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aquatic life and other aquatic life (see table D-1)(Montana DEQ 2012a). The standards for
early life stages are set to ensure sufficient DO concentrations for fish eggs, such as
westslope cutthroat trout, in the stream spawning gravels.

The DO concentrations did not meet DEQ standards in a few cases. For the entire
recording period (6 weeks), the 7-day mean ranged from 8.5 to 9.0 mg/L, failing to meet
the early-stage aquatic life standard of 9.5 mg/L. Additionally, the 1-day minimum was 7.9
mg/L on three of the hottest days of the recording period, July 21, 22 and 25, and these
minimum concentrations were just below the early-stage aquatic life standard of 8 mg/L.
All other DO concentrations recorded were above DEQ standards for other aquatic life.

For the period when the dissolved oxygen logger malfunctioned, | used the lowest
percent saturation recorded while the logger was still functioning properly (75.8%) and
the highest temperature recorded by the temperature logger in that malfunction period (16
°C) to provide an estimate of the lowest DO concentration that would have occurred when
the DO logger malfunctioned. This estimation is 7.6 mg/1 DO, which is below the 1-day
minimum Montana DEQ standard for early life stages of 8 mg/1 (Montana DEQ 2012a).

The dissolved oxygen logger was placed at the top of the study reach in Davis Creek,
which, as noted before, has a low slope, has bed materials dominated by silt, and is a low-
energy section of the reach. These factors probably account for the failure of the dissolved
oxygen concentrations in Davis Creek to meet DEQ standards in a few instances. This site
was chosen to measure DO in the worst case scenario rather than being representative of

most of the reach.

23



Stream Nutrients and Benthic Algae

Montana State Numeric Nutrient Criteria

The Montana Department of Environmental Quality developed numeric nutrient
criteria in order to regulate nutrient pollution in wadeable streams (Suplee and others
2008). Phosphorus (P) and nitrogen (N) have been identified as the limiting nutrients of
algal growth in most stream environments, so when N and P loading and levels increase,
streams can be affected in several ways. Excess P and N can cause an increase in the growth
of benthic filamentous algae, especially Cladophora spp.; an increase in daily fluctuations in
dissolved oxygen (DO) and pH caused by phytoplankton productivity and community
respiration; a change in macroinvertebrate communities, and fish Kkills caused by decreased
DO (Suplee and others 2008).

Nutrient criteria have been developed for each of Montana’s ecoregions. In the
Middle Rockies ecoregion, the numeric nutrient criteria for total phosphorus (TP), total
nitrogen (TN), Chlorophyll a (Chl-a) and Ash Free Dry Mass (AFDM) apply to the “growing
season” or July 1 to September 30. This summer growing season is when nuisance algae
such as Cladophora spp. most affect beneficial uses of streams such as recreational fishing
(Suplee and others 2008). Because primary production by algae is linked to increases in P
and N in streams, | sampled water chemistry and benthic algae in each of the creeks.

While TP and TN are the only forms of nutrients regulated in these streams, it is also
useful to examine the proportion of soluble forms of P and N found in each sample. Soluble
reactive phosphorus (SRP) is the part of the TP in the water sample that passes through a
45 pm filter, and this form is readily available to primary producers like algae. Thus, while
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SRP is not regulated in Montana, if the concentration of SRP alone exceeds the Montana
state TP criteria, that is a certainly a water quality concern.

Similarly, ammonia (NH3) and nitrates and nitrites (abbreviated together as NOx),
are the soluble forms of nitrogen and are more bioavailable to primary producers. Thus, if
the concentration of NH3 combined with the concentration of NOx exceeds the state TN
criteria, this is also a concern to stream water quality. Ammonia can be toxic to animals at
levels above the EPA criteria of 5.6 mg (in pH 8.0 freshwater at 0 to 14°C), (US EPA Office
of Water 2013) which is three orders of magnitude greater than the levels observed in any

of the study reaches.

Study Reach Nutrient Levels

At each stream, water quality samples were collected in the spring (June 14 to June
17) and in the late summer (August 24 to August 26) (see Table N-1). Tongue Creek was
the only exception to this. | took samples at Tongue Creek only in the spring because by the
end of August, the creek consisted of shallow pools, scattered between dry reaches, and

there was not enough water to sample.

Phosphorus levels in study reaches in summer 2015

Montana state standards for wadeable streams in the Middle Rockies ecoregion
state that, during the period of July 1 through September 30, total phosphorus (TP)
concentrations should not exceed 30 pg/L (Montana DEQ 2014). Spring samples for the
study creeks were taken before July 1, hence the state standards do not apply to this
period. All the TP samples at all of the study creeks exceeded the state standard, and most

of the SRP samples also exceeded the state standard (see Table N-1).
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It is surprising that the reference stream, Welcome Creek, also exceeded water
quality standards for nutrients; however the Welcome Creek study reach was not the same
reach used by MT DEQ for the reference project.

