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SUMMARY

Periphyton (benthic algae) samples were colilected by the Water Quality
Division (WQOD) of the Montana Department of Health and Environmental Sciences
{now Department of Environmental Quality) from natural substrates at locations
on the Clark Fork of the Columbia River and selected major tributaries for the
purpose of assessing water quality, bicological integrity, and overall impairment
of agquatic life. Samples were collected at 25 locations in August 1994, Similar
surveys have been conducted annually by the WQD since 1986.

Samples were analyzed for relative abundance of non-diatom genera, dominant
non-diatom phylum, and relative abundance of diatom species. The total percgent
relative abundance of diatom species in three pollution tolerance groups wers
calculated. Diatom metrics calculated included: diatom spacies richnesgs, Shannon
diversity index, pollution index, giltation index and percent gimilarity index.
Two protocols using specific criteria based on diatom metrics were used Lo a3sess
biological integrity and overall impairment of aguatic life. Protocol I relied
on least-impaired reference streams in Montapa, while Protocol IT utilized local
upstream or sidestream reference sites for comparisorn.

Blacktail Creek, upstream of Silver Bow Creek, was found to have only fair
piological integrity with moderate impairment of aquatic life, indicating
somewhat impaired water guality. This was probably due to siltation relacted to
historical mining activities, urbanization, and the naturally-occurring granitic

geclogy.

gilver Bow Creek upstream from Butte's wastewater discharge had fair
biological integrity, with moderate impairment of aguatic life, due to siltation
and urban impacrs. Silver Bow Creek from below the Colorado Tailings to
downstream of the Warm Springs Ponds continued to exhibit poor bilological
integrity with severe overall impairment of aquatic life, indicating very poor
water guality. Elevated heavy metals and nutrients from historical and municipal
sources were suspacted as the principal pollutants.

Warm Springs Creek had excellent biological integrity with no impairment
of agquatic life, indicating very high water guality in this important headwater
tributary to the Clark Fork.

Biological integrity at mainstem Clark Fork stationsg from Warm Springs
Creek downatream to the Little Blackfoot River fluctuated between fair and good,
with minor to moderate impairment of aquatic life, indicating generally good
water quality with moderate impacts related to deposited sediment.

In the Clark Fork reach downstream of the Little Blackfoot River to above
Missoula, biclogical integrity was good, with only minor impairment of aguatic
life. Relatively high-quality water from the Little Blackfoot River, Rock Creek,
and particularly the Blackfoot River, as indicated by favorable biocassegsments
for these tributary streams, likely had a positive effect on water quality in the
middle reaches of the Clark Fork.

The Clark Fork downstream of the Missoula metropolitan area and the
municipal wastewater treatment plant (WWIP) discharge had only fair biological
integrity with a moderate level of aguatic life impairment. Biological integrity
in the lower Bitterroot River was rated as good to excellent, with little or no
aquatic life impairment. This was a major improvement over the relatively severe
impairment seen in 1993, and apparently was due to much lower levels of nutrients
and deposited sediment.

The Clark Fork at Harper Bridge had only fair biolegical integrity, with

moderate impairment of aguatic life, apparvently due to the somewhat impaired
water quality below Missoula, with very little positive benefit attributable to
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rhe Bitterroot River. This suggests a downstream lag before nutrients from the
Missoula WWTP exert an effect on the Clark Fork biota.

Water quality in the Clark Fork at Huson and near Superior was sliightly to
moderately improved over the Clark Fork reach just below Missoula, with good
biclogical integrity and only minor impairment of aguatic 1ife at these sites.
The Clark Fork station between Superior and the Flathead River was rated as
having excellent biological integrity, with no impairment of aguatic life, while
the Clark Fork downstream of the Flathead River had good bioclogical integrity,
indicating good to excellent water guality in the lower reaches of the Clark Fork
in 1994 despite low streamflows.

Baged on pollution index wvalues and bicassessment Protocol I results, the
trend over the period 1991-94 at Silver Bow Creek stations upstream of the Warm
Springs Ponds was one of continued poor water quality, particularly at the
stations immediately downstream of the Butte Metro WWTP and upstream cf the
ponds. Water guality fluctuated in Blacktail Creek and in Silver Bow Creek
downstream of the Warm Springs Ponds, with somewhat of a downward trend evident.
Warm Springs Creek had consistently high water gquality. Over the same period,
water quality was somewhat variable at Clark Fork srations downstream of Warm
Springs Ponds to above the Little Blackfocot River. Water guality was relatively
stable or somewhat improved at Clark Fork stations between Deer Lodge and Bonita
over the four year period. High guality water from Rock Creek and the Blackfoot
River had a pogitive influence on the Clark Fork at Turah and above Missoula,
contriburing to consistently high biological integrity over the four yvear period.

The trend at nearly all Clark Fork stations below Missoula, at least as far
downstream as Superior, was for a slight decline in water guality since 1991.
The Clark Fork stration downstream of Missoula’s WWIP, as well as at Harper Bridge
and at Huson displayed weak downward trends, with slight decreases in biological
integrity suggesting lower water quality. However, conditions at these stations
may have stabilized somewhat in 1994. A similar, but more seriocus decline in
water quality seen in the lower Bitterroot River over several years was reversed
in 1994, suggesting much improved water guality. At the Clark Fork stations near
Superior, as well ag above and below the confluence with the Flathead River,
water quality and biological integrity remained relatively high over the years
1991-94.
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INTRODUCTION

In August of 19%4, the Water Quality Division (WQOD) of the Montana
Department of Health and Environmental Sciences (DHES) {now Department of
Environmental Quality) conducted benthic algae surveys at 25 sites on the Clark
Fork of the Columbia River and several tributaries as part of their ongoing Clark
Fork Basin Monitoring Project. 8imilar surveys have been conducted annually by
WOD since 1986 {(Bahls 1987 and 1989; Weber 1991, 1993 and 1994).

This report presents the results of the taxonomic analysig of periphyton
samples collected during the 19594 surveys, and usges these data Lo asgess water
guality and biclogical integrity at the styeam sires surveyed. Trends in water
guality and bioclogical integrity are evaluated through comparisons with
monitoring results from previous years. Bahls (1993} states: "The concept of
biological integrity is the basis for biological assessment and the setting of

ecological goals for water quality." As defined by Karr and Dudley (1981}:
"Biplogical integrity is the ability of an aquatic ecosystem to support and
maintain a ... community of organisms having species composition, diversity, and

functional organization comparable to that of the natural habitats within a
region.” This definition makes the explicit assumption that natural, undisturbed
systems are better than those affected by human activities.

Periphyton is the assemblage of small, often microscoplic organisms
(microinvertebrates, bacteria, fungi. and benthic algae) that live attached to
or in close association with the surfaces of submerged substrates. Benthic algae

typically dominate the periphyton community in most waters. They can be
conveniently divided into two major groups: the diatoms and the non-diatoms, by
the presence or absence of a rigid, siliceocus cell wall. The taxonomy of both

groups has been well established; diatoms, however, are readily identifiable to
species because of unigquely ornamented cell walls, while it i1s much more
difficult, and therefore generally impractical, to identify non-diatom algae
pelow the genus level.

Algae, and particularly the diatoms, ars useful as biomonitors of water
qgquality because they occur in very large numbers, are highly sensitive to
physical and chemical factors, and have known environmental reguirements and
pollution tolerances unigue to individual species (Bahls 1989} . Plafkin et al.
{1989) lists several other advantages of using algae for bloassessment:

1. Algae generally have rapid repreoduction rates and very short life cycles,
making them wvaluable indicators of short-term impacts. {Perennial and
fossil algae, including expired but recognizable algae incorporated into
the periphyton matrix, reflect longer term impacts).

2. Bs primary producers, algae are most directly affected by physical and
chemical factors.

3. Sampling is easy, inexpensive, requires few people, and creates minimal
impact to resident biota.

4. relatively standard methods exist for evaluation of functional and non-
taxonomic structural characteristics (e.g.. biomass and chlorophyll) of
algal communities.

Algal communities are sensitive to some pellutants which may not vigibly
affect other aguatic communities such as macreinvertebrates or fish, or
may only affect other communities at higher concentrations {e.qg..
herbicides and inorganic nutrients).
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Generally, the algae present in & periphyton sample reflect the
environmental conditions that existed at a particular stream location for up to
several weeks prior to the time of zamplie collection. However, many factors in
addition to water guality can affect the types and amount of algae present at any
given time. These include, but are not necessarily limited to, very low or very
high streamflows, wvariable recclonization rates, seasonal succession, and
sloughing of accumulated algae. By &allowing adequate time for substrate
recolionization following the spring spate, by sampling before mator sloughing of
ailgal bilomass cccurs in late summer and early fall, and by sampling at the same
vime each year, the effects of {actors unrelated to water guality can be
minimized. Monitoring conducted during the first half of August probably best
meets the aforementiconed criteria. Addirionally, it likely encompasses the
period of poorest seasonal water guality and maximum environmental stress on
stream biota dus to low streamflows, elevated water temperatures, and minimum
instream dilution of pollutants and wastewater discharges.



METHODS

WOD personnel collected composite periphyton samples from natural
substrares at 25 monitoring stations on the Clark Fork and selected tributaries
in 1994 (Table 1 and Figure 1). The 25 stations were identical to those
monitored in 1993, when seven new gtations were established to replace stations
alrered or eliminated by Superfund remedial activities or to better meet
nonitoring needs (Weber 19%4).

Sampling was conducted from August 15 through August 19, 1994. Periphyton
samples wers collected using methods in section 4.1.2.3 (Sampling) of the Water
Quality Division’s Field procedure Manual (DEQ, revised 19%6): ‘“Macroalgae are
collected from natural substratesg in proportion to the rank of those substrates
at the study site as recorded on the Aquatic Piant Field Sheet. Collection of
microalgae typically involves scraping the entire surface of several rocks,
1ifting the algal f£ilm off of nearshore sediments, and scraping a submerged
branch or two. Macroalgae are picked by hand in proportion to their abundance
at the site. In selecting macroalgae for sampling, the sampler triesg to visually
distinguish between the various growth forms that represent different algal taxa.
Macroalgae are collected both for determining community compesition and as
substrates for microalgae. The goal is to collect a single composite sample that
is a miniature replica of the stand of algae that is present at the study site.
A1l collections of microalgae and macroalgae are pooled into a common sample
container. Enough ambient water should be added to the container to cover the
sample. Then enough iodine potassium iodide (Lugels Soluticn) should be added
to impart a light brown tint to the sample. The purpcse of the Lugol's selution
igs to retard bacterial decay.’

Each sample was processed and analyzed by PhycoLogic in the following
manner: A subsample of the periphyton from each station was exanined using an
Olympus BHT compound microscope at 200X and 400X magnifications, and all soft
bodied (non-diatom) algae present were identified to genus. The relative
abundance of cells belonging to each genus was estimated using the following
system:

- R {Rare): Fewer than one cell per microscope field at 200X, on the
average;

- ¢ {Common}: At least one, but fewer than five cells per field of view;
- VO (Very Common): Between 5 and 25 cells per field of view;

- 2 (Abundant): Greater than 25 cells per field of view, but numbers
within 1limits reascnably counted;

- VA (Very &bundant): Number of cells per field too numerous to count.

The sbundance of diatom algae (all genera collectively) relative to the non-
diatom genera also was estimated for comparative purpcses.

Fach dominant non-diatom genus {i.e., each genus common OT greater in
relative abundance), as well as the diatom component if it met this criterion,
also was ranked according to its estimated contribution to the total algal
biovolume present in the sample. The genus contributing the greatest biovolume
was ranked number 1, the second most number 2. and so on. These rankings were
used to calculate the dominant non-diatom phylum (see Non-Diatom Algae Metrics,
below) .



Following analysis of non-diatom algae, all organic matter was chemically
oxidized from each sample, leaving only the siliceous cell walls (frustules) of

diatoms and other inorganic natter. Permanent strewn mounts of the cleaned
diatom material were prepared on glass microscope slideg with Hyrax medium
according to procedure 10200D.3 in Standard Methods (APHA et al. 193%2). Each

permanent mount was thoroughly scanned under 1000X 01l immersion, and all diatoms
sncountered identified to species. A proportional count of approximately 400
diatom frustules {range 405-438, mean 420) was performed on each permanent mount,
and the percent relative abundance (PRA) of each diatom species was calculated.
Diatom species identified during the floristic scan but not tallied during the
proportional count were designated as "present” with & letter "p*.

gBach diatom species was assigned to one of the three pcllution tolerance
(PT) groups originally defined by Lange-Bertalot (1979). Simply stated, Group
1 taxa are most tolerant of pollution, Group 2 taxa less tolerant, and Group 3
sensitive to pollution. Bahls {1993) published expanded autecological criteria
for assigning diatom taxa to PT groups, along with an extensive listing of diatom
taxa reported from Montana. He also determined default PT group assignments, by
genus, for taxa lacking sufficient autecological data. A number of unlisted taxa
were assigned to PT groups by this author, based on updated autecological data
in references by Krammer and Lange-Bertalot {1986, 1988, 1991a, 1921b) and Lange-
Bertalot (1993}. Default PT group assignments were used as a last resort.

In establishing the aurecological criteria used to assign a diatom taxon
to one of the three pollution tolerance groups, Bahls (1993) considered seven
ecological variables: algal nutriencs, orvganic (blogenic) pollutants, salts,
temperature, toxics, substrate type, and suspended solids. A taxon is asgigned
to the group which fits most of the ecological affinities for that taxon.



Tahle 1. periphyton sampling locations on the Clark Fork of the Columbia
River and rributaries during August 159%4.
Station Site Description
sF-1 Blacktail Creek (RTC) above Grove Gulch
00 giilver Bow Creek (SBC) above Butte Metro Wastewaler
Treatment Plant {(WWTIP)
01 SBEC below Colorado Tailings f{and below Butte Metro WWIP)
2.5 SRC at Opportunity
4.5 SBC below Warm Springs Ponds
08 Warm Springs Creek (WSC) near mouth
a7 Clark Fork {CFR} below Warm $prings Creek
039 CFR at Deer Lodge
10 CFR above Little Blackfoot River
10.2 nittle Blackfoot River (LBR) near mouth
El CFR at Gold Creek Bridge
11.5 Flint Creek (FTC} at New Chicago
11.7 CFR at Bearmouth
1z CFR at Bonita
iz2.5 Rock Creek ({(RKC) near Clinton
13 CFR at Turah
14 alackfoot River (BFR) at USGES Station near mouth
i5.8 CFR above Missoula
18 CFR at Shuffields (and below Missoula WWTP)
19 Bitterroot River {BRR) near mouth
20 CFR at Harper Bridge
22 CFR at Huson (and below Stone Container Corporation;
24 CFR near Superiox
25 CFR above Flathead River
27 CFR above Thompson Falls Reservoly




Figure 1
Clark Fork Basin
Monitoring Project
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Non-Diatom Algse Metrics

Metrics applied to soft-bodied or non-diatom algae at sach station include:
number of dominant genera; dominant phylum; and, to a lesser extent, indicator
taxa.

The mnumbsr of dominant non-diatom genera is generally inversely
proportional to the degree of pollution in western Montana streams. Fox least-
impaired reference streams in mountein ecoregions in Montana, wnich included
mountain vallevs and foothills, Bahls (1593) reported from 1 to 10 non-diatom
genera common or greater in relative abundance, with a mean value of 5. In
pristine waters, low numbers of non-diatom genera generally indicate nutrient-
poor conditions, which are usually directly related tc the mineral make-up of
rock in the drainage area. The presence of higher numbers of genera in
unimpaired streamg suggest naturally higher levels of algal nutrients, again

primarily due to geology.

The dominant non-diatom phylum was determined by calculating the cumulative
weighted rank of genera within each phylum based on estimated biovolume. Diatoms
were not included in this metric. Briefly, in a sample with % number of non-
diatom genera common or greater in sstimared apundance, the genus ranking highest
in estimated biovolume scored x points, second highest, x-1 points, and sC Om.
The scores of all genera in each phylum were summed for geach site, and the phylum
having the greatest tctal score was considered dominant, based on estimated
relative biovolume. Green algae (phylum Chlorophyta) gensrally do best where the
concentration of available nitrogen is sufficiently high reiative to available
phosphorus. Where nitrogen is in relatively short supply, blues-green algae
(phylum Cyanophyta) generally increase in abundance due to the fact that many of
the Cyanophyta have the abilicy to "fix” atmospheric nitrogen, and thereby are
better able to utilize the higher levels of available phosphorus. Bahle et al.
(1992) found that blue-green algae dominated the non-diatom flora of Northern
hockies reference streams, while green algae were co-dominant with blue-green
algae in streams of the Montana Valley and Foothill Prairies ecoregion. The
rlark Fork mainstem is considered to be primarily in the Montana Valley and
Foothill Prairies ecoregion, as are the main reaches of tributary streams
included in this monitoring.

Diatom Metrics

Metrics calculated for diatom associations at each station include species
richness (number of species counted); the percent relative abundance (PRA} of the
dominant taxon; Shannon diversity index; and siltatiom index. The total PRA of
species in each of the three pollution tolerance {PT) groups (see Methods), and
their derivative, the pollution index, were also calculated.

Species richness is probably the most basic indicator of community health
and, as a rule, is directly correlated to water quality: as water guality
declines, so does the number of species. In general, unpolluted waters in
Montana have more than 25 diatom species counted (Bahls 197%2). In reference
streams from mountain ecoregions in Montana, between 23 and 51 {mean 33) diatom
species were counted (Bahls et al. 1992).

The Shannon diversity index (Weber 1973} incorporates elements of gpecies
richness with equitability, the evenness of distribution of individuals among the
species present. High diversity values occur in diatom communities where no taxa
are strongly dominant in numbers, which is generally the case in healthy.
unimpaired streamg. Diatom communities under environmental stress will have a
relatively small number of taxa that account for most of the individuals present,
resulting in lower diversity index values. In general, unpolluted waters in
Montana have Shannon diversity values greater than 3.00 (Bahls 1979). Diatom



gpecies diversity values of between 2.16 and 4.50 were found in 21 least-impaired
reference streams from mountain ecoregions, with a mean value of 3.58 (Bahls
1993 .

