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This study collected aquatic macroinvertebrate samples to determine the distribution of
Tubifex tubifex in the Chamberlain Creek watershed, a tributary to the Blackfoot River in
western Montana. T. tubifex is the aquatic oligochaete host for the salmonid whirling
disease parasite, Myxobolus cerebralis. Aquatic macroinvertebrate samples were
collected at 12 sites on Chamberlain Creek in September 2000. Project objectives were
to compare T tubifex distribution, and abundance to riparian and stream health
parameters. Data on riparian habitat was collected along the entire length of the stream.
In-stream habitat data was collected at 12, 150 meter sampling reaches along
Chamberlain Creek. No T. tubifex could be positively identified as a result of this
sampling, therefore no real correlations could be drawn between habitat occupied by T.
tubifex and stream and riparian health. Correlations were run between abundance of
potential T tubifex (sexually immature, but with morphological characteristics consistent
with the species) and numerous riparian, stream, and aquatic macroinvertebrate metrics.
The highest correlation was found between potential T, tubifex and the ‘length eroding
banks’ habitat parameter. Oligochaete samples were collected again in April 2001. This
sampling was done specifically to locate T. tubifex in a 60 meter reach of stream above
one of the whirling disease monitoring sites in the watershed showing the highest grade
of infection and determine the percent of worms infected with the parasite directly above
this site. A total of 80 potential T. tubifex were collected from this site and monitored for
TAM (the waterborne spore form of the parasite) release. No TAMs were observed in
the 30 day observation period. DNA from the worms was extracted and PCR analysis
was run to determine if the worms were infected with the parasite. The analysis was
negative for the parasite DNA. Additional monitoring of M. cerebralis and sampling for
T. tubifex is required before management recommendations for reducing the threat of
whirling disease in Chamberlain Creek can be made.
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INTRODUCTION
Whirling disease has emerged in recent years as an important issue in management of
wild salmonid populations in the western United States. Whirling disease is a disorder of
trout and salmon caused by the microscopic parasite Myxobolus cerebralis, M. cerebralis
is one o f the most pathogenic o f all myxozoa to fish (Hedrick et al. 1998). The parasite
has a complex life cycle, involving two spore-forming phases, one in fish and one in the
benthic oligochaete worm Tubifex tubifex (Wolf and Markiw 1984). When an infected
fish dies and decays many thousands to millions of myxospores are released into the
water. The spores are extremely hardy and can remain viable for years, withstanding
fi*eezing, low pH, a variety of chemical treatments, and passage through the digestive
tract of predators (Hedrick et al. 1998).

Myxospores germinate when ingested by T. tubifex. Once inside the worm, the parasite
undergoes multiple divisions before ultimately forming large numbers of triactinomyxons
(TAMs), the waterborne spore form o f the parasite that is infective to fish. This form is
released through egestion firom infected T. tubifex in the sediment and remains neutrally
buoyant in water where it floats until it attaches to the epidermis of a salmonid fish.
TAMs are released fi*om infected worms within 70-90 days following exposure,
depending on water temperature (Nickum 1999). T. tubifex infected with M cerebralis
remain infected for the duration of their natural lives (estimated at 2 or more years) and
are capable o f releasing viable TAMS in temporally separate periods up to 2 years after
exposure to M. cerebralis (Gilbert and Granath 2001).

In the fish host, the parasite migrates firom the epidermis into the nervous system and
enters the cartilage. The parasite can affect nerves and damage cartilage resulting in the
clinical signs of the disease. Signs include: a black tail; spinal and cranial deformities;
and an abnormal whirling behavior that affects a fish’s ability to feed and avoid predators
and for which the disease is named (Halliday 1975, Hedrick et al. 1998).

Several host factors have been shown to influence the severity of infection and
susceptibility to infection in salmonids. Older fish exposed to the parasite are susceptible
to infection by the parasite, but show fewer clinical signs and less mortality than younger
fish exposed to the parasite (Markiw 1992, Hedrick et al. 1999). Heavy infections in
young fish often result in clinical signs of the disease and higher rates of mortality due to
the higher amounts o f cartilage present in younger fish for the parasite to feed on. In
young fish, levels of infection and mortality tend to increase as the number o f TAMs per
fish increases (Nickum 1999). But with older fish, even very large infective doses have
little obvious effect.

M. cerebralis infects many species o f salmonids; however, not all species infected with
the parasite show clinical signs of whirling disease. The reason for the differences in
disease susceptibility among species has not been determined. Among those species
susceptible to the disease, rainbow trout (Qncorhynchus mykiss) suffer the most clinical
signs (Hedrick et al. 1999). Brook trout (Salvelinus fontinalis) also appear to be very
susceptible to infection (Baldwin et al. 1998, Baldwin et al. 2000). Westslope cutthroat
trout {Oncorhynchus clarki lewisi) and bull trout {Salvelinus confluentus) have low

resistance to infection, but do not show as many clinical signs o f the disease as rainbow
trout (Baldwin et al. 2000, Schisler et al. 2000, Hedrick et al. 1999). Rainbow trout
populations have been the most affected in the wild, however, whirling disease is
considered a serious threat to wild cutthroat trout populations (Hedrick et al. 1998).

Several environmental factors have also been shown to influence the severity of infection
in susceptible fish. Field exposures o f rainbow trout to TAMs showed the highest
infection rates when held at water temperatures between 11 and 14° C. Infection
intensities decline rapidly as mean daily water temperatures decrease or increase from
these optimum water temperatures (Vincent 2000). El-Matbouli et al. (1999) found that
the highest level of TAM production occurred at 10 and 15° C and at higher and lower
temperatures, TAM release was minimal. This change in TAM release and infection
levels may correspond with a biannual peak in the release of TAMs from worms that
occurs in the spring and fall (Gilbert and Granath 2001).

In addition to the factors described above, recent studies have also shown a possible
correlation between stream flows and severity o f infection. Cavendar et al. (2003) found
that as stream discharge increased above a certain level in streams in the Salmon River
drainage o f Idaho severity of infection and myxospore numbers decreased to no
detectable level. This may be due to dilution of the number of TAMs with increased
flows, or because TAMs may be flushed out of the system more rapidly with increased
flows.

Studies have also identified different genetic strains o f T tubifex from different regions of
the United States and Europe, including one that is resistant to infection by M cerebralis
(Beauchamp et al. 2001). Therefore, the genetic strain o f T tubifex present in a stream
may also influence the severity o f infection.

Research Question
Whirling disease was discovered in Montana in 1994 (Vincent 1996). Over the last
several years, M cerebralis has been discovered in streams and rivers throughout western
Montana (Baldwin et al. 1998, Nehring and Walker 1996). The parasite has been
implicated as a major factor in declines in wild rainbow trout populations in some Rocky
Mountain rivers (Vincent 1996). Dramatic declines in rainbow trout populations in
response to the presence o f the parasite were first seen in the Madison River drainage.
However, since that time, many streams that have tested positive for the parasite have yet
to show dramatic declines in susceptible fish populations (Baldwin et al. 1998). It is
unknown whether such streams possess conditions unsuitable for disease development or
whether an absence o f long-term population monitoring has been the reason for not
detecting effects to susceptible fish populations. While effects of the parasite on trout
populations has not always been consistent, the parasite has continued to spread
significantly and infected streams continue to show increasing severity of infection (de la
Hoz 2002).

The inconsistent response o f susceptible wild trout populations to M cerebralis exposure
raises the possibility that environmental factors play important roles affecting the

distribution, prevalence, and infectivity o f the parasite and its potential effects on wild
trout populations (Schisler et al. 2000, Hinner and Moffitt 2002). Effects of
environmental conditions on wild trout populations, such as elevated water temperatures,
degraded habitat, and competition with non-native species, may contribute to the ability
o f the whirling disease parasite to affect populations. For example, habitat degradation,
such as increased water temperatures, decreased cover and increased sediment, may
stress trout, making them more susceptible to disease (Allendorf et al. 2001) and support
increases in the abundance o f T. tubifex by increasing suitable habitat (Gustafson 1997).

The host aquatic worm, T. tubifex, is a member o f the oligochaete family Tubificidae.
Tubificid worms feed primarily on bacteria, and their abundance has been found to be
correlated with the presence of organic rich sediments and the distribution o f leaf litter
(Lazim and Learner 1987). However, T. tubifex abundance has not always been found to
be correlated with high organic content o f sediments (McMurty et al. 1983, Lauritsen et
al. 1985). T. .tubifex appears to inhabit both ends of a tolerance scale, living in either very
polluted areas or in areas o f fairly pristine conditions, where there are few other
oligochaete competitors (ARC 1999). Tubificids are often the last group to disappear
when conditions become impaired and the first to recolonize when conditions improve.
The reduced benthic diversity that occurs at either extreme seems to favor the occurrence
of T. tubifex (ARC 1999).

However, western streams that do not exist at either extreme (highly eutrophic or
oligotrophic) have tested positive for the parasite and therefore must contain T. tubifex

indicating an extremely broad habitat range for the worm. Understanding the habitat
variables that influence the distribution and abundance o f the oligochaete host may help
in the development of effective management tools for the parasite. It is likely that these
variables differ from watershed to watershed, and possibly among sites within a
watershed. A better understanding o f these variables may help fisheries managers control
the disease in natural settings.

The overall goal of this study was to determine if areas with greater amounts o f
disturbance to the riparian and stream habitat are correlated with greater T. tubifex
abundance and known sites o f whirling disease infection in the Chamberlain Creek
watershed, a tributary to the Blackfoot River in western Montana.