Most of the P measured in the water samples was bioavailable since SRP made up
between 50% to almost 100% of the TP measured in these samples (see Table N-1). Since
the high level of TP cannot be attributed to spring runoff because most of the TP was in
soluble (SRP) and not particulate form, it is possible that the groundwater in the study
areas has high levels of P which contribute to P levels in the streams. For example, Carey
(1991) observed high levels of P in Gold Creek of the upper Clark Fork River caused by
groundwater inflows, and I speculate that groundwater could have a similar effect on the

streams in this study.

Nitrogen levels in study reaches in summer 2015

Montana state standards for these streams state that total nitrogen (TN)
concentrations (in pg/L) should not exceed 300 pg/L. TN levels in samples from all the
streams at MPG, in spring and fall, fell below the state TN standard of 300 ug/L. Spring TN
levels in Tongue Creek (288 pg/L) were the closest to the state standard. However, much of
this nitrogen was likely in particulate form because low levels of soluble inorganic nitrogen
(nitrate + nitrite + ammonia, abbreviated as SIN) were found in the same sample (20 pg/L).

Similar to the MPG creeks, Welcome Creek spring and fall samples had TN
concentrations below the state standard. Also, Welcome Creek had the lowest amount of
seasonal fluctuation in nutrient levels from the spring to the fall.

All the study reaches appear to be N limited given the TN: TP and SIN: SRP ratios

(see Table N-1).
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pH levels in study reaches in summer 2015

The pH was also measured in conjunction with each nutrient sample (see Table N-
1). The change in pH from about pH 8 in spring to about pH 6 in fall at Davis and
Woodchuck Creeks is notable. A pH of about 8 was also measured at Tongue Creek in the
spring. As these creeks drain from the Upper Missoula Group of the Belt Supergroup, the
limey composition of these beds would probably raise the pH of the stream water to the pH
8 range (Furniss personal correspondence, April 2016). This geology could therefore
explain the relatively high pH of the streams in spring.

It is possible that the drop to about pH 6 observed in the fall was caused by the
percolation of rainfall affected by carbonic acid from the air. Furniss (personal
correspondence, April 2016) notes anecdotally that rainfall in this area generally pH 5.
Hence, the lower pH of rainfall could account for the lower pH recorded in the fall at

Woodchuck and Davis Creeks.

Benthic Algae Levels Measured as Chlorophyll a and Ash Free Dry Mass

Benthic algae productivity and biomass levels may be limited by many different
factors at different times and places in the same stream. Such factors may include nutrients,
light, substrate, scour by flows, and grazing, among others.

Benthic algae are used as another indicator of stream water quality. Montana DEQ
has set criteria for benthic algae levels also. The same time period for regulation (July 1 to
September 30) applies to the recommended criteria for the two measures of benthic algae:

Chl-a and AFDM (Suplee and others 2008). This period is considered the growing season
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for these algae and is thus when they are expected to affect beneficial uses as defined by
the Montana Department of Environmental Quality (Suplee and others 2008).

In the end of August, benthic algae samples were collected at Davis Creek and
Welcome Creek. Benthic algae samples were not collected at Tongue Creek due to the lack
of water, and they were not collected at Woodchuck Creek due to the lack of visible algal
material in the stream.

Benthic algae standards for the Middle Rockies eco-region are 125 mg Chl-a/m?, and
35 g AFDM/m? (Suplee and Watson 2013). In western Montana’s rivers, benthic algae
communities are sometimes dominated by filamentous green algae and sometimes by
diatoms. The latter normally reach their peak growth toward the end of the summer.
Because diatoms dominate the MPG Ranch creeks, samples were collected late in summer
from August 24 to 26. Both creeks sampled for benthic Chl-a showed Chl-a concentrations
lower than the standards for this ecoregion (see table N-2).

The Davis Creek reach had a mean of 5 mg Chl-a/m?, with a standard error of 2 mg
Chl-a/m? and measurements ranging from 0 to 21mg/m?2. Samples from the Welcome
Creek reach had mean Chl-a concentrations of 71 mg Chl-a/m? with a standard error of 32
mg Chl-a/m?, with individual measurements ranging from 0 to 366 mg Chl-a/m?.

Mean concentrations of ash-free dry weight for Davis Creek fell below standards
while those for Welcome Creek exceeded criteria. Davis Creek had an average of 21 g
AFDM/m? with a standard error of 11 g AFDM/m?2 and measurements ranged from below
detection to 82 g AFDM/m2. Welcome Creek had an average concentration of 44 g
AFDM/m? with a standard error of 16 g AFDM/m?, and concentrations ranged from below

detection to 182 g AFDM/m?.
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