

Insignificant or weak correlations between whirling dserisk and the density of
T. tubifex have been demonstrated in previous studies, suggesting tsatresealT.
tubifex density alone may not provide a clear picture of whirtlisggase risk (e.g., Hiner

and Moffitt 2001). Krueger et al. (2006) point out that a ttemasity of highly infected.
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tubifex can still result in a high contribution to whirling eése risk. Limitations of
tubificid identification may have also influenced the exdnfT. tubifex density as a
predictor of risk. The density at tubifex may have been inaccurately portrayed because
fall data were used to conduct analyses. If the sampiiog eccurred when most.
tubifex were not sexually mature, and therefore morphologicaligentifiable, the
density ofT. tubifex would have been underrepresented. This caveat shouldealso
heeded when considerihg hoffmeisteri as an indicator of risk, as their density estimate
may have also been an affected by when samples wi#eted and samples taken at
other times may show no correlation. As a resatipetes at a higher taxonomic level
may be a more reliable predictor of risk. Krueger (2002) sigdehat if risk was to be
estimated based on worm density alone, density measuresfamily level provided a
more accurate estimate of risk than density measutle apecies level (i.€T, tubifex)
because of limitations of identification.

Of the bioassessment metrics quantified from the mawediebrate assemblages,
regression trees identified the richness and proporfi®ecoptera as important
predictors oiAwhirling disease risk. As predicted, areas with high&resof Plecoptera
taxa richness and proportions of Plecoptera were estihtathave loweAwnhirling
disease risk. Plecopterans (stoneflies) are partigiansitive to impairments at the
reach scale such as loss of riparian canopy, stieahribstability, and channelization
(Bollman 2004). Interestingly, metrics associated widtopterans were only significant
twice in the within-drainage analyses and both occurrédudmthe Madison River

drainage. The surprising lack of significant correlatioesveemMwhirling disease risk
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and bioassessment metrics, along with the number iditbetion not predicted, may be
attributable to taxonomic resolution, issues of sdalels of disturbance, and
comparisons made among streams of varying order.

The taxonomic resolution at which bioassessment rsetrgce quantified from
the macroinvertebrate community may have been too caaesedunt for the wide
range of within-family tolerance levels to environmesta¢ssors. For example,
Hilsenhoff (1988) found that organic pollution in a stream grasitly underestimated
when a macroinvertebrate biotic index was quantifiedeafammily versus species level.
This overestimation of the stream’s biological intggoiccurred because tolerant genera
and species within relatively intolerant families wdre dominant organisms. By the
same rationale, the biological integrity of an unpekustream may be underestimated.

The lack of significant results may have also beeissure of scale. The spatial
scale at which bioassessment metrics detect impainmayinot be the scale at which the
parasite influences disease risk. The invertebrate caityrcan respond fairly quickly
to some point sources of degradation. Storey and Cowd®y{ found that
macroinvertebrate assemblage structure within a forefpi@oan area 600 m
downstream of a pasture was more similar to those foufudested control streams than
those in the upstream agriculture site. In contraist unknown how far downstream the
parasite can influence disease risk after release feowoirm host. TAMs produced
within a relatively small portion of the stream mawytibute significantly to the overall
risk in a system (Krueger et al. 2006). It is possible Tdils produced at localized

points of degradation can travel past the point whersttkam’s biological integrity
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recovers. Therefore, the scale at which bioassessmnedrics detect impairment may be
smaller than the scale on which the parasite influedisesise risk.

The unexpected correlations betweavhirling disease risk and bioassessment
metrics may have been influenced by disturbance lenelsteam order. The frequency
and intensity of disturbance can affect diversitypat levels, competition reduces
diversity whereas at high levels, species are agteetluded because few can cope with
constant or frequent disturbances (Ricklefs and Miller 206@wever, intermediate
levels of disturbance within a system may actuallyaase diversity by creating a mosaic
of habitat types, or niche spaces. This increased het@ibgehniche space at moderate
disturbance levels within a stream could result ioerlap of species both tolerant and
intolerant of pollution and habitat degradation. Manyastre in the West are
characterized by low species richness; disturbanceshbage the community
composition may increase diversity and is often an ataio that tolerant or exotic
species are present (Karr et al. 1986). Alternativelyeased measures of diversity and
richness in areas of high risk may have simply beemetibn of stream order, which
was not controlled in this study. Whirling disease riskrowas lower in the tributaries
than in the mainstems. Moving downstream from smialitaries to larger, cobble-
bottomed mainstem rivers, more niche space theoretlbatlgmes available, simply due
to an increase in physical space, which may allow forenspecies to coexist.

The small number of significant relationships identifieween whirling disease
risk and characteristics of the physical and chemical e@mvient within drainages, and

lack of among drainages, was not overly surprising. tRekhips among risk and
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physicochemical factors reported in other studies difféheir assessment of
significance and effect. For example, many inconsidtetings have been documented
between whirling disease and temperature. In this stpdgitive relationship between
risk and mean reach temperature (8.5-17.3°C) was detected thi Madison River
drainage, whereas whirling disease risk was found to beinelgatorrelated to mean
water temperatures (10.2—13.6°C) within the side channette dfiadison River,
Montana (Krueger et al. 2006), positively correlated ttewemperatures (6.2-11.2°C)
within Willow Creek, Montana (Baldwin et al. 2000), and notrelated to mean water
temperatures (7.8-10.8°C) in Idaho (Hiner and Moffitt 2001)ctHermore, Downing et
al. (2002) found that peak infection in fish occurred at teatpegs near 12°C. Although
these contrasting results may have been influencedebyattying temperature regimes
within each system, the findings presented here and diadbers suggest that a single
abiotic factor is most likely not the sole determinanivbirling disease risk.

The results of this study should prove useful in the gpament of whirling
disease by helping to guide identification of those streao® at risk of parasite
establishment and proliferation and bolstering argumentsiitigation of areas that
would benefit from remediation efforts. The resultggest that at the catchment and
reach scale, riparian forest and subbasin road densytyena reliable predictor of
whirling disease risk. If land use data are not readilylaa, characteristics of the
invertebrate community such as the density of oligockamtéhe proportion of

plecopterans may be useful predictors of risk.
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Some potential limitations to this study do exist. Nbsigs were sampled
consistently and the location of sentinel cages wasamdom, which may have biased
results. Land use data were collected primarily in ga $992 but land use activity
within watersheds several years, even decades priorinfizgnce fish and invertebrate
assemblages (Harding et al. 1998) and possibly whirling disskseAdditionally, map
classification errors may have influenced results. geaa point is conifer forest within
the Rocky Mountain region, which encompasses the eafehts study. A comparison
of the map pixel data to a set of reference data leve¢bat conifer forest within the
Rocky Mountain region is underrepresented by the GlSlalgea (Wickham et al. 2004).
Furthermore, although a significant relationship betwesknand elevation was not
detected in this study, the natural physical gradients withiersheds that possibly
affect whirling disease risk (e.g., temperature, substnadg)be associated with land use
practices thabften are not randomly distributed along those gradigfts.example,
agriculture is often concentrated in the lower elevatibcatchments which may be
naturally associated with higher water temperatures, a@setevelocities, and fine
sediments.

Characteristics of the invertebrate community may ladsassociated with natural
physical gradients within watersheds. Stoneflies aenafssociated with cooler water
temperatures and many identified in this study were shre@dersitt and Cummins
1996). Therefore, one would expect to find them in the uppadwater reaches where
water temperatures are cooler and course particulate omatteer is abundant. The

upper headwater reaches are also where whirling diss&setues tended to be low.
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Another possible caveat of this study is that invedbdata were generalized beyond
the stream reaches in which they were sampled to esgrége biological integrity of the
stream. However, variability of bioassessment me(ecg., total taxa richness, EPT taxa
richness, and Shannon diversity) among reaches is g hgithin a stream segment (8-
16 km) and the additional sampling of one or two streanhesaesults in a minimal
increase (<10%) in the ability to detect impairment (Rabeal. 1999). Relationships
found here should be assessed in other systems to evaluether or not they
consistently hold across multiple systems.

Managing the parasite by eliminating one part of theclfde is not realistic, but
efforts to limit the effects of land use practices tratte favorable habitat far tubifex,
and therefore the parasite, could prove useful. Theyatmlpredict those areas at risk
and those areas that would benefit from remediatifomtefis a crucial component to
alleviating the effects of this disease on wild rainbowt populations. The
conservation and preservation of streams and riverdgshe a priority to support wild

salmonid populations within Montana and elsewhere.
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YEARS OF SENTINEL FISH, INVERTEBRATE, AND PHYSICOMMICAL DATA
COLLECTION
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Years that sentinel cage, invertebrate, and physicocla¢data were collected within

each drainage at each site. Sites on each stredistedefrom upstream to downstream.

Sentinel cage field exposures lasted ten days and gerecallyred from mid-May
through June during the years indicated. Invertebrateaddtaome or all
physicochemical data (excluding elevation and slope) walected up to three times
(spring, summer, and fall) during the year indicated. féfAnvertebrate data indicates
that samples from that site were not processed. iHhisicochemical data indicates
that only elevation and slope data were quantified fdrsite.