The specific study objectives were:
1) Assess the riparian habitat and in-stream habitat o f Chamberlain Creek
2) Determine what habitats are occupied by 71 tubifex in Chamberlain Creek
3) Correlate T. tubifex abundance with riparian condition, in-stream habitat condition,
and whirling disease infection rates
4) Develop recommendations to reduce T. tubifex abundance

METHODS

Study Site
Chamberlain Creek is a small second-order tributary to the Blackfoot River located in
western Montana (Figure 1). The stream originates in the Chamberlain Meadows located
in the Garnet Mountain Range at 1800 meters. The stream flows north for 16 km, mostly
through a V-shaped canyon before ending in glacial deposits just before entering the
Blackfoot River at river km 70.6 at an elevation o f 1155 meters. Chamberlain Creek has
three main tributaries: the West Fork, the East Fork, and Pearson Creek.

Chamberlain Creek supported bull trout, a federally listed native trout species, as recently
as the 1970s and low numbers are beginning to appear again (MFWP unpublished data
2000). It now supports a population of resident westslope cutthroat trout in the lower to
middle reaches and is considered an important spawning and rearing tributary for
westslope cutthroat trout (Schmetterling 2001).

The Chamberlain Creek watershed has mixed land ownership. The upper 6.5 km are
owned by the Bureau o f Land Management (BLM). The middle 7.25 km are owned by
Plum Creek Timber, Inc., and the lower 2.5 km are privately owned. The watershed has
been subject to many disturbances common to western Montana. The Plum Creek land
was extensively logged in the 1980s and is still an active logging area (Rothrock et al.
1998). Fifty percent of the stream flow was historically diverted to irrigate pasture lands

Figure 1. Location of the Blackfoot River watershed in western Montana and location of
Chamberlain Creek within the Blackfoot River watershed (Blackfoot River watershed
hydrography layer from Montana Department o f Fish, Wildlife and Parks).
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to the northeast o f the creek, and the entire flow o f Pearson Creek, a major tributary, was
historically diverted seasonally. The reduced connectivity with the Blackfoot River, due
to water diversions, led to a dramatic decline in the fish population in Chamberlain Creek
and isolated populations to upper reaches. Several stream improvement projects have
been completed in the watershed including: water leasing, fish passage improvement,
channel reconstruction, and changes in grazing management (MFWP 1997). This effort
has led to the restoration o f one of the most important westslope cutthroat trout
populations in the Blackfoot River watershed (Schmetterling 2001).

Whirling disease was first detected in Chamberlain Creek in 1998 (Graham 2000). The
Montana Department of Fish, Wildlife and Parks (MFWP) placed sentinel cages
containing rainbow trout fiy in Chamberlain Creek at four different sites fi*om 1997
through 2001. One cage was placed near the mouth o f Chamberlain Creek, one near
kilometer 1.6, one near the mouth o f the East Fork, and one near the mouth o f the West
Fork (Figure 2). Results from 1997 field exposures at all four sites showed only one fish
suspected to have whirling disease (Graham 2000). No infection was found at sampling
sites in the West Fork or East Fork. Results from similar monitoring in 1999 and 2000
found increased infection rates at the two mainstem sites (MFWP unpublished data 2000)
(Table 1). Monitoring in the West Fork and the East Fork remained negative (Table 1).

Figure 2. Location of sentinel cage sampling sites placed by Montana Department of
Fish, Wildlife and Parks in the Chamberlain Creek watershed between 1997 and 2000,
Orange circles represent sites testing positive for whirling disease. Yellow circles
represent sites testing negative for whirling disease.
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The infection grades listed in Table 1 correspond to a histological grading system
developed to determine the extent o f infection in a fish. This system was developed by
Ms. Beth MacConnell o f the United States Fish and Wildlife Service and Dr. Tom
Baldwin of the Washington State University Animal Disease Diagnostic Laboratory.
Samples firom a portion o f the cranium are taken from young fish placed in sentinel cages
and exposed to natural conditions within a stream. The degree o f infection in each fish is
scored (fi-om 0 to 5) based on the number o f parasites, cartilage degeneration, lesions, and
tissue inflammation. There is likely a direct relationship between the average grade of
infection in young salmonids and the overall impact on the population and Table 2 shows
the grading system as it relates to potential impacts on a wild population. Table 1 shows
exposure dates o f sentinel cage fish, average infection grades, percent of fish infected and
average temperatures collected by MFWP for sites in Chamberlain Creek.

Table 1. Results of sentinel cage studies in Chamberlain Creek, including sample
location, sampling date, percent fish infected, mean daily water temperature, and mean
grade o f infection.
Monitoring Site

Sampling
Date

#Fish
in Cage

% Fish
Infected

August 1999
July 2000

nr
nr

55
nr

Mean Daily
Water
Temp (®C)
16.8
nr

Chamberlain
Creek Mile 0.1
Chamberlain
Creek Mile 1.0

July 1998
July 1999

50
nr

8
93

nr
13.8

0.16
2.71

East Fork
Chamberlain
Creek Mile 0.1
West Fork
Chamberlain
Creek Mile 0.1
nr=not reported

August 1999
Jul 2000

nr
nr

0
0

12.8
nr

0.00
0.00

August 1999
Jul 2000

nr
nr

0
0

10.7
nr

0.00
0.00

11

Mean
Grade of
Infection
0.90
3.88

Table 2. Whirling disease histological grading system grades and how they relate to
expected impact on the susceptible fish population.
Average Infection Grade

Expected Impact to Salmonid Population

Grade 0.00 —1.00

Minimal infection: No significant population impacts

Grade 1.00-2.00

Mild infection: Minor population impacts

Grade 2.00-3.00

Moderate infection: Impacts to populations in streams of low recruitment

Grade 3.00-4.00

Moderately severe infection: Fish population declines may occur

Grade 4.00—5.00

Severe infection: Fish population declines will occur

Riparian Habitat
The riparian habitat along Chamberlain Creek’s mainstem and the lower few kilometers
of the East Fork and West Fork o f Chamberlain Creek was assessed in the summer of
2000 using a functional assessment method developed by the Riparian Wetland Research
Program o f the University o f Montana (RWRP) to evaluate the health of a riparian
system. Only the lower kilometers o f the West Fork and East Fork were assessed
because whirling disease has not been detected in either tributary stream. Due to the
small size of the streams, and the water borne nature o f the TAM, if the parasite was
present in these streams, it would likely be detected near the mouth of the stream. The
functional assessment method consists of rating different riparian parameters on a form to
come up with an overall health score for a site. The rating is a function of the stream
hydrology, the condition of the streambanks, and the vegetative cover associated with the
stream. This method determines ecosystem health in terms of site potential. It is based
upon eleven channel and riparian vegetation factors (Table 3) and is useful for stratifying
stream or stream reaches by degree o f ecological dysfunction, for identifying ecological
problems, and, when repeated overtime, for monitoring to detect functional change
(RWRP 2000a). The health assessment form along with detailed instructions and further
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explanation of the methodology can be found at Bitterroot Restoration, Inc.’s website at
www.revegetation.com/index.html.
Table 3. Riparian parameters evaluated using the Riparian Wetland Research Program’s
(RWRP) Lotie Health Assessment Survey Form.
Riparian and Stream Variables evaluated using the RWRP Lotie Health Assessment
Survey Form________________________________________________________________
Vegetative cover of floodplains and streambanks
Invasive plant species
EHsturbance-increaser undesirable herbaceous species
Preferred tree and shrub establishment and regeneration
Utilization o f preferred trees and shrubs
Standing decadent and dead woody material
Streambank root mass protection
Human-caused bare ground
Streambank structurally altered by human activity
Pugging and/or hummocking
Stream channel incisement
Chamberlain Creek, and the lower few kilometers o f the West and East Forks were
divided into polygons based on similar vegetation, geologic features, or other easily
observable characteristics. Each polygon was given a score for each of the factors listed
in Table 3. Many o f the factors rated in this evaluation are based on ocular estimates.
Scores for all factors are added together to give a total score for each site. Total scores
fall into one o f the following three categories: proper functioning condition (PFC)
correlates with scores o f 80-100; functioning at risk (FAR) correlates with scores of 6079; and non-functioning (NF) correlates with scores lower than 59.

The overall category for each polygon assessed on Chamberlain Creek was used to divide
the stream into reaches with altered or degraded riparian habitat (FAR or NF) and reaches
in which riparian habitat appeared to be functioning near full potential (PFC). Within
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these two overall categories (non-degraded and degraded) the perennial stream was
divided into one kilometer long reaches. Within each kilometer long reach, the length of
stream was further divided into 150 meter long reaches. One o f the 150 meter reaches
from each kilometer long reach was randomly chosen for more intensive sampling. This
allowed for an equal number o f sampling sites in degraded reaches and non-degraded
reaches and sampling to occur along the entire length of stream, which allowed for a
greater range of habitat conditions to be sampled.

The riparian habitat within each of the selected 150 meter reaches was further assessed
using the RWRP Lotie Inventory Form (RWRP 2000b). This form is a more
comprehensive inventory o f a stream segment and its associated riparian area compared
with the RWRP lotie survey form described above. This form includes: detailed
vegetation data; physical site data; some wildlife data; and trend commentary. The
vegetation data collected includes species identification and canopy cover estimations, as
well as age class breakdowns for each tree and shrub species. Physical site data includes:
channel morphology and condition; substrate composition; disturbance degree and kind;
and amount and cause of bare ground. Commentary on the types of disturbance on the
site and general trend (conditions improving or degrading) was also collected. This form
allows for a more comprehensive inventory o f each riparian polygon. Only some o f the
parameters recorded using this form were used in this assessment to relate with
occurrence o f T. tubifex. These parameters included; scores for the 11 riparian health
habitat factors listed in Table 3, width o f riparian vegetation, m d % cover by noxious
weeds. These additional factors were thought to show the most obvious differences
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between degraded and non-degraded sites along Chamberlain Creek. The lotie inventory
form along with detailed instructions and further explanation of the methodology can be
found on Bitterroot Restoration, Inc.’s website at www.revegetation.com/index.html.