The pollution index was proposed by Bahls (1593) as a shorthand method of
gsummarizing the information contained in the three pollution tolerance groups
of Lange-Bertalot (197%). The index is derived from the decimal fraction of the

roral PRA value of diatom taxa in each pollution tolerance group, maltiplisad by
the respective group number. The sum of these three products is the poilution
index. The index will range from 1.00 (all most tolerant taxa) to 3.00 (all most
censitive taxa). Pollution index valuass of betwsen 2.45 and 2.94 {mean 2.72}
were determined by Bahls (1993) for diatom communities in reference streams from

mountain ecoregions.

The siltation index is defined as the total percent relative abundance of
species of Navicula, Nitzschia and Surireila diatoms present in a sample {(Bahls
1993} . These genera are considered because they are highly motile, biraphidean
diaroms, and as such are better adapted to existence on unstable substrates.
Values can range from 0 to 100; in mountain reference streams the index ranged

from 0.0 to 50.3 (mean 14.5).

The percentage similarity index of Whittaker and Fairbanks (1958) is simply
the sum of the smaller of the two percent relative abundance values for each
diatom species that is common to both the control site and the study site.
(Species restricted to one or the other site are not tallied because the smaller

of the two values will always be zero.} Theoretically, values for this index
will range from 0.0 (totally different communitiesg) to 100 (identical
communities). Thig index should be used only with Protocol IT because of the

high floristic variability among regional reference sites (Bahls 1993).

Assessment Protocols

Two protocols employing diatom metrics to assess biological integrity and
agquatic life impairment in Montana streams were proposed by Bahls {(1993):

protocol T i used when a local reference or control site is not available,
and compares the Shannon diversity index, pollution index, and siltation index
values from a study site to values from least-impaired reference streams located

in the same physiographic provinge, or "ecoregion®. Protocol I was developed
with, and should only be used with, data collected during the summer months.

Under Protocel I, each index is given an individual rating and assigned a
score based on the value of that index in relation to & set of criteria (Table
5} . Protocol I criteria for mountain streams were developed with data from 21
reference streams in the Northern Rockies, Middle Rockies, and the Montana Valley
and Foothill Prairies ecoregions (Rahls et al. 1992). The criteria correspond
to varying levels of environmental stress, polliution and giltation. The lowest
score determines the overall biological integrity and impairment rating for the
aquatic community at that station. '

Protocol II compares diatom metrics values from a study site to values from
a local upstream or sidestream reference site, sampled at the same time. The
reference site should be of the same strsam order as the study site. The three
diatom metrics used in Protocol I, plus the percent similarity index of Whittaker
and Fairbanks (1958), are used with Protocol fI. Criteria used to establish
impairment ratings and scores are contained in Table 14. Again, the lowest score
esraplishes the overall biological integrity and impairment rating. Because it
compares against local reference conditions, Protocol II is probably more
sengitive than Protocol I, but only if the local comtrel site iz not impalred and
closely represents the biclogical potentizl for the study site. Protocol IT can
be applied to data collected at any time during the year.
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RESULTS AND DISCUSSION

Instream conditions throughout the Clark Fork Basin during the summer 1594
monitoring period once again departed significantly from the "norm", Or average,
expected for mid-August. Well below average precipitation during the spring and
summer of 1994 resulted in very low streamflows during the monitoring period.
Monthly mean strzamflows for select USGS gaging stations in the Clark Fork Basin
during August of nine consecutive years are presented in Table 2. The low flows
during 1994 are comparable to previous drought years, particularly 1988, 13%1 and
1992. The year 1994 stands in sharp contrast to 1933, when record or near-record
precipitation throughout July and into mid-Auguer resulted in well above average
streamflows throughout the Clark Fork Basin during rhe monitoring period. The
low streamflows during 1994 more than likely had direct oT indirect effects on
the structure, composition and productivity of the periphyton community dus to
many possible factors. Thege include, but are not necessarily limited to:
elevated water temperatures; lower dissolved oxygen levels; increased incident
sunlight levels: higher concentrations of algal nutrients and wvariocus other
pollutants dus to lower instream dilution of wastewater discharges; reduced loads
of suspended sediment and sediment-bound roxic metals; and reduced flushing of
deposited sediment due to decreased velocities.

Table 2. August monthly mean streamflows for selected USGS gaging stationg in
the Clark Fork Basin for the years 1986-19%4. All flows in cubic

feet per second.

Silver Bow CreeX Claxrk Forxrk River Clark Fork River Clark Fork River

Year

1986 i2.5 55.7 1812 T612
1987 27.7 88.5 1473 9813
1988 18.7 27.8 997 5656
1989 22.0 B1.7 2464 14750
1980 25.8 84.3 2554 10510
19851 i6.4 30.1 1987 10350
1992 14.2 40.1 1280 9738
1893 28.7 31z 3696 11770
1594 16,1 36.3 1295 5891

The 25 monitoring stations sampled in 1994 are divided into five groups
of five stations to aid in interpretation and discussion, and are presented in
order from upstream to downstream. Breakpoints for each group of f£ive gtations
conveniently occur at tributary streams, and effectively divide the entire
drainage into five logical reaches. Tables and figures containing the 1934
monitoring results are organized into this reach format whenever possible. The
same format was used to present the 1993 Clark Fork Basin periphyton monitoring
data {(Weber 195%4).

Non-Diatom Algae

The genera of non-diatom algae identified at each of the Clark Fork and
tributary stations in 1994 are listed by phylum in 2Appendix A, along with
estimated relative apundance and biovolume contribution rankings. Diatoms (all
genera considered collectively) are included for comparison. The number of
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dominant non-diatom genera (those common or greater in estimated relative
sbundance) and the dominant phvlium (based on estimated biovolume; see Methods)
are presented in Table 3. Numbers of dominant non-diatom genera, broken down by
phylum as gresn, blue-green and "other" (vellow-green, brown and red) algae are
plotced in Figures 2-6.

The number of dominant non-cdiatom algal genera presgent at the 25 Clark Fork
and tributary stations monitored in 19%4 ranged from 2 to 13, with a mean of
slightly more than 9. Only two stations had fewer than 5 non-diatom genera
present (Table 3; Figures 2Z-6}.

The green algae (phylum Chlorophyta) were dominant at 1% of the 25 sctations
monitored in 1994, while blue-green algae {phylum Cyanophyta) were dominant at
the 6 remaining stations (Table 3). Blue-gresn algae, however, were also
relatively important at a majority of the stations where green algae were
dominant, and vice versa, and the two phyla were essentially co-dominant at many
of the stations {(Appendix A).

A diverse assemblage of non-diatom algae comprising 10 dominant genera was
present in Blacktail Creek above Grove Gulch (station SF-1) in August 15594, all
but one of these genera are green algae, while none are blue-green algae (Figure
2). Most of the genera identified at station S8F-1 are indicative of relatively
gqood water guality. These include the filamentous green algae Cladophora,
Microspora, Oedogonium, Rhizoclonium and Spirogyra, the desmid Closterium, and
the filamentous vellow-green alga Vaucheria. These taxa do well in waters with
iow to moderate levels of inorganic nutrients, but are sensitive Lo organic
{(biogenic) pollution and heavy metals.

The number of dominant taxa decreased to 5 at Silver Bow Creek station 00
above the Butte Metro Wastewater Treatment Plant (WWTP), and to only 2 at station
01 below the WWTP and the Coleorade Tailings deposit (Figure 2Z). At Bilver Bow
Creek station 2.5 at Opportunity, the number of dominant taxa increased slightly,

to 4.

Virtually none of the top seven non-diatom taxa identified in Blacktall Creek
during August 1994 were present in upper Silver Bow Creek at stations 00, 0L and
2.% (Appendix A). The filamentous green alga Stigeoclonium, a taxon considered
tolerant of both biogenic enrichment and heavy metals pollution, was a dominant
form at both Silver Bow (resek stations 00 and 01, while the pollution-tolexvant
green algae Cosmarium and Scenedesmus were strongly dominant at sgtation 2.5
(Appendix A) . The genus Oscillaroria was the lone blue-green alga at station CO,
while blue-greens were completely absent from staticn 61. Oscillatoria and a
similar genus, Phormidiwn, again were dominant taxa at station 2.5 (Appendix A).
Both Oscillatoria and Phormidium are somewhat ubiguitous genera containing
numerous species that cover a broad range of pollution tolerances.

The number of non-diatom taxa at Silver Bow Creek stations 00, 01, and 2.5
decreased significantly compared to upstream station $F-1 on Blackrail Creek
(Table 3). Additionally, pollution-sengitive forms present at $F-1 were replaced
by pollution-tolerant taxa at the Silver Bow Creek stations. This suggests a
worsening of water guality in Silver Bow Creek with distance downstream of its
Blacktail Creek headwaters, to just above the Warm Springs Ponds during August
13%4. The very low streamflows in 1994 would have provided for only minimum
dilution of wastewater from the Butte Metro WWTP and other pollution gsources to
Silver Bow Creek.

Ar Silver Bow Creek station 4.5 below the Warm Springs Ponds, the number of
dominant non-diatom taxa increased significantly, to & (Figure 2). The
filamentous green algae Cladophora and Qedogonium, both relatively important at
Blacktalil Creek station S8F-1, once again were strongly dominant at Silver Bow

Creek station 4.5, while both blue-gresn genera seen at station 2.5 also wers
present below the Warm Springs Ponds (Appendix A).
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Table 3. Summary of results for non-diatom and diatom algae in periphyton
samples from the Clark Fork and tributaries during August 1894.

Non-diatom Algae Diatom
No. Dom. Dominant Species Dominant
Station Taxa® Phylum® Richness Diatom Taxon® PRA
3F-1 10 Chlorophyta 4z Nitzgchia fonticola 13.25
0o 5 Chlcrophyta 21 Achnanthes minutissima 36.30
01 2 Chlorophyta 14 Navicula minima 46.35
2.5 4 Chlorophvyta i3 Navicula minima 53.27
4.5 8 Chlorophyta 3g Navicula minima 20.33
06 8 Chlorophyta 38 Cymbella affinis 19.38
o7 5 Chlorophvta 36 Nirzgschia paleacea 13.91
G 1¢ Chlorophyta 38 Achnanthes minutissima 38.68
10 13 Chlorophyta 35 Nirzschia inconspicua 12.35
10.2 12 Chlorophyta 35 Coccoonels placentula 14,80
11 11 Chlorophyta 42 Epithemia sorex 27.51
11.5 5 Cyanophvta 43 Navicula capitatoradiata 12.71
11.7 iz Cyvanophyta 39 Epithemia sorex 35,14
12 10 Cyanophyta 36 Epithemia sorex 40,14
12.5 10 Cyanophyta 37 Fragilaria construens 14.08
i3 8 Cyvanophyta 37 Epithemia sorex 22.7¢6
14 11 Chlorophyta 37 Cymbella affinis 24.70
i5.8 13 Chlorophyta 40 Cymbella affinis 14.76
18 8 Chlorophyta 34 Cymbellia affinis 29.£9
19 1a Chlorophyta 37 Cymbella affinis 19.34
20 9 Chlorophyta 35 Cymbella affinis 26 .43
22 £ Chlorophyta 35 Cymbellila affinis 19.95
24 8 Chiorophyta 35 Cymbella affinis 16.82
25 10 Cyanophyta 29 Cyclotella meneghiniana 42.48
27 12 Chlorophyta 41 Cyclotella meneghiniana 29.52

apominant raxa are defined as rhose common or greater in estimated relative
abundance; see Appendix A,

"pominant non-diatom phylum based on total estimated biovolume contribution of
all dominant genera in each phylum; ae Methods.

“Taxon with greatest Percent Relative Abundance (PRA} wvalue: seéeg last column.
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An increase 1in the number of dominant taxa and a shift o more pollution-
sensitive Forms at Silver Bow Creek station 4.5 guggest improved water gquality
immediately downstream of the Warm Springs Pondsg over that seen upstream of the
pond system. This apparent ilmprovement at station 4.5 may reflect chemical and
riclogical processes at work in the Warm Springs Ponds that can significantly
reduce concentrations of heavy metals in Silver Bow (reek below the ponds.
aAdditionally, Mill and Willow creeks may have contributed higher-guality water

ro ©ilver Bow Creek between stations 2.5 and £.5.

Eight dominant non-diatom taxa were identified ar Warm Springs Creek
starion 06 in Rugust 1994 (Figure 3). Several poliution-sensitive genera were
present, including the blue-green alga Nostoc, the red alga (phyium Rhodophvta)
Audouineila, and the green algae COedogonium and Closterium {Appendix A). AL
Clark Fork station 07, iocated immediately downstream of the coniluence of Silver
Bow Creek and Warm Springs Creek, only 5 dominant non-diatom taxa ware present,
three fewer than at either tributary (Figures 2 and 3). As might be expected,
all of the dominant algae present at station 07 were also identified in Warm
Springs Creek and/or Silver Bow Creek, although a few taxa that weres relatively
important in one or both tributaries were ahsent helow the confluence. The
relatively sensitive blue-green alga NostoC from Warm Springs Creek, and the more
tolerant and nearly ubiquitous green alga Cladcophora from Silver Bow Creek were
noth strongly dominant at station 07, rating first and second, resgpectively, in
relative biovolume (Appendix A). Interestingly, Cladophora and Nostoc would
remain the top fwo non-diatom taxa, based on relative biovolume, at all Clark
Fork stations downstream to the Blackfoot River (Appendix A). Although pollution
sensitive non-diatom genera were present at Clark Fork station 07, the decreasge
in number of dominant taxa suggests that the biota may have been under some
stregs. This may have been due to higher water temperatures or ¢hanges in water
chemigtry caused by the abnormally low streamflows seen in 1994, which could
result in a less-stable instream environment than was present in either of the
rributary streams. Alternatively, Superfund remedial efforts in this reach could
have caused some physical instability, such as siltation, that may have reduced
non-diatom taxa at station 07.

At Clark Fork station 09 at Deer Lodge, the number of dominant non-diatom
genera increased to 10, double the number present at station 07, while 13 taxa
were identified at Clark Fork station 10 above the Little Blackfoot River (Figure
3). The blue-green alga Nostcc and the green alga Cladophora were again the most
important non-diatom taxa at poth stations 09 and 10. The pollution-tolerant
green alga Stigeoclonium and the gensitive red alga Audouinella were both
abundant at gtation 09. At stationm 10, the relatively sensitive yellow-green
alga Vaucheria was a dominant form along with Audouinella, while Stigeoclonium

wag nearly absent (Appendix A). Blue-green algae became much more important at
station 10, with 6 dominant genera presgent, two ¢f which were not found at
upstream staticns {(Figure 3; Appendix A). The trend in the Clark Fork reac

petween Warm Springs Creek and the Little Blackfoot River in August 1994, based
on the number and types of algae present, appears Lo have been one of improving
water guality. BRecause of the lack of dilution due to very low streamflows in
1994, levels of available algal nutrients in the Clark Fork probably were
relatively high, largely from point source discharges of treated wastewater at

Warm Springs State Hospital, Galen and Deer Lodge. Concentrations of toxic
metals would have been relatively low due to reduced ercsion of stream bank and
stream channel sediments. The low, stable instream conditions, adeguate

mitrients and reduced metals inputs allowed algal diversity and productivicy to
be relatively high.

Biological conditions in the Little Blackfoot River at station 10.2 were
very similar to the Clark Fork at station 10, with 12 dominant non-diatom algae
present {(Figure 3). The two staticns had several taxa in common, including the
relatively sensitive genera Audouinella, Nostoc, and Vaucheria. However, in the
Little Blackfoor River Vaucheria was much more important in relative abundance
and biovolume than in the Clark Fork, and the filamentous green alga (ladophora
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was completely absent (Appendix A). The non-diatom algae present at station 10.2
in August 1994 indicate good water guality in the lower Little Blackfoot River.

At Clark Fork station 11, at Gold Creek Bridge, there were 11 dominant non-
diatom taxa present, slightly fewer than was found upstream at Clark Fork station
10 and Little Blackfoot River station 10.2 {Figureg 3 and 4). Additionally, the
sensitive genera Audouinella and Vaucheria, both relatively lmportant at station
10 and station 10.2, were absent at station 11. No dominant faxa representing
phyla other than the green and blue-green algae were present at station 11

(Figure 4; Appendix 2}). The decrease in the number of dominant algal taxa, and
the absence of sgome sensitive taxa at Clark Fork station 11 may indicate a
decrease in water quality downstream of station 10, However, because

approximately 10 stream miles separate the stations, it appears unlikely that the
Little Blackfoot River could have had a negative impact on the Clark Fork at Goid
Creek. Rather, the cause of any subtle impairment within this reach most ilikely
could be found within the Clark Fork floodplain, such as stream channelization
from past highway construction, or possibly another tributary stream. Low
streamflows or elevated water temperatures may also have influenced the algae at

gstation 11.

Nine dominant non-diatom taxa were identified in lower Flint Creek at
sration 11.8% (Figure 4), all of which were also present in the Little Blackfoot
River and at Clark Fork stations 10 or 11 {Appendix A}. The yellow-green genus
Vaucheria was the mogt numerous non-diatom alga at station 11.5, followed closely
by the blue-green alga Nostoc. Cladophora was the most important genus of green
algas present, but as a phyvlum the Chlorophyta were somewhat legs ilmportant than
at the stations already discussed. Iin fact, the blue-green algae (phylum
Cyanophytal were dominant at staticon 11.5, based on total estimated biovolume
relative to the other algal phyla present. Higher concentrations of phosphorus
ccour naturally in Flint Creek and other streams in the area that erode the
Phosphoria Formation {(Ingman et. al, 1979). BRioleogically available phosphorus
may also enter Flint Creek from various sources related to human activities in
the drainage. This may account for the increase in relative importance of the
blue-green algae. Many blue~greens, including Nostoco, can fix atmospheric
nitrogen and consequently are able to better utilize excess phosphorus when
available nitrogen is limited.

Blue-green algae also were dominant at the two Clark Fork stations betwesn
Flint Creek and Rock Creek, as well as in Rock Creek itself, although the green
algae continued to be well represented at all thres locations (Table 3}. Twelve
dominant taxa were identified at Clark Fork station 11.7, at Bearmouth, while 10
genera were present at statien 12, at Bonita (Figure 4). Staticns 11.7 and 12
were wvery similar to one ancther in taxonomic makeup and in the relative
importance of dominant taxa present at both sites (Appendix A}. The red aloa
Audouinella, a rarity at station 11, again became relatively important, while
Cladophora and Nostoo once again rounded out the top three non-diatom genera at
both stationsg 11.7 and 12.