DRAINAGE SITE SENTINEL CAGE INVERTEBRATE PHYSICOCH#ICAL
Missouri
PR6 1998 1998 through 1999 1998 through 1999
PR5 1998 1998 through 1999 1998 through 1999
PR4 1998 1998 through 1999 1998 through 1999
PR3 1997 through 1999 1997 through 1999 1997 through 1999
PR2 1997 through 1998 1997 through 1999 1997 through 1999
PR1 1997 through 2004 1997 through 1999 1997 through 1999
LY 1998 through 2004 1998 through 1999 1998 through 1999
WwO3 1999 1999 1999
wO2 1998 1998 1998
wo1 1999 through 2004 1999 ES
SH 1997 through 2003 1997 through 1999 1997 through 1999
DBMF 2002 through 2004 N/A ES
DBSF 2002 through 2004 N/A ES
DB3 2003 through 2004 N/A ES
DB2 1997 through 2004 1997 through 1999 1997 through 1999
DB1 2000, 2001, 2003, 2004 N/A ES
Madison
MAS8 1998, 1999, 2000, 2001,
2002, 2004 1997 through 1999 1997 through 1999
MA7 1998, 1999, 2002, 2003 1998, 1999 1998, 1999
MAG6 1997 through 2004 1997 through 1999 1997 through 1999
MA5 1997 through 2004 1997 through 1999 1997 through 1999
MA4 1997, 1998, 1999, 2000,
2002, 2003, 2004 1997 through 1999 1997 through 1999
MA3 1997 through 1999 1997 through 1999 1997 through 1999
MA2 1998 through 1999 1998, 1999 1998, 1999
MA1 1998 through 1999 1998, 1999 1998, 1999
WFMA2 1998 1998 1998
WFMA1 1997 through 2000 1997 through 1999 1997 through 1999
SQ 1997 through 1998 1997 through 1999 1997 through 1999
Rock Creek
RO5 2000, 2002, 2003, 2004 2000 ES
RO4 1998, 1999 1998, 1999 1998, 1999
RO3 1999 through 2004 1999 1999
RO2 1998, 1999, 2000, 2002,
2003, 2004 1998, 1999 1998, 1999
RO1 1998, 1999, 2000, 2002,
2003, 2004 1998, 1999 1998, 1999
EFRO 1998, 1999, 2000, 2002,
2003, 2004 1998 through 2000 1998, 1999
MFRO 2000, 2002, 2003, 2004 2000 ES
WFRO 1998, 1999, 2000, 2002,
2003, 2004 1998, 1999 1998, 1999
HO 1999, 2000, 2003 1999 1999



Blackfoot

ROSS
ST

Wi

BL3
BL2

BL1
NF2
NF1
KL
WA
CH

CO
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1998

1998, 1999, 2000, 2003,
2004

1999, 2000, 2002, 2003,
2004

1998, 2000, 2002
1998, 1999, 2000, 2002,
2003, 2004
1998
1998
1998
1998, 1999, 2003
1998, 1999, 2000, 2003
1998, 1999, 2000, 2002,

2004
1998, 1999, 2002

1998
1998, 1999

1999 through 2000

1998

1998
1998
1998
1998
1998
1998

1998
1998

1998
1998, 1999

1999

ES
ES

ES
ES
ES
ES
ES
ES

ES
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APPENDIX B

STREAM IMPAIRMENT CAUSES AND SOURCES



Probable impairment causes and sources/sub-sources fbamdcstreams listed as having beneficial uses pamiaflylly impaired
(MTDEQ 2004). The potential beneficial uses of a watdytare the ability to support agricultural, industriatreational, drinking
water, aquatic life and fisheries (cold water) but nosta#ams are expected to support all beneficial uses.eféherone or all
beneficial uses may have been evaluated for a watgdembnding upon what the expected uses are for that sifeabeneficial

use was not assessed for a stream it is noted.

Drainage Stream Section Impaired Use Impairment Cause Impair ment Sour ce/Sub-source
Missouri Little Prickly ~ Upper (North Aquatic life Flow alteration Agriculture
Pear and South Forks Cold water fisheries Other habitat alterations Grazing related sources
to Clark Creek) Siltation Silviculture
Thermal modifications Logging road construction/maintenance
Hydromodification
Habitat Modification (other than
Hydromodification)
Removal of riparian vegetation
Little Prickly ~ Lower Aquatic life Flow alteration Construction
Pear (Clark Creek to Cold water fisheries Other habitat alterations Highway/Road/Bridge construction
the Missouri Thermal modifications Hydromodification
River Channelization
confluence) Bridge construction
Habitat Modification (other than
Hydromodification)
Removal of riparian vegetation
Dearborn Falls Creekto  Recreational Flow alteration Agriculture
River confluence Aquatic life Siltation Grazing related sources
Missouri River  Cold water fisheries Thermal modifications Hydromodification
Flow regulation/modification
Middle Fork Headwatersto  None None None
Dearborn confluence
River Dearborn River
South Fork Headwaters to  Aquatic life Dewatering Agriculture
Dearborn confluence Cold water fisheries Flow alteration Grazing related sources
River Dearborn River Siltation

CT



Madison

Rock Creek

Madison River

West Fork
Madison

Rock Creek

East Fork
Rock Creek

West Fork
Rock Creek

Willow Creek

Quake Lake to None

Ennis Lake

Headwaters to
confluence
Madison River

Mainstem
headwaters to
confluence
Clark Fork

From mouth to
14 km above

Headwaters to
confluence
Rock Creek

Headwaters to
confluence
Rock Creek

Aquatic life
Cold water fisheries

None

None

(support of aquatic life
and cold water fisheries
not assessed)

Drinking water

(support of aquatic life
and cold water fisheries
not assessed)

Recreation

Aquatic life

Cold water fisheries
(use as a drinking water
supply was not
assessed)

None

Arsenic

Bank erosion

Cadmium

Dewatering

Fish habitat degradation
Flow alteration

Lead

Metals

Other habitat alterations
Riparian degradation
Thermal modifications

None

None

Mercury
Metals

Flow alteration
Other habitat alterations

None

Agriculture

Crop-related Sources

Grazing related Sources
Silviculture

Harvesting | Restoration | Residue
Management

Logging Road Construction/Maintenance
Hydromodification

Flow Regulation/Modification

Highway Maintenance and Runoff

None

None

Source Unknown

Agriculture
Crop-related Sources
Grazing related Sources

12T



Blackfoot

Blackfoot
River

Blackfoot
River

Blackfoot

River

Blackfoot
River

Blackfoot
River

Cottonwood

Creek

Chamberlain
Creek

Warren Creek

North Fork
Blackfoot
River

Headwaters to
Landers Fork

Landers Fork to
Nevada Creek

Nevada Creek
to Monture
Creek

Monture Creek
to Belmont
Creek

Belmont Creek
to Clark Fork
confluence

From mouth to
16.1 km above

From mouth to
4.3 km above

Headwaters to
confluence
Blackfoot River

From mouth to
29 km upstream

Agriculture

Aquatic life

Cold water fisheries
Drinking water

Aquatic life
Cold water fisheries

Aquatic life

Cold water fisheries

Aquatic life
Cold water fisheries

Aquatic life
Cold water fisheries

None

None

Aquatic life
Cold water fisheries
Recreation

None

Metals
Other habitat alterations

Siltation
Other habitat alterations

Nutrients

Thermal modifications

Nutrients
Thermal modifications

Unionized Ammonia

None

None

Flow alteration

Other habitat alterations

None

Silviculture
Resour ce Extraction
Acid Mine Drainage
Abandoned mining
Habitat Modification (other than
Hydromodification)
Bank or Shoreline
Modification/Destabilization

Agriculture
Silviculture

Agriculture
Crop-related Sources

Agriculture
Silviculture
Hydromodification
Flow Regulation/Modification

Source Unknown

None

None

Agriculture
Crop-related Sources
Grazing related Sources
Hydromodification
Channelization

None

3¢T



Klienschmidt
Creek

From mouth to
2.4 km above

Aquatic life
Cold water fisheries

Copper

Fish habitat degradation
Metals

Other habitat alterations
Riparian degradation
Thermal modifications

Agriculture
Grazing related Sources
Hydromodification
Dam Construction
Habitat Modification (other than
Hydromodification)
Bank or Shoreline
Modification/Destabilization

5¢T
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APPENDIX C

LAND COVER CLASSIFICATION
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1992 National Land Cover Database land use class desci(ippt®BS 2000a; USGS
2000b). Land use classification column indicates how lesedtypes were classified
within this study. N/A indicates that the land use<las not included in this study.

Land Use Class Number

Land Use Class Description

Land Use Classification

11
12
21
22
23
31
32
33
41
42
43
51
61
71
81
82
83
84
85
91
92

Open Water

Perennial Ice/Snow

Low Intensity Residential
High Intensity Residential

Commercial/Industrial/Transportation

Bare Rock/Sand/Clay
Quarries/Strip Mines/Gravel Pits
Transitional

Deciduous Forest

Evergreen Forest

Mixed Forest

Shrubland
Orchards/Vineyards/Other
Grasslands/Herbaceous
Pasture/Hay

Row Crops

Small Grains

Fallow

Urban/Recreational Grasses
Woody Wetlands

Emergent Herbaceous Wetlands

N/A
N/A
Residential
Residential
N/A
N/A
N/A
Disturbance
N/A
Conifer Forest
N/A
N/A
N/A
N/A
Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
N/A
N/A
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APPENDIX D

MISSOURI RIVER DRAINAGE — LAND USE BY SITE



Land use within the entire upstream subbasin and riparisaagach site within the Missouri River drainage.