In-stream Habitat
In-stream aquatic habitat data were collected to characterize the in-stream habitat in
Chamberlain Creek to relate to occurrence of T. tubifex. In-stream habitats in each 150
meter sampling reach were classified according to level II channel geomorphic units
described by Hawkins et al. (1993). The method divides the stream reach into the
following geomorphic units: fast water turbulent (cascades, falls, rapids, riffles, chutes);
fast water non-turbulent (sheet, run); scour pool, and dammed pool. For purposes of this
study, scour and dammed pools were combined into one category, pool, for selection of a
geomorphic unit to sample. Study objectives included comparing T. tubifex abundance to
stream and riparian condition, therefore, stream reaches were divided into geomorphic
units to attempt to sample across many different habitat types and encompass more of the
on-site variability than would be sampled by focusing strictly on depositional areas for
oligochaetes or riffles for other invertebrates.

Within each 150 meter sampling reach one geomorphic unit [(slow water, fast water
turbulent (riffle or cascade) and fast water non-turbulent (run or sheet)] was chosen for
sampling. A predetermined number was used to indicate which one of the units would be
sampled (i.e. the third pool in the reach, the first riffle, and the second run). At each unit
to be sampled the following variables were measured: wetted width of habitat unit; length
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o f habitat unit; mean water depth o f habitat unit; substrate size; percent embeddedness by
fine sediment (<.6 mm); percent surface fines; canopy cover over habitat unit; percent
cover o f macrophytes; and percent cover o f large wood. In addition, at each 150 meter
reach; pH, temperature, conductivity, and dissolved oxygen were recorded using a Horiba
U-10 water quality checker multimeter (Horiba Instruments Inc., Irivine, CA). The
multimeter was calibrated before each field use using standard pH 4.0 buffer. The
multimeter has an auto-calibration proceduce. Methods for data collection o f these
parameters are summarized in Table 4.

Not only were the types of habitat present in sampling reaches o f interest in this study,
but also the condition of the in-stream habitat within those reaches to compare with
riparian habitat condition and occurrence of T. tubifex. To determine the condition o f instream habitat, a method similar to the RWRP riparian assessment was selected.
Assessments of each sampling site were conducted using the Environmental Protection
Agency’s (EPA) habitat assessment field data sheet for high gradient streams according
to the methods of Plafkin et al. (1997). This assessment is also the recommended
protocol in the Standard Operating Procedures developed for whirling disease (ARC
1999). The assessment uses visual observations of the structure o f physical habitat in the
stream to determine the quality of the stream as macroinvertebrate habitat. Habitat
parameters important to the assessment of habitat quality include those that characterize
micro-scale habitat within the stream and also macro-scale habitat features, such as
chaimel morphology and riparian condition. Therefore, some of the parameters evaluated
in this assessment overlap with those evaluated in the riparian habitat assessment form.
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Table 4. Parameters measured at each sampled habitat unit and description of the method
used for each parameter.
Habitat Parameter Measured

Method of Measurement

Wetted width

Measured at three equally spaced widths across
habitat unit and averaged using a 100 foot tape
Measured from upstream start o f habitat unit to
downstream limit of habitat unit using a 100 foot
tape
Water depth measured with a wading rod across
the habitat unit
Measured using random pebble count within the
habitat unit and then dominant class determined:
Boulder
>256 mm (> 10”)
Cobble
64-256 mm (2.5-10”)
Pebble
4-64 mm (0.16-2.5”)
Gravel
2-4 mm (0.08-0.16”)
Sand
0.6-2 mm
Silt/Clay <0.6 mm
Visual estimate of embeddedness classes o f 0-5,
5-25, 25-50, 50-75, and 75-100
Percent o f substrate covered in fine sediment
(<0.6 mm)
Measured with average of four densiometer
readings
Visually estimated within total area covered by
habitat unit
Visually estimated within total area covered by
habitat unit
One time sample collected at time o f invertebrate
sampling using a Horiba multimeter
One time sample collected at time of invertebrate
sampling using a Horiba multimeter
One time sample collected at time of invertebrate
sampling using a Horiba multimeter
One time sample collected at time of invertebrate
sampling using a Horiba multimeter
Visual estimates of 10 aquatic habitat parameters

Length

Mean water depth
Substrate size

% embeddedness o f substrate
Percent surface fines
Percent canopy cover
Percent cover by large woody debris
Percent cover by macrophytes
pH
Conductivity
Water temperature
Dissolved Oxygen
EPA Rapid Bioassessment Habitat
Assessment Field Data Sheet
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The aquatic habitat assessment looks at 10 parameters (Table 5) and scores each
parameter based on the visual estimate of its condition from 0-20 (Form provided in
Appendix). The assessment ranks the habitat at a site as optimal, sub optimal, marginal
or poor based on an overall score (scale 0-200, with 200 being the most favorable). The
scores for each parameter are added together to give an overall score for the site.
Table 5. Stream habitat parameters evaluated using the Environmental Protection
Agency’s habitat assessment field form developed to evaluate macroinvertebrate habitat
quality in high gradient streams.
Habitat Parameters evaluated using the DEQ Habitat Assessment Field Data Sheet for
High Gradient Streams________________________________________________________
Epifaunal Substrate/Available Cover
Embeddedness
Velocity/Depth Regime
Sediment Deposition
Channel Flow Status
Channel Alteration
Frequency of Riffles (or bends)
Bank Stability
Vegetative Protection
Riparian Vegetative Zone Width
Aquatic Macroinvertebrate Sampling
Aquatic macroinvertebrate samples were collected in each selected habitat unit to
determine presence of T, tubifex and other aquatic macroinvertebrates. Aquatic
macroinvertebrates were also collected at each sampling site because it was desired to
relate the number of tubifex worms to stream and riparian health, which is often reflected
in the invertebrate community (Hynes 1970). The aquatic macroinvertebrate composition
at each site was also of interest to determine if T. tubifex were occurring at sites with
reduced competition from other insects as is suggested for the species (ARC 1999).
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Samples were collected across all habitat types because the type o f habitat occupied by T.
tubifex in Chamberlain Creek is not known.

Invertebrates were collected in September 2000. A total o f one square meter within each
habitat unit was delineated using a PVC frame. If the selected habitat did not allow for a
one meter square area several smaller areas totaling one square meter were combined.
Invertebrate samples were collected using a fine mesh D-frame kicknet.

Samples o f invertebrates were preserved in the field in 90% ethanol. Oligochaetes were
separated from samples o f other invertebrates. Samples of aquatic invertebrates were sent
to the National Aquatic Monitoring Center, Logan, Utah, for consistent identification.
Insects were primarily identified to genus, with the exception of the Chironimidae which
were identified to subfamily. Oligochaete samples were sent to Rithron Biological,
Missoula, MT for identification to the species level.

Recall that the objective for this study was to compare areas within the stream to
determine which have degraded habitat with those which have non-degraded habitat and
to determine if this relates to T. tubifex occurrence. Bioassessment metrics, based on the
species composition o f the aquatic invertebrate community, were used to determine
which sites were impaired. Bioassessment protocols translate raw abundance data into
metrics, or biological attributes that change predictably with degree of degradation of
water or habitat quality. These protocols are termed “multimetric” indices and use
attributes o f the macroinvertebrate assemblage in an integrated way to measure biotic
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health. The additive multimetric approach designed by Plafkin et al. (1989) and adapted
for use in the state o f Montana was used. It is an array o f measures and metrics that
individually provide information on biological attributes, but also when integrated
provide an overall indication of biological condition in a stream. Chamberlain Creek is
located in the Northern Rockies level III ecoregion (Woods et al. 1999). The preliminary
metrics developed for this ecoregion were used for analysis. These metrics are described
in Table 6.
Table 6. Aquatic macroinvertebrate metrics recommended for use in the Montana
mountain ecoregion to determine the level o f impairment of water or habitat quality in a
stream.
M etric

Description

Taxa richness

The number of unique taxa in the sample

EFT Richness

The number of taxa from the orders Ephemeroptera, Plecoptera, and
Trichoptera

% Dominant taxa

100 (Number of individuals of the numerically dominant taxon)/(total in the
sample)

Biotic index

The sum of (proportional abundance of a taxon in a sample) (tolerance values
specified by DEQ for that taxon) for all taxa in the sample

% Collector-gatherer

The sum of the percentage of each of these frmctional feeding groups in the

+ filter-feeders

sample

% Scrapers +

The sum of the percentage of each of these functional feeding groups in the

shredders

sample

% EPT

The percentage of the sample made up of individuals from the orders
Ephemeroptera, Plecoptera, and Trichoptera

Once these metrics have been calculated for a sample, the result for each metric can be
translated into a score (Table 7). The total score for each site can then be used to place
the site into an overall impairment category by dividing the total score by the maximum
possible score. This score will fall within a range from 0 to 1 and can be compared to the
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range of use support criteria shown in Table 8, which shows suggested water quality use
support/impairment categories.
Table 7. Scores for metrics calculated for aquatic macroinvertebrate samples to
determine water quality and habitat impairment in mountain streams in Montana.
SCORE

3

2

1

0

Taxa Richness

>28

28-24

24-19

<19

EPT Richness

>19

19-17

17-15

<15

Biotic Index

<3

3-4

4-5

>5

% Dominant

<25

25-35

35-45

>45

% Collectors

<60

60-70

70-80

>80

% Scrapers +

>55

55-40

40-25

<25

>70

70-55

55-40

<40

M etric

Shredders
% EPT

Table 8. Impairment scores calculated from aquatic macroinvertebrate metrics and
corresponding water quality support levels for mountain streams in Montana.
Im pairm ent Score

W ater Quality Support Level

>0.75

Full support— standards not violated

0.25-0.75

Partial support—moderate impairment, standards violated

<0.25

Non support— severe impairment, standards violated

Tubifex tubifex Sampling and M onitoring for TAM Release
Identifications of invertebrate samples found no mature T. tubifex (see Results).
Therefore, additional sampling was done specifically to collect T. tubifex worms. This
sampling was done above the MFWP sentinel cage sampling site located at
approximately stream kilometer 1.6 (Figure 2). Worms were collected using a modified
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kick net method (ARC 1999). All depositional habitats 60 meters above the sentinel cage
sampling site were sampled. Depositional areas included banks, pools, run margins,
sediment deposits in riffles, and near obstructions, such as large woody debris jams.
Samples from these areas were then combined to form one sample for the site. The
objective o f this sampling was to attempt to locate T. tubifex and to determine if worms
were infected directly above the site with the highest grades o f infection, or if the source
o f infection was from further upstream.