The top five non-diatom taxa identified in lower Rock Creek at station 12.5
are considered fairly sensitive forms, including the blue-green genera Nostoo and
Rivularia, the filamentous green algae Spirogyra and Cladophora, and the uncommon
brown alga {(phvlum Phaeophyta} Heribsudiella. The red algae Audouinells and
Lemanas were present, but rare.

At Clark Fork station 13, located at Turah and severasl miles downstream of
the Rock Creek confluence, there were § dominant non-diatom taxa identified, down
slightly from the 10 genera present at station 12 (Figures 4 and 3). Station 13
had nearly the same dominant genera as Clark Fork station 12, with the exceptiocn
of the genus Audouinella, which was rare at station 13 (Appendix A}. These
subtle changes in number and composition of dominant taxa suggest the periphyton
at Clark Fork starion 13 may have bheen glightly stressed. The high guality,
slrhough apparently somewhat different, water from Rock Cresk may have affected
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rhe stability at station 13. However, because of the distance between ROCK
freek and station 13, it is also possible that any impact on the biota may have
originated within the Clark Fork floodplain, possibly related to the low
streamflows.

The lower Rlackfoot River at station 14 had 11 dominant non-diatom algal
genera present in August 19%4 (Table 3; Figure %) . The dominant taxa identified
in the Blackfoot River were almost identical to those found in Rock Creek on the
same date, with one notable exception: the blue-green alga Nostoco, abundantc in
rock Creek, was rare in the Blackfoot River (Appendizx A). The near absence of
Nostoc from station 14 reduced the importance of the blue-green algae relative
to green algae, the latter of which conseguently represented the dominant phylum
in the Blackfoot River. BRBut ag was the cage in Rock Creek, the non-diatom algae

pregent in the Blackfoot River were indicative of generally good water quality.

Clark Fork station 15.5, below the Blackfoot River but above Missoula, had
13 dominant non-diatom genera present, which tied witch Clark Fork station 10 for
the most taxa present during the 19%4 monitoring {Figures 3 and %) . Included at
station 15.5 were most of the algal taxa present upstream &t stations on both the
RBiackfoot River and the Clark Fork. Dominant green algae included the genus
Oedogonium, which had been important only at Ciark Fork stations above the Little
Blackfoot River, and Spirogyra, a taxon dominant only in Rock Creek and the
Blackfootr River. While present at station 15.5, the green alga Cladophora was
considerably less important than at any of the Clark Pork stations upstream of
rhe Blackfoot River. 1In addition to the aforementioned green algsae, the blue~
green genera Nostoc, Oscillatoria and Phormidium, and the red algae Asterocystis
and Audouinella were among the dominant taxa present at station 15.5 (Appendix
A} . For the most part, these algae prefer cool, neutral pH water of good
quality, with moderate levels of available inorganic nitrogen and phosphorus.
The diverse alual assemblage at station 15.5 probably reflects relatively stable,
low flow conditions in the Clark Fork above Missoula, with lower nutrient levels
and temperature due to the influence of the Blackfocot River, and possibly also
Milltown Dam and its small impoundment at the confluence of the Blackfoot River.

At Clark Fork station 18 at Shuffields, downstream from the Missoula
municipal WWTP discharge, only 8 dominant non-diatom algal genera were present
in mid-August 1994 (Figure 5). The taxa at station 18 had relatively littlie in
common with those identified at Clark Fork station 15.5, with only 6 of the 13
dominant genera found upstream present below the WWIF. The green algae again
were dominant at station 18, with the highly pollution-tolerant filamentous alga
Stigeoclonium, and the less-tolerant Cladophora, ranked first and s=second,
respectively, in biovolume relative to the total for non-diatom algae at station
18 (Appendix A}. The ubiguitous blue-green alga Phormidium was very abundant,
and ranked third in relative blovolume. Several relatively sensitive taxa
important at station 15.5 were completely absent from Clark Fork station 1§,
including the genera COedogonium, Spirogyra, Nostoc and Audouinella. The gomewhat
less-sengitive blue-green genus Oscillatoria, abundant at station 15.5, was all
put gone from station 18 (Appendix A). It is highly probable that the complete
disappearance of sensitive algal taxa, along with the appearance, oOr increase in
abundance, of forms more tolerant of pollution, were in response to treated
municipal wastewater discharged from Missoula’'s WWTP into the Clark Fork. These
changes in the taxonomic makeup are evidence of water guality degradation at
gtation 18, and indicate the biota there were under greater stress than at Clark
Fork station 15.5 above Missoula. The effects of biogenic wastes, primarily
incompletely-degraded organic nitrogen compounds, can include toxicity to
sensitive organisms, a stimulatory effect on the growth of tolerant algae and
pacteria, and a significant increase in instream oxygen demand. These impacts
are particularly serious during periods of low streamfilow, as was seen in 19%4.
It ig also possible that unidentified pollution sources related to urbanization
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might exist and contribute to water guality degradation in the Clark Fork reach
through Misscula, although these sgources probably would be velatively
insignificant.

Ar station 19, Bitterroot River near its mouth, there were 10 dominant non-
diatom genera present in August 1994 (Figure 5). Green algae onge again
comprised the dominant phylum, but only due to the sheer number of taxa present.

Either of the familiar blue-greens Oscillateria or Phormidium was more abundant
than any one of the greens, and together accounted for more biovolume, relative
to the total, than the top two gensra of green algae {Appendix A). The list of
green algae at Bitterrcot River station 19 contains nearly all of the genera
present at Clark Pork stations 15.5 and 18 (Appendix A). The filamentous green
algae Cladophora, Spirogyra and Stigecclonium all were present in about the same
estimated relative abundance, while Oedogoniwn was slightly less abundant., No
dominant genera representing a phylum other than the green and blue-green algae
were present at station 19. The number of non-diatom taxa and the presence of
relatively sensitive algae indicate generally good water dquality iIin the
Bitterroot River at station 19, although the relative impeortance of some tolerant
green and blue-green genera, and the absence c¢f sengitive phyla, may suggest at
leagt a small degree of impairment.

Clark Fork starion 20, at Harper Bridge, is about 8 miles downstream of the
Ritrerroot River confluence and roughly 12 stream miles below the Missoula WWIP
discharge (Figure 1}. There were 9 dominant non-diatom genera present at station
20, only one more than at station 18 {Table 3; Figures 5 and 6). Like station
18, Cladophora, Stigecclonium, and Phormidium were the strongly dominant taxa at
staticn 20, while more sensgitive genera, including Nostoc and Audouinella,
remained absent {Appendix A}, Oscillatoria, a dominant taxon at Bitterroot River
station 1%, and last geen in the Clark Fork at station 15.3, once agaln was

sbundant at station 20. However, the overall status of the Clark Fork at station
20, compared to station 18, appears to have changed relatively little over the
miles separating the two stations, even with the addition of the Bitterrcot

River.

Station 22, Clark PFork at Huson, is located approximately 10 miles
downstream of station 20 and a few miles downstream of the Stone Container
Corporation kraft mill, which discharges wastewater to the Clark Fork. Green
algae dominated the 11 non-diatom taxa identified as common or greater in
relative abundance at station 22 (Appendix A}. The genus Oedogonium, last geen
in the Clark Fork at station 15.5 above Missoula, was abundant at station 22,
where it was surpassed only by Cladophora in estimated bicovolume. Stigeoclonium
remained a dominant taxon at station 22, although its abundance, in keeping with
an apparent trend in the Clark Fork downstream of station 18, decreased slightly
relative to the other algae present. The blue-green Phormidium remained abundant
at station 22, while Oscillatoria, which had only returned to abundance at Harpser
Bridge, again became rare at Huson.

At least some degree of nutrient enrichment was indicated at the four
stations between the Missoula WWTP and Huson, including the Bitterroot River, as
evidenced by the increase in abundance of Stigecclonium, and the corresponding
decrease or cutright disappearance of a number of more sensitive taxa. Nostoco
and/or Oscillatoria were dominant taxa at most Clark Fork and tributary starions
upstream of Misscula. Howsver, Nostoc did not occur at stations 18, 19, 20 or
22, while Oscillatoria was vare at the two Clark Fork stations that most likely
received the highest loads of treated municipal or industrial wastewater:
stations 18 and 22, respectively. The low, stable streamflows, higher water
temperatures, and relatively high nutrient concentrations all likelv contributed
o strong algal growth in 1894,

The three remaining Clark Fork stations are located at relatively long

intervals along the lower river (Figure 1. Station 24, Clark Fork near
Superior, is located some 45 stream miles below Huson, by far the longest
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distance between mainstem (lark Fork stations in the study. The fact that
several relatively major and numerous minor tributaries enter the Clark Fork in
this reach serves to further distance station 24 from any factors affecting

upstream Clark Fork stations. Eight dominant non-diatom taxa were identified
near Superior, the fewest at any of the five stations below the Bitterroot River
(Pigure 6). The green algae, represented primarily by Cladophora, continued as

rhe dominant phylum at station 24, although the blue-green algae were essentially
co-dominant with the greens, as determined by the relative biovolume contribution
estimated for each phylum. Ever-present Phormidium was very abundant at station
24, while for the first time downstream of Missoula, the more sensitive blue-
green Nostoc returned as a dominant taxon. The tiny, epiphyvtic blue-green alga
Chamaesiphon was often found in large numbers on Cladophora filaments throughout
the Clark Fork basin. Chamaesiphon and the red alga dsterocystis were both
abundant at station 24 (Appendix A). The algal assemblage at station 24 was not
unlike those seen at Clark Fork stations upstream of Missoula, and suggests good
water quality that is somewhat improved over that seen at stations 20 and 2Z.

Clark Fork station 25, above the Flathead River, is roughly 35 stream miles
downstream of Superior. Again, numerous tributaries, including the Saint Regis
River, enter the Ciark Fork along this lengthy veach. Chamaesiphon was very
abundant and, along with Nestor and Phormidium, accounted for the blue-green
algae becoming the dominant phylum at station 25. Cladophora remained at about
the same relative abundance at station 25 as at gtation 24, but other green algas
were slightly less important. The brown alga Heribaudiella and red algs
Audouinella, both relatively sensitive genera, were common in the Clark Fork
above the Flathead River. In addition to station 25, Heribaudiella was important
in 1994 only at the Rock Creek and Blackfoot River stations upstream of Missoula,
and was all but abgent from the Clark Fork mainstem above station 25 (Appendix
Al . The algae present at station 23 continue to indicate relatively good water
guality in the lower Clark Fork, and may suggest somewhat richer conditions than
at station 24.

The lowermost stcation, Clark Fork above Thompson Falls Reservoir, station
27, is about 25 miles below the confluence of Flathead River (Figure 1). Because
of the very large volume of water contributed to the Clark Fork by the Fiathead
iver {the flow at station 27 is roughly double that at station 25), as well as
inherent chemical and physical differences in waters from these drainages, some
changes in the algal flora at station 27 from upstream Clark Fork stations should
be expected. Technically, the green algae were the dominant phylum at station
27, due to the relatively large total biovolume of several common or very common
taxa. However, co-dominance wag more truly the case, as the blues-green genera
Chamaesiphon, Oscillatoria and Phormidium were more numerous than any of the
green algas, but together were responsible for a slightly smaller share of the
estimated total algal Dbiovolume present ‘at station 27 (Appendix A). The
sensitive brown alga Heribaudiella was more numerous at Clark Fork station 27
than at station 25, while the red algae were considerably less important.

211 told, the non-diatom taxa at Clark Fork station 27, at least those
along the shallow fringes of this very large river, indicate relatively good
water guality. Interestingly. while Oscillatoria was very numerous at station
27, HNostoc was completely absent; the opposite occurred at stations 24 and 25.
This relationship was alsc obgerved at cther Clark Fork and tributary stations
in 1994, and suggests that conditions faveoring one blue-green taxon may exciude
the other. Nostoc is known to have the ability to fix atmospheric nitrogen, and
probably enjoys & competitive advantage where dissolved nitrogen compounds are
limited relative to available phosphorus. Alsc, Nostoco is generally a cool water
form, while Gscillatoria probably is tolerant of a wider range of temperatures.
Water temperatures at station 27, below the Flathead River, were warmer than
those upstream of the confluence, particularly with the low streamflow conditions
experienced during August 19%4. :
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Diatom Algaes

The estimated abundance of diatoms (all genera considered collectively)
relative to non-diatom algal genera at each of the 25 stations monitored in 1994
ig included in Appendix A. Diatoms are alsc ranked with non-diatom algal gener
according to the estimated contribution that they made, as a group, to the total
periphyton biovolume in each sample (see Methods) .

Diatoms were at least "very common® in estimated abundance, and therefore
comeidered "dominant algae®, at all 25 staticns monitored in 1934 (Appendix A).
They ranked first in estimated biovolume relative to non-diatom algae at 14
statrions, second at 3 stations, third at & stations, and fourth at 2 gtations

(Appendix By .

21l diatom species identified during floristic scans and proportional
counte are listed alphabetically in Appendix B. Percent relative abundance (PRA)
values that were calculated for diatom species counted in each sample are
presented, by station, in Appendix B. Diatom species identified during the
Floristic scan, but not counted, are denoted with a "p", for "present®. Lange-
Bertalot pollution tolerance (PT) group assignments for each diatom species are
also listed in Appendix B {=zee Methods).

Values for diatom species richness at each station monitored during 1934,
along with the dominant diatom species and its corresponding PRA value, are
listed in Table 3. The total percent relative abundance of diatom taxa in each
of the three Lange-Bertalot pollution tolerance groups at each station are listed
in Appendix B, and are plotted by station in Figures 7-11.

Values for the three diatom asgociation metrics calculated for each
station: the Shannon diversity index, pollution index and siltation index, are
listed in Table 4, and are plotted in Figures 12-16, 17-Z1,and 22-26,
respectively. BAll three metrics were used with bicassessment Protocol I to rate
the biological integrity and overall impairment of aguatic life at each station,
also listed in Table 4, according to criteria developed by Bahls (1993), with
data from 21 least-impaired reference streams in Montana (Table 5).

Selected study sites on Silver Bow Creek and the Clark Fork were also rated
for biological integrity and overall impairment of aguatic l1ife acvcrding to
bicassessment Protocoel II, utilizing local reference sites for Comparlson (Tables
6-11}1, according to criteria presented in Table 12.

Diatom species richness values at all Clark Fork and tributary stations in
1994, with the exception of the three Silver Bow Creek stations upstream of the
Warm Springs Ponds, were well within the range of 23-851 gpecies established by
Bahls et al. (1992} for least-impaired reference streams from mountain eccregions
{Table 3). 8ilver Bow Creek station 00, above the Butte Metro WWIP, had 21
diatom species present, compared to 42 species at station SF-1, Blacktail Creek
above Grove Gulch, located a few miles upstream. At Silver Bow Creek station 01,
below both the Colorado Tailings and Butte’s WWIP discharge, only 14 diatom
species were counted. At Silver Bow Creek station 2.5, some 15 miles downstream
at Opportunity, only 13 diatom species were counted, the fewest at any station
in 1894. Speciesg richnegs rebounded significantly at Silver Bow Creek station
4.5, below the Warm Springs Ponds, where 38 diatom specles were counted.

The highest Shannon diversity index (species diversity) value was found at
Blacktail Creek station SF-1, while the three lowest values occurred at Silver
Bow Creek stationg 00, 01 and 2.5 (Table 4; Figure 12}. Diatom species belonging
to the most pollution-tolerant group {(PT group 1) were strongly dominant at the
rhree uppermost Silver Bow Cresk stations (Figure 7}, which resulted in the three
lowest pollution index values seen in 1994 (Table 4:; Figure 17). Silver Bow
Cresk gtaticon 01 below the Coleorado Tailings., and below the Butte WWTP, had the
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second lowest Shannon diversity index value, and the lowest pollution index
value. Station 2.5 at Opportunity had the lowsst species divergity value, and
second lowest pollution index wvalue of any station monitored in 1994.

Five of the highest siltation index values seen in 1994 occurred at the
four Silver Bow Creek stations and in Blacktail Creek (Table 4; Figure 22), again
recalling the that highest values indicate the worst siltation. Beginning with
& meoderately high value at Blacktail Creek station SF-1 above Grove Gulch, the
siltation index steadily increased downstream £o a maximum at Silver Bow Creek
station 2.5 at Opportunity, then decreased slightly at station 4.5 downstream of
the Warm Springs Ponds. Wide spread, naturally ocourring sources of granitic
sands in the Yilver Bow Creek headwaters are likely sources of much of these

sediments.

sorh Blacktail Creek station 8F-1 and Silver Bow Ureek station 00 above the
Butte Metro WWTP were rated as having only fair biological integrity, with
moderate overall impairment of aguatic life under bioassessment Protoccl I {Table
4) . The moderately high siltation index values at both stations, and the low
pollution index value at station 00, were to blame. At Blacktaill Creek station
SF-1, the dominant diatom taxon was Nitzschia fonticola, a polluticon-sensitive
form that prefers relatively low pH and dissolved sclids, but ig tolerant of
siltation. Ar Sitver Bow Creek station 00 above the Butte Metro WWTP, the
dominant taxon was Achnanthes minutissima, a very ublguitous PT group 3 diatom
rhat reguires fairly cool, well-oxygenated water, but is gomewhat tolerant of
disturbance and siltation. The low pollution index value for station 00 {Table
4) occurred despite a PRA of over 30 for A. minutissima (Table 3) due to a total
PRA value for most-tolerant, PT group 1 diatoms of well over 50 (Figure 7;
Appendix RBj . This suggests the biota at station 00 was under considerable
stress, possibly due to the low streamflows, which may have been ingufficient to
flush accumulated sediment from the substrate.

nder bioassessment Protocol I, biological integrity at Silver Bow Cresk
stations 01, 2.5, and 4.5 was rated as poor, with severe impairment of aguatic
life indicated (Table 4). Very low pollution index values and high wvalues for
siltation index were responsible for these ratings at Silver Bow Creek station
01 bzlow the Colorado Tailings and the Butte Metro WWTP, and at station 2.5 at
Opportunity. A high siltaticn index value was to blame for the poor rating at
station 4.5 below the Warm Springs Ponds {Table 4). Navicula minima, a PT group
i diatom that is highly tolerant of low dissolved oxygen as well as nutrient and
sediment pollution, was strongly dominant at stations 01 and 2.5, with PRA values
of around 50 at both stations (Table 3}. The higher water temperatures and lower
streamflows typically seen in mid-August, and particularly severe during a
drought vear like 1994, probably exacerbated the effects of Butite’s wastewaler
discharge on Silver Bow Creek. Toxic metals contained within silt deposits may
also have impacted the biora at the Silver Bow Creek stations downstream the
Colorado Tailings. At station 4.5, below the Warm Springs Ponds, N. minima
remained the dominant diatom taxon, but at a considerably lower PRA value of
about 20 {Table 3). Also, the less-tolerant and sensitive diatom taxa, PT groups
2 and 3, respectively, increased significantly in PRA at Silver Bow CUreek station
4.5 (Pigure 7). This resulted in a congiderable improvement in the pollution
index compared to the Silver Bow Creek stations upstream of the Warm Springs
Ponds (Table 4). Accumulated sediment, possibly due to the absence of flushing
streamflows, and not toxic metals, would appear to have been largely responsible
for the poor/severe ratings for bicological integrity/overall impairment at Silver
Bow Creek station 4.5. The poor/severe ratings at station 4.5 were not supported
by either the diversity index or pollution index (Table 4). Channel
reconstruction activities in the stream reach containing station 4.5 earlier in
1994 may have contributed to the sediment problem.