Land Use PR6 PR5 PR4 PR3 PR2 PR1 LY WO3 wWOo2 wo1 SH DBMF

Subbasin

Proportion

Conifer Forest 0.61 0.54 0.46 0.44 0.40 0.44 0.67 0.67 0.63 0.58 0.68 0.42
Proportion

Agriculture 0.02 0.03 0.04 0.04 0.04 0.03 0 0 0 0 1E-05 7.17E-03
Proportion

Disturbance 3.77E-03 3.28E-03 2.76E-03 2.60E-03  2.14E-03 1.71E-03 0 0 0 0 0 0
Proportion

Residential 0 0 0 0 4.3E-05 5.5E-05 0 0 0 0 1E-05 0
Road

Density 0.72 0.75 0.80 0.80 0.80 0.72 0.15 0.70 0.56 0.56 0.07 0.60
Mine

Density 1.8E-07 1E-07 8.7E-08 8.2E-08 6.7E-08 5.9E-08 0 0 1E-08 1E-08 0 0
Riparian

Proportion 0.35
Conifer Forest 0.51 0.51 0.45 0.44 0.40 0.44 0.68 0.79 0.79 0.72 0.73 ('3
Proportion €
Agriculture 0.10 0.07 0.08 0.08 0.10 0.08 0 0 0 0 0 0.07
Proportion

Disturbance 0 0 0 0 0 0 0 0 0 0 0 0
Proportion

Residential 0 0 0 0 1.74E-04 3.05E-04 0 0 0 0 0 0
Road

Density 2.22 2.16 2.14 2.17 2.13 2.13 0.64 2.82 2.54 2.58 0.18 1.76
Mine

Density 2.4E-07 1.2E-07 1E-07 9.6E-08 8E-08 6.4E-08 0 0 1E-07 1E-07 0 0



Land Use

DBSF

DB3

DB2

DB1

Subbasin
Proportion
Conifer Forest
Proportion
Agriculture
Proportion
Disturbance
Proportion
Residential
Road
Density
Mine
Density
Riparian
Proportion
Conifer Forest
Proportion
Agriculture
Proportion
Disturbance
Proportion
Residential
Road
Density
Mine
Density

0.62

0.01

0.17

0.53

4.31E-03

0

0

1.40

0.61

0.13

0.55

0.45

0.45

0.01

0.30

2E-09

0.38

0.04

0.70

2E-08

0.32

0.04

2E-06

0.37

2E-09

0.30

0.11

2E-05

0.70

2E-08

rET
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APPENDIX E

MISSOURI RIVER DRAINAGE — LAND USE BY REACH
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Contributing land use between the upper and lower sitach eeach at the subbasin and
riparian scale within the Missouri River drainage. Resadre identified by the
lowermost site in the reach.

LAND

USE PR1 LY WO1 SH DBMF DBSF DB3 DB2
Subbasin

Proportion

Conifer

Forest 0.36 0.67 051 0.68 042 0.62 0.61 0.45
Proportion 1E- 7.17E-

Agriculture 0.03 0 0 05 03 0.01 0 0.01
Proportion  1.25E-

Disturbance 03 0 0 0 0 0 0 0
Proportion  7.9E- 1E-

Residential 05 0 0 05 0 0 0 0
Road

Density 0.79 0.15 0.45 0.07 0.60 0.17 0.13 0.30
Mine 2.9E- 2E- 2E-
Density 08 0 08 0 0 0 0 09
Riparian

Proportion

Conifer

Forest 0.40 0.68 0.67 0.73 0.35 0.53 055 0.38
Proportion 4.31E-

Agriculture  0.08 0 0 0 0.07 03 0 0.04
Proportion

Disturbance 0 0 0 0 0 0 0 0
Proportion  4.36E-

Residential 04 0 0 0 0 0 0 0
Road

Density 2.25 0.64 244 0.18 1.76 1.40 0.45 0.70
Mine 1.3E- 2E- 2E-
Density 08 0 07 0 0 0 0 08
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APPENDIX F

MISSOURI RIVER DRAINAGE — BIOASSESSMENT METRIC MEANBY SITE



Bioassessment metric means (fall 1998 data) at siteewhesrtebrates were collected within the Missouri Rdrainage. Data are
means * 1 standard error (x SE). n = 6 for oligochaetéjdid, T. tubifex, andL. hoffmeisteri metrics; n = 4 for all other metrics.

Metric PR6 PR5 PR4 PR3 PR2 PR1 LY

Total Taxa 24.00 18.25 16.25 21.75 22.25 23.50 20.25
Richness (x1.96) (x2.95) (x2.69) (x1.25) (£ 1.38) (x2.22) (x1.11)
Ephemeroptera 4.00 2.75 3.50 4.25 4.25 4.25 4.25

Taxa Richness (x0.00) (£ 0.63) (£ 0.50) (£ 0.25) (£ 0.25) (£ 0.25) 25)0.

Plecoptera 3.75 1.75 1.50 2.25 2.50 3.50 3.50

Taxa Richness (£ 0.63) (£ 0.48) (x0.65) (£ 0.48) (£ 0.29) (£ 0.29) 29)0.
Trichoptera 5.00 3.75 4.00 4.25 4.00 3.50 4.00

Taxa Richness (x0.71) (x1.11) (£ 0.41) (£ 0.48) (£ 0.58) (x0.65) T1)0.

EPT Taxa 12.75 8.25 9.00 10.75 10.75 11.25 11.75

Richness (x1.25) (x1.80) (x1.41) (£ 0.63) (x0.75) (£ 0.95) (£ 0.48)
Proportion 0.35 0.17 0.28 0.32 0.17 0.33 0.32
Ephemeroptera (x0.13) (£ 0.06) (£ 0.05) (x0.06) (£ 0.03) (£ 0.05) 0®)0.

Proportion 0.06 0.01 0.01 0.02 0.01 0.01 0.05 -
Plecoptera (£ 0.01) (£ 0.01) (£ 0.003) (+ 0.004) (+ 0.003) (+ 0.003) (£ 0.02) w
Proportion 0.45 0.22 0.40 0.41 0.43 0.42 0.51 ™
EPT (£0.13) (£ 0.07) (£ 0.06) (£0.07) (£ 0.01) (£ 0.07) (£ 0.02)
Proportion 0.55 0.70 0.52 0.36 0.24 0.33 0.30

Dominant (£ 0.08) (£ 0.07) (£ 0.07) (£ 0.04) (£ 0.02) (x0.06) (£ 0.04)
Shannon 1.72 1.15 1.54 1.99 2.22 2.09 2.08

Diversity (£0.20) (x0.21) (£0.13) (£ 0.08) (£ 0.06) (£ 0.10) (£ 0.10)

Density 1.02E+04 1.30E+04 5.09E+04 1.57E+05 1.04E+05 1.33E+05 7.90E+03
Oligochaetes (+3.05E+03) (+3.86E+03) (x2.81E+04) (x2.77E+04) (+1.35E+04)(+6.29E+04) (x1.97E+03)

Density 6.74E+02 7.80E+03 4. 74E+04 9.39E+04 6.78E+04 1.92E+03 1.54E+03
Tubificids (x4.58E+02) (3.11E+03) (x2.73E+04) (£3.21E+04) (x1.58E+04) 1.1(#=+03) (x1.32E+03)

Density 0.00 0.00 289.02 0.00 480.58 384.47 0.00

T. tubifex (x0.0) (x0.0) (£ 197.44) (x0.0) (x377.19) (x192.23) (x0.0)

DensityL. 0.00 0.00 0.00 0.00 768.93 288.35 0.00

hoffmei steri (x0.0) (x0.0) (x0.0) (x0.0) (+580.60) (£196.98) (x0.0)



Metric W02 SH DB2
Total Taxa 27.50 21.25 18.00
Richness (£ 1.26) (+1.80) x1.73)
Ephemeroptera 4.25 4.50 4.25
Taxa Richness (£ 0.25) (x0.65) (£ 0.48)
Plecoptera 4.00 3.50 2.75
Taxa Richness (x0.71) (£ 0.29) (£ 0.63)
Trichoptera 4.50 2.50 3.50
Taxa Richness (x0.50) (x0.65) (£ 0.50)
EPT Taxa 12.75 10.50 10.50
Richness (£ 0.85) (x1.19) (£ 0.96)
Proportion 0.05 0.19 0.12
Ephemeroptera (£ 0.02) (£ 0.05) (£ 0.02)
Proportion 0.01 0.01 0.02
Plecoptera (x0.01) (= 0.003) (x 0.003)
Proportion 0.09 0.28 0.24
EPT (£0.02) (£0.11) (£0.03)
Proportion 0.57 0.49 0.28
Dominant (£ 0.04) (x0.12) (£ 0.02)
Shannon 1.49 1.63 2.03
Diversity (= 0.09) (= 0.30) (x0.07)
Density 3.49E+04 1.68E+04 2.04E+04
Oligochaetes (+9.87E+03) (£7.95E+03) (+9.10E+03)
Density 2.31E+03 1.02E+04 2.21E+03
Tubificids (x7.90E+02) (x4.94E+03) (x1.00E+03)
Density 0.00 0.00 0.00

T. tubifex (£ 0.0) (0.0 (0.0
DensityL. 96.34 96.12 0.00
hoffme steri (£ 96.34) (£96.12) (£0.0)

5€T
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APPENDIX G

MISSOURI RIVER DRAINAGE — BIOASSESSMENT METRIC MEANBY REACH
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Bioassessment metric means (fall 1998 data) for each vdaere invertebrates were
collected within the Missouri River drainage. Datameans + 1 standard error (x SE).
Reaches are identified by the lowermost site in¢lael. n = 6 for oligochaete, tubificid,
T. tubifex, andL. hoffmeisteri density metrics; n = 4 for all other metrics forrathches
except reach PR1 (n = 36 for oligochaete, tubifi¢idubifex, andL. hoffmeisteri density
metrics; n = 24 for all other metrics at this site).