After collection, worms were transported to the lab and sorted. Potential T. tubifex were
sorted from other oligochaete species based on the presence o f hair chaetae and other
morphological characteristics (Kathman and Brinkhurst 1998). Potential T. tubifex were
sorted into 100 mL plastic beakers (50 worms per beaker), placed in a refrigerator at 15°
C, with a 14-hr light: 10-hr dark photoperied for the duration of observations. Water from
each beaker was examined every 2 days to determine if worms were actively shedding
TAMs. Water samples were examined for 30 days. If TAMs were observed, polymerase
chain reaction (PCR) o f DNA extractions from the TAMs or worms was conducted to
determine if the TAMs were M. cerebralis and the worms therefore T. tubifex.

DNA extraction was done following the “mouse tail” protocol of the QIAmp Tissue Kit
(QIAGEN Inc, Santa Clarita, CA). Worm DNA was tested for the presence o f M.
cerebralis rDNA using the nested primers Tr 3-16, Tr 5-16, Tr 3-17, and Tr 5-17
developed by Andree et al, (1998). DNA extracted from myxospores of M cerebralis
served as the positive control and DNA extracted from uninfected oligochaets served as
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the negative control. DNA was loaded into agarose gel and subjected to electrophoresis.
DNA bands were visualized with ultraviolet light.

Data Analysis
Pearson’s Correlations were run between the independent variables (riparian habitat
parameters, in-stream habitat parameters and macroinvertebrate metrics and impairment
scores) and the dependent variable (occurrence o f T, tubifex). Correlations were also run
between independent variables to determine the strength and degree o f relationship
between riparian habitat parameters and in-stream habitat parameters. The correlation
between two variables reflects the degree to which the variables may be related.
Pearson’s Correlations reflect the degree o f linear relationship between two variables. It
ranges from +1 to -1, with +1 being a perfect positive linear relationship between
variables, - l a perfect negative correlation and with 0 indicating no correlation between
variables.

Binary logistic regression was used to model which independent variables significantly
predict the dependent variable [T. tubifex presence (1) or absence (0)]. Logistic
regression was used because it allows for numerical and categorical regressors. Logistic
regression applies maximum likelihood estimation after transforming the dependent
variable into a logit variable (the natural log of the odds o f the dependent variable
occurring or not). In this way, logistic regression estimates the probability of a certain
event occurring (in this case, presence or absence of T. tubifex).
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Data did not meet all assumptions for parametric tests, even after data transformation,
particularly normal distribution and variances, hence, the Mann-Whitney and Kruskal
Wallis one-way ANOVA tests were also used to determine whether significant
differences existed between variables. All descriptive, correlation, and statistical
analyses were conducted using Microsoft Excel (Microsoft Corp., Redmond, WA) and
SPSS statistical software (SPSS Inc., Chicago IL).
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RESULTS
Riparian Habitat
Riparian habitat surveys, using the RWRP Lotie Health Assessment Survey Form,
showed that the upper 9.7 kilometers o f Chamberlain Creek were in proper functioning
condition (PFC) (Figure 3). The majority of the lower 3.9 kilometers of Chamberlain
Creek were determined to be functioning at risk (FAR) (Figure 3). Electronic copies of
completed survey forms, including detailed location information for each site, are
available at Bitterroot Restoration, Inc.’s website, www.revegetation.com/index.htmI.

The results o f these surveys were used to stratify the creek into two sections; stream
reaches determined to be in proper functioning condition (PFC) and stream reaches
determined to be functioning at risk (FAR) for purposes o f selecting in-stream sampling
sites for more intensive sampling. A total o f 12 sampling reaches were selected, 6
located in PFC reaches and 6 located in FAR reaches (Figure 4). The scores for the
riparian health surveys for the 12 sampling reaches including scores for each habitat
variable are shown in Table 9. Results o f selected parameters from the RWRP Lotie
Inventory Form for each o f the 12 sampling reaches are shown in Table 10.
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Figure 3. Map of the Chamberlain Creek watershed showing results of riparian habitat
assessments. A total of 34 reaches were evaluated for riparian condition. Red circles
represent sites determined to be in proper functioning condition (PFC) and blue dots
represent sites determined to be functioning at risk (FAR).
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Figure 4. Location of the 12, 150 meter sampling reaches selected on Chamberlain
Creek. Sites marked with a red circle represent sites determined to be in proper
functioning condition (PFC) and sites marked with a blue circle represent sites
determined to be functioning at risk (FAR).
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Table 9. Riparian Wetland Research Program’s overall lotie health assessment scores
and scores for each riparian variable for the 12,150 meter reaches of Chamberlain Creek.

Site
#
Cl
C2
C3
C4
05
06
07
08
09
OlO
O El
OW l

Riparian Habitat Variables from
RWRP Lotie Health Assessment
Survey Form"*"
4
1 2 3
5 6 7 8 9 10 11 Vegetation
Score
6 6 3 6 2 2 6 6 6 3 9 93
6 6 3 6 2 3 6 6 6 3 9 96
6 6 3 6 2 3 6 6 6 3 9 96
6 6 3 6 2 3 6 6 6 3 9 96
6 2 2 6 3 2 6 6 6 3 9 78
2 0 2 4 2 2 4 6 6 3 9 44
4 2 2 6 2 3 2 2 0 3 9 70
4 0 1 4 2 4 4 2 4 6 3 56
6 2 3 4 2 2 4 4 2 1 9 70
6 0 1 4 2 3 6 4 0 3 9 59
6 2 2 4 2 3 6 6 6 3 9 70
4 2 2 4 2 2 6 4 6 2 9 59

Soil/Hydrology
Score
100
100
100
100
100
93
53
63
67
73
100
90

Total
Score
96
98
98
98
89
70
61
60
68
67
86
75

Descriptive
Category
PFC
PFC
PFC
PFC
PFC
FAR
FAR
FAR
FAR
FAR
PFC
FAR

Vegetation
Soil/Hydrology
1- Vegetative cover of floodplain and streambanks
7=Streambank root mass protection
2= Invasive plant species
8=Human-caused bare ground
3= Disturbance-increaser undesirable herbaceous species
9=Streambank structurally altered
4= Preferred tree and shrub species establishment and regeneration
10=Pugging and/or hummocking
5= Utilization of preferred tree and shrub species
1l=Stream channel incisement
6= Decadent and dead woody material

28

Table 10. Riparian Wetland Research Program (RWRP) Lotie Inventory Form select variables for the 12,150 meter sampling reaches
on Chamberlain Creek.
Site

Rosgen Noxious Weeds Present
Stream
Type

Elevation Habitat or Community
Type*
(m)

Cl
C2
C3
C4
C5
C6
C7
C8

1695
1579
1469
1341
1323
1311
1292
1268

PICEAX/EQUARV HT
ABILAS/CALCANHT
PICEAX/CORSTO HT
PICEAX/CORSTO HT
PICEAX/CORSTO HT
PSEMEN/CORSTO HT
PICEAX/CORSTO HT
PICEAX/CORSTO HT

A2
A2
A2
A2
B3
B3
B4
B4

C9
€10
CEI
CW l

1256
1195
1268
1317

PICEAX/CORSTO HT
POPTRI/SYMOCC CT
PICEAX/CORSTO HT
ALNINC CT 90%/
CARROS HT 10%

B4
B4
B3
B3

£ 1 1 , 1 lu c u

uf

y i^ w iu

None
None
None
None
Canada thistle
Canada thistle/Hound’s tongue
Canada thistle/Hound's tongue
Canada thistle/Hound’s tongue/ Spotted
knapweed
Canada thistle/Hound’ tongue
Canada thistle/Spotted knapweed
Canada thistle
Canada thistle/Sulfur cinquefoil/ Hound’s
tongue

Total %
Cover
by
Noxious
Weeds
0
0
0
0
10.5
33.5
11
40

o v w tw / n w v i w t

ABILAS/CALCAN HI: Abies lasiocarpa (Grand Qi)/Calamagrostis^ canadensis (bluejoint reedgrass) Habitat type
PICEAX/CORSTO HT: Spruce specks/Cornus stolonifera (Red-osier dogwood) Habitat type
PSEMEN/CORSTO HT = Pseudotsuga menziesii (Douglas fir)/Rcd-osier dogwood Habitat type
POPTRI/SYMOCC CT = Populus trichocarpa (Black c o t t o n w o o d ) / occidentalis (western snowbeiry) Community type
ALNINC CT =Alnus incana (mountain alder) community type
GARROS HT = C arex rostrata (beaked sedge) commimity type
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4
30.9
10.5
12.5

Riparian Length
Eroding
Zone
Bank (m)
Width
(m)
9.1
3.7
6.1
6.1
2,4
3.1
2.4
3.1

0
0
0
0
3.1
4.6
36.6
22.9

6.1
4.6
3.1
9.1

18.3
3.1
0
0

In-stream Habitat
All major geomorphic habitat units (slow, fast water turbulent, and fast water nonturbulent) within the 12 sampled stream reaches were recorded. One o f each major
habitat type was randomly selected for sampling within each reach, excluding the East
Fork and West Fork Chamberlain Creek, where only one set of measurements were
taken, resulting in a total o f 32 in-stream sampling sites. Within each selected habitat
type, the parameters described in Table 4 in the Methods section were measured. The
results o f these measurements are shown in Table 11. The scores of the in-stream habitat
assessments done for each sampling site are shown in Figure 5. Table 12 shows the
results o f the water quality parameters measured at the 12, 150 meter sampling reaches at
the time of aquatic macroinvertebrate sampling.