The four stations on Silver Bow Cresk alsc were rated for biologicsl

integrity and overall impairment of aguatic life under bicassessment Protocol II,
according £o the criteria in Table 12, and utilizing Blacktaill Creek statlion SF-1
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(Table 6}, and Warm Springs Creek station 486 (Tabls 7} as local reference sites.
Blacktaill Creek is a significant headwater tributary situated upstream of most
historical disturbances and Superfund activities, and ag such may resemble Silver
Bow Creek prior to degradation, and serve as an approximation of the stream’s
potential. For this reason station SF-1 was chosen as a reference for the Siiver
Eow Creek sites despite ratings of fair/moderate for biological integrivy/overall
impairment under screening Protocol I. Warm Springs Creek statlion 06 was
selected as a reference site based on its rating under Protocol I, which
indicated excellent biclogical integrity, with no impairment of aguatic life,
compared to 21 least-impaired reference streams in Montana. Warm Springs Creek
was also utilized as a reference site to assess the biclogical integrity/overall
impairment at Blacktail Creek station 8F-1, as well as several othex stations in
1994 (Table 7). Under Protocol II, Blacktail Creek station SF-1 received the
same rating (fair/moderate) as it did under Protocol I (Table 7). All three
Silver Bow Creek stations upstream of the Warm Springs Ponds were rated as having
poor biological integrity, with severe impairment of agquatic life, when compared
ro either Blacktail Creek or Warm Springs Creek under Protocol II {(Tables 6 and
7). TWhen compared to the same reference sites, Silver Bow Creek station 4.5,
below the Warm Springs Ponds, was rated as having fair biclogical integrity, with
moderate impairment of aguatic life, an improvement over the Protocoel I rating.

The dominant diatom taxon at Warm Springs Creek station 06 was Cymbells
affinis, a cosmopolitan species that prefers slightly alkaline, moderately
nutrient-rich water that is generally high in guality. As already mentioned,
bicagsessment Protocol I indicated no impairment of aguatic 1ife in lower Warm
Springs Creek, which had one of the highest polliution index wvaluss, and one of
the lowest siltation index values seen in 19%4 {(Table 4} .

Clark Fork station 07, below Warm Springs Creek, was rated as only fair for
biological integrity., with moderate impalrment of aguatic life under Protocol I
{(Table 4), as well as under Protocol I1 with Warm Springs Creek station 06 as the
local reference site (Table 7). The moderately high siltation index at station
07 (Figure 23), apparently directly attributable t£o Silver Bow Creek station 4.5
upstream, was to blame for the moderate aquatic life impairment at station 07.
Nitzschia paleacea, the dominant diatom taxon at Clark Fork station 07 below Warm
Springs Creek, belongs to the less-tolerant PT group 2 taxa that, as a group,
were relatively abundant at station 07 (Figure 8). However, the PRA of N.
paleacea was guite low, and the Shannon diversity index high, which suggest that
the level of stress on the biota at station 07 was not very high. In fact, when
compared to the Little Blackfoot River station 10.2 under biocassessment Frotocol
IT, Clark PFork station 07 was rated ag having good biological integrity, with
only minor impairment of aguatic life {Table 8} . Keep in mind that when the
Littlie Blackfoot River station 10.2 was compared to Warm Springs Creek station
06 under Protocol II, it was rated as having only fair biological integrity, with
moederate impairment of aguatic life, due to a higher siltation index wvalue and
& low similarity index score (Table 7), but was rated as good/minor when compared
to Rock Creek station 12.5 (Table 9).

Under Protocol I, Clark Fork station 09, at Deer Lodge, was rated as having
good biological integrity, with only miner impairment of aguatic life, an
improvement over Clark Fork station 07 that resulted from & significant decrease
in the siltation index {Table 4; Figure 22}. However, under Protocol II, with
the Little Blackfoot River station 10.2 as the local reference site, the Clark
Fork at station 09 was rated as having only fair biclogical integrity, with
moderate impairment of aguatic life {(Table 8). This apparent discrepancy was due
to the relatively low similarity index wvalue between the two stations; in
reality, all three of the other diatom assocliation metrics for station 09 had the
highest possible zcores of 4, when compared to the Little Blackfoot River (Table
8}, and therefore do not seem to support the conclusion reached under Protocol
ITI. The PT group 3 diatom Achnanthes minutigsimz was the dominant taxon at Clark
Fork station 09. The moderately high PRA for A. minutissima of nearly 40 (Table
3) resulted in a slightly depressed Shannon diversity index valus (Tabls 4;
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Figure 13). This suggests that the hiota at station 09 was under minor stress.
pogsibly related to inorganic nutrient enrichment.

At Clark PFork station 10, above the Little Blackfoot River, piclogical
integriry was rated as only fair under Protocol I, with moderate impairment of
aquatic life indicated due to a moderately nigh siltation index value (Table 4;
Figure 23). The pollution index value at gtation 10 was significantly lower than
ar Clark Fork station 09, and even slightly lower than at Clark Fork station 07
(Figure 18), in response to a lower total PRA of sensitive PT group 3 taxa, and

& corresponding increase in less-tolerant PT group 2 diatoms (Figure 8). The
dominant taxon at Clark Fork station 10, Nitzschia incomspicua, belonged to PT
group 2. but had a PRA of only slichtly cver 12 {Table 3;. Because no taxa were

strongly dominant at station 10, the Shannon diversity index was well above &
{Table 4; Figure 13), and did not suggest that the Clark Fork biota just upstresam
of the Litrle Blackfoot River was under a significant degree of stress. And when
compared to the Little Blackfoot River itself under Protocol II, Clark Fork
starion 10 was rated as having good biological integrity, with only minor
impairment of aguatic life indicated due to slightly dissimilar diatom floras
{(Table 8}.

ittle Blackfoot River station 10.2, near its mouth on the Clark Fork, was
rated under bicassessment Protocol I as having good biological integrity, with
minor impairment of aguatic life (Table 4). Under Protocol II with Warm Springs
Creek station D5 as rhe local reference site, as was previously mentioned, the
1ittle Blackfoot was rated as having only fair bioclegical integrity, with
moderate impairment of aguatic life due to low siltation and similarity index
scores (Table 7). When Rock Creek station 12.5, near Clinton, was used as the
iocal reference site, the ratings improved to good/minor for biclogical
integrity/impairment of aguatic life, with only the slightly disgimilar diatom
floras preventing the highest rating at station 1¢.2 {Table 9).

The next Five starions on the Clark Fork mainstem: station 11, at Gold
Creek; station 131.7, at Bonita; station 12, at Bearmouth; gtation 13, at Turah;
and station 15.5, above Missoula, were rated under bioassesgsment Protocol I as
having good biological integrity, with minor impairment of aguatic life (Table
4} . At each station, the reason biclogical integrity was slightly less than the
optimum expected, and overall impairment of aguatic life slightly greater than
the optimum expected wag the same: a slightly-to-moderately elevated value for
rhe siltation index (Tables 4 and 5} . '

Clark Pork starvion 11 at Gold Creek was assesgsed under Protocol IT uging
the Little Blackfoot River station 10.2 (Takle 8) and Rock Creek station 12.5
{Tabie 9) as local refsrence sites. Both returned the same result as Protocol
I: biclogical integrity at station 11 was good ., with only minor impairment of
aguatic life. Howewer, the reason for the less-than-optimum integrity/impairment
ratings was not the siltation index, but rather the slightly disgsimilar diatom
loras that resulted in similarity index gcores of 3 for the study site, when
compared to both reference sites. The dominant diatom taxon at station 11,
Epithemia sorex, is known to harbor endophytic blue-green algae in a symbiotic
relationship, and may enjoy an advantage over other diatomsg due to the ability
of the blue-greens to fix atmospheric nitrogen. E. sorex was the dominant taxon
ar all four Clark Fork stations in the reach between the Little Blackfcot and
Rlackfoot Rivers (Table 3.

Flint Creek station 11.% at New Chicago was rated under Protocol I as
having poor biclogical integrity, with severe impairment of aguatic life, due to
a very high siltation index value (Table 4, Figure 24). Under Protoccl II, with
Warm Springs Creek station 06 as the local reference site,the biclogical
integrity/overall impairment ratings for station 11.5 were fair/moderate, due to
the very much higher siltation index value at station 11.5, and a very low
similarity index value between the creeks (Table 7). Interestingly, comparisons
hetween Flint Cresk station 11.5, and both the Little Blackfoot River statlion
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15.2 and Rock Creek station 12.5 under Protocol IT returned much better ratings
of good/minor for biclegical integrity/overall impairment of aguatic life for

Fling Creek station 11.5. When the Little Blackfoot River was used as the
reference site, only the percent similarity index scored less than the maximum
of 4 {Table §&}. With Rock Creek station 12.5 as the reference site, the

polluticn index, siltation index and similarity index all received scores of 3.
The dominant taxon at Flint Creek station 11.5, Navicule capitaroradiata, is a
?T group 2 diatom that tolerates higher levels of dissolved minerals, and

moderate levels of organic (bicgenic) nutrients. However, the PRA of N.
capitatoradiata was relatively low, and the diversity index value at station 11.5
was the second highest seen in 1994 (Figure 14). As a comparison, the pollution

index value ar Flint Creek station 11.5% was only siightly lower than that at
Lirtile Blackfoot Riwver station 10.2 (Table 4; Figure 18j.

olark Fork station 11.7, at Bonita, was also assessed under Protoccl II
using the Little Blackfecot River station 10.2 (Table 8) and Rock Creek station
12.5 {Table 9) as local reference sites. The comparison to Little Blackfoot
River station 10.2 returned the same result as under Protocol I: biclogical
integrity at Clark Fork station 11.7 was good, with only minor impalrment oFf
agquatic life at station 11.7. With Rock Creek station 12.5 as the reference
site, the ratings for biological integrity/overall impairment at Clark Fork
sfation 11.7 were fair/moderate, due only to the relatively dissimilar diatom
floras at stations 11.7 and 12.%; the other three index ratios returned scores
of 4 {Table 9). Any impairment to the biota at Clark Fork station 11.7 would
seem to be relatively minor.

Clark Fork station 12 at Bearmouth was assessed under Protocol IT using the
Lirtle Blackfoot River station 10.2 (Table 8), Rock Creek station 12.5 {Table 9},
and as well as the BRlackfoot River station 14 (Table 10} as local reference
sites. With the Little Blackfoot River station 10.2 as the reference gite, the
same resultr was determined for Clark Fork station 12 as under Protocol I:
biological integrity was good, with only minor impairment of aquatic life
indicated. With Rock Creek station 12.5 as the local reference under Protocol
II, biological integrity was rated fair, with moderate impairment at Clark Fork
station 12, due only to the relatively dissimilar diatom floras at the two
stations. Blackfoot River station 14 was rated under Protocol I as having
excellent bioclogical integrity, with no aguatic life impairment (Table 4). #With
BElackfoot River station 14 as the local reference gite for Clark Fork station 12
under Protocol II, the rating for biclogical integrity again was only fair, with
moderate impairment of aguatic 1ife, again due te relatively dissimilar diatom
floras at the two sites, and a considerably higher siltation index at Clark Fork
station 12 (Table 10}.

Rock Creek station 12.5, near Clinton, was rated under Protocol I as having
good biological integrity, with minor impairment of aguatic life. The moderately
elevated siltation index value was only to blame, as the diversity and pollution
index valueg indicated no impairment at station 12.5 (Table 4). Under Protocol
II, Rock Creek station 12.5 was used as a reference site, and therefore was not
treated as a study site, per se. However, by calculating the inverse values of
the diversity index, pollution index and siltation index ratios in Table 9, Rock
Creek station 12.5 can be gonsidered as & study site under Protocol II. Compared
o the Litrtle Blackfoor River station 10.2 and Flint Creek station 11.5, Rock
Creek station 12.5 would be rated as having good biological integrity, with miner
aguatic life impairment, due only to relatively low similarity index wvalues.
Because of a much higher giltation index wvalue, as well as a low similarity
index, Rock Creek station 12.5 would rate only fair for biological integrity,
with moderate impairment of aguatic life, if compared to the Blackfoot River
station 14 under Protocol II.

Clark Fork station 13, at Turah, is located downstream of the confluence

of Rock Creek, but above the Blackfoor River (Figure 1). Under bioassessment
Protocol I, Clark Fork gstation 13 was rated as having good blological integrity,
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with minor impairment of aguatic life, due to a slightly elevated siltation index
value (Table 4). Under Protocal II, with the Little Blackfoot River gtation 10.2
as the local reference site, biological integrity/overall impairment were also
rated as good/minor, due to only slightly dissimilar diatom floras {Table 8}.
With Rock Cresek station 12.5 as the reference site, Clark Fork station 13 was
rated ag having excellent biological integrity. with no impairment of aguatic
1ife (Table 9}. The high similarity index value suggests Rock Creek had
considerable influence on the diatom flora at station 13, several miles
downstream. Finally, with Blackfoot River staticn 14 as the reference site under
Protocol II, Clark Fork station 13 was rated as having only falr biclogical
integrity, with moderate impairment of aquatic life, due to low scores for the
gilraticn index and similarity index {Table 10).

As was discussed previocusly, Blackfoot River station 14 was rated as having
excellent biological integrity, with no impairment of aguatic 1ife under Protocol
T Because it received such a high rating, the Blackfoot River was the logical
choice as a local reference site for Protocol 11 assessments. It should be
pointed out that the Blackfcot River did receive only falr/mederate ratings for
biological integrity/overall impairment of aguatic life when compared to Rock
Creek station 12.5, due only to a low similarity index value; ratios for the
other three indexes indicated no impairment at station 14 (Table 9). Bitterroot
River station 19 alsc was rated as having excellent biological integrity under
Prorocol I (Table 4). When the Blackfoot River was compared to the Bitterroot
River (again, by calculating the inverse of index ratios listed for the
Bitrerroot River in table 10), the results were in agreement with the ratings for
Blackfoot River statrion 14 under Protocel I. The dominant diatom species at
station 14 was Cymbella affinis, a cosmopolitan PT group 3 taxon that prefers
glightly alkaline, moderately nutrient-rich water. . affinis was alsc the
dominant diatom taxon in the lower Bitterrocot River, and at all but the two
lowermost Clark Fork stations downstream of station 14 (Table 3).

“lark Fork station 15.5 above Missoula, and downstream of the Blackifocot
River, was rated as having good biological integrity under Protocol I, with only
minor impairment of aguatic life, due a to moderately elevated siltation index
value at station 15.5 {Table 4; Figure 25}. Under Protocel TI, with Blackiocot
River station 14 as the local reference site, Clark Fork station 15.5 wag rated
as only fair for biclogical integrity, with moderate impairment of aguatic life,
also due to the elevated siltation index value (Table 10;. With the Bitterroov
River station 19 as the reference site, the biological integrity/overall
impairment ratings for Clark Fork station 15.5 were better, at geod/minor, but
continued to reflect a moderately higher siltation index value at station 15.5,
and slightly dissimilar taxa between the stations {Table 11).

Clark Fork station 18 at Shuffields, and downstream of Migsoula’s municipal
WWIP, was rated under bicassessment Protocol I as only failr for biclogical
integrity, with moderate impairment of aguatic l1ife, due to a high siltation
index value (Table 4; Figure 25). Slightly lower diversity index and pollution
index values at station 18 did not contribute to the low ratings for biclogical
integrity/overall impairment at station 18, but do indicate that the biota was
under a higher degree of stress than at Clark Fork station 15.5 above Missoula
(Figures 15 and 20). Under Protcocol II, with Blackfoot River station 14 as the
reference site, bicleogical integrity at station 18 was rated as poor, with severe
impairment of aguatic life, due to the much higher siltation index value at
station 18 {(Table 10}. When compared to Bitterroot River station 1% under
Protocol II. the ratings improved slightly, to fair/moderate, with the high
siltation index wvalue at Clark Fork station 18 again the reason for the poorer
racings.