Metric PR1 LY WO2 SH DB2

Total Taxa 21.00 20.25 27.50 21.25 18.00
Richness (£ 0.98) (x1.11) (x1.26) (+1.80) x1.73)
Ephemeroptera 3.83 4.25 4.25 4.50 4.25
Taxa Richness (£ 0.18) (£ 0.25) (£ 0.25) (£ 0.65) (£ 0.48)
Plecoptera 2.54 3.50 4.00 3.50 2.75
Taxa Richness (£ 0.25) (£ 0.29) (x0.71) (£ 0.29) (£ 0.63)
Trichoptera 4.08 4.00 4.50 2.50 3.50
Taxa Richness (£0.27) (x0.71) (x0.50) (£ 0.65) (£ 0.50)
EPT Taxa 10.46 11.75 12.75 10.50 10.50
Richness (£ 0.53) (£ 0.48) (£ 0.85) (x1.19) (£ 0.96)
Proportion 0.27 0.32 0.05 0.19 0.12
Ephemeroptera (£ 0.03) (£ 0.05) (£ 0.02) (£ 0.05) (£ 0.02)
Proportion 0.02 0.05 0.01 0.01 0.02
Plecoptera (x0.004) (x0.02) (x0.01) (= 0.003) (x 0.003)
Proportion 0.39 0.51 0.09 0.28 0.24
EPT (£ 0.03) (£ 0.02) (£ 0.02) (x0.11) (£ 0.03)
Proportion 0.45 0.30 0.57 0.49 0.28
Dominant (£ 0.04) (£ 0.04) (£ 0.04) (x0.12) (£ 0.02)
Shannon 1.78 2.08 1.49 1.63 2.03
Diversity (£0.09) (x0.10) (£ 0.09) (£ 0.30) (£ 0.07)
Density 7.80E+04 7.90E+03 3.49E+04 1.68E+04 2.04E+04
Oligochaetes (x 1.51E+04) (x1.97E+03) (+9.87E+03) (£7.95E+03) (x90B)E+
Density 3.66E+04 1.54E+03 2.31E+03 1.02E+04 2.21E+03
Tubificids (x 9.23E+03) (x1.32E+03) (£7.90E+02) (x4.94E+03) (+1.00E+03)
Density 192.34 0.00 0.00 0.00 0.00

T. tubifex (£79.62) (x0.0) (x0.0) (x0.0) (x0.0)
DensityL. 176.21 0.00 96.34 96.12 0.00
hoffmei steri (£ 96.99) (0.0 (£ 96.34) (£96.12) (0.0
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MISSOURI RIVER DRAINAGE — PHYSICOCHEMICAL MEANS BY S E



Physicochemical means at each site within the Mis®iuer drainage where data were collected. Discharggerature, pH, and
dissolved oxygen were quantified from summer 1997 and sud®3& data. The proportion organic matter in sediment and

conductivity were quantified from data collected in the s1@m1997, fall 1997 and 1998, and spring 1998 and 1999. Elevation and

slope were determined from geospatial data. Data aresmehstandard error (= SE); n = sample number.

Physicochemical

Parameter PR6 PR5 PR4 PR3 PR2 PR1 LY W02 SH DB2
Discharge (cms) 0.06 0.10 0.82 2.14 2.35 2.14 0.38 0.17 1.23 14.87
N/A N/A N/A (x1.43) (x1.69) (x1.43) N/A N/A (£ 0.57) (x2.29)
n=1 n=1 n=1 n=2 n=2 n=2 n=1 n=1 n=2 n=2
Proportion Organic 0.04 0.04 0.04 0.07 0.09 0.06 0.02 0.02 0.03 0.03
Organic Matter (£ 0.01) (£ 0.01) (£ 0.02) (x0.04) (x0.01) (£ 0.01) (x0.003) (+0.001f0.003) (+0.005)
n=4 n=4 n=4 n=8 n=12 n=12 n=4 n=4 n=12 n=12
Temperature (°C) 7.73 8.49 9.64 11.36 14.86 14.04 9.51 11.13 15.03 12.23
(x0.01) (£ 0.03) (£ 0.03) (x1.18) (x2.70) (x2.94) (x0.02) (x0.20) 2.®) (x1.20)
n=2 n=2 n=2 n=3 n=4 n=3 n=2 n=2 n=4 n=4
Conductivity (mS/cm) 0.22 0.26 0.32 0.31 0.29 0.26 0.15 0.28 0.12 0.26
(£ 0.03) (£ 0.04) (x0.05) (x0.05) (x0.03) (£ 0.02) (x0.03) (x0.02) 0.4) (£ 0.02)
n=3 n=3 n=3 n=3 n=5 n=4 n=3 n=3 n=5 n=5 =
N
pH 7.87 7.56 8.15 8.32 8.31 8.40 8.15 7.96 7.89 8.27 )
(£ 0.03) (£ 0.04) (£ 0.02) (x0.06) (x0.07) (x0.16) (x0.06) (x0.01) 0.8 (x0.13)
n=2 n=2 n=2 n=3 n=4 n=3 n=2 n=2 n=4 n=4
Dissolved Oxygen (mg/l) 10.36 9.89 10.81 10.23 9.99 10.18 10.84 10.43 9.02 10.16
(x0.11) (£ 0.20) (x0.08) (x0.41) (x0.91) (£ 0.45) (x0.03) (x0.00) 0.85) (£0.38)
n=2 n=2 n=2 n=3 n=4 n=3 n=2 n=2 n=4 n=4
Elevation (m) 1318 1284 1268 1234 1165 1097 1161 1147 1040 1159
Slope 0.007 0.007 0.007 0.007 0.005 0.004 0.017 0.010 0.012 0.005
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Physicochemical means for each reach within the Misstver drainage. Reaches are
identified by the lowermost site in the reach. Disgbatemperature, pH, and dissolved
oxygen were quantified from summer 1997 and summer 1998 datgrdpaation
organic matter in sediment and conductivity were quantifeth data collected in the
summer 1997, fall 1997 and 1998, and spring 1998 and 1999. Elevatioopmavete
determined from geospatial data. Data are means = 1 sfagmar (+ SE); n = sample
number.

Physicochemical

Par ameter PR1 LY WOl SH DB2
Discharge (cms) 1.56 0.38 0.17 1.23 14.87
(£ 0.53) N/A N/A (x0.57) (x2.29)
n=9 n=1 n=1 n=2 n=2
Proportion Organic 0.07 0.02 0.02 0.03 0.03
Organic Matter (£0.01) (£0.003) (+0.001) (£ 0.003) (£ 0.005)
n=44 n=4 n=4 n=12 n=12
Temperature (°C) 11.71 9.51 11.13 15.03 12.23
(x1.05) (£ 0.02) (x0.20) (x2.72) (x1.20)
n=16 n=2 n=2 n=4 n=4
Conductivity (mS/cm) 0.28 0.15 0.28 0.12 0.26
(x0.01) (£ 0.03) (£ 0.02) (x0.01) (£ 0.02)
n=21 n=3 n=3 n=5 n=>5
pH 8.16 8.15 7.96 7.89 8.27
(£ 0.08) (x0.06) (x0.01) (+0.08) (£ 0.13)
n=16 n=2 n=2 n=4 n=4
Dissolved Oxygen (mg/l) 10.21 10.84 10.43 9.02 10.16
(x0.24) (£ 0.03) (x 0.00) (x0.55) (£ 0.38)
n=16 n=2 n=2 n=4 n=4
Elevation (m) 1097 1161 1147 1040 1159

Slope 0.004 0.017 0.010 0.012 0.005
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MADISON RIVER DRAINAGE — LAND USE BY SITE



Land use within the entire upstream subbasin and riparisaagach site within the Madison River drainage.