Figure 5. Habitat assessment scores for the 32 in-stream habitat sampling sites in
Chamberlain Creek using the Environmental Protection Agency’s habitat assessment
field form for high gradient streams. Bold numbers represent the 12 sampling reaches.
Clear bars represent riffle habitat, black bars represent run habitat, and striped bars
represent pool habitat.
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Table 11. In-stream habitat variables for 32 sampled habitat units in 12 sampling reaches on Chamberlain Creek.
% Cover by LWD
% Cover by
%
Mean
%
Habitat
Substrate
Habitat
Site # Site Description*
Unit Width
(m)

Cl
C2
C3
C4
C5
C6
C7
C8
C9
CIO
CEI
CWl

Site 1Pool
Site 1FWT
Site 1FWNT
Site 2 Pool
Site 2 FWT
Site 2 FWNT
Site 3 Pool
Site 3 FWT
Site 3 FWNT
Site 4 Pool
Site 4 FWT
Site 4 FWNT
Site 5 Pool
Site 5 FWT
Site 5 FWNT
Site 6 Pool
Site 6 FWT
Site 6 FWNT
Site 7 Pool
Site 7 FWT
Site 7 FWNT
Site 8 Pool
Site 8 FWT
Site 8 FWNT
Site 9 Pool
Site 9 FWT
Site 9 FWNT
Site 10 Pool
Site 10 FWT
Site 10 FWNT
Site 11-East Fork
Site 1-West Fork

Unit
Length (m)

1.89
1.77
0.98
1.34
0.98
1.40
2.50
2.59
1.98
1.37
1.68
1.89
0.98
0.76
1.95
1.83
1.98
2.50
3.11
2.62
2.50
4.42
4.43
1.89
4.33
1.98
3.72
2.50
2.56
0.91
0.15
0.37

*FWT=Fast watenirbulent in-stream habitat unit
FWNT=Fast water non-turbulent in-stream habitat unit

3.66
4.57
3.05
2.50
3.78
0.98
3.11
1.98
0.98
3.20
4.57
2.50
2.62
1.89
2.62
4.88
6.46
5.49
9.18
9.85
4.33
12.95
9.21
0.98
5.55
7.68
2.56
4.63
2.44
1.89
2.59
12.80

Size**

Water
Depth
(cm)

2
2
1
2
1
2
2
2
2
3
3
2
2
2
3
3
3
3
2
2
4
2
2
3
2
2
2
2
2
2
2
3

10.16
15.24
25.40
10.16
35.56
45.72
5.08
25.40
30.48
11.43
20.32
30.48
10.16
20.32
35.56
10.16
20.32
25.40
15.24
20.32
40.64
11.43
20.32
35.56
12.70
17.78
25.40
5.08
22.86
50.80
12.70
5.08

Surface
Fines

15
20
100
0
0
100
10
20
100
20
90
100
0
30
20
5
40
100
5
80
100
5
80
100
5
100
100
5
10
1
80
60

♦♦Substrate Size Classes;
l=Boulder 2=Cobble 3=Pebble 4=Gravel 5=Sand 6=Silt/Clay
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Macrophyt
es

Embeddedness

5
10
100
5
5
100
0
0
100
10
75
100
5
5
10
10
0
100
10
60
lOO
5
80
100
0
100
100
0
0
0
60
20

10
5
10
0
0
0
10
10
40
0
10
20
5
0
20
0
1
10
15
0
0
0
0
60
0
0
20
5
0
20
0
0

20
30
0
20
0
0
20
0
0
20
0
0
10
20
0
2
0
0
10
0
0
0
10
0
0
0
0
0
0
0
0
0

Average
Canopy
Cover (%)

23.66
10.66
16.20
39.78
41.08
47.84
16.38
19.76
11.70
21.06
22.88
30.42
23.14
22.88
12.22
27.30
34.58
35.10
11.70
18.46
13.0
32.76
20.54
26.52
59.80
42.12
94.64
40.56
20.02
14.82
52.75
0.0

Table 12. Results of water quality parameters measured at the 12,150 meter sample
reaches on Chamberlain Creek. Water quality data was collected at the same time as
aquatic macroinvertebrate samples were collected.
Site #

Date

Time

Cl
C2
C3
C4
C5
C6
C7
C8
C9
CIO
CEI
CW l

9-23-00
9-23-00
9-23-00
9-23-00
9-23-00
9-23-00
9-26-00
9-26-00
9-26-00
9-26-00
9-26-00
9-26-00

8:10 am
9:50 am
10:15 am
10:35 am
2:20 pm
3:15 pm
12:05 pm
1:05 pm
2:20 pm
8:30 am
9:30 am
10:20 am

Water
Temp

pH

DO mg/L

Conductivity
mS/cm

3
4
5
3
6
8
6
10
6
5
4
5

8.1
7.8
7.8
7.8
8.0
7.9
7.8
8.1
7.2
7.6
7.8
8.0

14.0
14.3
14.2
13.7
14.9
14.0
14.3
13.5
14.4
14.0
14.0
15.0

0.08
0.09
0.08
1.1
1.2
1.2
1.3
1.3
1.2
1.2
2.3
1.2

Aquatic Macroinvertebrate Sampling
The results o f the metrics calculated from the aquatic macroinvertebrate samples used to
determine impaired sites from unimpaired sites based on the EPA Bioassessment
methods are shown in Table 13.

No mature T. tubifex were identified from the oligochaetes collected. Total oligocheate
numbers for each site and the number of potential T. tubifex per site are shown in Table
14. The oligochaete composition at each site, including the numbers of worms classified
as potential T. tubifex are shown in Figure 6. In addition to potential T tubifex, other
oligochaeate families identified in sampling included the Lumbricidae, Lumbrdulidae,
and Haplotaxidae. Other Tubificidae species found included Limnodrilus hoffineisteri
and other species lacking morphological characteristics consistent with T. tubifex.
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Table 13. Results of the diversity and aquatic biointegrity metrics calculated for aquatic
macroinvertebrate samples collected in each habitat unit within the 12,150 meter
sampling reaches on Chamberlain Creek.
Site*

Cl

Potential

Total

Taxa
Richness

EFT

Biotic
Index

%

%

%

Impairment

Collectors

Scrapers+

EPT

Score

T.

Oligochaete

teAÿfac**

abundance

0

0

24

15

3.76

22.6

21

34

47.37

.62

0

0

25

15

3.50

39.4

24

28

34.48

.48

32

107

8

1

5.79

65.7

51

13

.3

.14

12

32

27

17

4.73

26.9

34

33

34.89

.52

8

9

35

21

5.56

53.7

35

28

29.31

.48

25

43

29

18

5.74

52.8

35

28

21.60

.43

0

0

4

1

0.55

72.7

50

25

72.73

.43

0

0

15

5

3-57

39.2

20

13

24.05

.29

2

2

3

0

5.67

50

33

0

0

.14

0

4

36

24

4.78

29.5

42

25

37.85

.62

5

5

23

13

4.22

24.6

35

22

40.57

.43

0

0

17

5

6.73

65.2

35

24

9.58

.14

0

32

27

14

5.59

54.8

34

26

24.20

.29

0

65

43

27

3.69

27.8

37

25

47.17

.71

0

12

33

16

4.35

28.3

30

24

40.96

.52

0

46

38

26

3.90

36.4

35

24

46.13

.62

4

38

28

17

4.53

58.6

36

22

20.34

.33

2

20

24

11

3.62

30.7

42

25

51.53

.43

23

94

32

18

4.35

30.3

44

28

38.51

.57

Richness

Dominant

%

Shredders

Taxa

FWT
Cl
FWNT
Cl
SLW
C2
FWT
C2
FWNT
C2
SLW
C3
FWT
C3
FWNT
C3
SLW
C4
FWT
C4
FWNT
C4
SLW
C5
FWT
C5
FWNT
C5
SLW
C6
FWT
C6
FWNT
C6
SLW
C7
FWT
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Site*

C7

Potenltal

Total

Taxa

EPT

Biotic

%

%

%

%

Impairment

T.

Oligochaete

Richness

Richness

Index

Dominant

Collectors

Scrapers+

EPT

Score

tubifex**

Abnadancc

50

98

44

25

427

19.7

36

25

34.34

.62

69

157

32

16

4.02

19.8

31

38

35.75

.57

6

62

37

24

3.44

20.9

38

25

60.46

.76

6

14

25

9

4.81

35.1

40

12

28.15

.38

35

37

29

19

3.28

18.1

37

27

57.48

.76

0

0

18

7

3.69

41.3

22

17

13.01

.29

13

22

26

14

3.79

48.7

31

24

71.91

.48

19

80

21

9

6.16

56.9

38

34

4.87

.24

9

46

21

8

3.37

17.7

43

15

28.65

.43

0

5

38

20

3.69

25.1

40

24

33.22

.62

0

0

23

8

3.72

58.8

22

26

9.41

.38

28

76

36

19

3.13

21.7

31

25

57.79

.71

0

12

25

6

5.17

20.2

24

24

16.56

.38

Taxa

Shredders

FWNT
C7
SLW
C8
FWT
C8
FWNT
C8
SLW
C9
FWT
C9
FWNT
C9
SLW
CIO
FWT
C 10
FWNT
CIO
SLW
CEI
FWNT
CWl
FWT

*FWT = Fast water turbulent habitat type (riffle or cascade)
FWNT = Fast water non-turbulent habitat type (run or sheet)
SLW = Slow water habitat type (pools)
**Potential T. tubifex refers to those worms collected that could not be positively identified because they
were not sexually mature at the time of sampling, but had morphological characteristics consistent with the
species.
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Figure 6. Oligochaete composition at 32 sampling sites in 12, 150 meter sampling
reaches on Chamberlain Creek.
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A total of 80 worms with characteristics consistent with T. tubifex were collected above
stream kilometer 1.6 (above the highest known site infected with whirling disease) (see
Figure 2). The dominant depositional habitat in this stretch of stream was at the margins
of riffle habitats. No release of TAMs from the worms were observed during the 30 day
observation period.