As was mentioned 1in the assessment of Blackfoot River station 14,
Birrterroot River station 19 was rated under Protocol I as having excellent
biclogical integrity, with no impairment of aguatic life (Table 4. Under
Protocol 1T, with Rlackfoot River station 14 as the local reference site,
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Bitterrcot River station 1% was rated as heving good biclogical integrity, with
mincr impailrment of aguatic life, and missed a rating of excellent by only a
gsmall margin due to a slightly higher giltation index value at station 19 (Table
10).

lark Fork station 20 at Harper Bridge, and downstream of the Bitterroot
River, was rated as having only fair biclogical integrity, with moderate
impairment of aquatic life under Protocol I, due to a moderately high siltation
index value at station 20 (Table 4; Figure 26). Under Protocol II, with both
Blackfoot River station 14 (Table 10) and Bitterroot River station 19 {(Table 11)
ags local reference sites, Clark Fork station 20 was rated as fair for hiological
integrity, with moderate impairment of aguatic life, which were in agreement with
the Protocol I assessment of station 20. The diatom flora at Clark Fork station
20 was very similar to that at Bitterrcot River station 1%, but only slightly
more 8¢ than to the flora at Blackfoot River station 14, based on the similarity
index (Tables 10 and 11). At Clark Fork station 20, as was seen upstream at
Clark Fork station 18, diversity index and pollution index wvalues remained
slightly depressed, dindicating that minor stress on the bicta continued
downstream of Missoula (Table 4; Figures 16 and 21). ‘

lark Fork station 22 at Huson, and downstream of the Stone Container
Corporation kraft mill, was rated as having good biological integrity, with minor
impairment of aquatic life, under Protocol I (Table 4). The siltation index
value at Clark Fork station 22, while still elevated, was considerably lower than
was seen at upstream Clark Fork stations 18 and 20, and was nearly identical ©o

the value for Clark Fork station 15.5 above Misscula (Figure 26}. Diversity and
pollution index values at Clark Fork station 22 were virtually unchanged from
those seen at stations 18 and 20 {(Figures 16 and 21}. Under Dbioasgsessment

Protocol II, with Blackfoot River station 14 as the reference site, (Clark Fork
station 22 was rated as having only fair bislogical integrity, with moderats
impairment of aguatic 1ife, again due to the higher siltation index (Table 10} .
With Bitterrcot River station 19 as the local reference site under Protocol II,
Clark Fork station 22 was rated as having good biclegical integrity, with only
minor impairment of aguatic life, in agreement with the Protocol I ratings
{(Tables 4 and 11).

Az was discussed in the non-diatom algae section, Clark Fork station 24
near Superior is a considerable distance downstream from Clark Fork station 22
at Huson, and is well removed from pollution sources and other factors
potentially impacting the middie reach of the Clark Fork. Shannon diversity
index and pollution index values at Clark Fork station 24 were moderately high,
with very nearly the same values near Superior ag were seen upstream at Clark
Fork stations 13 at Turah, and 15.5 above Missoula (Table 4; Figures 16 and 21).
The siltation index value at Clark Fork station 24 was actually lower than those
sgen at most upstream Clark Fork stations (Figure 26} . Under Protocol I,
biological integrity was rated as good, with only minor impairment at Clark Fork
station 24, and missed an excellent rating by less than 1 siltation index unit.
With Bitterroot River station 19 as the local reference site under Protocol II,
Clark Fork station 24 again was rated as having good biological integrity, with

4

only minor overall impairment of aguatic life (Table 11}.

Clark Fork station Z5 above the Flathead River was the only mainstem
station in 1994 rated under Protocol I as having excellent biclogical integrity,
with no impairment of aguatic life (Table 4). The excellent rating was given
despite diversity index and poliution index wvalues at station 25 thab were
slightly depressed compared to upstream Clark Fork stations (Table 4; Figures 16
and 21). The siltation index at station 25 was the lowest of any station in 1994
{Figure 26). Under Protocol II, with Bitterrcoot River station 19 as the only
reference site, the biological integrity at Clark Fork station 25 was rated only
fair, with moderate impairment of aguatic 1life, dus to a relatively low
gimilarity index value (Table 11). The dominant diastom species at station 25,
and algc at statiom 27, was Cyclotella meneghiniana. This cosmopoclitan,

24



relatively pollution-tolerant, PT group 2 diatom can urilize organic nitrogen
sources, and prefers moderacely high levels of dissolved solids. The relatively
high PRA of C. meneghiniana, along with the somewhat depressed diversity index,
suggest that the biota at station 25 may have Deen under wmoderate stress,
possibly due to low streamflow, higher water temperatures, and/or elevated
organic (biogenic¢) nutrients. The biological integrity and overall impalrment
of aguatic life at Clark Fork station 25 may not deserve the high ratings given
by Protocol I. It appears the considerably lower ratings generated by Protocol
1T, while based on a reference site that is not truly *local”, may have been more
realistic.

clark Fork station 27 above Thompson Falls Reservoir, and downstream of the
lathead River, was rated as having good biclogical integrity, with only minor
impairment of aguatic life under bioassessment Protocol T {Table 4} . Because no
reference site wasg available for this lowermost station on a now very large Clark
Fork, Protocol II could not be not applied to starion 27. The relatively low
pollution index value (Figure 21) suggests somewhat lower water gualicy at Clark
Fork station 27, although the moderately high diversity index (Figure 16). and
+he lower PRA of the dominant taxon do not indicate the same degree of stress on
rhe biota as seen at Clark Fork station 25, upstream of the Flathead River. Low
streamflows and higher water temperatures during 1994 may have stimulated heavy
algal growth in the lower Clark Fork, resulting in the some degradation of water
quality and the increase in pollution-tolerant taxa (Figure 11).
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Table 4. Diatom asscciation metrics and biological integrity and overall
impairment ratings® under bicassessment Protocol I for monitoring
stations on the Clark Fork and tributaries during August 1994,

Station Diversity Poliuvtion Siiration Biclogical® Overall®
Index Index Index Integrity Impairment

SF-1 4.62 {(4) Z.38 (3) 49.75 (2) fair noderats
40 2.46 (3 1.83 (2} 58.45 (2) fair moderate
¢l 2.38 {2 1.23 (1} £4.00 {1} DooY severs
2.5 1.94 (3; 1.53 (1} T2.43 (1} jelele gsevere
4.5 4.00 (4} 2.15 (33 £1.35 (1} jolelets severe
06 3.51 {4) 2.71 {4} 13.64 {4) excellent none

07 4.21 (4} 2.37 (3) 53.72 {2) fair moderate
03 3.52 {4} 2.49 (3) 32.55 (3)  goed minor
i0 4,31 {(4) 2.34 (3) 45.13 (2) fair moderate
10.2 4.15 {4) 2.46 {3 39.38 (3} good minor

i1 4.1% (4) 2.87 {4} 28.23 (3) good minor
11.5 4.60 (43 2.40 {3} 61.37 {1} pooT sevare
11.7 3.91 {4} 2.65 (4} 27.36 {3} good ninor

12 3.47 {4} 2.72 (4) 21.62 {3) good minor
12.8 4.35 (4) 2.66 {4) 32.70 (3) good minor

13 4,11 (4) 2.66 (4} 28.57 (3} good minor

14 3.96 (4) 2.75 {(4) 8.63 (4) excellent none
15.8 4.44 {4} 2.66 (4) 30.71 (3) good minoy

18 3.82 (4} 2.62 (4) 46.08 {2} faixr moderate
i3 4.00 (4) 2.69 {4} 16.75 {4} excellent none

20 3.89 (4) 2.63 {43 42.14 (2} fair moderate
22 3.84 {4 2.63 (4) 30.05 (3) good minor

24 4.14 {4) 2.68 (4) 20.85 (3; good minor

25 3.11 {4) 2.51 (4} 4.77 (4} excellent none

27 4.24 {4) 2.4% (3 20.24 {3} good minox

*Riological integrity and impairment ratings are based on scores in
parentheses, according to criteria developed by Bahls {1993). See Tabls 5.
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Table Criteria for establishing impairment ratings and scores for diatom
associarion metrics from mountain streams under biocasgsessment
Protocol I (Bahls 1993} .
Score Rating Diversity Pollution Silration
Iindex Index Index
i high STresSs . .......co. ... <1.00
severe pPOLlIlubtion .. ... ir o <1.50
Neavy S11E8TI0M ...t a e it e »>60
2 moderate sStress . .......- 1.00-1.72
moderate poliution ... ... 1.50-2.00
Moderare Siltalbion . vt v ee s nanaesassarreseenansess 40-60
3 minor sStress .....c.cev.-- 1.76-2.50
minor pollution ... ie e 2.01-2.50
MANOT S1IEALAOI « it i it s e r e s st it smn e s e e n s 20-3%
4 NO SETEES8 . v it vt vsnnnenncs- 2 .50
no pollution ... ...t »2.50
st BCR N B o= 2=l N o) R R <20

Lowest Score

RSN VOIS S

Biclogical Integritv

jelelaxs
falr
good

excellent

Overall Impairment

severe
moderate
minor
NONEe




Tables & and 7. rRatings for biological integrity and overall impairment of
aguatic life® at gelected study sites on the Clark Fork and
tributaries during August 1994, where a local reference site
ig available according to Bicassessment Protocel II (Bahls

1983; .
Table 6.
Reference Site: Blacktail Cr. BF-1
Study Sites: 8BC 40 EBC 01 EBC 2.5 SBC 4.

Diversity Index Ratio (Score) 53% {2} 52%1{2) 42% (2} 87% (4
Pollution Index Ratic (Bcore) TTE(3) 52% (2} £4% {2} 90% {4
Siltaticn Index Ratio (Score) 85% {4} 78%{4) - 69% {4} 1% {4
Similarity Index {(Score) i6% (1) 16%(1) 12% {1} 34% {2
Low Score 1 1 1 2
Bioclogical Integrity'™ DooT pocr poor fair
Overall Impairzment™ severe severe sevare moderat

Table 7.
Reference Site: Warm Springs Cz. 06

Study Siteg; BTC SFP-1 SBC 00 EBC 01 SBC 2.
Divergity Index Ratilo {(Score) 118% (4} 63% (3) 51%{3} 49%(2
Pollution Index Ratio (Score) 8% (3) 58%(2) 45% {1} 56% (2
Silration Index Ratic (Score) 27%(2) 23% (2} 21%{2) 18% {1
Similarity Index (Score} 30% (2} 14% (1) 16% {1} 14% (1
Low ZScore 2 1 1 1
Biological Integrity'™ fair poox poor pooT
Cverall Impaizrment ™ moderate severs - severe sevari

Reference Site: Warm Springs Cr. G6

Study Sites: SBC 4.5 LFR 07 LBR 10.2 FTC 11.
Diversity Index Ratio [(Score) 102%{4) 108% {4} 106%(4) 118% {4
Pollution Index Ratio (Score) 79% (3) 87%(3) 51%(4) 89% (3
Siltation Index Ratio {(Score) 22% (2} 25%(2) 35%(2) 22% {2
Similarity Index {Score) 20%(2; 32% (2} 25%{2) 30% (2
Low Score 2 2 2 2
Biological Integrity'™ fair faixr fair fair
Overall Impairment'™ moderate moderate moderate moderat

*Biological integrity and impalrment ratings are based on scoresg in
parentheses, according to criteria developed by Bahls (1993). See Table 12,
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Table &. rRatings for biclogical integsrity and overall impairment of aguatic life®
at selected study sites on the Clark Fork and tributaries during August
1994, where a local reference site is avallable according to Bloassessment
Protcocol II {Bahls 1993).

Reference Site: L. Blackfoot R, 10.2

tudy Sites: CFR 07 CFR 0% CFR 10 CFR 11
Diversivy Index Ratioc {(Score) 101%{4) 85% {4} 104% {4} 99% (4}
Pollution Index Ratic (Score) 96% (4) 101%(4) 95% {4) 104% {4}
Siltation Index Ratic {(Score] F3%(4) 121%{4) B7% (4] 140% {4}
Similarity Index {Score; 41%(3) 25% (2] 48% {3} 59%{3;
Low Score 3 2 3 3
Biclogical Integrity'™ good fair good good
Overall Impairment’™ minor moderate minor minor

Reference Site: L. Blackfoot R. 10.2

Study Sites: FTC 11.5 CFR 11.7 CPR 12 CFR 13
Diversity Index Ratio {Score) 111%(4) 94% (4) B4%(4) 99% (4)
Pollution Index Ratio {(Score) 98% {4) 108% (4) 111%(4) 108%{4)
Siltation Index Ratio (Score) 4% (4) 144% (4) 182% (4] 138%(4)
Similarity Index (Score) 50%(3) 53%(3) 58%(3) 56%(2)
Low Score ' 3 3 3 3
Biological Integrity™™ good good good good
Overall Impairment' minor minor minor minor

*miological integrity and impairment ratings are based on scores in
parentheses, according to criteria developed by Bahls (1%93). BSee Table 12,
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Table 9. rRatings for biclogical integrity and overall impairment of aguatic
life* at selected study sites on the (lark Fork and tributaries

during August 1%%4, where a local reference site

according to Bioassessment Protocol II (Bahls 1993).

is available

reference Site: Rock Creek 12.5

Study Sites: LBR 10.2 CFR 11 Fre 132.5 CFR 11,
Diversity Index Ratio (Score) 95% (4) 94% {4} 106% (4) 90% {
pollution Index Ratio (Score) 92% (4) ENEREY 90% (3} 100% (4,
Siltation Index Ratic (8Score) 83% (4) 116% (4] 53%(3) 120% (4,
Similarity Index (Score) 53%(3) 42% {3} 41%(3) 36% (2]
Low Score 3 3 3 2
Bioclogical integrity'” good good good fair
Overall Impairment™ minoy minoy miInor moderat

Reference Site: Rock Creek 12.5

Study Sites: CFR 12 CER 13 BFR 14
Diversity Index Ratio {(Score) B0%(3) 94% (4) Gi%{4;
Pollution Index Ratioc {Score) 102% {4} 100% (4) 103% (4
Siltation Index Ratio (Score) 151% {4} 114%(4) 379% (4)
Similarity Index (Score) 41% {2} 63%{4) 36% {2}
Low Scorse 2 4 2
Biclogical Integrity'™ fair excellent faix
Overall Impairment'™ moderate none noderate

*Riglogical integrity and impairment ratings are based on scores in
See Takle 12.

parenthesges, according to criteris developed by Bahis (1353).
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Table 10. Ratings for biclogical integrity and overall impairment of aguatic
1ife® at selecred study sites on the Clark Fork and tributaries
during August 1994, where a local reference site 1is available
according to Bicassessment Protocol IT {(Bahls 1993).

Reference Site: Blackfoot R. 14

Study Sites: CFR 12 CFR 13 CFR 15.3 CFR 18
Diversity Index Ratio {Score) B8% (4} 104%{4) 112%(4) 96% (4)
Pollution Index Ratic {(Score) G9% (4) 97% {4} 97% (4} 95% (4)
Silration Index Ratio ({Score} 40% (2] 30%{2) 28%(2) 18% (1)
Similarity Index (Score) 24%(2) 37% {2} 56%(3) 47%(3)
Low Score 2 2 2 1
Biological Integzrity™ fair fair faix poor
Overall Impairment'” moderate moderate moderate severs

Reference Site: Blackfoot R. 14

Study Sites: BRR 19 CFR 20 CFR 22
Diversity Index Ratio (Score) 101%(4) 98% {4} 97% (4)
Poliution Index Ratioc (Score) 98% (4) 96% {4} a6% (4)
Siltation Index Ratic (Score] 52%(3) 20%(2) 29% (2)
Similarirvy Index (Score} 63%(4) 53%(3) 47%{3)
Low Score 3 2 2
Biological Integrity' good fair fair
Overall Impairment'® minoz moderate moderate

*Biclogical integrity and impalrment ratings are based on scores in
ceri

parentheses, according to criteria developed by Bahls {1293). BSee Table 13,

oo,
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Protocol IT

{Bahls 1993).

rRatings for biclegical integrity and overall impairment of aquatic life’
ar gselected study sites on the Clark Fork and tributaries during August
1994, where a local reference site is available according to Bicassessment

Reference Site:

Bitterroot R. 19

Study Sites: CFR 15.5 CFR 18 CFR 20 CPR 22
Diversity Index Ratic (Score) 111% {4} S6% (4 27% (4} 96% (4}
Pollution Index Ratio {Score) 99% {4 98% (4} 98% (4} 98% (4;
Siltaticon Index Ratio (Score) 55%{3) 38% (2} 40% (2} 56% (3}
Similarity Index {Score) 51% (3} 53%(3) 61% {4} 68% (4}
Low Score 3 2 2 3
Biological Integrity™ good fair faix good
Overall Impairment™ minox moderate  moderate ®minor

Reference Site: Bittexrrocot R. 18

Study Sites: CFR 24 CFR 25
Diversity Index Ratic (Score) 104%(4) 78% {3}
Pollution Index Ratio {(Score) 100% (4 93% (4)
Siltation Index Ratic (Score) 80% {4) 351%(4)
Similarity Index (Score} 47% {3} 24%{2)
Low Score 3 2
Biological Integrity™ good fair
Overall Tmpairment'® minor moderate
*Riplogical integrity and impairment ratings are based on scores in

parentheses, according to criteria developed by Bahls (1593). See Table 12.
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diatom

able 12 Criteria for establishing impairment ratings and scores Zfor
association indexes when a local reference or control site is avallable
and used under bicassessment Protocol II (Bahls 1993).
Score Ratring Diversity Pollution Siltation Similarity
Index® Index® Index® Index”
1 high stress ...... <40
>160%
gevere pollution ............. <50%
heavy siltation InCrease .............0.0.- <20%
very disgimilar communities . ...... .. i <20%
2 moderate stregs . 40-60%
140-160%
moderate pollution .......... 50-70%
moderate siltation increase ........c..... 20~40%
aomewhat disgsimilar communNities ... ..t annnaceon 20-40%
3 minor stress .... 61-80%
120-139%
minor poliution ..... ... 71-90%
gmall siltation INCIEa8SE . ... .. cieaenions 41-60%
gsomewhat similar communifies ... . iaae e 41 -60%
4 no BLYESSS8 ... ee.a- >80%
<120%
no pollution ... .o >90%
no siltation INCTEASE . .. .. v nnmreoaneeen- >50%
very similar communities ............. .o >60%
Lowest Score Biological Integrity Overall Impairment
i pocr Severes .
2 fair moderate
3 good minor
4 excellent none

*yalue is ratio of study site index to reference site index X 100.

Value is ratioc of reference site index to study site index X 1006,

“Percent community similarity index (Whittaker and Fairbanks 13558).