Land Use MAS8

MA7

MAG

MAS

MA4

MA3

MA2 MA1 WFEMA2

WFEMA1

SQ

Subbasin

Proportion

Conifer Forest 0.48
Proportion

Agriculture 0.01
Proportion

Disturbance 0.33
Proportion

Residential 3.25E-04
Road

Density 0.29
Mine

Density 3.7E-10
Riparian

Proportion

Conifer Forest 0.37
Proportion

Agriculture 0.01
Proportion

Disturbance 0.25
Proportion

Residential 6.1E-05

Road

Density 1.27
Mine

Density 0

0.48

0.01

0.33

3.19E-04

0.29

3.7E-10

0.37

0.01

0.24

6E-05

1.28

0

0.47

0.01

0.32

3.09E-04

0.30

3.5E-10

0.36

0.01

0.24

5.9E-05

1.27

0

0.47

0.01

0.31

3.08E-04

0.30

3.5E-10

0.36

0.01

0.23

5.8E-05

1.30

0

0.47

0.01

0.26

2.54E-04

0.30

2.9E-10

0.38

0.01

0.19

4.8E-05

1.26

0

0.47

0.01

0.24

2.33E-04

0.30

2.7E-10

0.38

0.01

0.17

4.3E-05

1.20

0

0.46 0.46

0.01 0.01 5.20E-04

0.22 0.20

2.18E-04 1.96E-040

0.31 0.31

5E-10 8.9E-10

0.37 0.36

9.28E-03 0.01

0.16 0.15

4.1E-05 3.7E-05

1.18 1.14

4E-09 4E-09

0.43

0.01

0.28

0.45

0.94

0

0.46

0.01

0.30

0.48

0.98

0.48

4.70E-04  2.08E-03

8.40E-04

5.7E-05

0.13

0.87
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Contributing land use between the upper and lower sitegch reach at the subbasin and
riparian scale within the Madison River drainage. Resmealhe identified by the
lowermost site in the reach.

Land Use MAS MA1 WFEMA1 SQ
Subbasin

Proportion

Conifer

Forest 0.28 0.40 0.72 0.48
Proportion

Agriculture 0.01 0.05 0 2.08E-03
Proportion

Disturbance 8.0E-05 1.50E-04 0.03 8.40E-04
Proportion

Residential 0 1.10E-05 0 5.7E-05
Road

Density 0.61 0.32 0.52 0.13
Mine

Density 0 4.07E-09 0 0
Riparian

Proportion

Conifer

Forest 0.04 0.24 0.82 0.20
Proportion

Agriculture 3.13E-03 0.06 0 0.05
Proportion

Disturbance 0 0 0 0
Proportion

Residential 0 0 0 0

Road

Density 2.01 0.82 1.41 0.87
Mine

Density 0 0 0 0




150

APPENDIX L

MADISON RIVER DRAINAGE — BIOASSESSMENT METRIC MEANSY SITE



Bioassessment metric means (fall 1998 data) at siteewhesrtebrates were collected within the Madison Rivainage. Data are
means * 1 standard error (x SE). n = 6 for oligochaetéjdid, T. tubifex, andL. hoffmeisteri density metrics; n = 2 for all other

metrics.

Metric MAS MA7 MAG MAS5 MA4 MA3 MA2

Total Taxa 24.50 26.50 23.50 25.50 22.00 23.00 25.50
Richness (x0.50) (x 1.50) (£ 0.50) (x2.50) (x 1.00) (x3.00) (x2.50)
Ephemeroptera 3.00 3.00 3.00 3.00 3.50 3.00 3.00
Taxa Richness (x0.00) (x0.00) (x 0.00) (x0.00) (x0.50) (x0.00) 0@)0.
Plecoptera 2.50 2.50 4.00 3.50 2.00 3.00 4.00
Taxa Richness (x1.50) (x0.50) (x0.00) (£ 0.50) (x 0.00) (= 1.00) 0@)0.
Trichoptera 5.00 5.50 4.50 6.00 6.50 6.00 5.50
Taxa Richness (x0.00) (x0.50) (£ 0.50) (= 1.00) (£ 0.50) (x 1.00) 58)0.

EPT Taxa 10.50 11.00 11.50 12.50 12.00 12.00 12.50
Richness (x 1.50) (x 1.00) (x0.50) (x 1.50) (x 1.00) (x0.00) (x0.50)
Proportion 0.25 0.13 0.12 0.13 0.08 0.16 0.17
Ephemeroptera (£ 0.06) (£ 0.04) (£ 0.01) (£ 0.01) (x0.00) (£ 0.01) 0.
Proportion 0.01 0.04 0.03 0.03 0.02 0.05 0.04
Plecoptera (x0.01) (x0.01) (x0.00) (= 0.00) (x0.01) (x0.01) 0.09) .
Proportion 0.57 0.55 0.44 0.45 0.30 0.42 0.51 a
EPT (£ 0.16) (£ 0.06) (£ 0.01) (£0.01) (£ 0.07) (£ 0.01) (£ 0.05)
Proportion 0.32 0.20 0.36 0.36 0.55 0.36 0.20
Dominant (x0.06) (£ 0.03) (£ 0.01) (£ 0.07) (£ 0.05) (£ 0.07) (£ 0.04)
Shannon 2.16 2.52 2.11 2.14 1.78 2.17 251
Diversity (£0.07) (£0.07) (£ 0.00) (£0.28) (£0.11) (£ 0.05) (x0.19)
Density 1.37E+05 1.92E+04 2.10E+04 1.15E+04 1.98E+04 3171.86 5.83E+04
Oligochaetes (+ 1.43E+04) (+ 7435.74) (+ 4993.64) (+ 3134.06) (+9@p9.2  (+1121.73) (+ 2.84E+04)
Density 3.29E+04 9803.92 1.99E+04 5094.19 6920.42 1730.10 4.16E+04
Tubificids (+4875.31) (+3807.98) (+5472.59) (+1231.65) (+4193.16) 63174) (+2.25E+04)
Density 0.00 0.00 0.00 0.00 96.12 0.00 0.00

T. tubifex (x0.00) (x0.00) (x0.00) (x0.00) (£ 96.12) (x 0.00) (x 0.00)
DensityL. 0.00 0.00 0.00 192.23 0.00 0.00 0.00
hoffmei steri (x0.00) (x0.00) (x 0.00) (+192.23) (£ 0.00) (£ 0.00) (£ 0.00)



Metric

MA1 WEMA?2 WEMA1 SQ
Total Taxa 19.50 21.50 21.00 18.50
Richness (x2.50) (£ 0.50) (x2.00) (x1.50)
Ephemeroptera 3.00 5.00 3.00 3.50
Taxa Richness (£ 0.00) (£ 0.00) (£ 1.00) (£0.50)
Plecoptera 3.00 3.00 1.00 4.50
Taxa Richness (x0.00) (x 1.00) (x0.00) (£ 0.50)
Trichoptera 5.50 5.50 6.00 3.00
Taxa Richness (£ 0.50) (x0.50) (x0.00) (x 1.00)
EPT Taxa 11.50 13.50 10.00 11.00
Richness (£ 0.50) (x 1.50) (x 1.00) (£ 0.00)
Proportion 0.14 0.37 0.03 0.22
Ephemeroptera (x0.06) (£ 0.11) (x0.00) (x0.01)
Proportion 0.02 0.02 0.00 0.23
Plecoptera (x0.00) (x0.01) (x0.00) (x0.07)
Proportion 0.49 0.67 0.58 0.50
EPT (£0.01) (£0.10) (£0.03) (£0.07)
Proportion 0.39 0.37 0.31 0.29
Dominant (£ 0.01) (x0.01) (£ 0.03) (£ 0.09)
Shannon 1.93 2.00 1.98 2.28
Diversity (= 0.00) (x0.11) (x0.01) (= 0.06)
Density 1.81E+04 3.95E+04 5.38E+04 1.57E+04
Oligochaetes (5903.17) (x3.07E+04) (+ 2.03E+04) (x6777.02)
Density 8938.87 96.12 3.29E+04 96.12
Tubificids (£6581.73) (£ 96.12) (x 2.23E+04) (£ 96.12)
Density 1345.64 0.00 0.00 96.12
T. tubifex (£1345.64) (£0.00) (£0.00) (£96.12)
DensityL. 768.94 0.00 96.12 0.00
hoffme steri (£ 570.26) (£0.00) (£96.12) (£0.00)
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Bioassessment metric means (fall 1998 data) for each vdaere invertebrates were
collected within the Madison River drainage. Data aeams + 1 standard error (= SE).
Reaches are identified by the lowermost site ind¢lael. n =6, 12, 12 and 24 for
oligochaete, tubificidT. tubifex, andL. hoffmeisteri density metrics at sites SQ, MA1,
WFMAL, and MAS, respectively. n = 2, 4, 4, and 8 for allestimetrics at sites SQ,
MAL, WEMAL, and MA4, respectively.