Because no release was observed, a PCR diagnostic test was done on a subset of the
collected worms to determine if they were infected with A/, cerebralis. This test was
negative for the parasite DNA.
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Data Analysis
Because no T tubifex were positively identified, correlations between abundance of
potential T. tubifex (those immature worms having morphological characteristics
consistent with T. tubifex) and habitat variables were done as well as modeling of
measured variables significantly predicting the presence or absence of potential T
tubifex. Significant correlations (r>0.3, p <0.05) resulted between twelve measured
independent variables and potential T. tubifex. Positive correlations occurred between
potential T. tubifex abundance and; habitat length (r=0.395, p=0.025), habitat width
(r=0.354, p=0.047), length eroding bank (r=0.602, p=0.000), total oligochaete abundance
(r=0.454, p=0.037), impairment score (r=0.399, p=0.024), percent shredders + scrapers
(r=0.378, p=0.033), EPT richness (r=0.358, p=0.044), and taxa richness (r=0.360,
p=0.043). Negative correlations occurred between likely T. tubifex abundance and;
streambank rootmass protection (r=-0.538, p=0.002), human-caused bare ground (r=0.478, p=0.006), percent dominant taxa (r=-0.340, p=0.049) and total soil/hydrology
health score (r=-.471, p=.006). Results o f all correlations run between potential T tubifex
and riparian, in-stream, and aquatic macroinvertebrate variables are shown in Table 14.

The logistic regression model included two independent variables (length of eroding bank
and % shredders+scrapers) that significantly improved the model and was accurate in
predicting presence/absence o f potential T. tubifex 84.4% of the time.

In addition, correlations were run to see if the riparian habitat parameters assessed in the
RWRP Lotie Health Assessment Survey form correlated with in-stream health measures.
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The highest correlation was found between the total riparian health score for the 12 sites
and the EPA s aquatic habitat assessment scores for each site (i=0.855, p=0.000). Total
potential T. tubifex did not significantly differ between degraded and non-degraded sites,
however, total oligochaetes did (z=-1.819, p=0.06) at the p=0.10 level. The only other
measured variables that showed significant differences between sites determined to be
degraded compared with sites determined to be non-degraded were length of eroding
bank (z=-4.511, p=0.000) and elevation (z=^-4.523, p=0.000).
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Table 14. Results of Pearson’s Correlations for all independent variables compared with
potential Tubifex tubifex occurrence. Results in bold represent significant correlations (r>
0.3, p<0.05).
Pearson
Correlation
with potential
T. tubifex (r)

Independent Variables

Riparian Habitat
Variable 1; Vegetative cover of floodplain and streambanks
Variable 2; Invasive plant species
Variable 3; Disturbance increaser undesirable herbaceous species
Variable 4: Preferred tree and shrub establishment and regeneration
Variable 5: Utilization of preferred trees and shrubs
Variable 6: Standing decadent and dead woody material
Variable 7: Streambank root mass protection
Variable 8: Human caused bare ground
Variable 9; Streambank structurally altered
Variable 10: Stream channel incisement
Vegetation Score
Soil/Hydrology Score
Total Riparian Health Score
Width of Riparian Vegetation
% Cover of noxious weeds
Length eroding bank
Elevation
In-stream Habitat
Habitat Assessment Score
Habitat type
Habitat width
Habitat length
Substrate size
Mean water depth
% surface fines
% embeddedness
% cover by LWD
% cover by macrophytes
Canopy cover
Aquatic Macroinvertebrate Metrics
Total oligochaete abundance
Taxa richness
EPT Richness
Biotic index
% dominant taxa
% collectors
% scrapers + shredders
% EPT
Impairment score
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P
value

-0.117
-0.030
-0.056
0.159
-0.202
0.257
-0.538
-0.478
0.090
-0.082
-0.003
-0.471
-.0324
-0.266
-0.066
0.602
0.016

0.524
0.872
0.761
0.385
0.266
0.156
0.002
0.006
0.626
0.656
0.988
0.006
0.071
0.142
0.720
0.000
0.929

-0,281
-0.324
0.354
0.395
-0.177
-0.146
-0.156
-0.106
-0.129
0.071
0.078

0.120
0.710
0.047
0.025
0.333
0.425
0.394
0.562
0.482
0.700
0.673

0.454
0.360
0358
-0.035
-0.340
0.018
0-378
0.169
0.399

0.037
0.043
0.044
0.847
0.049
0.921
0.033
0.356
0.024

DISCUSSION AND CONCLUSIONS
Riparian and In-stream Habitat
In general, the riparian habitat along Chamberlain Creek is in good condition. No
reaches received scores falling in the non-functioning category based on the assessment
method used in this study. There is an obvious break in the condition of the riparian
habitat along Chamberlain Creek which occurs directly below sampling Reach C5
(Figure 4). This break, between reaches with scores in the proper functioning condition
category (PFC) and reaches with scores in the functioning at risk (FAR) category,
corresponds most obviously with the location of Chamberlain Creek Road and a private
access road, which closely parallel the creek up to this point. Above this site,
Chamberlain Creek flows predominantly through a steep valley. The majority of the
watershed has been subject to timber harvest in the past, however, the riparian area has
remained largely undisturbed due to the steep nature of the valley. The riparian area
through these reaches is predominantly a spruce habitat type with a dense conifer
overstory and a narrow fringe of dense shrubs along the channel.

The channel gradient is steeper through the upper reaches. Large wood is abundant and
one of the dominant in-stream habitat forming features (Figure 7). Large wood and rock
form cascades and deep pools and provide channel stability in the upper reaches (Figure
8). The riparian shrub vegetation, along with accumulations of large wood, provide the
majority of the in-stream cover and important food energy inputs to the stream. Nonvascular plants, such as mosses, are common on substrate throughout most of the upper
reaches and function to capture food energy in the stream. The upper reaches of
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Chamberlain Creek appear to receive adequate natural nutrient inputs to support a diverse
array of aquatic biota.

Below sampling reach C5, the stream still flows through a confined valley. Chamberlain
Creek Road is located parallel to the stream through this section located from
approximately sampling reach C5 to just below sampling reach C8 (Figure 4). The West
Fork enters Chamberlain Creek directly below sampling reach C5 (Figure 4). Above its
confluence with Chamberlain Creek, the West Fork flows through a wet meadow area,
where signs of past cattle damage is apparent, including; bank damage, reduced shmb
cover, and channel incisement.

The in-stream habitat in Chamberlain Creek below sampling Reach C5 becomes less
complex, with fewer deep pools (Figure 8). The substrate becomes more uniform and
areas of bank erosion and channel incision are present. The dominant factors
contributing to lower riparian health assessment scores along these reaches include;
reduced cover of floodplains and streambanks by riparian shrubs, increased abundance of
invasive plant species, reduced streambank root mass protection, and greater amounts of
standing dead and decadent woody material.

The East Fork enters Chamberlain Creek below sampling reach C4 (Figure 4). The road
density in the East Fork is high and roads parallel much of the stream. Although there are
numerous sings of past disturbance, such as stream crossings, levee building, and cattle
damage, the reach selected for sampling received a health assessment score within the
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PFC category, largely due to the dense riparian vegetation and low density of weeds in
the riparian area compared with other sites.

The location of Chamberlain Creek Road, adjacent to Chamberlain Creek in a narrow
canyon, has resulted in channelization of numerous sections of the stream, which has led
to areas of channel incision and erosion. Slope erosion of the canyon walls is apparent in
many places, where the channel has been forced directly up against them. Increased
sediment delivery is apparent in many of these areas and in downstream depositional
areas. While channelization has resulted in some areas of lateral erosion, the greatest
resulting effect may be the straightened channel which has increased water velocity and
channel incision. There are some signs that this has affected the water table along the
stream. The riparian area along these reaches is reduced (typically less than 10 feet in
width) with large amounts of standing dead and decadent woody vegetation, low levels of
woody vegetation regeneration, and high percent cover by noxious weeds and other
undesirable species. The large amounts of standing decadent vegetation (predominantly
alder species) may be signs of a reduced water table that is no longer capable of
supporting extensive riparian vegetation. These conditions may favor a transition to drier
upland species and encourage the spread of noxious weeds along the stream.

Below sampling reach C9, Chamberlain Creek enters a wide glacial valley before
entering the Blackfoot River. This area has been subject to numerous restoration
activities and the riparian areas are recovering and expanding. There is still evidence of
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past disturbances, including grazing, road crossings, and channel diversions, which
resulted in riparian assessment scores in the FAR category.

Because no T. tubifex were positively identified as a part o f this study it was not possible
to compare abundance between degraded and non-degraded sites. Total oligochaete
abundance was significantly different between degraded and non-degraded sites at the
p<0.10 level (z=-1.819, p=.06). This relationship needs to be further explored to draw
any conclusions about how it may relate to potential habitat occupied by T. tubifex in
Chamberlain Creek.

Figure 7. Photograph o f sampling reach Cl on Chamberlain Creek, located in a
spruce/field horsetail habitat type with large cobble and boulder substrate. Photograph
was taken looking downstream (northeast).
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Figure 8. Photograph showing an upper reach of Chamberlain Creek with dense riparian
vegetation and complex in-stream habitat. Photograph was taken looking upstream
(northwest).