Trend Asseasgment

To assesg general trends in water guality at Clark Fork and tributary
stations, pollution index values for the last six monitoring years (1989-94) are
plotted in Figures 27-31. Ratings for biclogical integrity and overall
impairment of aguatic life for the years 1991-94, are presented in Table 15%. It
is difficult to measure the significance of apparent trends in these metrics.
However, it should be noted that pollution index values are Dbased on the
pollution tolerances of many individual diatom species, while biological
integrity and overall impairment ratings are determined under bioassessment
Protocol I, utilizing three different diatom community-structure indexes. They
rherefore contain considerable environmental dats in a condensed form. The
following observations are based on Figures 27-30 and Table 13:

- Blacktail Creek above Grove Gulch, station §F-1, was monitored for the
first time in 1993. Based on very similar pollution index values, water quality
in Blacktail Creek was relatively good, and apparently quite stable during the
very different water years 1993 and 19%4. Biological integrity was rated
slightly lower during 1994, a much below-average waler year, than during 1933,
a much above-average watber year,

- Water quality at Silver Bow Creek station 00, above Butte’'s Wastewater
Treatment Plant, appeared relatively stable over the period 1991-1594, but was
significantly poorer during all four years than during the period 1983-91.
Starion 00 also had poorer water quality over the period 1993-193%4 than did
Blacktail Creek station SF-1 over the same two monitoring vears. No clear trend
was apparent in biclogical integrity at station 00, which continued to be fair-
to-poor, with moderate-to-severe impairment of aguatic life.

- Tn 1994, only slight improvement in water guality was indicated at Silver
Bow Oreek station 01, below Butte’s WWIP and the Colorade Tailings, following the
very significant decline seen in 1993; pollution index values remained well below
rhe levels seen over the period 1989-19%2. Bilological integrity at station 0%,
as in 1991 and 1993, was poor in 1994. Biological integrity at station 01 was
rated as fair in 13992.

- A slight improvement in water guality was seen at Silver Bow Creek station
2.5 at Opportunity in 1994, following the decline noted in 1993. The pollution
index ar station 2.5 remained lower than during the period 1989%-%1, although the
sampling location prior to 1993 was at a point downstream, and the new station
2.5 may not be entirely comparable to old station 03. Nevertheless, biologlcal
integrity remained poor at station 2.5, with severe impairment of aguatic life
throughout the pericd of record. :

- Watey quality at Silver Bow Creek station 4.5 below the Warm Springs Fonds,
as indicated by the pollution index, declined significantly in 1994 from the
relatively high level seen in 1993. Pollution index values prior to 19%3 also
displayed large year to year variations. While significantly better than at
gilver Bow Cresk stations upstream of the ponds, water guality at station 4.5
continues to be guite variable. This is best illustrated by the poor biclogical
integrity, and severe overall impairment of aguatic life ratings at station 4.5
in 1994, compared to the good integrity/minor impairment ratings in 1893,

- Warm Springs Creek station 06 continued to have high water guality in 1994,
with & slight rebound in the pollution index that reversed a minor decline seen
in 1993. Biclogical integrity was rated ag excellent in 1994, with no impairment
of aquatic life indicated, up from the good integrity/minor impairment rating
received during the high streamflows in 1993. The trend over the period 1%283-
1596 hag been one of steady improvement in water quality, followed by relative

gstabilitcy.

38



- In 1994, Clark Fork station 07 below Warm Springs Creek saw a significant
drop in the pollution index to the 1932 level, reversing a five year trend of
steady improvement in water quality. A decreased in biological integrity also
was seen, to a rating of fair, following two years of good ratings. This decline
at Clark Fork starion 07 almost certainly was related to the more sericus decline
at Silver Row Creek station 4.5, only a short distance upstream.

- The peollution index for Clark Fork station 0% at Deer Lodge increased
slightly in 1994 and, while little change was seen the previous year, continued
the trend begun in 1992 when the peolliution index increased eignificantly.
Biological integrity at station 09 also increased in 1994, to a rating of good,
following two years of fair ratings and a poor rating in 19%1. This guggests a
strong trend of continued water guality improvement at scation 09 at least since
1991 {(Figure 28).

- The trend in water gquality at Clark Fork station 10 above the Little
Blackfoot Biver, clearly downward following the very high polliution index value
in 1990, was reversed in 1994 suggesting a slight improvement in water guality.
The ratings for biological integrity and overall impairment of aquatic life
improved slightly in 1994 to fair/moderate following the poor/severe ratings seen

in 1893.

- At Little Blackfoot River staticn 10.2, the pollution index decreased
significantly in 19%4 from a relatively high value recorded in 1%93, the first
year station 10.2 was monitored. However, binlogical integrity again was rated
as good, with only minor impairment of aguatic life, suggesting water guality in
the Little Blackfoot River remained relatively good in 1994 despite the low
gtreamflow conditcions.

- The pollution index at Clark Fork station 11, at Geld Creek Bridge,
increased slightly in 1994 following the sharp decline in pollution index in
1993, but did not approach the very high levels seen during the period 1990-1852.
The rating for biological integrity at station 11 did improve in 19924 to good,
which suggests water guality was slightly improved.

- Ar Flint Creek station 11.5, at New Chicago, the pollution index value in
1994 was slightly lower than in 1993, the first year the station was monitored.
Biclogical impairment also decreased, from fair in 1993 to & rating of poor in
19%4.

- Clark Fork sgtation 131.7 at Rearmouth, ZIfirst monitored in 15%9%3, had a
somewhat higher pollution index rating in 1994. Biological integrity at station
11.7 was rated as good during both years, suggesting relatively high guality
water in this reach of the Clark Fork.

- At station 12, Clark Fork at Bonita, the general downward trend evident in
rhe pollution index over the previous twc years was reversed by a relatively high
pollution index value in 1994. 2And as was the case over the previous three
vears, biological integrity was rated good, with only wminor overall impairment
indicated, which suggests relatively stable conditions and good water guality at
atation iZ.

- Rock Creek station 12.5 near the mouth was established in 1993, Thea
pollution index value for 1994, while relatively high, was slightly lower than
in 1993. Biological integrity was rated as good for both years, which suggests
the water guality at station 12.5 was fairly high.

- At Clark Fork station 13, av Turah, pollution index values decreased very
slightly in 1994, but biolcgical integrity remained good, unchanged since 1991
when it was rated excellent. This suggests relatively stable conditions, with
continued high guality water at station 13.
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- Blackfoot River station 14 again had a very high pollution index value in
1994, almost exactly the same ag was determined cover the previocus five years.
The biclogical integrity rating at station 14 remained excellent, alsc was
unichanged since 1991, with no aguatic life impairment indicated. Water guality
remained very high.

- At Clark Fork station 15.8, above Missoula, the pollution index value
decreased slightly in 1994, from a level nearly as high ag seen in the Blackioot
River, and that had remained virtually constant since at least 198%. Biologlcal
integrity remained unchanged, however, with a rating of good, with only minor
agquatic life impairment. This suggests water quality at sration 15.5 continued
to be wvery good in 199%4.

- Clark Fork station 18, at Shuffields, saw a slight increase in the
pollution index value in 1994, reversing the gradual downward trend evident since
ar least 1990. As in 1993, biclogical integrity, remained only fair at station
18, suggesting that water guality and aguatic life continued to suffer moderate
impairment downstrear of Missoula’'s municipal wastewater discharge.

- ar Bitrerroot River station 19, near the mouth, a fairly dramatic reversal
of the strong five-year downward trend in the polluticn index occurred in 1994,
with the highest pollution index value seen'over the zix year pericd. Biological
integrity, rated fair in 1991 and 1992, and only poor in 1993, increased to
excellent in 1994. Significant improvement in water guality was suggested in the
Bitterroot River in 1994.

- Clark Fork station 20 at Harper Bridge saw & slight drop in the poliution
index walue in 1994, continuing the trend that began in 1993, Biological
integrity decreased to only fair in 1994 for the first time, following good
ratings for three vears running. Water guality apparently continued to decline
at Clark Fork station 20 in 1994, despite improvements indicated in the
Birterroot River near its mouth on the Clark Fork, several miles upstream of the
Harper Bridge station.

- Ulark Fork station 22 at Huson saw a slight improvement in the pollution
index in 1994, following a sharp drop in 1992, and a lesser decrease in 1933.
The polluticon index remained considerasbly lower than the wvery high wvalues
determined in 1990 and 1991. BRiological integrity did increase from fair in 1593
to good in 1994, which also was the rating during both 1991 and 199%2. The minor
ratings for impairment of aquatic 1life at station 22 in 18581, 1992 and 19354
indicate that water quality remained relatively good at Huson during the liow
streamflow conditions seen during those yvears.

- At Clark Fork station 24 at Supericr, the pollution index increased
significantly in 1994, reversing the downward trend that began in 1992 and was
particularly sharp in 1993. However, the polluticon index value remained well
below the peak value seen in 1991. Biological integrity improved to good in
1994, feollowing a failr rating during the very high streamflows in 1993, which had
dropped all the way from the excellent rating seen in 199%2. All told, the water
quality at station 24 appears to have been guite good from 1989 to 1994, as
indicated by generally high pollution index values.

- The pollution index at Clark Fork station 25, above the Flathead River,
dropped slightly duvring 1994 and, excepting a slight increase in 18%3, continued
a general downward trend that began in 1990. This trend is clearly contradicted
by the biclogical integrity at station 25, which was rated ag good in 1993, and
as excellent during 1%5%1, 19932 and again in 19%4. What could be interpreted as
declining water guality at staticn 25 does not appear to be causing any
impairment of aguatic life.
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- At Clark Fork station 27, above Thompscon Falls Reservoir but downstream of
the Flathead River, the pollution index decresased significantly in 1994 from the
relatively high wvalue seen in 1%$93. Compared to relatively stable pollution
index values before 1992, the last three vears have fluctuated greatly. However,
the biclogical integrity remained excellent from 1991 to 1993, and only dropped
to good during the very low streamflows that occurred in 1994, suggesting
consistently good water guality at station 27.
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Pollution index walues f£rom the Clark Fork and tzibutaries
during August of six consecutive years, 1988-1984,
Stations 03 and 04 were invslid in 1992, and were replaced
in 1982 by stations 2.5 and 4.5, respectively. Stations
BF-1, 10.2, 11.8, 11.7, and 12.5 were established in 1883,
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Table 13. Ratings for biclogical integrity and overall impairment of aguatic 1
at Clark Fork and tributary stations during August of four consecutiv
vears, 1991-19%4°, based on bicgassessment Protocol T,
ng = not sampled
1981 1982 1893 1894
) Bigelogical Overall Biological Cverail Bioclogical Overaslil Biclogieal Overall
Station Integrity Impairment Integrity Impairment Integriby Impajrment Integriby Impairment
8¥-1 e ns no ng goed minor fair moderate
634 Fadr medarats pooexT severs pooy savers failx moderate
01 poox savers faizx modarate poor zeVvere poor Bevers
2.5 poor BBVers ns ns PeeT sEvers poor sovere
4.5 poor savers ne na good minor poor Aavers
06 good minor sxcellent none good minoy gxcsllent nona
Q7 fair moderate good niner good minor faix moderate
0% pooz savare fair moderate Ealrw moderate good minoxr
10 fair modaratse good miner poeoT BEFETS faiy moderste
10.2 ns ne ns ng good minor good minor
11 good miner axcellant none fair modsrats good miner
11.5 na ns nz na fair moderate poor ssvere
11,7 ne ns ns na good minew good niney
12 geod miner good minor goeod minoxr good minor
12.5 ng ns ns na good minor good miner
13 axcallent pone good miner good minoxr good miner
14 axncellent none sxcellant none sncellsnt none excallant none
15.5 good minor good i ner good winer good miner
18 goed minor good miner fair mederats fair moderate
1 Ealzr moderate faiz wmodarats poor savars excellient none
o0 good zminor good minor good miner faiz moderats
o2 goed minsr geood minor fair moderate good wminoes
24 good wminor axcelient nouns fair moderate good minor
25 sxcelilent nonRS sxcaliient none good BiBOT sxeeilent none
27 sxdellant nons excelilient nons axgallent none good minor
apara for stations 2.5 and 4.5 during 1992 were invalid due to Superfund
activities: stations 2.5 and 4.5 were known as 03 and 04 priocr to 1933; Staticng SF-
1, 10.2, 11.5, 11.7 and 12.5 were established in 19383,

if
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Appentit A

Estimated relative abundance and biovelume contribution rank { ) of distoms and genera of

non-distom slges in periphyion samples from Clark Fork Basin biological monitoring, 1984,

H=rare; C=common; VC=very common, A=abundent, VA=very sbundant

STREAM: WSC CFR CFR CFR LER
STATION NUMBER: 08 g7 0% 18 8.2
SAMPLE NUMBER: 10208 {843l 2668 850K 14008
1884 SAMPLING DATE: 815 B85 846 &Mg 8118
Bacilariophvia {diatoms)
All genera collectively VALY A VA1) ALD Ald)
Chiorophwvts {green sigas)
Ankistrodesmus {8 YOI AT A%
Ciadophore R V) Y3 WC(2}
Closterium C{T} Ci8)
Coelastrum R
Cosmariyrn R R R R it
Glosocystis R R
Oedogonium ALZ) VCi4) VICI4) Cig) WO3)
Pediastrum VC{B) {8} TN Sy R
Scenedesmus Frie (] R WOE) A5} Yo7
Sphasrocystis R R
Stayrastrum OHD
Stipeccionium F A R
Lilotirix R
Chrysophvia (vellow-green algee
Vaucheria 8 WAL
Cyanophvia (blue-green algae)
Calothrix (13
Chamaesiphon Ci14) S
Dichothyix o R»
Merismmopedia 5
Mosioc AL3) YA AL VA1) WALZ)
Dscillatorie 4 o) S
Phormidium g vC{5} VOIS AS) Vo0
Tolvpothrix R YOIB)
Rhodophyta {red aigee
Asterocystis R E
_Audouinelia Aldy B A5y VC4) o
STATION NUMBER: 08 o7 08 40 40.2
TOTAL NON-DIATOM GENERA, 14 10 12 47 17
# DOMINANT GENERA; & 5 10 13 42
# GREEN: 5 3 8 & 8
# BLUE-GREEN: 2 2 3 & 4
#OTHER: 1 4] 1 Zz 2
DORMINANT FHYLUM: Chdor Chior Chlor {hior Chior



H

Emaieé relative sbundance and blovelume contribution ranl { ) of diatoms and genera of
non-distom sigse in periphyton samples from Clark Fork Basin blslogical monitoring, 1884,
R=rgre; C=common; V{=very common, A=sbundant; VA=very abundsni

STREAN: BTC SBC SBC SBC BBC
BTATION NUMBER: SF-1 o0 i 2.5 4.5
SAMPLE NUMBER: 13988 08471 1020 02450 13898
1984 SAMPLING DATE: 8748 815 8/15 85 ane
Bacillariophyta (diatoms}
All genera coliectively VA1) YAID YO VCid) A3
Chiorophvie {green sloes)
Ankistrodesmus YO OB R
Giadophors < YCIZ)
Closterium <8 R
Cosmaritm R 4 Al (83
Gloeocystis R R R R
Microspora A5} R
Sedogonium AL3) VAT
Pediastrum B ) R Cid)
REhizoclonium WVCi8) R
Scenedesmus YC10) &) 3 VA2 o7
Spirogyra C{}
Staurastriam R
Stigevcionium V3 Aty ® R
Likathrix oS A{Z)
Chrysophyie (vellow-green sigag)
Tribonemea R
Yaucheria A{Z
Cyanophyte (blus-green sigae)
Chamaesiphorn S
Lyngbya R
Nodularia R
Oscillatoria R YOId) VO3 {8y
Phormidium Ci5: VC{5)
Rhodophwte {red sigae)
Audouinelis 8
STATION NUMBER: 8F-1 08 o 2.5 4.5
TOTAL NON-DIATOM GENERA: 18 a8 8 E 14
# DOMINANT GENERA; 10 5 2 4 8
# GREEN: 8 4 2 2 L)
# BLUE-GREEN: Ei] 1 D 2 3
#OTHER: 1 ¥ 4] ] ]
DOMINANT PHYLUM: Chior Chior Chior Chior Chior



Appendix A

Estimated relative abundance and biovolime contribulion rank {  of distomns and genera of
norecistom sigae in periphylon samples from Clark Fork Basin biological monitoring, 1984,
F=rare; C=oommon; Vi=very common A=gbundant; VA=very abundant

STREAN: CFR FTC CER CER RKC
STATION NUMBER: 19 41.5 4.7 42 125
SAMPLE NUMBER, O556K 14018 0652C O557K 14028
1854 SAMPLING DATE: 8/18 &g an7 817 817
Bacillariophvta {diaioms)
Ajl genera collectively AL VA VAT WAZ) VAN
Chicrophwie (green algse)
Ankiskrodesmiis AB} oO0 YO YOI WO
Ciadophors V2 YC{4} YO(2} Al Ci5
Ciosteriuvm 0103 Ci7) o CI8) R
Coslastum R R
Cosmarium i CiE) i) U
Enteromaorphs {8
Glosocystis R R
Gongroske R
Dedogonium g
Pediastrim R R R B
Scenedesmus YCE) 03 S0 ity R
Spirogyra s
Stipeocionivm R R R B
Chrysopiwta {yellow-green glgee)
Vaucheris AL
Cyanophyta (blue-green slgae)
Calothrix VT4 pre Y WO(B) Y5 R
Chamaesiphon YCU2 o 13 UMD
Dichothrix e
erismopedia VO
Microchaeie {113
Mosioc VAT ALZ) WAL VAT AR
Osciliatoria R YCIE) o i) R YC{T)
Phormidium VO YALS) YO8 V(B A8
Rivularia A4}
Tolypothrix R
Phaeophvyta {brown sigae)
Heribaudieils YO[B
Rh | {red aigas
Asterocysfis R ] R R
Audouinelis R R WO{4) W4y R
Lemanes B
STATION NUMBER: i1 94.5 1.7 92 12.5
TOTAL NON-DIATOM GENERA: 18 14 15 15 17
# DOMINANT GENERA; 11 g 42 18 10
# GREEN; & 4 <3 5 4
# BLUE-GREEN: 5 4 & 4 5
# OTHER: G 9 4 1 9
DOMINANT PHYLUM, Chioy Cvan Cyan Cyan Cyan



Appendiz A
Fstimated relative shindance and biovolame contribution rank { ) of distoms and genera of

notediatom slges in periphvion samples from Clark Fork Basin blologicat monitoring, 1884,
Re=rare; C=common, VC=very commeon; A=sbundant; VA=very abundant