Metric MAS MAL WEMA1 SQ

Total Taxa 25.00 22.50 21.25 18.50
Richness (x0.71) (£ 2.25) (£ 0.85) (x 1.50)
Ephemeroptera 3.00 3.00 4.00 3.50
Taxa Richness (x0.00) (x0.00) (x0.71) (x0.50)
Plecoptera 3.13 3.50 2.00 4.50
Taxa Richness (x0.40) (£ 0.29) (x0.71) (£ 0.50)
Trichoptera 5.25 5.50 5.75 3.00
Taxa Richness (£0.32) (£ 0.29) (£ 0.25) (x 1.00)
EPT Taxa 11.38 12.00 11.75 11.00
Richness (£ 0.53) (x0.41) (x1.25) (x 0.00)
Proportion 0.16 0.16 0.20 0.22
Ephemeroptera (£ 0.02) (£ 0.03) (x0.11) (£ 0.01)
Proportion 0.03 0.03 0.01 0.23
Plecoptera (+ 0.005) (x 0.005) (x0.01) (x0.07)
Proportion 0.50 0.50 0.63 0.50
EPT (£0.04) (£0.02) (£0.05) (£0.07)
Proportion 0.31 0.29 0.34 0.29
Dominant (£ 0.03) (x0.06) (£ 0.02) (£ 0.09)
Shannon 2.23 2.22 1.99 2.28
Diversity (= 0.08) (x0.18) (= 0.04) (= 0.06)
Density 4.73E+04 3.82E+04 4.67E+04 1.57E+04
Oligochaetes (+ 11589.00) (+ 15102.42) (x 17687.52) (x6777.02)
Density 1.70E+04 2.53E+04 1.65E+04 96.12
Tubificids (£ 2953.42) (x 1.22E+04) (x 1.17E+04) (£ 96.12)
Density 0.00 672.82 0.00 96.12

T. tubifex (£ 0.00) (£ 672.82) (£0.00) (£96.12)
DensityL. 48.05 384.47 48.06 0.00
hoffme steri ( 48.05) (£ 295.54) (+ 48.06) (£0.00)
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MADISON RIVER DRAINAGE — PHYSICOCHEMICAL MEANS BY STE



Physicochemical means at each site within the Madieer drainage. Discharge, temperature, pH, and dissokyagen were
qguantified from summer 1997 and summer 1998 data. The proporganic matter in sediment and conductivity were quantified
from data collected in the summer 1997 and 1998, fall 1997 and 1@b8pang 1998 and 1999. Elevation and slope were
determined from geospatial data. Data are means + 1 gllagwar (+ SE); n = sample number.

Physicochemical

Parameter MAS8 MA7 MAG MAS5 MA4 MA3 MA2
Discharge (cms) 1.22 21.15 24.21 4.26 21.14 4.80 20.97
(x0.21) N/A N/A (x0.37) (x0.27) (£ 0.11) N/A
n=2 n=1 n=1 n=2 n=2 n=2 n=1
Proportion Organic 0.02 N/A 0.02 0.01 0.03 0.02 0.02
Organic Matter (x0.002) N/A (x0.004) (x£0.001) (£0.01) (£0.01) (£ 0.001)
n=12 N/A n=12 n=12 n=12 n=11 n=4
Temperature (°C) 16.10 N/A 17.89 17.56 15.26 16.29 N/A
(x0.01) N/A (x0.15) (x0.31) (+0.80) (£ 0.28) N/A
n=2 N/A n=3 n=4 n=4 n=2 N/A -
Conductivity (mS/cm) 0.21 0.21 0.23 0.19 0.18 0.17 0.19 %
N/A N/A (£ 0.03) (x0.01) (x0.01) (£ 0.01) (£ 0.01)
n=1 n=1 n=4 n==6 n=5 n=3 n=2
pH 8.45 N/A 8.59 8.71 8.71 8.59 N/A
(£ 0.03) N/A (£0.13) (x0.10) (x0.05) (£ 0.05) N/A
n=2 N/A n=3 n=4 n=4 n=2 N/A
Dissolved Oxygen (mg/l) 8.17 N/A 8.38 8.17 8.50 8.78 N/A
(x0.07) N/A (£ 0.30) (x0.15) (+0.29) (£ 0.03) N/A
n=2 N/A n=3 n=4 n=4 n=2 N/A
Elevation (m) 1891 1867 1815 1792 1780 1724 1659
Slope 0.022 0.006 0.006 0.005 0.005 0.005 0.005



Physicochemical

Parameter MA1 WEMA2 WEMA1 SQ
Discharge (cms) 6.79 2.83 2.80 1.15
N/A N/A (£ 0.39) (£0.37)
n=1 n=1 n=2 n=2
Proportion Organic 0.03 0.07 0.05 0.05
Organic Matter (£ 0.01) (£ 0.01) (x0.01) (£ 0.01)
n=4 n=4 n=12 n=15
Temperature (°C) N/A 16.92 15.46 9.26
N/A (x0.26) (£ 0.49) (x0.73)
N/A n=2 n=4 n=2
Conductivity (mS/cm) 0.19 0.20 0.19 0.20
(x0.01) (£ 0.03) (x0.01) (x0.09)
n=2 n=2 n=>5 n=3
pH N/A 8.78 8.76 8.11
N/A (20.03) (£ 0.06) (£ 0.04)
N/A n=2 n=4 n=2
Dissolved Oxygen (mg/l) N/A 7.65 8.39 10.26
N/A (x0.10) (£ 0.07) (x0.05)
N/A n=2 n=4 n=2
Elevation (m) 1572 1838 1793 1777
Slope 0.005 0.013 0.013 0.042

LGT
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Physicochemical means for each reach within the Mad®&weer drainage. Reaches are
identified by the lowermost site in the reach. Disgbatemperature, pH, and dissolved
oxygen were quantified from summer 1997 and summer 1998 datgrdpetion

organic matter in sediment and conductivity were quantifeth data collected in the
summer 1997 and 1998, fall 1997 and 1998, and spring 1998 and 1999. Elewdtion an
slope were determined from geospatial data. Data aresmehstandard error (£ SE); n

= sample number.

Physicochemical

Parameter MAS5 MA1 WEMA1 SQ
Discharge (cms) 9.39 13.88 2.81 1.15
(+4.26) (x7.09) (£ 0.22) (x0.37)
n==6 n=2 n=3 n=2
Proportion Organic 0.02 0.02 0.06 0.05
Organic Matter (£ 0.002) (+ 0.005) (£ 0.006) (£ 0.01)
n =36 n=8 n=16 n=15
Temperature (°C) 17.34 N/A 15.94 9.26
(x0.27) N/A (£ 0.44) (£0.73)
n=9 N/A n==6 n=2
Conductivity (mS/cm) 0.62 0.19 0.19 0.20
(£ 0.41) (x 0.004) (£ 0.009) (£ 0.09)
n=12 n=4 n=7 n=3
pH 8.61 N/A 8.77 8.11
(£ 0.07) N/A (£ 0.04) (£ 0.04)
n=9 N/A n=6 n=2
Dissolved Oxygen (mg/l) 8.24 N/A 8.14 10.26
(x0.11) N/A (x0.16) (£ 0.05)
n=9 N/A n==6 n=2
Elevation (m) 1792 1572 1793 1777

Slope 0.006 0.005 0.011 0.042
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Land use within the entire upstream subbasin and ripariamaogach site within the Rock Creek drainage.

Land Use

RO5

RO4 RO3

RO2

RO1

EFRO

MFRO  WFRO HO ROSS ST Wi

Subbasin
Proportion
Conifer Forest
Proportion
Agriculture
Proportion
Disturbance
Proportion
Residential
Road
Density
Mine
Density
Riparian
Proportion
Conifer Forest
Proportion
Agriculture
Proportion
Disturbance
Proportion
Residential
Road
Density
Mine
Density

0.72

0.01

3.40E-04

0

0.50

3.1E-08

0.50

0.03

1.96

9.3E-08

0.73 0.73

0.01 0.01

3.20E-04  3.20E-04
0 0

0.48 0.48

3E-08 3E-08

0.52 0.52

0.03 0.03
0 0

0 0
1.85 1.86

8.8E-08 8.7E-08

0.74

4.69E-03

1.36E-03

0

0.47

2.6E-08

0.55

0.02

1.93

7.7E-08

0.76

3.90E-03

1.93E-03

0

0.44

2.5E-08

0.57

0.02

1.90

6.5E-08

4.10E-03 0

0.64 0.85 0.83 0.85 0.94 0.87 0.66

1.11E-03 0 0 0 0.01

2.74E-03 0 0 0 0 0 0
0 0 0 0 0 0 0

0.48 0.34 0.47 0.01 0.09 0.28 0.62

5E-09 6E-08 1.3E-08 0 0 8E-08 4E-08

H
0.28

0.08

0.40 0.81 0.77 0.68 0.93 0.81

0 0 2.56E-03 0 0 0

1.13 2.54 2.84 0.15 0.28 2.58 1.96

0 3E-07 1.7E-07 0 0 3E-07 8E-08
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Contributing land use between the upper and lower sitach eeach at the subbasin and
riparian scale within the Rock Creek drainage. Reachademtfied by the lowermost
site in the reach.

Land Use RO1 EFRO MFRO WFRO HO ROSS ST WI
Subbasin

Proportion Conifer

Forest 0.83 0.64 0.85 0.83 0.85 0.94 0.87 0.66
Proportion

Agriculture 1.34E-06  4.10E-03 0 1.11E-03 0 0 0 0.01
Proportion

Disturbance 5.69E-03  2.74E-03 0 0 0 0 0 0
Proportion

Residential 0 0 0 0 0 0 0 0
Road

Density 0.31 0.48 0.34 0.47 0.01 0.09 0.28 0.62
Mine

Density 1.19E-08 5E-09 6E-08 1.3E-08 0 0 8E-08 4E-08
Riparian

Proportion Conifer

Forest 0.73 0.40 0.81 0.77 0.68 0.93 0.81 0.24
Proportion

Agriculture 0 0 0 2.56E-03 0 0 0 0.08
Proportion

Disturbance 0 0 0 0 0 0 0 0
Proportion

Residential 0 0 0 0 0 0 0 0
Road

Density 1.90 1.13 2.54 2.84 0.15 0.28 2.58 1.96
Mine

Density 0 0 3E-07 1.7E-07 0 0 3E-07 8E-08
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APPENDIX R

ROCK CREEK DRAINAGE — BIOASSESSMENT METRIC MEANS BSITE



Bioassessment metric means (summer 1998 data) at sies wwhertebrates were collected within the Rock Creekatya. Data
are means = 1 standard error (x SE). n = 6 for oligetsh tubificid,T. tubifex, andL. hoffmeisteri density metrics; n = 4 for all other
metrics except site EFRO (n=3).