Figure 9. Photograph o f Chamberlain Creek directly below the confluence with the West
Fork Chamberlain Creek showing reduced riparian vegetation and less complex in-stream
habitat. Photograph taken looking downstream (north).
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Figure 10. Photograph o f eroding bank and road encroachment on Chamberlain Creek
above sampling reach C9. Photograph was taken looking downstream (northeast).

Aquatic Macroinvertebrate Sampling
The metrics calculated for aquatic macroinvertebrate samples in Chamberlain Creek were
highly variable (Table 13). In general, pool habitat showed the lowest metric scores and
riffle habitats showed the highest. This was expected, as riffle habitat is typically
considered the most productive for aquatic insects. A biointegrity study done of seven
tributary streams in the Blackfoot River drainage, including Chamberlain Creek, found
that using a composite normalized metric score based on 10 metrics, Chamberlain Creek
ranked second for aquatic biointegrity (Rothrock et al. 1998). Metrics overlapping with
those calculated in this study were taxa richness (37) and EPT richness (21). These
metrics were similar to those calculated for riffle habitats in this study (Table 13).
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Only two of the sampled sites fell within the full support use categories as determined by
the multi metric bioassessment approach used in this study. The majority of sites fell
within the moderate impairment category (x=.46, n=32). The state of Montana describes
the waters and habitat conditions in Chamberlain Creek as exhibiting a “slight magnitude
of impairment” (MDEQ 1994). The low impairment scores seen in this study may not
reflect the true conditions in the stream and may indicate faults in biotic sampling
methods given certain habitats that were sampled. It may also indicate that the
“multimetric” approach used lacked the metrics or combination of metrics that would
distinguish between impaired and unimpaired sites in Chamberlain Creek.

Because no T. tubifex were positively identified as a result of this study, it was not
possible to relate the occurrence of the worm to aquatic macroinvertebrate metrics and
impairment scores. Although, impairment scores were low, diversity metrics, in general
were high for habitat where insect productivity would be expected to be high. This data
could potentially be compared with results of future studies focused on determining what
habitat is occupied by T. tubifex in Chamberlain Creek to determine if a relationship
exists between type of habitat occupied by T. tubifex and habitats with reduced insect
diversity.
Tubifex tubifex Sampling and Monitoring for TAM Release
No 71 tubifex were positively identified as a result of this study. T. tubifex is very similar
to several other oligochaetes and can only be positively identified when sexually mature.
Positive identification of T. tubifex is based on external morphology (i.e. chaetae) and the
morphology of reproductive structures (i.e. penis sheath). Chaetae are the only
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identification critérium for oligochaetes which are not sexually mature (Steinlechner
1987) and the chaetae of T. tubifex can change forms depending on environmental
conditions (Chapman and Brinkhurst 1987). Further complicating identification; after
reproduction, the worms resorb their reproductive organs (Chapman and Brinkhurst
1987). Therefore, during the year, the majority of field-collected oligochaetes cannot be
positively identified. Gustafson (1997) reported that mature specimens of T. tubifex in
Montana are more likely found during the colder winter months, however, other studies
have reported finding them at other times of the year as well (Gilbert 2002). Oligocheate
collection for this study was done in September 2000 and late April 2001. There are
currently efforts underway to develop molecular markers that will allow for positive
identification of immature species (Beauchamp et al. 2001).
The difficulty in identifying T, tubifex does not explain the low overall numbers of
oligochaetes found during sampling. A similar study, also attempting to sample many
different habitat types, in another Blackfoot River tributary also found low overall
numbers of oligochaetes and few positively identified T. tubifex (Smith 1999). This
likely indicates that using this type of sampling design is not appropriate for sampling T.
tubifex. However, sampling only depositional habitats was also done as a part of this
study, and still very few potential T. tubifex were found (80 in a 60 meter reach). In
addition, the predominant depositional habitat in the reach sampled solely for
oligochaetes was along the margins of riffle and run habitat, which was included in many
of the random habitat samples collected for the study.
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Because no T. tubifex were positively identified it is not possible to draw conclusions
about the habitat they occupy in Chamberlain Creek, however, some speculations can be
made. T. tubifex are known for their ability to survive eutrophic conditions. No water
quality impairment has been shown in Chamberlain Creek based on the data collected in
this study or in past water quality data collection done by the state, that would lead to the
assumption that eutrophic conditions exist in the creek (MDEQ 1994). And it has been
proposed that outside of eutrophic conditions numbers of T. tubifex may be kept low by
competition and predation by other insects. This may be one reason for the difficulty in
finding large numbers of the worm in Chamberlain Creek. Although the aquatic
macroinvertebrate samples did not show high diversity of insect assemblages, T, tubifex
is an important prey species for numerous species of insects (Granath and Gilbert 2002).

Significant correlations were found between potential T. tubifex and several independent
variables. Only one of these, length of eroding bank, which had the highest correlation
(r=0.602, p=0.000) with potential T. tubifex occurrence, would seem to agree with the
hypothesis that potential T. tubifex occur in areas of more degraded habitat. The other
correlations seem to contradict this, particularly, the negative correlations with the
riparian habitat variables, ‘human caused bare ground’ and ‘streambank structurally
altered’, which would both imply that potential T. tubifex numbers decrease as riparian
habitat becomes more degraded.

The logistic regression model retained two variables; “length eroding bank” and the
aquatic macroinvertebrate metric “%scrapers + shredders”. The possible relationship
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between “length eroding bank” and potential T. tubifex occurrence seems likely if the
worms increase as habitat degrades. The possible relationship with
“%scrapers+shredders” is less clear, however, it may give some insight into where the
worms occur in non-degraded habitat. For example, in the upper reaches of Chamberlain
Creek, where habitat is complex and little sign of disturbance is apparent, large amounts
of wood in the channel create hydraulic diversity and slow current velocities. Slowing
water velocity allows for sediment to drop from suspension and be deposited on the
stream bottom. This may result in pools with nutrient-rich, fine particulate organic
matter (POM). Retention of POM increases with the amount of large wood in the stream
which allows many benthic invertebrates to increase (Wallace et al. 1995). Species in the
shredder functional feeding group shred and chew coarse particulate organic matter and
scrapers graze on biofilm on rocks and other exposed surfaces. In upper reaches of
Chamberlain Creek, the habitat occupied by shredders and scrapers may be indicative of
the type of habitat occupied by T. tubifex. These pool areas, with high amounts of POM
retention may provide habitat for the worms in sediment limited streams, such as the
upper reaches of Chamberlain Creek. However, it is likely that competition in these areas
would also be higher potentially keeping the numbers of oligochaetes low.

The fact that such high densities of T. tubifex have been observed in eutrophic
environments is what led to the idea that habitat degradation exacerbates, or may even be
necessary, for the disease to effect a susceptible fish population by hosting densities of
the worm that result in higher TAM production and higher rates and severity of infection.
However, recent studies that have looked at the parasite and tubifex distribution
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throughout a watershed have found no obvious correlation between habitat condition and
the presence or absence o T. tubifex infected with the parasite (Gilbert 2002). However,
this may not be the case in all watersheds under all types of habitat conditions. It is clear
that the relationship must be further assessed.

Although the total number of worms collected was thought to be low, it is not surprising
that no infected worms were found during the second sampling period focused at only
collecting oligochaetes. In natural settings, infection rates in worms collected from
streams are typically low (<5%) (Stevens et al. 2001, Gilbert 2002). Gilbert (2002) found
no infection by the parasite in numerous collections of T. tubifex upstream of sentinel
cage sites with high infection grades, even when all potential oligochaete habitat was
sampled. On the stream-reach or greater spatial scales, the encounter rate of T. tubifex
with M. cerebralis spores probably limits disease prevalence in T. tubifex in aquatic
systems (Stevens et al. 2001). T. tubifex consume only small amounts of sediment daily
and small scale unevenness of worm and myxospore distributions within sediments could
result in a patchy distribution, where small areas of infected worms are located among
many areas of uninfected worms, resulting in a low overall infection rate for T. tubifex
within a stream reach (Stevens et al. 2001).

The number of T. tubifex required to produce enough TAMs to create infection grades as
high as those seen in lower Chamberlain Creek are unknown and likely dependent on
environmental factors. Stevens et al. (2001) showed in the lab that the total TAM
production did not differ among myxospore doses per worm and that the presence of
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relatively few myxospores may quickly lead to high TAM production in worm
populations. Therefore, even small numbers of widely distributed T, tubifex in
Chamberlain Creek may result in high infection rates in fish. Hedrick et al. (1999) found
that exposure to as few as 10 TAMs in the lab can cause detectable infection in rainbow
trout.

Management Recommendations
Chamberlain Creek is considered a stronghold for native westslope cutthroat trout
populations in the Blackfoot River. Recruitment from spawning tributaries is a very
important issue to address when assessing the potential impacts of whirling disease
because young of the year fish are the most susceptible to disease development (Hedrick
et al. 1999). The original goal of this study was to develop riparian and stream
management recommendations to reduce the threat of whirling disease in Chamberlain
Creek. Because no T. tubifex were positively identified it is not possible to make
management recommendations to reduce tubifex habitat or population densities in
Chamberlain Creek. Due to the small number of oligochaetes found in sampling of the
stream, it may be likely that large numbers of tubifex occur in a small overall amount of
the habitat available.

Recent studies suggest that negative impacts to a susceptible fish population may occur
as a result of a discrete spot of infectivity and that habitat manipulations to reduce
available habitat for T. tubifex may be viable management tools (Thompson and Nehring
2003, Zendt and Bergerson 2000). Reduction of available habitat for T. tubifex may
occur by direct channel alterations or the use of flushing flows in regulated systems.
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Thompson and Nehring (2003) used direct channel alterations to reduce the available T.
tubifex habitat which resulted in a reduced number of TAMs observed in the water
column, but also a rapid recolonization by oligochaetes in other available habitat.