STREAM: CFR BFR CFR CFR BRR
STATION NUMBER: 13 14 15.5 48 49
SAMEBLE NUMBER: 0558C 07520 QBGTL o876p 02785
1994 SAMPLING DATE: BAT BM7 B8717 817 87
Bacillar a {digloms
All genera coliectively WAL YA VALD YA VAL
Chioro 8 {green aiges
Ankistrodesmus WOE) AT} A0} AT VOO
Chastophors R
Cladophors VEI{3) C{E) Cia ALD) YO(4)
Closterium i R R R R
Coejpstrum o R R Cig) e
Cosmarium YC{5) 0 VOIS iE) YO(9)
Gloeocystis R
Oedagonium 24 AL 8)
Pediastrum B i C013) R ®
Scenedesmus WCT VCH YVC2) WCIE) VO
Borgstrum R
Spirogyre VAT ALZ) proechy)
Staurestrum R R ] 2]
Sligeocionium R R R VALD V)
Cyanophyta {blue-grean algas)
Aphanocapsa R
Calothrix R CiB} L
Chamaesiphon ' {14y 24
Mostoc YAD R A(S)
Qscilatoria VA(Z) A4} (4 AT
Phormidium A4 VC{13) A8 VAL4) VALS)
Rivularig VCIG) VCIB)
Phaeophvia (brown slgae)
Heribaudieils R Vi) B
Rhodophyta (red algas)
Asterocystis R E Rtiorp) YOS
Audouinells R "] Cith
STATION NUMBER: 13 14 15.5 18 49
TOTAL NON-DIATOM GENERA: 18 18 18 i4 18
# DOMINANT GENERA; g 41 13 8 1¢
# GREEM: 5 & 7 8 a
# BLUE-GREEN: 3 4 4 4 2
#OTHER: 0 1 2 1 L]
DOMINANT PHYLUM: Tyan Chior Chior {Chior Chior



Appendid A

Estimated ralative sbundance and biovolume contribulion rank () of diatomns and geners of
nor-giatom aigae in periphyion samples from Clark Fork Basin biological monitoring, 1894
R=rare; C=common; VO=very coimrencn;, A=sbundand; YVA=very abundant

ETREAM: LFR CFR OFR CER CFR
STATION NUMBER: 28 22 24 25 Z7
SAMPLE NUMBER: L2727 0273Y 0801K 0903K 48050
1954 SAMPLING DATE: 218 8418 848 8A1% 859
Baclliariophyia (diatoms)
__All genera collectively VA VALY WA VAT ALD)
Chiorophyia {green sigas)
Ankistodesmus YT} YOS A{B} YOI YOI
Cladophors WC(2) VG VO YWC{2) VC2)
Ciosterium R 24 4 oty
Coelastum <8} 20403 (9 R R
Cosmariurr C(B) R R R Y8}
Glosocystis R R
Mougeotis By 013}
Oedogonium Al3}
Pediastrum R (B} 4 R CHB
Scenedesmus VCI(B) YOI YC(T) YE{8) VOIS
Sphaerocyslis B
Stawrastrum R®
Stigeocionium AlZ) YVO{4) R R R
Cyanophvis {(blue-green aigas)
Calothrix {16
Charnsesiphon {10} S A8 YALS) ATy
Nostoc V(5 CiB)
Dscillatoria AiB) R R VAT
FPhormidiur WAG) A WA VA4 VA4
Phaeo algse
Heribaudiells (=) VCIB)
Rhodophvia (red aigas)
Asferocysiis R® i A3 A3 O
Audouinells C7)
STATION HUMBER: 20 22 24 25 i
TOTAL NON-DIATOM GENERA; 14 15 1z 18 14
# DOMINANT GENERA: g 41 8 10 1z
# GREEN; 8 8 4 3 7
# BLUE-GREEN: 3 2 3 4 3
#OTHER: g 1 1 3 2
DOMINANT PHYLUM. Chior Chior Chior Cvan Chior
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Appendix B

Disgtom proportions! count date, Clark Fork Basin biclogical monitoring, August 1518, 1884,
PT = Polition Tolerance group number;, PRA = Percent Relstive Abundance, A lsller "p” denoles

species seen during floristic scan, bt not during court.

BTC sBC s$8C &8C 8BC
ETATION NO.: BF-1 1] LE)| 2.5 4.5
SAMPLE NGO 13988 (847! g1020 02450 13898
1894 SAMPLING DATE: 8/15 aMs 8415 8415 8/18
SPECIES PT PRA PRA PRA PRA PRA
Achnenthes sxigus 3 o
Achnanthes lsnceolats Z 275 (.68 0.7 047 0.24
Achnanthes minutissime 3 275 3830 535 2523 435
Amphors libyca 3 .25 P
Amphora pediculus 3 P o] - Q.24 o 0.24
Amphors venels % 0.25 531
Anomoeoneis vitres P r]
Aulacoseira granulsis 3 o
Calonels bacillum 2 0.25 0.88 .70 .24
Caloneis silicus 2 p P
Cocconeis pediculus 3 o B 0.24
Coccunels placeniils 3 2.25 (.48 0.24 o 7.73
Cyclostephancs invisitalus 2 0.50 o
Cyciotelia meneghinians Z 3.25 0.23 0.24 0.24
Cymatopleurs soles 2 el el
Cymbells affinis 3 o
Cymbelia silesiaca 3 10.25 .48 .24
Cymbelle sinusta 3 0.28 o 024
Denticuls kuetzingi 3 972
Denticula valids 3 D
Diatorme mesodon 3 ol
Diatoma vulgeris 3 o o 2]
Epithemis sorex 3 2.86
Eunotis miner 3 o)
Fragileria brevistriala 3 500 0.91 242
Fragilaria capucing 2 4,75 D 7.08 o070 3.87
Fragiiaria construans 3 1.00 0.48 p o .18
Fragilaria crofonensis 3 0.75
Fragilaria leplostatgon 3 D
Fragilaris nilzschiciies 3 o o
Fragilariz parasitica 2 .48
Fragilaria pinngts 3 D o
Fragilaria uing 2 075 0,23 D o
Frustulia rhomboides 3 o
Frustulia vuigaris Z 0.75
Gomphoneis grignse 3 o
Gomphonems acuminalum 3 ]
Somphonema angustum 3 o D
Gomphonema clavsium 2 bl e}
Gomphonems gracile 2 Y
Gomphonems minutum 3 575 o )
Gomphonema ofivaceumn 3 B 024
Gornphonerms paraium £ 2.75 1.14 21.18 4.47 0.97
Hannges arous 3 +]
Hantzschia smphicxys Z o o]
Malosire varians 2 300 ) )
fderidion circulare 3 : D p
HMaviculs agrestis 1 $.28
Maviculs elomiis % 0.50 26.84 248 .51
Maviculs bryophils 3 E+]
MNawviculs capitals 2 o
Maviculs capifetoradiale Z 2.258 ]



fcontinued) 27¢ 8BC SBC 8BC 2BC
STATION NO.: BF.1 9 i ] 2.5 4.5

BPECIES 2T PRA PRA PRA PRA PRA
Maviculs cryptocephais 3 1.75 D 087
fMaviculs crypiolenelia 2 0.25 11.58
Naviculz cryplotenelicides 4 0.24
Maviculs decussis 3 225 0,23 0.7 o) 0.24
Mavicule gregaria 2 0.25 o
Maviculs halophilicides 1 D
HNaviculg ignots 2 8.50 +) 2] 0.24
Maviculs infegra 2 o
Kaviculs lanceoisls 2 o o
Maviculg Hbonensis e p
Mavicuis lundi 2 024
Navicula menisculus 2 0.50 1.2%
Mavicuie minime 4 4.50 2192 4835 5327 2053
Mavicula minusculs 4] 0.75 0.23 .24 0.23 o]
Naviculs rmolestiforrnis ! 2]
Maviculs mutics 2 o o 0.23
Mavicula placeniuls 3 B
Havicula pupile 2 1.75 e o]
Navicula reichardliana 2 o
Maviculs subhamuista 2 (.48
Aavicule subminusculs 1 e
Navicule fripunclais 3 150 o o
Paviculs Irivialis 2 1.00 P o o 024
Navicuis veneiz % o] B
Navicula virigula 2 B
Naviculs wiesneri g o
Meidivm dubiurm 3 pe
Nitzsohiz acicularis 2 5.00 0.23 el I
Mitzschia amphibia 2 B o] 0,24
Nitzschia capiteflats Z el
Hitzschia corrmunis 3 D
Nitzschie dissipats 3 3.50 B 0.23 2.42
Hitzschia draveillensis 9 1.2
Aitzechia fonficola 3 13.25 o 8.18
Mitzschia fossilis 2 (.24
WMitzschia hanlzschiang 3 0.75 e (.48
Nitzschig heufleriang 3 p
Nitzschis inconspicus 2 325 0.23 0.24 4.59
Nitzschia linearis é 1.50 ] B o o
Mitzschia palea 4 2.50 1.94 4.47 374 0.48
Hitzschia paleaces 2 o o 8.52
Nitzschie perminuls 3 0.25
HNitzschia pusilis ] 1.75 1.14 o
Nitzschis sigmoides 3 D
Milzschis suprelitores P4 o] o
fiitrschia tubicols 1 B o o]
Pinnufaria borealis 2 o] +]
Pinnularia obscurs 3 o ol
Rhoicosphenia abbreviaies 3 o D <] 1.83
Stephancdiscus hankschl 2 D [+ ol
Surirells angusis 4 o 385 2.82 387
Swrirelis brebissonii 2 0.23
Sirkells minuia Z o 2.51 o .23




ec] BTREAM: B7C SBC g#BC 880 88
BTATION HO.: BF4 4o &t 2.5 4.5
Frustules Counted: 400 438 425 428 414
Total Species; &7 55 34 34 57
Species Counted: 4z 2% 14 13 38
Shannon Divarsity: 482 2.4% 2.38 184 4.00
Poliution Index: 2.38 1.83 4.23 1.53 2.48
Siftation index: 42 75 58 45 84.00 7243 §1.38
Toizl PRA P Group 1 13.25 56.18 2424 72.20 2874
Toial PRA PT Group 2 3825 5.02 8,24 234 27.78
Total PRA PT Group 3: 51.50 38.81 753 2547 43.45




Appendix B

Diatom proportiona! cound data, Clark Fork Basin bioclogicel moniioring, August 1518, 1884,
FT = Polution Tolerance group number, PRA = Percent Relstive Abundance. A lslier "o dencles

species seen during floristic scan, but not during count.

WSC CFR CFR CFR LBR
STATION NO.: e ] By 0g 10 14.2
SAMPLE NO.: 10201 08481, (2668 850K 14008
1284 SAMPLING DATE: 8715 815 848 8745 a8Me
SPECIES BT PRA PRA PRA PRA PRA
Achnanthes biasoleflians 3 P 0.24
Achnanthes exigus 3 el
Achnanthes lanceciata 2 el 072 P 0.48 1.43
Achnanthes lsuenbergiana 2 bl
Achnanthes minutissima 3 .77 5,78 B85 1.80 028
Amphipleura peliucids 2 B
Amphore ingriensis 3 .24
Amphore libyca 3 o
Amphora pediculus 3 Fa 048 0.47 7.13 238
Amphorg venele i 4.08
Anompeoneis virsa 2 o
Aulacoselrs distans 3 o
Aulacossira grandels 3 0.24
Caloneis bacilur 2 o] o] o] o
Cafoneis silicua z o]
Coccongls pedicuius 3 12.20 0.48 0.95
Cocooneis placentiis 3 5.74 £.47 330 10.69 1480
Cyclostephanos invisialus 2 o) o D
Cyciotelis distinguendsa 2 0.24
Cyciotella meneghinians 2 0.48 .48 .84 7.80 13.84
Cymatopleurs soles 2 0.24
Cymbelia affinis 3 £9.38 284 0.24
Cymbelia casalii 3 B
Cymbelia cistuls 3 B
Cymbella descripts 3 0.72 bl
Cymbelia microcephais 2 0.72 B D
Cymbelfla minute 2 0.24 D
Cymbelia reichardi 3 D 0.24 [ £.85 [
Cymbefla silesiace - 3 10.29 .96 1014 380 1.43
Cymbella sinuata 3 1.67 1.68 0.24 143 2.83
Cymbells subaegualis 3 o
Denticula kuetzingii 3 o o
Diatoma mesodon 3 o o]
Diatorng vulgaris 3 0.24 D 0.71 0.24 0.48
Epithemia sorex 3 D 0.48 D &84 44,83
Epithemia turgide 3 0.24
Fragilaria brevistriais 3 o 4] 0.71
Fragilarie capucing 2 14.35 t1.82 .47 043 0.72
Fragitaria construens 3 G.72 247 142 238 4.53
Fragilaria crofonensis 3 1.20
Fragifaris leplosteuron 3 1.44 o] 047 0.24 0.72
Fragitarie nikschivides 3 B
Fragilarie parasitica 2 {148 0.24 o
Fragitariz pinnais 3 072 0.24 .48 0.48
Fragiiaria uing 2 .48 1.68 3.54 2,95 048
Bomphonsis erionse 3 o
Somphoneis minute 3 D
Gomphonems sngustin 3 0.24
Gomphonems syusemingrais 3 (.24 0.24 0.74
Gomphonema clavaium 2 0.24 el p 0.24
aomohonems dicholomum 2 e}
i 2 e B B




{continusd) BTREAN: WSC CFR CFR CER LER
STATION NO.: L g7 i3] 18 6.2

SPECIES PT PRA ERA PRA PRA PRA
Comphonema minutim 3 0.24 o 0.24
Somphonems clivaceum 3 e (.24 .47 0.48 .48
Gomphonema parvulum 1 0.48 (.88 307 2.38 0.85
Gomphonerna pumiium 3 1.44
Melosks varisns 2 218 el D P .85
Meridion circulare 3 <]
Mavicula afomus k] (.48 el .24
Navicula capitaioradiala 2 1.20 1.82 D 7.48
Mavicuis cryplocenhala 3 o] o 0,24
MNaviculs crvpiolensils 2 1.87 1387 2.83 878 1.19
Mavicula decussis 3 o 0.24 .24
Naviculs gregaris 2z p
Aavicula halophils 2z B
MNaviculs heimansioides 2 <)
Mavicula ignola Z v p D o
Mavicula lanceoiats z D
Mavicuis Hibonensis 2 ) ol
Navicula lundif 2 e
Mavicuia menisculus 2 (.24 (.48 D o] o
Maviculs minima % 408 0.24 £.88 .24
HMeviculs minusculs 4 s} o
Navicuig oligofraphenis 3 o .24 o
Navicula pupiile 2 o o 1.8% .85 o
Navicula reichardbians 2 (.24 o 4] 3.82
Maviculs stroemi 2 D
Maviculs fripunciats 3 238 342 1.9
Maviculs rivialis 2 o n
Mavicuia venets 9 o o
Navicule wildii 2 el
Neidium dubium 3 p o
Nitzschie acicularis 2 837 1.80 0.24
Nitzschia acidociingis 2 0.24
Nitzschiz amphibie 2 072 D47 0.48
Mitzschia archibakdi z (.98 0,24
Mitzschig capitellaiz 2z o] $.24 0.24
Mitzschia dissipata 3 2.87 1.68 2.58 238 1.43
Nitzschia draveiilensis 1 0.24 1.20 [
Nitzschia flexoldes Z bl o]
ANizschia fonticols 3 4,88 8.15 0.71 0.48 525
Mitzschia hantzschiana 3 0.24 o] : el 263
Nitzschia heufleriane 3 o) D p
Mitzschie incognita 2 o [
Nitzschis inconspicus 2 2.40 1.42 $2.35 187
Hitzschia interrnedia 3 0.74
Nitzschie iinearis 2 o o 254 1.88 o)
HNitzschia paisa 1 1.44 1.20 8.91 1.80 8.88
Mitzechia pelesces 2 0,72 13.84 142 £48 882
Mitrschis perminuis 3 il o
Nitrschia pusiils 9 g =
Nitzschis sermircbusts 2 024 06,24
Mitzschia sigmoides 3 <] D o ]
Nifzschia supralitorea 2 D o
Mitzsofis umboneis 1 o o
Pinnularia microstauron Z D
Rhoicosphenie abivevisia 3 o) 3.54 148 7.64 048
Riopslodia gibba 2 bl
Simonsenia delogrsi Z2 D
Swrirells angusis 4 0.24 o 0.24 8.74
Surirefle brobissondi 2 D
Surirelie minuls 2 B P g



STREAM: W8T LFR CFR CFR LBR

STATION HO.: (] a7 a8 40 0.2
Frustules Counted: 418 417 §24 421 419
Tolal Specles; 89 88 83 57 52
Species Counted: 38 35 38 35 35
Sharnon Diversity: 3.81 421 352 4.31 418
Pollution index; 271 2.37 2.49 2.34 248
Sikation index: 1384 53.72 3288 4513 3838
Total PRA PT Group 1. 238 14.88 13,44 1244 788
Tolal PRA PY Group 2; 2392 38.61 24,08 41.57 3842
Total PRA FT Group 3 73.68 4840 §2.50 46.32 53.70




Appergiix B

Diatomn proportional count data, Clark Fork Basin biclogical monitoring, August 15-18, 1894,

&T = Polfion Tolerance group number, PRA = Percent Relalive Abundancs. A lelter "p” denctes

species seen during floristic scan, but not during count.