Metric

RO4 RO2 RO1 EFRO WFRO ROSS ST
Total Taxa 17.75 18.75 15.50 19.00 16.25 15.75 13.00
Richness (x1.65) (£ 1.31) (x0.50) (x2.08) (x1.65) (x1.49) (+1.08)
Ephemeroptera 3.25 4.25 4.00 4.00 3.75 4.00 4.00
Taxa Richness (£ 0.25) (£ 0.48) (£0.41) (£ 0.58) (£ 0.48) (£ 0.41) 41)0.
Plecoptera 2.75 3.25 2.00 1.33 2.00 1.75 3.75
Taxa Richness (£ 0.48) (£ 0.48) (£ 0.58) (£0.33) (£0.41) (£ 0.48) 28)0.
Trichoptera 3.00 3.75 3.50 4.00 4.00 4.25 1.75
Taxa Richness (£0.41) (£ 0.85) (£0.29) (£ 0.58) (£0.41) (£ 0.25) T9)0.
EPT Taxa 9.00 11.25 9.50 9.33 9.75 10.00 9.50
Richness (x0.71) (x1.25) (£ 0.29) (£ 0.88) (£ 1.03) (x0.71) (£ 1.04)
Proportion 0.36 0.37 0.48 0.39 0.48 0.17 0.71
Ephemeroptera (£ 0.04) (£ 0.08) (£ 0.05) (£ 0.07) (£ 0.03) (£0.03) 03)0.
Proportion 0.06 0.09 0.04 0.01 0.05 0.01 0.12 '5
Plecoptera (x0.01) (x0.03) (x0.01) (+ 0.005) (x0.01) (x0.01) @3)0. n
Proportion 0.46 0.62 0.65 0.75 0.61 0.58 0.85
EPT (£ 0.06) (x0.12) (£ 0.07) (£ 0.06) (£ 0.03) (£ 0.08) (£ 0.03)
Proportion 0.33 0.35 0.33 0.33 0.31 0.35 0.48
Dominant (x0.06) (x0.10) (£ 0.03) (£ 0.05) (£ 0.03) (£ 0.02) (£ 0.04)
Shannon 2.05 2.01 191 2.08 2.03 1.99 1.62
Diversity (x0.11) (£ 0.16) (£0.07) (£0.12) (£ 0.08) (£ 0.10) (£0.07)
Density 1.11E+04 192.23 192.23 7.54E+04 6728.18 768.94 480.58
Oligochaetes (£ 2683.02) (+121.58) (x121.58) (£ 1.31E+04) (£4957.9 (+354.46) (£96.12)
Density 384.47 96.12 96.12 6.81E+04 192.23 192.23 96.12
Tubificids (+285.13) (£96.12) (£96.12) (x 1.10E+04) (x121.58) +121.58) (£96.12)
Density 0.00 0.00 0.00 3844.68 0.00 0.00 0.00
T. tubifex (x0.00) (x 0.00) (x0.00) (x 3387.90) (x 0.00) (£ 0.00) (£ 0.00)
DensityL. 0.00 96.12 0.00 1537.87 0.00 0.00 0.00
hoffmei steri (x 0.00) (x96.12) (£ 0.00) (£ 676.92) (+0.00) (x0.00) (x 0.00)



166

APPENDIX S

ROCK CREEK DRAINAGE — BIOASSESSMENT METRIC MEANS BREACH
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Bioassessment metric means (summer 1998 data) for eathwbere invertebrates

were collected within the Rock Creek drainage. Datana@ns = 1 standard error (+
SE). Reaches are identified by the lowermost sitedarréach. For all reaches n = 6 for
oligochaete, tubificidT. tubifex, andL. hoffmeisteri density metrics except reach RO1 (n
= 18). n =4 for all other metrics for all reacheseptaeach EFRO (n=3) and reach RO1
(n=12).

Metric RO1 EFRO WFRO ROSS ST

Total Taxa 17.33 19.00 16.25 15.75 13.00
Richness (x0.77) (£ 2.08) (x1.65) (x1.49) (+1.08)
Ephemeroptera 3.83 4.00 3.75 4.00 4.00
Taxa Richness (£0.24) (£ 0.58) (£ 0.48) (£ 0.41) (£ 0.41)
Plecoptera 2.67 1.33 2.00 1.75 3.75
Taxa Richness (£0.31) (£0.33) (£0.41) (£ 0.48) (£ 0.25)
Trichoptera 3.42 4.00 4.00 4.25 1.75
Taxa Richness (£0.31) (£ 0.58) (£0.41) (£ 0.25) (£ 0.75)
EPT Taxa 9.92 9.33 9.75 10.00 9.50
Richness (£ 0.53) (£ 0.88) (£ 1.03) (x0.72) (x1.04)
Proportion 0.41 0.39 0.48 0.17 0.71
Ephemeroptera (£ 0.04) (£ 0.07) (£ 0.03) (£ 0.03) (£ 0.03)
Proportion 0.06 0.01 0.05 0.01 0.12
Plecoptera (x0.01) (+ 0.005) (x0.01) (x0.01) (£ 0.03)
Proportion 0.58 0.75 0.61 0.58 0.85
EPT (£0.05) (£0.06) (£0.03) (£0.08) (£0.03)
Proportion 0.34 0.33 0.31 0.35 0.48
Dominant (£ 0.04) (£ 0.05) (£ 0.03) (£ 0.02) (£ 0.04)
Shannon 1.99 2.08 2.03 1.99 1.62
Diversity (= 0.06) (x0.12) (= 0.08) (x0.10) (x0.07)
Density 3844.68 7.54E+04 6728.18 768.94 480.58
Oligochaetes (+ 1509.34) (x 1.31E+04) (+ 4957.99) (+ 354.46) (£ p6.12
Density 192.23 6.81E+04 192.23 192.23 96.12
Tubificids (£104.25) (= 1.10E+04) (£ 121.58) (£121.58) (£96.12)
Density 0.00 3844.68 0.00 0.00 0.00

T. tubifex (£ 0.00) (+ 3387.90) (£0.00) (£0.00) (£0.00)
DensityL. 38.04 1537.87 0.00 0.00 0.00

hoffmeisteri (+ 38.04) (+ 676.92) (£ 0.00) (+0.00) (+ 0.00)
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APPENDIX T

ROCK CREEK DRAINAGE — PHYSICOCHEMICAL MEANS BY SITE



Physicochemical means at each site within the RockkGhenage where data were collected. Discharge, terapeyatH, and
dissolved oxygen were quantified from summer 1998 data.piidmortion organic matter in sediment and conductivityewer

guantified from data collected in the summer 1998 and fall 183vation and slope were determined from geospatial dzdta are
means = 1 standard error (£ SE); n = sample number.

Physicochemical

Parameter RO4 RO2 RO1 EFRO WFRO ROSS ST
Discharge (cms) 12.68 9.31 9.35 3.22 5.44 3.67 1.69
N/A N/A N/A N/A N/A N/A N/A
n=1 n=1 n=1 n=1 n=1 n=1 n=1
Proportion 0.02 0.01 0.05 0.10 0.03 0.02 0.16
Organic Matter (x0.001) (£ 0.001) (£ 0.02) (£ 0.03) (£ 0.02) (0009 (+0.06)
n=3 n=4 n=4 n=4 n=2 n=3 n=4
Temperature(°C) 14.67 11.19 N/A N/A 15.23 15.27 8.52
(x0.17) N/A N/A N/A (+ 0.065) (£ 0.39) (x 0.025)
n=2 n=1 N/A N/A n=2 n=2 n=2
Conductivity (mS/cm) 0.13 0.11 0.12 0.23 0.04 0.05 0.07 '5
(£ 0.02) N/A N/A N/A (+ 0.003) N/A (x 0.003) «©
n=2 n=1 n=1 n=1 n=2 n=1 n=2
pH 8.39 8.5 N/A N/A 7.85 8.42 8.6
(£ 0.02) N/A N/A N/A (x0.21) (£0.32) (£ 0.28)
n=2 n=1 N/A N/A n=2 n=2 n=2
Dissolved Oxygen (mg/l) 8.29 9.14 N/A N/A 8.18 8.36 9.56
(£ 0.03) N/A N/A N/A (x0.14) (£ 0.20) (+ 0.025)
n=2 n=1 N/A N/A n=2 n=2 n=2
Elevation (m) 1377 1220 1097 1660 1605 1753 1485

Slope 0.006 0.006 0.006 0.012 0.011 0.012 0.022
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ROCK CREEK DRAINAGE — PHYSICOCHEMICAL MEANS BY REACH
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Physicochemical means for each reach within the Roekldrainage where data were
collected. Reaches are identified by the lowermastisithe reach. Discharge,
temperature, pH, and dissolved oxygen were quantified frormeurh998 data. The
proportion organic matter in sediment and conductivityewprantified from data
collected in the summer 1998 and fall 1999. Elevation amek sieere determined from
geospatial data. Data are means + 1 standard error){faSESsample number.