The distribution, preferred habitat and infection rates for T. tubifex in Chamberlain Creek
is not known, therefore, no recommendations to reduce tubifex habitat are suggested.
Further, due to the small numbers of potential T. tubifex found in depositional habitats
near stream kilometer 1.6, this would not likely be an effective solution anyhow. Further
research is required to understand the variables influencing the spread of whirling disease
in the Chamberlain Creek watershed before effective management tools can be
developed.

Recommendations for Future Research
Future research on whirling disease in Chamberlain Creek should focus on the spatial and
temporal distribution of the parasite and oligochaete host within the watershed. This
must be further understood before relationships between T. tubifex, M. cerebralis and
habitat and environmental factors can be effectively studied. To do this, sentinel cages
should be placed at locations higher in the watershed, such as above the confluence with
the West Fork. Habitat conditions are in proper functioning condition above this site and
the presence of the parasite is unknown. This will provide more understanding on the
spatial distribution of the parasite, which is currently only known for the lower mile of
the stream. This would also allow for any potential relationship between riparian habitat,
stream habitat, and the distribution of T. tubifex and the parasite to be further examined.
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For example, if the parasite is present in Chamberlain Creek above the West Fork, then
environmental conditions may exist in the West Fork and East Fork that are preventing
the spread of the parasite into these tributary streams that may be of interest from a
management perspective.

Monitoring should expand to include temporal rates of infection and sampling and
monitoring of infectivity in T. tubifex to determine where infected populations occur and
the range of influence an infected T. tubifex population may have within the watershed.
Temporal monitoring should include the early season rise in temperature to see if the two
distinct peaks in infection rates are observed in late spring and early fall seasons as have
been shown through MFWP studies elsewhere in Montana. Understanding any seasonal
periodicity of TAM release by T. tubifex in Chamberlain Creek would be important for
management considerations and assessing the threat of whirling disease to susceptible
fish populations in the watershed.
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Appendix. EPA Habitat Assessment Field Data Sheet for High Gradient Streams

HABITAT ASSESSMENT FIELD DATA SHEET— HIGH GRADIENT STREAMS (FRONT)
LOCATION

STREAM NAME
STATION #

RiVERMILE

STREAM CLASS

LAT

LONG

RIVER BASIN
AGENCY

STORET#
INVESTIGATORS
FORM COMPLETED BY

SC O R E
2. E m beddedness

SCO RE
3. V elocity/D epth
R egim e

SCO RE
4. S edim ent
D eposition

SC O R E
S. C h an n el R ow
S tatu s

SCO RE

AM PM

C ondition C ategory

H a b ita t
P a ra m e te r
I. E pifaunai
S u b stra te/
A vailable C o v e r

REASON FOR SURVEY

DATE
TIME

O ptim al

S ubopdm al

Greater than 70% o f
substrate favorable for
epifaunai colonization and
fish cover; mix of snags,
submerged logp, undercut
banks, cobble or other
stable habitat and at stage
to allow full colonization
potential (i.e., logs/snags
that are
new fall and
not transient).

40-70% m ix o f stable
habitat; well-suited for
full colonization potential;
adequate habitat for
maintenance o f
populations; presence o f
additional substrate in the
form o f newfall. but not
yet prepared for
colonization (may rate at
high end o f scale).

20

19

18

17

16

GtaveL cobble, and
boulder particles are 025% surrounded by fine
sedim ent Layering o f
cobble provides d iversi^
o f niche space.
20

19

18

17

16

All four velocity/depth
regimes present (dow deep, slow-shallow, fastdeep, fast-shallow).
(Slew is < 0,3 m/s, deep is
> 0.5 m.)
20

19

18

17

16

Little o r no enlargement
o f islands or point bars
and less than 5% o f the
bottom affected by
sediment deposition.

20

19

18

17

16

Water reaches base o f
both lower banks, and
minimal amount o f
channel substrate is
exposed
20

19

18

17

15

14

13

12

M arginal

11

Gravel, cobble, and
boulder particles arc 2550% surrounded by fine
sedim ent

15

14

13

12

it

Only 3 o f the 4 regimes
present (if fast-shallow is
missing, score lower than
if missing other regimes).

15

14

13

12

11

Some new increase in bar
formation, mostly from
gravel, sand o r fine
sediment; 5-30% o f the
bottom affected; slight
deposition in pools.

15

14

13

12

11

Water fills >75% o f the
available channel; or
<25% o f channel
substrate is exposed.
16

15

14

13

59

12

11

Poor
Less than 20% stable
habitat; lack, o f habitat is
obvious; substrate
unstable or lacking

20-40% m ix o f stable
habitat; habitat
availability less than
desirable; substrate
frequently disturbed or
removed.

10

9

8

7

6

Gravel, cobble, and
boulder particles are 5075% surrounded by fine
sedim ait

10

9

«

7

9

8

7

6

9

8

7

6

6

W ater fills 25-75% o f the
available channel, and/'or
riffle substrates are mostly
exposed.
10

9

8

7

3

2

1

0

5

4

3

2

1

0

Dominated by 1 velocity/
depth regime (usually
slow-deep).

Moderate deposition o f
new gravel, sand o r fine
sediment on old and new
bars; 30-50% o f the
bottom affected; sediment
dqw sits at obstructions,
cOTstrictions, and bends;
moderate deposition o f
pools prevalent.
10

4

Gravel, cobble, and
boulder particles arc more
than 75% surrounded by
fine sediment

Only 2 o f the 4 habitat
regimes present (if fastshallow o r slow-shallow
zxe missing, score low).

10

5

6

5

4

3

2

1

0

Heavy deposits o f fine
material, increased bar
development; more than
50% of the bottom
changing frequently;
pools almost absent due to
substantial sediment
deposition.
5

4

3

2

1

0

Very little water m
channel and mostly
present as standing pools.

5

4

3

2

1

0

HABITAT ASSESSMENT FIELD DATA SHEET—HIGH GRADIENT STREAMS (BACK)
Condition Category

Habitat
Parameler

Optimal

Subopftmat

6. Channel
Alteration

Channelization or
dredging absent or
minimal; stream with
normal pattern.

SCORE

20

7. Frequency o f
Riflles (or bends)

& Bank Stability
(score each bank)
Note: determiiK left
or right side by
facing downstream.

18

17

16

Occurrence o f riffles
relatively frequent, ratio
of distance between riffles
divided by width o f the
stream <7:1 (generally 5
to 7); variety o f habitat is
key In streams where
riffles are continuous,
placement o f boulders or
other large, natural
obstruction is important.
20

SCORE

19

19

18

17

16

Banks stable: evidence o f
erosion or bank failure
absent or minimal; little
potential for future
problems. <5% o f bank
affected.

Marginal

Poor

Some channelization
present, usually in areas
of bridge abutments;
evidence of past
channelization, i.e.,
dredging, (greater than
past 20 yr) may be
present, but recent
channelization is not
present.
15 14 13 12 11

Channelization may be
extensive; embankments
or shoring structures
present on both banks;
and 40 to 80% of stream
reach channelized and
disrupted

Occurrence of riffles
infrequent; distance
between riffles divided by
tite widtli of the stream is
between 7 to 15.

Cccasional riffle or bend;
bottom contours provide
some habitat; distance
between riffles divided by
the width of the stream is
between 15 to 25.

15

14

13

12

11

Moderately stable;
infrequent, small areas o f
erosion mostly healed
over. 5-30% of bank in
reach has areas of erosion.

10

9

10

9

8

8

7

6

7

6

Moderately unstable; 3060% o f bank in reach has
areas o f erosion; high
erosion potential during
floods.

Banks shored with gabion
or cement; over 80% of
the stream teach
channelized and
disrupted înstream
habitat greatly altered or
removed entirely.

5

4

3

2

1

Generally all flat water or
shallow riffles; poor
habitat; distance between
riffles divided by the
width o f the stream is a
ratio o f >25.

5

4

3

2

1 0

Unstable, many eroded
areas; "raw " areas
frequent along straight
sections and bends;
obvious bank slou^ting;
60-100% of bank has
ercisional scars.

SCO RE___ (LB)

Left Bank

10

9

8

7

6

5

4

3

2

1

0

SCO RE___(RB)

Right Bank 10

9

8

7

6

5

4

3

2

1

0

SCO RE___ (LB)

More than 90% of the
streambank surfaces and
immediate riparian zone
covered by native
vegetation, including
trees, understory shrubs,
or nonwoody
macnophytes; vegetative
disruption through
grazing or mowing
minimal or not evident;
almost all plants allowed
to grow naturally.
Left Bank 10
9

SCORE

Right Bank 10

9. Vegetative
Protection (score
each bank)

(RB)

9

SCORE___ (LB)

Width of riparian zone
>18 meters; human
activities (i.e., parking
lots, roadbeds, clear-cuts,
lawns, or crops) have not
impacted zone.
Left Bank 10
9

SCORE

Right Bank 10

10. Riparian
Vegetative Zone
Width (score each
bank riparian zone)

(RB)

9

70-90% o f the
streambank surfaces
covered by native
vegetation, but o i k class
of plants is not wellrepresented; disnqrtion
evident but not affecting
full plant growth porential
to any great extent; more
tfran one half of the
potential plant stubble
height remaining.

50-70% o f the
streambank surfaces
covered by vegetation;
disruption obvious;
patches o f bare soil or
closely cropped vegetation
common; less than onehalf of the potential plant
stubble height remaining.

Less than 50% of the
streambank surfaces
covered by vegetation;
disruption of streambank
vegetation is very high;
vegetation has been
removed to
5 centimeters or less in
average stubbie height.

8

7

6

5

4

3

2

1

0

8

7

6

5

4

3

2

1

0

Width of riparian zone
12-18 meters; human
activities have impacted
ZOTK only minimally.

Width of riparian z o i k 612 meters; human
activities have impacted
zotK a great deal.

Width of riparian zone <6
meters; little or no
riparian vegetation due to
human activities

8

7

6

5

4

3

2

1

0

8

7

6

5

4

3

2

1

0
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0