CFR FTe CFR CFR RKC
STATION NO.: i1 1.5 1.7 52 12.8
SAMPLE NO.: 558K 14018 0852C 085TK 14028
1654 SAMPLING DATE: 8/18 8/16 817 817 817
SPECIES 2T PRA PRA PRA PRA PRA
Achnanthes clevel 3 P
Achnanithes lenceslate 2 0.48 1.47 0.71 168 085
Achnanthes minulissima 3 1.20 1.47 o 262
Achnanthes peragaili 3 B
Amphipieura psliucids 2 o]
Amphora libycs 3 D
Amphora pediculus 3 3.35 3.42 354 308 0.48
Caloneis bacillum 2 D el 0.24
Cocconeis pediculus 3 0.72 (.48 2.58 4.28 1.18
Cocconefs placeniule 3 11.86 5.36 896 13.06 597
Cyciotella meneghiniana Z 6.70 Z44 4.01 475 0.48
Cymatopleurs solee 2 o]
Cymbeilg sffinis 3 024 3.87 1.48 ] +]
Cyrnbells caespifoss 2 .24
Cymbelle eiginensis 3 (.85
Cymbella mexicens 3 ol
Cwinbelle microcephsia 2 +]
Cymbella minuta 2 0.24 382
Cymbells muelieri P 4]
Cymbelia reichardii 3 (.48 o
Cymbelis silesiace 3 215 0.88 0.71 0.48 5.48
Cymbells sinugia 3 41.44 0.49 1.6% 8.7% 0.48
Diatorna mesodon 3 o
Diztomsa vulgeris 3 1.44 .24 148 0.85 §.24
Dipioneis ovalis Z o
Epithermia adnata 2 o
Epithemis sorex 3 27.54 0.24 3514 40,44 8.78
Epithernis furgids 3 D48 B 0.24 382
Fragiaria brevistrists 3 B o]
Fragilaria capucing 2 0.98 $1.22 024 0.85 1.87
Fragiiaria construens 3 2.15 3.8 2.83 4.28 14.08
Fragifaria croionensis 3 p
Fragilaria leptostauron 3 0.24 0.24 047 024 215
fragifaria mazamaensis 3 0.48
Fraghierie parasitica 2 2] p
Fragiiarie pinngls 3 0.42 D 0.94 o £.44
Fragilaris uina 2 238 549 3.30 0.85 1.18
Gomphonels erignse 3 P o] .24
Gomphonels minuia 3 o
Gomphonems aguaemingraiis 3 0.24 &
Gomphonems clavaium P 0.24 o o
Gomphonems microbus 2 .24 o]
Gomphonemsa minuiim 3 288 0.4 048 .24
Gomphonems olfvacewrn 3 072 0.88 047 0.48
Gomphonems parvuium 4 1.81 0.24 0.47 0.24
Gomphonemas purmiim 2 D .24
Bomphonems rhombieun 3 358
Gomphonems Suncetum 3 o 0.24 o
Gyrosigma acurmingium 3 o
Mealosirs varians Z .48 sgs .54 0.24
Merilion ciculare 3 o] o]
3 P

Maviculs sheolule



{eontimed CFR FTC CFR CFR BKC
BTATION NO.: 11 1.5 1.7 12 2.8

SPECIES BT FRA PRA PRA PRA PRA,
Naviculs stomus 4 o v
Navicule caplistoradists 2 1.20 12.71 1.42 499 11.48
Navicula crypiocephaia 3 D o D
Naviculs crypioteneila 2 528 10.27 4.01 2.88 334
Maviculs decussis 3 0.24 o £.48
Maviculs detenta 3 0.24
Maviculs gaflica p o
Naviculs gregaria 2 D o
Maviculs hatophificides 4 D 0.24
Mewviculs ionoie 2 .24 o] p
Mavicide lanceciaia 2 o .24 B 0.24
Navicuia libonensis 2 p
Navicula menjsculus Z (.24 &
Naviculs minima 1 1.84 1.22 0.71 .24 0.48
HMaviculs minusculs 1 D
Navictis mufics 2 o
Naviculs olipofraphernia 3 D o o
Mavicula pupula Z 1.20 D G.47 0.24
Mavicuia radiasa 3 B
Maviculs reicherdiians 2 072 2.20 : 188 098 334
Navicule stroemil Z B
Navicula Fipunciats 3 548 485 047 B .48
Naviculs Fivialis 2 0.49 (.24 D
MNavicula venels 4 ] o 0.24 o
Meddivrn dubium 3 p 0.24 0.24
Hitzschia aciculeris 2 0.24 0.49 o
Nitzschis amphibia P 024 & 024
Nitzschia capiteilats 2 s 873 o
Nitzschia dizssipsis 3 1.1 885 548 428 0.85
Mitzschis fonticols 3 0.98 5.87 1.88 071 1.18
Mitzschia gracills 2 (.24 o
Mifzschia hantzschiana 3 072 453
Mitzschia heufleriana 3 D .24 0.24 .24 D
Mifrschia inconspicus 2 742 174 £48 238 187
Nitzschie intermedia 3 fat o)
Nitzschie linearis 2 0,24 288 0,24 [+]
Mifzrschis paleg 1 191 4.85 238 1.43 s}
Nizschia paleaces 2 335 1.22 1.89 1.66 501
Nitzschia recls 3 0.45
HNitrschis sigmoidee 3 (.24 e]
Mitzschia sociabifis 1 342 .84 0.74
Nitzschia supralffores 2 o o
Mitzschia vermicularis 2 v] o]
Opephora olseni k! o o 0.24
Rhoicospheria abbrevials 3 352 536 212 0.74 0.24
Rhapaiodia gibba 2 p p p
Simonsenia delognel 2 o
Surirella angusta 4 o D
Surirelia brebissonii 2 ]
Surkells minute p p 0.4% o Fv)
Surirells ovalis 2 B




] STREAR: CFR o LER CER REC

STATION MO.: kil 1.5 M7 g2 125
Frustules Counted: 448 408 424 421 418
Total Species: 83 83 ] 58 52
Species Counted: 42 43 38 36 37
Shannon Diversity: 441 480 3.81 347 £.35
Poittion index: 257 240 286 272 2.86
Siltation index: 28.23 81.37 27.38 2182 3270
Toial PRA PT Group 5.74 9.54 485 281 (.48
Total PRA PT Group 2. 31.58 4058 2428 2233 3347
Toial PRA PT Group 3 G268 48.88 7075 7508 8835




Append B

Diatom proportional count data, Clark Fork Basin biclogical monitoring, August 1519, 1984

PT = Pollution Tolerance group number, PRA = Percent Relative Abundence. A lefter “p° denoles

species seen during floristic scan, but nol during count.

CFR BFR LFR LFR BRR
STATION NO.: 13 14 45.5 1g %
SAMPLE NO.: 05580 07520 08971, og7ep $2788
1994 SAMPLING DATE: BA7 87 817 BM7 8M7
SPECIES PT PRA FRA PRA PRA PRA
Achnanthes bissoletlians 2 072 o] 024 242
Achnanthes bioreti 3 o
Achnanthes clevel 3 el e D o
Achnanthes exigus 3 0.24
Achnanthes hungarice Z D
Achnanthes fanceoisis 2 097 o] [ (.48 2.92
Achnanthes laterostrats 3 P
Achnanthes minulissime 3 1.94 16,34 8.87 3.58 15,80
Achnanthes taeniala 3 0.24
Amphipleurs peliucide 2 248 0.24 o o
Ammphore inariensis 3 p z
Amphora libves 3 o)
Amphors ovalis Py o]
Amphora pedicuius 3 0.24 1.44 674 0.74 .79
Aulgeoseirs distans 3 o
Aulacoseirs fallca 3 o
Calonels bacilium 2 el D
Cocconeis pediculus 3 242 072 1.80 0.24 0.71
Covconels placentuls 3 7.02 8.00 881 2.14 354
Cyolotells meneghinians Z 438 2.86 238 D
Cymbella affinis 3 1.62 2470 14,76 2989 18.34
Cymbelle caesplicss 2 p {1.26 0.85 o
Cymbelis cishiia 3 o o o
Cymbella cymbiformmis 3 0.24
Cymbella elginensis 3 .24 o o
Cymbella mexicana 3 D
Cymbella microcephaig z §.95 1867 D
Cymbella minds 2 0.73 5 024 024 0.94
Cymbells muslier 2 o] o]
Cymbeila silesiace 3 0.87 1.44 0.24 0.48 1.42
Cymbella sinusts 3 1.21 1.20 0.71 085 1.18
Gymbella tumida 3 o 05.24
Cymbella turgidula 3 307
Denticuie tenuis 3 o o
Diatorna mescdon 3 D
Distorns tenuis 2 .24
Diatoma vulgeris 2 338 3] 118 3.58 813
Epithemip adnats P4 0.24
Epitheria sorex 3 22.78 0.48 8.1% 1.43 0.24
Epithemis turgide 3 o 168 e}
Fregiieric bravistrials 3 D48 o
Fragitaria capucing 2 D 336 2.85 048 8.7
Fragitarie construens 3 11.38 £.95 2.52 0.7 142
Fragliaria lapinsisuron 3 0.87 240 0.48 (.24 o
Fragiiaria maramaensis 3 4] .48 o) D
Fragilerie parasitice Zz el
Fragilarie pinnests 3 1.2% 218 0.85 06,74 0.47
Fragiiarie uine p 533 £400 332 1.80 14385
Gomphongis erlense 3 D e 0.24
Somphonels minds 2 o 471
Gomphonems scuminalum 3 o
Comphonarms souseminersiis 3 o o




CFR BFR CFR CFR BER
STATION HO.: 43 14 415.5 i8 18

SPECIES PT PRA PRA BRA PRA, PRA

Bomphonema ciavaium 2 P .24 D

Gomphonemnsa dichotomum 3 o p

Gomphonems micropus 2 o D

Gomphonema minutum 3 1.45% 2.18 1.67 1.48 2142

Gomphonema olivaceum 3 .48 0.48 1.43 £

Somphonama panalurm 1 o o) o .48 D

Gomphonemes purnilin 3 2.54 3.85 0.48 4,01

Gomphonems rhombicum 3 0.24 o o] s

Gomphonems fruncatum 3 o

Hannaes arous 3 o

Meloske variahs 2 D o 0.7

feridion circulare 3 .24

Navicula accomeode 1 o]

Naviculg atomis 4] P

Mavicula bacillum 3 B

Navicula bryophila 3 D

Navicula capiteioradists 2 12.35 2.98 7.88 12.5% 5.80

Mavicula cryptocephals 3 B g

Navicula cryplotenelis 2 1.94 1.68 405 3.80 238

MNaviculs decussis 3 ] o

HMaviculs elginensis 3 o]

Naviculs ignots 2 024 o o

Naviculg lanceoials 4 e .48 p

Navicula fibonensis 2 D

Maviculs fundl 2 o

Maviculs menisculus Z e [e 7] 424

Naviculs minima i G24 o

Naviculs minuscula 1 D

Maviculs oligotraphenta 3 o o]

Aaviculg perminis 2 0.24

Havicuia pseudanglics 2 o

Maviculs pupuils 2 0.24 P

Neviculs radioss 3 s B

Mavicula reichardfians 2 1.88 072 .85 4.7 0.24

Naviculs subminusculs 8] s]

Navicula Fripunciaia 3 0.48 D48 149 1.80 (.24
. Naviculs vensta 1 o

Mavicule viridula 2 B

Neidium dubium 3 o] o) p

Nitzschis aciculatis 2 0.24

Mizschis amphibia 2 P o 451

HHzschia srchibeidi 2 o]

Nitzschis bacilluim 3 0.24

Nitzschia capilellsis 2 D

Nitzschis dissipata 3 1.458 1.20 7.4 281 0.24

Hizschia fonticols 3 0.97 072 4.71 10.45 401

Hlitzschia graciils 2 .24 o

fitzschia hanizschians 3 438 0.24 8.71 085 o

Mizschia hevuflerians 3 el o]

MNitzschia inconspicus 2 1.84 1.87 0,85 1.18

Aftzschia lacuitin 3 0,24 o]

Mizschis Hrsaris Z 0.24 0.24 o

Mizsohis pales 4 - 1.45 $.24 262 4.71 .47

Mitzschis palesces 2 0.97 <] 1.86 888 1.85

Nizschie perminuts 3 ] o]

Hizschis pure P o

Nitzschie radicuia 2 0.24 p

Niltesohiz rovts 2 <]

HMitzschia supreiftres y 0.48 o



{condinusd) STREAM: CFER BFR OFR LFR BRE
ETATION RG.: 43 44 15.3 i8 42

SPECIES BT PRA PRA PFRA FRA PRA,
Opepiors ofsenii 2 0.94
QOpephors pacifice 3 0.43 D

Finnularia microstauron 2 o

Rivicosphenis sbbrevials 3 1.45 D 238 0.85 o
Rhopaiodia gibba 2 0.24 o
Surirelia angusta 3 n o)

Surirells minuis 2 471

Frustules Counted; 413 417 £20 421 424
Total Species: 58 81 74 59 82
Species Counted: 37 37 40 34 37
Shannon Diversity: 4.1% 3.96 4.44 3.82 4.00
Poliution index 286 275 266 282 2.85
Siltation Index: 2857 8.83 30.74 46.08 18.75
Total PRA PT Group 1 1.45 0.24 2.88 1.18 0.47
Total PRA PT Group 2. 3123 24.70 28.57 3583 2995
Total PRA PT Group 3: 57.31 75.08 B8.57 83.18 69.58




Apnendix B

Diatorm proportions! count date, Clark Fork Besin biclogical monfioring, August 15-18, 1884,

PT = Pollution Tolerance group number, PRA = Percert Relslive Abundance. A letier "p” denotes

species seen during florlstic scan, but not during courd,

CFR CFR CFR CFR CFR
STATION NO.: 20 22 24 5 27
SAMPLE NO.. Q2727 0273Y 0910K  0803K 08050
1854 SAMPLING DATE: 8718 818 8AB 8H38 &/1g
SPECIES PT PRA BRA PRA PRA PRA
Achnanthes biasoiettiang 3 0.48 .48 0.24 o 3.85
Achnanthes clavel 3 o] 0.72 P 024
Achnanthes exigus 2 p B o
Achnanthes hungarics 2 o
Achnanthes lanceoclsts 2 .48 0.24 0714 0.24 871
Achnanthes laterosirata 3 o]
Achnanthes minutissima 3 3.10 313 308 1.43 452
Amphipleura pellucida 2 B
Amphora jibyes 3 3 o
Amphora pediculus 3 0.24 0.48 1.42 1.18 1.43
Anomoeonsis vifrea 2 o
Auvlsvoseirs granulats 3 o
Cocconeis neodiminuts 3 o
Cocconeis pediculus 3 214 1.68 10,43 4.30 1.80
Coceonais placentuls 3 357 433 4232 15.51 7.86
Cyolostephancs invisitatus 2 0.24 e} 2.94
Cyolotella comensis 3 o
Cyclotella meneghinians 2 0.85 2.40 11.14 4248 2052
Cyeiotedla ocelists 3 D
Cycioiells pseudosteliigers 2 P
Cymbelia affinis 3 26.43 18.95 16.82 4.30 405
Cymbelia caespitoss 2 o o o 3
Cymbelia delicalils 3 p
Cymbella microcephels 2 p P D 187
Cymbedla minute 2 e 0.24 0.24 B B
Cymbella neviculiformis 3 o]
Cvmbella silesiacy 3 0.48 0.24 p .48 ol
Cymbelie sinuats 3 0.85 0.26 308 3.58 346
Cymibelia tumida 3 o
Cymbelia trgidules 3 o
Denticuis tonuis 3 £
Diatorna vulgaris 3 452 44.90 0.24 el 187
Epithernis adnals 2 D ] D
Epitherniz sorex 3 0.48 0,24 582 858 2.82
Epithernis rgida 3 047 8.72 0.24
Fragilarie brevisiiate 3 o o 0.24
Fragilaria capucing 2 118 o 0.72 2.38
Fragiaria construens 3 Z.88 1.44 2.84 573 5.85
Fragilariz leptostatron 3 o 0.48 085 .48 1.67
Fragiferie nanang 3 .24
Fragiiarie pinnels 3 .24 5.24 0.85 .48 167
Fragilaria robusis 3 o]
Fragilarie uine 2 548 - 12350 085 1.48 2.88
Gomphonels eriense 3 @
Gomphonsts minuta 3 0.24
Gomphonema clavelum 2 1) o o o]
Gomphonema dichofomurn 2 D o]
Comphonermsa minutum ] 333 Z.40 450 1.81 1.49%8
Gomphoneme oiivacsum 3 o D p el
Gomphoneme parvulum 1 .24 0.724 .24 el D
Gomphonems purmiium 3 0.24 048 ) 0.72 o
3 0.24

Somphonems riomblcum



feordingsedd) CER CFR LFR CFR CFE
ETATION NO.; 20 22 24 5 27

SPECIES 2T PRA FRA BPRA FRA, PHA
Gomphoneme Funcalum 3 B ol
Meilosks varlans 2 D L p
Meridion circulere 3 D
Navicula bacillum 3 o
Navicuia capitats 2 ad o
Maviculs capitaioradiala 2 42.38 13.7¢ 5.21 055 2.88
Mavicuia orypiocephsla 3 o
Mavicula cryptolensiis 2 5.48 3.81 332 o 234
Mavicula decussis 3 0.24 824 £ &
Navicuis gastrum 2 o
Mavicula gregsria 2 o
Naviculs ignota 2z .24 o o] 0.24
Navicula lanceciaia 2 ol
Naviculs libonensis 2 D
Navicula lundii 2 p
Navicuis menisculus 2 D .24 .24
Naviculs minime 1 p (.24
Naviculs mursioides 3 o
Navicula perminuls Z 024 ) o ol
MNavicula pupuia 2 B o i
Naviculs radioss 3 o]
Navicule reichardtions 2 0.24 .24 .24 .71
Naviculs ripunclata 3 310 4.08 1.80 0.48 0.85
Nitzschie acicularis Z 0.47 0.24 0.24
AHtzschia amphibie Z 0.85 G.48 o
NRzschia archibaldii 2 .24 (.47 0.24
Nitzschis dissipats 3 .71 (.48 o o 351
Nibrschia draveiliensis 4 324
Nitzschia fonticols 3 10.48 408 1.80 D48 187
Nilzschie hanizschiane 3 .95 5.48 0.7% 0.24 0.71
Nitrschia Inconspicus 2 0.71 0.24 1.90 o 0.95
Mitzsohia facuum 3 .85
Mitzschia fineeris 2 p el
Nitzschia palee % 143 0.24 188 (.48 2.38
Hitzschis palesces 2 500 152 251 187 1.90
MNilzschig perminuts 3 P
MNitzschis radicuis 2 024
Nifzschie sinuata 1 o
DOpephorg olsenil 3 D 0.47 0.48 D
Rhaoicosphenia abbrevinly 3 024 144 1.90 0.48 (.48
Thalas o pseudongne 2 048
Frusiules Counted, 420 418 422 412 420
Tota! Species: 53 &1 &5 45 70
Species Counted: 35 38 a5 28 41
Shannon Diversity: 388 384 414 341 £.24
Poliution index: 283 283 2688 254 2.45
Silstion Index: 4244 3005 2085 477 20724
Totai PRA PT Growp 1 1.87 .48 2143 0.48 2.82
Total PRA PT Group Z: 3332 35.54 2773 4773 4828
Total PRA BT Group 30 8500 £2.88 70.14 §1.7¢ 48.10