Physicochemical

Par ameter RO1 EFRO WFRO ROSS ST
Discharge (cms) 10.45 3.22 5.44 3.67 1.69
(x1.11) N/A N/A N/A N/A
n=3 n=1 n=1 n=1 n=1
Proportion 0.02 0.10 0.03 0.02 0.16
Organic Matter (+ 0.007) (x0.03) (x0.02) (= 0.009) (= 0.06)
n=11 n=4 n=2 n=3 n=4
Temperature (°C) 13.50 N/A 15.23 15.27 8.52
(x1.16) N/A (+ 0.065) (£ 0.39) (x 0.025)
n=3 N/A n=2 n=2 n=2
Conductivity (mS/cm) 0.13 0.23 0.04 0.05 0.07
(x 0.008) N/A (x 0.003) N/A (£ 0.003)
n=4 n=1 n=2 n=1 n=2
pH 8.43 N/A 7.85 8.42 8.6
(x0.38) N/A (x0.21) (£ 0.32) (£ 0.28)
n=3 N/A n=2 n=2 n=2
Dissolved Oxygen (mg/l) 8.57 N/A 8.18 8.36 9.56
(x0.28) N/A (x0.14) (£ 0.20) (+ 0.025)
n=3 N/A n=2 n=2 n=2
Elevation (m) 1097 1660 1605 1753 1485

Slope 0.006 0.012 0.011 0.012 0.022
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APPENDIX V

BLACKFOOT RIVER DRAINAGE — LAND USE BY SITE



Land use within the entire upstream subbasin and riparisaagach site within the Blackfoot River drainage.

Land Use BL3 BL2 BL1 NF2 NF1 KL WA CH CcOo

Subbasin

Proportion

Conifer Forest 0.79 0.67 0.70 0.85 0.76 0.63 0.45 0.72 0.71
Proportion

Agriculture 0.03 0.05 0.04 0.01 0.05 0.06 0.11 0.00 0.05
Proportion

Disturbance 0.01 0.01 0.01 0 1.60E-03 0.03 0 0.01 0.04
Proportion

Residential 6.44E-05 2.47E-05 4.58E-05 0 0 0 4.23E-04 0 0
Road

Density 0.58 0.55 0.69 0.10 0.24 0.85 1.19 0.55 0.67
Mine

Density 3.3E-08 1.50E-08  1.50E-08 0 1E-09 0 0 0 0
Riparian

Proportion 0.58

Conifer Forest 0.70 0.56 0.60 0.86 0.71 0.30 0.19 0.79 =
Proportion (\‘A,
Agriculture 0.08 0.11 0.10 0.02 0.09 0.17 0.12 1.87E-03 0.07
Proportion

Disturbance 5.32E-03  2.42E-03 0.01 0 1.60E-04  2.26E-03 0 9.30E-04  2.82E-03
Proportion

Residential 1.75E-04 4.99E-05 1.97E-04 0 0 0 0 0 0

Road

Density 1.83 1.37 1.66 0.35 0.58 1.40 151 0.68 0.99
Mine

Density 2.9E-08 1.7E-08 1.50E-08 0 0 0 0 0 0
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APPENDIX W

BLACKFOOT RIVER DRAINAGE — LAND USE BY REACH



Contributing land use between the upper and lower sitach eeach at the subbasin and riparian scale withiBldekfoot River
drainage. Reaches are identified by the lowermostrsitesireach.

Land Use BL3 BL1 NF2 NF1 KL WA CH CO
Subbasin

Proportion

Conifer Forest 0.79 0.75 0.85 0.76 0.63 0.45 0.72 0.71
Proportion

Agriculture 0.03 0.02 0.01 0.05 0.06 0.11 0.00 0.05
Proportion

Disturbance 0.01 0.03 0 1.60E-03 0.03 0 0.01 0.04
Proportion

Residential 6.44E-05  8.85E-05 0 0 0 4.23E-04 0 0
Road

Density 0.58 0.98 0.10 0.24 0.85 1.19 0.55 0.67
Mine

Density 3.32E-08  1.42E-08 0 1.23E-09 0 0 0 0
Riparian

Proportion 0.58

Conifer Forest 0.70 0.69 0.86 0.71 0.30 0.19 0.79 =
Proportion o
Agriculture 0.08 0.08 0.02 0.09 0.17 0.12 1.87E-03 0.07
Proportion

Disturbance 5.32E-03 0.02 0 1.60E-04  2.26E-03 0 9.30E-04  2.82E-03
Proportion

Residential 1.75E-04 5.13E-04 0 0 0 0 0 0

Road

Density 1.83 2.29 0.35 0.58 1.40 151 0.68 0.99
Mine

Density 2.9E-08 1.19E-08 0 0 0 0 0 0
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APPENDIX X

BLACKFOOT RIVER DRAINAGE — BIOASSESSMENT METRIC MEASI BY SITE



Bioassessment metric means (summer 1998 data) at stes inbertebrates were collected within the BlackfoweRdrainage.
Data are means + 1 standard error (+x SE). n = dlfaredrics.

Metric BL3 BL2 BL1 NF2 NF1 KL WA CH co

Density 0.00 6.34E+03 4.56E+04 768.94 6.93E+04 3.49E+04 2.86E+04 8073.82 1826.22
Oligochaetes ~ (£0.00)  (+2.68E+03)  ( 1.83E+04) (+ 243.16) (£ 3.40E+04 (£ 7621.41)  (£2.70E+04)  (+2068.64)  (+720.56)
Density 0.00 4.04E+03 1.18E+04 0.00 6.92E+04 2.99E+04 2.80E+04 6632.06 1730.10
Tubificids (£0.00)  (£2.04E+03) (& 5.04E+03) (+0.00) (£ 3.40E+04) 6722.82)  (+2.69E+04)  (+2171.90)  (+729.48)
Density 0.00 576.70 0.00 0.00 1.54E+04 0.00 0.00 576.70 0.00

T. tubifex (+0.00) (£ 364.74) (+ 0.00) (+ 0.00) (+ 9486.30) (+0.00) (+0.00) (+BI6.  (+0.00)
DensityL. 0.00 288.35 0.00 0.00 2595.16 0.00 0.00 480.58 192.23
hoffmeisteri (+0.00) (+ 288.35) (+ 0.00) (+ 0.00) (+ 1472.19) (+0.00) (+0.00) (205  (+121.58)

LLT
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APPENDIX Y

BLACKFOOT RIVER DRAINAGE — BIOASSESSMENT METRIC MEAS BY
REACH



Bioassessment metric means (summer 1998 data) for emthwéere invertebrates were collected within the BietkRiver
drainage. Data are means * 1 standard error (+x SEh&gare identified by the lowermost site in the reach 6 for all reaches

except reach BL1 (n = 12).

Metric BL3 BL1 NF2 KL WA CH co
Density 0.00 2.60E+04 768.94 3.49E+04 2.86E+04 8073.82 1826.22
Oligochaetes (+ 0.00) (+ 1.06E+04) (+ 243.16) (+ 7621.41) (+ 2.70E+04)(+ 2068.64) (+ 720.56)
Density 0.00 7929.64 0.00 2.99E+04 2.80E+04 6632.06 1730.10
Tubificids (+ 0.00) (+ 2845.80) (+ 0.00) (+ 6722.82) (£ 2.69E+04) (+ 29001, (+ 729.48)
Density 0.00 288.35 0.00 0.00 0.00 576.70 0.00

T. tubifex (+ 0.00) (+ 194.41) (+ 0.00) (+ 0.00) (+ 0.00) (£ 576.70) (+ 0.00)
Density 0.00 144.18 0.00 0.00 0.00 480.58 192.23
L. hoffmeisteri (+ 0.00) (£144.18) (+ 0.00) (+ 0.00) (+ 0.00) (£ 275.24) (+ 121.58)

5.1
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APPENDIX Z

BLACKFOOT RIVER DRAINAGE — PHYSICOCHEMICAL MEANS BYSITE



Elevation and slope of sites within the Blackfoot Rivexiizge.

Physicochemical BL3 BL2 BL1 NF2 NF1 KL WA CH co
Parameter

Elevation (m) 1330 1146 995 1270 1242 1272 1212 1188 1197
Slope 0.002 0.003 0.003 0.007 0.007 0.004 0.034 0.017 0.013

[8T
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APPENDIX AA

BLACKFOOT RIVER DRAINAGE — PHYSICOCHEMICAL MEANS BYREACH



183

Elevation and slope of each reach within the Blackétvainage. Reaches are identified
by the lowermost site in the reach.

Physicochemical
Parameter BL3 BL1 NF2 KL WA CH CcOo

Elevation (m) 1330 995 1242 1272 1212 1188 1197
Slope 0.002 0.003 0.007 0.004 0.034 0.017 0.013



